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ABSTRACT
Sodium hypochlorite was tested for its effectiveness as a disinfectant using the gram-negative bacterium Escherichia coli K12 as an indicator organism. Decreasing concentrations of sodium hypochlorite were examined within the range of 3.00% to 0.00586%. Sodium hypochlorite treatment of an overnight bacterial culture was conducted on both a moderate and high bacterial load for 15 minutes at room temperature. At both bacterial loads, 1.5% sodium hypochlorite and greater was found to result in no remaining bacterial viability as measured in colony-forming units (CFUs) post-treatment after 24 hours of growth. Sodium hypochlorite concentrations from 0.0469% to 0.750% resulted in 99.6% to 99.9% disinfection. The concentrations of sodium hypochlorite less than 0.0469% produced CFUs too numerous to count in both the moderate and high bacterial loads. Taken together these results suggest that sodium hypochlorite is an effective bactericidal agent under appropriate treatment conditions. 

INTRODUCTION

The objective of this investigation was to examine the effectiveness of sodium hypochlorite as an agent of disinfection, particularly in the food safety industry.  More specifically, the goal of this study was to determine the lowest concentration of sodium hypochlorite solution that will result in 99.9% bacteria lethality of E. coli in 15 minutes of treatment at room temperature. 


In September and October of 2006 an E. coli outbreak caused by bagged spinach made everyone stop to consider exactly how sanitary their produce was.  The outbreak spread across 26 states and ultimately was responsible for 199 cases of the illness and three deaths (“FDA statement…”2006).  However, despite the recent media attention, the danger of E. coli is nothing new.  Every year an estimated 73,000 E. coli infections occur across the United States.  This results in an average of 61 deaths each year.  Additionally E. coli outbreaks have been reported in more that 30 countries on six different continents (Hayhurst 2004).  Therefore food disinfection is a critical problem. 
 
Escherichia coli was discovered in the 1800’s by the German bacteriologist, Theodor Escherich.  He discovered that these bacterial colonies live in the human colon and play an important role in the digestion of food.  The bacteria are essential in the vitamin absorption process and they also prevent the growth of other dangerous microbes in the intestines (Hayhurst 2004).  At any given time a person has between 100 billion and 10 trillion E. coli bacteria in their colon (“Escherichia coli…” 2006).  A notable first outbreak of E. coli occurred in 1982 in Oregon and Michigan resulting in numerous people becoming life-threateningly ill.  The Center for Disease Control and Prevention discovered that the dangerous bacterium was a type of E. coli bacteria that they later named E. coli 0157:H7.  The people became infected with these bacteria from unsanitary conditions in regards to their food preparation (Hayhurst 2004).  Ever since the first occurrence, E. coli outbreaks have periodically occurred causing many people to become sick with severe stomach cramps, bloody diarrhea, fever, nausea, vomiting, and in many cases death. A common complication from contracting E. coli is hemolytic uremic syndrome. This causes a disorder involving a low red blood cell count known as hemolytic anemia, thrombocytopenia which is a low platelet count and renal failure often causing the patient to go on continuing kidney dialysis. There is no known treatment for E. coli bacteria once an individual has contracted them (“E. coli…” 2006).  Therefore determining the best most effective method of prevention, especially in the food industry, is exceedingly important.  

E. coli bacteria have many unique characteristics.  Firstly they belong to the bacillus genus.  Members of this genus have the ability to form endospores when their environment has become inadequate.  This is how the bacteria survive outside of their normal habitat, which is in the gastrointestinal tract.  Secondly, the bacteria are able to replicate at an astounding rate through binary fission.  A single E. coli bacterium can reproduce to form 20 billion bacteria in only one day (Hayhurst 2004).  The majority of these rod-shaped bacteria are completely harmless.

A diluted solution of the chemical compound sodium hypochlorite (NaOCl) is the agent of disinfection most commonly used by the packaged lettuce and spinach industry.   In a dilute solution (3-6% NaOCl) this compound is also known as bleach. It is usually made by the process of absorbing chlorine gas into cold sodium hydroxide solution: 2NaOH + Cl2 ⇌ NaCl + NaClO + H2O (“Sodium hypo…” 2002).  Sodium hypochlorite was discovered in 1787 in France, by the chemist Berthollet. Its primary use then was for bleaching cotton. It was not until the nineteenth century that Louis Pasteur discovered the compound’s powers as a disinfectant. It was later proven to be the most effective disinfectant against all pathogenic bacteria, viruses, and fungi. The sodium hypochlorite solution is colorless and transparent. Sodium hypochlorite disinfects by oxidation. It reacts with water to form sodium hydroxide and hypochlorous acid by hydrolysis. The hypochlorite anion is not very effective in disinfection, due to its negative charge, which prevents penetration of the cell membrane.  The hypochlorous acid disinfects by altering the oxidation-reduction potential of the cell.  Also it inactivates an essential enzyme within the cell that is responsible for digestion, causing the micro-organism to cease functioning (“Sodium hypo…” 2002).

In this experiment Clorox bleach containing 6.00% sodium hypochlorite was used.  The diluent used was 10mM Tris-HCl (pH 8.0).  The diluent, Tris, is an organic compound that is commonly used as a buffer solution in biotechnical labs.  Its chemical formula is C4H11NO3  (“Tris” 2004).  The specific strain that is responsible for the food poisoning outbreaks is E. coli 0157:H7, however in this experiment a similar but safe laboratory strain, E. coli k12, was used.

 In summary, the objective of this series of experiments was to establish the lowest effective concentration of sodium hypochlorite resulting in lethality of all bacterial colonies.  More specifically the aim of this research was to add to the knowledge base pertaining to E. coli and food safety.
The predicted outcome of this investigation was that many of the various concentrations of sodium hypochlorite would successfully eradicate the E. coli bacteria.  Sodium hypochlorite is a powerful oxidizing agent that commonly is used for disinfection.  The lowest concentration of sodium hypochlorite that is used in Clorox bleach, which is advertised to kill 99.9% of bacteria, is 3-6% (“Clorox…” 2004).  Therefore, the hypothesis made was that all sodium hypochlorite concentrations that are 3% or greater will effectively result in 99.9% bacteria lethality.  However, the purpose of this study was to determine if there was a lower level of concentration that would effectively kill the bacteria, as this would be more desirable in the food safety industry. 
METHODS 


In this experiment the effect of various dilutions of sodium hypochlorite solution on the viability of  E. coli was investigated.  For simplicity of labeling tubes, each dilution was assigned a letter code as follows:
	Label
	Concentration level of the 6.00% sodium hypochlorite solution

(%)
	Percentage of the dilution that is sodium hypochlorite 

	A
	50.0
	3.00

	B
	25.0
	1.50

	C
	12.5
	0.750

	D
	 6.25
	0.375

	E
	 3.13
	0.188

	F
	 1.56
	0.0938

	G
	 0.781
	0.0469

	H
	 0.391
	0.0234

	I
	 0.195
	0.0117

	J
	 0.0977
	0.00586

	Control
	 0.00
	0.00


1) Preparation:
A. Step 1

i. Label 11 sterile microfuge tubes (1.5 ml) to be used for the sodium hypochlorite dilutions as follows: A, B, C, D, E, F, G, H, I, J, and Control. 

ii. Set aside in a holder.
B. Step 2

i. Using a different colored marked label 10 more sterile microfuge tubes (1.5 ml) to be used for making dilutions of the bacterial colonies after treatment as follows: A, B, C, D, E, F, G, H, I, and  J.
ii. Set aside.
C. Step 3  

i. Take six more sterile microfuge tubes (1.5 ml).
ii. Label them 10-1, 10-2, 10 -3, 10-4, 10-5, and 10-6.
iii. Set aside.
D. Step 4

i. Obtain 32 bacteriological agar plates. 

ii. Label them A1, A2, B1, B2, C1, C2, D1, D2, E1, E2, F1, F2, G1, G2, H1, H1, I2, I1, J2, J2, -1(1), -1(2), -2(1), -2(2), -3(1), -3(2), -4(1), -4(2), -5(1), -5(2), -6(1), and -6(2).

2) Start a culture of E. coli K12 in Luria Broth containing ampicillin (100µg/ml):
a) In a 15 ml sterile culture tube dispense 5 ml of Luria broth containing ampicillin (100µg/ml).
b) Inoculate the broth (from step a) with an isolated colony of E. coli K12 from a bacteriological plate.
c) Mix well.
d) Incubate in a 37°C shaking water bath overnight.
3) Prepare the series of sodium hypochlorite dilutions:
a) Get the first set of 11 sterile mircofuge tubes that were labeled during the preparation.
b) Using a micropipettor* add 500 µL of the diluent (10mMTris· HCl, pH 8.0) to each of the 11 tubes.
c) Using a micropipettor take 500 µL of the stock sodium hypochlorite solution and add it to tube A.
d) Mix well using a vortex mixer.
e) Remove 500 µL of the solution from tube A using a micropipettor and sterile tip and add it to tube B.
f) Continue making the 2-fold serial dilutions by adding 500 µL from the previous tube and mixing; make sure to use a sterile micropipettor tip each time.
g) In the last dilution (tube J) remove 500 µL from it so that 500 µL remains.
h) Leave the control tube with only 500 µL of the diluent in it.
4) Chemically treat the bacteria:
a) Mix the overnight bacterial culture until it is uniformly suspended.

b) Dispense 500 µL of the bacterial solution into each of the sodium hypochlorite dilutions (A through J) and the control using a sterile micropipettor.

c) Cap the tubes and mix.

d) Begin timing.

e) Record temperature of the room.
5) Termination of the sodium hypochlorite treatment:
a) After 15 minutes, place all tubes in the microcentrifuge**.

b) Centrifuge them for 2 minutes at 8000 RPM to pellet the E. coli.

c) Using an aspirating source and a micropipette tip remove all the liquid, leaving only the bacterial pellet in each tube.

d) Add 1 ml of Luria broth in each tube using a 1000µL micropipettor.

e) Using the micropipettor resuspend the bacterial pellet by repeated use of the pipettor.
6) Plating the bacteria:
a) Get the second set of microfuge tubes that were labeled A through J with a different marker during the preparation.
b) Using a micropipettor dispense 900 µL of Luria broth in each of those tubes.
c) Using a sterile micropipettor tip each time, dispense 100µL of the resuspended bacterial cultures into their corresponding tubes that have 900 µL of Luria broth in them, resulting in a 10-fold dilution (10-1).
d) Mix well.
e) For the untreated control make a series of 10-fold  (10-1) dilutions to 10-6 so that the bacteria are diluted to a countable level.
f) Ready the agar plates that were labeled during the preparation.
g) Remix culture A.
h) Remove 400 µL from test tube A using a micropipettor.
i) Dispense on plate A1.
j) Immediately spread the solution evenly on the plate using a plate spreader.
k) Remove 400 µL from test tube A using a micropipettor.
l) Dispense on plate A2.
m) Immediately spread evenly on plate.
n) Follow this procedure for all the test tubes, including the controls.
o) Allow the plates to briefly air dry.
p) Place the plates inverted inside a 37°C incubator.
q) Incubate overnight or until there are visible cultures.
7) Enumerating the colonies: 

a) Remove the plates from the incubator.
b) Using a light box, marker, and hand tally count the colonies on each plate.
c) Record on the data sheet.
* micropipettor 
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MATERIALS
· 32 bacteriological agar plates with Luria Broth and ampicillin (100µg/m1)
· E. coli K12 (ampicillin resistant)
· Clorox (6% sodium hypochlorite)

· A 15 ml sterile culture tube

· At least 40 sterile 1.5 ml microfuge tubes

· Vortex mixer

· Shaking water bath at 37°C

· Automatic micropipettors 

· Sterile pipettor tips

· Sterile bacterial colony loop
· Sterile bacterial spreader

· Micro centrifuge 

· 50 ml of Luria broth

· 50 ml of 10mMTris-HCl (pH 8.0)

· Timer

· 2 colors of permanent markers

· Incubator for plates at 37°C

· Aspirator

· Light box

· Hand tally

RESULTS
In this investigation the gram-negative bacterium E. coli K12 was treated with sodium hypochlorite concentrations to determine their effectiveness as an agent of disinfection. Decreasing concentrations of sodium hypochlorite were examined in two-fold dilutions starting with 3.00% and concluding with 0.00586% sodium hypochlorite. Sodium hypochlorite treatment of an overnight bacterial culture was conducted for 15 minutes at room temperature (Table 1). The sodium hypochlorite concentrations were tested on a moderate bacterial load as well as a high bacterial load in two separate trials. At both bacterial loads, 1.5% sodium hypochlorite and greater was found to result in no remaining bacterial viability as measured in colony-forming units (CFUs) post-treatment after 24 hours of growth. The moderate bacterial load treated with sodium hypochlorite concentrations ranging from 0.0469% to 0.750% resulted in an average of 600 to 17,000 surviving CFUs per milliliter (Figure 1). These numbers when converted to a percentage of bacterial reduction were approximately 99.9% to 99.6%. These percentages were calculated based on the amount of CFUs per milliliter in the treated bacteria divided by the CFUs per milliliter in the untreated control bacteria (Table 2). The plates with a high bacterial load that were treated with sodium hypochlorite concentrations from 0.0469% to 0.750% had an average of 12,800 to 28,950 colony forming units per milliliter (Figure 2). This converted to a 99.9997% to 99.9994% bacterial reduction in the above mentioned range of sodium hypochlorite concentrations. The concentrations of sodium hypochlorite less than 0.0469% produced colony forming units too numerous to count in both the moderate and high bacterial loads. In summary these results indicate that sodium hypochlorite is an effective bactericidal agent under the appropriate treatment conditions. 
	Concentration of Sodium Hypochlorite
	Trial 1 (12/13/06) Room Temp:

21°C
(CFUs/400µL)
	Average

CFUs/ml
	Percent Reduction

(%)*
	Trial 2 (12/19/06) Room Temp: 22°C
(CFUs/400µL)
	Average CFUs/ml
	Percent Reduction

(%)*

	
	Plate 1
	Plate 2
	
	
	Plate 1
	Plate 2
	
	

	A (3.00%)
	0
	0
	0
	100
	0
	0
	0
	100

	B (1.50%)
	0
	0
	0
	100
	0
	0
	0
	100

	C (0.750%)
	46
	21
	837.5
	99.9796
	608
	416
	12,800
	99.9997

	D (0.375%)
	25
	23
	600
	99.9854
	604
	856
	18,250
	99.9996

	E (0.188%)
	83
	72
	1,937.5
	99.9527
	684
	944
	20,350
	99.9996

	F (0.0938%)
	69
	74
	1,787.5
	99.9564
	1,136
	904
	25,500
	99.9995

	G (0.0469%)
	744
	616
	17,000
	99.5854
	1,240
	1,076
	28,950
	99.9994

	H (0.0234%)
	TNTC
	TNTC
	TNTC
	---
	TNTC
	TNTC
	TNTC
	---

	I (0.0117%)
	TNTC
	TNTC
	TNTC
	---
	TNTC
	TNTC
	TNTC
	---

	J (0.00586%)
	TNTC
	TNTC
	TNTC
	---
	TNTC
	TNTC
	TNTC
	---


Table 1.    This table displays a compilation of the enumerated colony forming units (CFUs) 24 hours after termination of the sodium hypochlorite treatment, the average CFUs per milliliter and the average percentage of bacterial reduction for each concentration level. *Percent of reduction of CFUs relative to the untreated control. TNTC (too numerous to count).
	Trial #
	Plate #
	Dilutions of Control

	
	
	10-1
	10-2
	10-3
	10-4
	10-5
	10-6

	Trial 1 (12/13/06)

Room Temp: 21°C

(CFUs/400µL)
	1
	TNTC
	TNTC
	932
	141
	66
	1

	
	2
	TNTC
	TNTC
	1,316
	187
	57
	2

	Trial 2 (12/19/06)

Room Temp: 22°C

(CFUs/400µL)
	1
	TNTC
	TNTC
	TNTC
	TNTC
	TNTC
	1,928

	
	2
	TNTC
	TNTC
	TNTC
	TNTC
	TNTC
	1,984


Table 2.    The enumerated colony forming units (CFUs) of the various dilutions of the control (untreated) E. coli K12 after 24 hours of incubation. TNTC (too numerous to count).
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Figure 1.    Bactericidal effect of varying sodium hypochlorite concentrations utilizing a moderate E. coli K12 input level.  Note: this figure plots only data points that were represented in a countable range. 
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Figure 2.    Bactericidal effect of varying sodium hypochlorite concentrations utilizing a high E. coli K12 input level. Note: this figure plots only data points that were represented in a countable range. 

DISCUSSION 


The objective of this study was to determine the lowest concentration of sodium hypochlorite that produced 99.9% bacterial lethality because recent E. coli outbreaks in bagged produce made the investigation of food sanitization processes a significant health concern. Chlorox bleach, a commonly used food disinfectant, contains 3-6% sodium hypochlorite and it is marketed at killing 99.9% of bacteria. In this inquiry E. coli K12 was used as an indicator organism on which the effectiveness of different sodium hypochlorite concentration was tested under a standard set of conditions. The hypothesized outcome of this study was that many of the concentrations of sodium hypochlorite would result in considerable CFU reduction. The results suggest that 0.0938% is the lowest effective concentration of sodium hypochlorite that results in a 99.9% reduction of colony forming units (CFUs) subsequent to 15 minutes of treatment at room temperature

The outcome of the experimentation demonstrated that sodium hypochlorite concentrations greater than 1.50% result in no CFUs in either a high or moderate bacterial load. Sodium hypochlorite concentrations from 0.0469% to 0.750% were 99.9997% to 99.5854% effective at reducing E. coli CFUs. Bacteria treated with concentrations less that 0.0469% resulted in CFUs too numerous for enumeration. The lowest sodium hypochlorite concentration that resulted in 99.9% bacterial lethality was 0.0938%. Therefore the data collected suggests that in the context of the food safety industry 0.0938% would be the lowest effective concentration of sodium hypochlorite for sanitization purposes under the conditions used.


Although 0.0938% sodium hypochlorite was found to be the lowest concentration that resultied in 99.9% bacterial lethality, seven out of the ten concentrations tested resulted in 99.5854% to 100% bacterial reduction, proving the effectiveness of sodium hypochlorite as a disinfectant. Sodium hypochlorite is a compound that works in several ways for sanitization. When it is mixed with water part of the sodium hypochlorite splits into a cation, Na+, and a hypochlorite anion, ClO-.  The rest of the sodium hypochlorite becomes sodium hydroxide and hypochlorous acid through the process of hydrolysis. The amount of hypochlorous acid that forms is partially dependant on the pH of the solution.  The hypochlorite anion and the hypochlorous acid are both powerful oxidizing agents.  However, the hypochlorite anion does not aid in the disinfection process.  The anion’s negative charge prevents it from penetrating the cell membrane of bacteria or other microbes.  Conversely, the hypochlorous acid has a neutral charge and relatively small size so it is able to easily diffuse through the cell membrane.  Once inside, the acid alters the reduction-oxidation (redox) potential of the cell.  Additionally, it inactivates the enzyme triosephosphate dehydrogenase.  This enzyme is essential in the digestion of glucose, but is extremely sensitive to oxidizing agents.  Without this enzyme the micro-organism is unable to carry out a number of processes essential for viability, including energy metabolism (“Sodium hypo…” 2002).


There were many variables in this study. The first was the length of treatment time. For each trial the bacteria received sodium hypochlorite treatment for 15 minutes, but since adding the sodium hypochlorite concentration was manually dispensed in a sequential fashion, the some of the tubes received treatment for a few seconds longer than others. However, due to the overall length of treatment and the means by which the disinfectant worked this should not significantly alter the results. Another variable was the temperature of the room, because heat often greatly impacts chemical reactions. However, the temperature of the laboratory only varied one degree throughout all of the trials, so it should not have been a significant factor.


Another area for consideration is the re-suspension of the bacteria. After the bacteria were treated with the sodium hypochlorite, they were centrifuged in order to pellet them. Using an aspirating source and a micropipette tip the liquid was removed from the tube leaving only the bacterial pellet. Then 1ml of Luria broth was added and the bacterial pellet was re-suspended by repeated use of the micropipettor. However, depending on how tight the pellet was and much it was agitated, some many have re-suspended better than others. The pellets who did not re-suspend well would appear they had less CFUs than they actually did because the bacteria are stuck together. This is believed to be the explanation for the moderate bacterial load trial where the average CFUs/ml for 0.188% sodium hypochlorite is 1,937.5 and the average CFUs/ml for 0.094% is 1,787.5. Due to the concentration levels the first number should be lower that the second, however it is likely that the data turned out that way due to anomaly in how each pellet was re-suspended.


The final source for error was in enumerating the CFUs. There were many plates within the countable range. However some had so many CFUs that it was necessary to identify a representative quartile to count and then multiply that number by four. Therefore, there is a slightly larger margin of error in quantifying the CFUs on plates with heavy growth. However, with all these factors considered, this study was still carried out with enough replication and accuracy that the relationships in regards to sodium hypochlorite and bacterial reduction should still be considered significant. If this study were to be duplicated the optical density of the bacterial colony should be measured before each trial to ensure a more accurate count of the bacterial load.   


The inspiration for this project came from the E. coli outbreaks in bagged produce, so the finding of this study were looked at in the context of the food safety industry. The Food and Drug Administration does not regulate specific sodium hypochlorite levels in food sanitation facilities. Instead, they only provide general guidelines on appropriate disinfection process, leaving the actual level up to each individual company (Schmit 2006). In this research it was found that 0.094% or 940 parts per million (ppm) was the lowest effective concentration of sodium hypochlorite. However, apparently not all sanitization facilities have sufficient sodium hypochlorite in their rinse solutions. During a recent outbreak of E. coli in 2003 it was discovered that Gold Coast Produce was only using 3 ppm of sodium hypochlorite in their water (Schmit 2006). That is only 0.32% of what was found to be the lowest effective concentration of sodium hypochlorite in this study. In contrast, the median amount of sodium hypochlorite used in California Sprout Firms is 7675 ppm or 0.7675% (Thomas 2003). This amount is well within the range found to be effective in this study.


There are many other considerations that would need to be tested before moving this research in to food processing centers. Firstly sodium hypochlorite concentrations would need to be tested on all of the other common microorganisms found on fresh produce. 25.7% of lettuce originally harbors Escherichia coli, 22.9% contains Staphylococcus aureus, and 10.4% contains Aeromonas hydrophila (Soriano 2000). There are many other micro-organisms found on fresh produce, many known to cause human illness, such as Salmonella. Therefore it would be necessary to investigate how effectively sodium hypochlorite disinfects food contaminated with those organisms. 


Another factor in the food industry in the amount of time the produce is in the disinfection tank. A certain amount of time is necessary for the oxidation process to occur. Further testing would be required to determine to optimum treatment time. Additionally how often the sodium hypochlorite and water in the tank is changed is a very important consideration. A chemical reaction occurs as the water and sodium hypochlorite are combined. Sodium hypochlorite is unstable so after a certain time period the chlorine begins to evaporate from the solution at a significant rate. Also sodium hypochlorite reacts with sunlight and certain types of metal, so this also must be taken into consideration in the context of a food sanitization facility.


The final and most important concern is what effect the sodium hypochlorite will have on the fresh produce. Though it is important to cleanse the produce of harmful microbes, the consequence to the nutritional value and palatability is also an important concern. Sodium hypochlorite has been used since the nineteenth century in water purification process and so far no negative effects on human health have been noted. However, if sodium hypochlorite is used in too high of a concentration on produce it could damage the cell wall, which plays an important role in keeping the plant’s cells protected and healthy. Further testing would be needed to determine what concentration effectively reduces the harmful microbes, without severely damaging the quality of the produce.      

LITERATURE CITED

Calomiris, J.J., & Christman, K.A. (1998). How does chlorine added to dinking water 
kill bacteria?. Scientific American , Retrieved October 2, 2006, from 
http://www.sciam.com/askexpert_question.cfm?articleID=0007DE0C-D53F-1C71-9EB7809EC588F2D7&catID=3.

Castillo , A. (2004). Preharvest and postharvest food safety. Boston, MA: Blackwell 
Publishing.

(2004). Clorox: Health FAQs. Retrieved November 5, 2006, from Clorox Web site: 
http://www.clorox.com/health_faq.php
(2006). E. coli infection. Retrieved February 3, 2007, from Familydoctor.org Web site:
 http://familydoctor.org/242.xml

Eddleman, H. (1998 Nov 30). How to count bacteria. Retrieved October 29, 2006, from 

Indiana BioLab Web site: http://www.disknet.com/indiana_biolab/b038.htm
(2006, December 6). Escherichia coli O157:H7. Retrieved October 29, 2006, from
Centers for Disease Control and Prevention Web site: http://www.cdc.gov/ncidod/dbmd/diseaseinfo/escherichiacoli_g.htm#What%20is%20Escherichia%20coli%20O157:H7
(2006, October 6). FDA statement on food borne E. coli 0157:H7. Retrieved November
11, 2006, from U.S. Food and Drug Administration Web site: 
http://www.fda.gov/bbs/topics/NEWS/2006/NEW01486.html

Hayhurst, C (2004). E.coli. New York, NY: The Rosen Publishing Group, Inc..

Holding, B.V. (2002). Disinfectants: Chlorine. Retrieved October 29, 2006, from 

Lenntech Web site: http://www.lenntech.com/water-disinfection/disinfectants-
chlorine.htm
Nestle, M (2003). Safe food: Bacteria, biotechnology, and bioterrorism. Los Angeles, 
CA: University of California Press.

Schmit, J. (2006 Oct 5). All bacteria may not come out in the wash. USA Today, p. 
1A.

Scott, E., & Sockett, P. (1998). How to prevent food poisoning. New York, NY: John 
Wiley & Sons, Inc..
Sodium hypochlorite. (2002). In Answers.com [Web]. Retrieved Nov 6, 2006, from 

http://www.answers.com/topic/sodium-hypochlorite
Soriano, J. M. (2000).Assessmebt if the microbiological quality and wash treatments of 
lettuce served in university restaurants . International Journal of Food 
Microbiology . 58, 123-128.
Thomas, J. L. (2003).Industry practices and compliance with U.S. Food anf Drug 
Administration guidelines among California sprout firms. Journal of Food 
Protection. 66, 1253-1259.

Tris. (2004). In Answers.com [Web]. Retrieved Nov 5, 2006, from 

http://www.answers.com/topic/tricine
ACKNOWLEDGEMENTS
Chelsea Byrd, Ph.D. Senior Scientist, Siga Technologies, Inc.

Dennis Hruby, Ph.D. Chief Scientific Officer, Siga Technologies, Inc. 

Professor of Microbiology, Oregon State University.

Shirley Kikner, Research Assistant III, Siga Tecnologies, Inc.

Joshua Stager, student, Oregon State University. 
















A microcentrifuge uses centrifugal force to separate materials of different densities. To operate the time and revolutions per minute (RPM) must be set. 
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