
Conference for Food Protection – Committee FINAL Report 
Template approved: 08/14/2013 

Committee Final Reports are considered DRAFT until deliberated and acknowledged by the assigned Council at the Biennial Meeting 
 

Emergency Action Plan Committee Report Page 1 of 6  
 

 
COMMITTEE NAME:  Emergency Action Plan (EAP) Committee  
 
 

COUNCIL or EXECUTIVE BOARD ASSIGNMENT:  Council III 
 
 

DATE OF REPORT:  December 19, 2013 (revised February 16, 2014) 
 
 

SUBMITTED BY:  Dale Yamnik and DeBrena Hilton, Co-Chairs 
 
 
COMMITTEE CHARGE(s):   

The Charges assigned to the EAP Committee came from two of Council III’s Issues, Issue 2012 III-021 and 
Issue 2012 III-25; and were as follows: 
 
Issue 2012 III-021 Determining the Disposition of Refrigerated PHF (TCS food) above 5°C (41°F) 
 
(1) A letter be sent to FDA requesting that the following be added to the FDA Food Code Annex #4, 
Management of Food Safety Practices-Achieving Active Managerial Control of Food borne Illness Risk 
Factors (new language in underline format):  
 
To ensure the safety of food, a food establishment may develop written plans to address how they will 
handle potentially hazardous food (PHF-temperature controlled for safety food) during emergencies (e.g., 
interruption of electrical service, loss of power, or equipment failure) using the following criteria:  
Criteria for determining when refrigerated PHF (TCS food) can be safely sold following an increase in cold 
holding temperature  

A. Refrigerated PHF (TCS Food) can be safely held and sold at temperatures above 5°C (41°F) provided:  
1. Written procedures are in place to specify the methods used to demonstrate compliance with 

Parts B and C below.  
B. Refrigerated PHF (TCS food) can be held and sold at a temperature up to 7.2°C (45ºF) provided:  

1. The total time during which the food is above 5°C (41°F) but not over 7.2°C (45ºF) is 15 hours or 
less  

2. By the end of 15 hours the food has returned to 5°C (41°F) or lower  
3. The food shall be monitored to ensure the warmest portion of the food does not exceed 7.2ºC 

(45ºF) during the 15-hour period, unless an ambient air temperature is maintained that ensures 
the food does not exceed 7.2ºC (45ºF) during the 15-hour period;  

4. The food shall be destroyed if it does not meet the criteria in 1-3 above.  
C. Refrigerated PHF (TCS food) can be held and sold at a temperature up to 10°C (50ºF) provided:  

1. The total time during which the food is above 5°C (41°F) but not over 10.0°C (50°F) is 9 hours or 
less  

2. By the end of 9 hours the food has returned to 5°C (41°F) or lower  
3. The food shall be monitored to ensure the warmest portion of the food does not exceed 10.0°C 

(50°F) during the 9-hour period, unless an ambient air temperature is maintained that ensures 
the food does not exceed 10.0°C (50°F) during the 9-hour period;  

4. The food shall be destroyed if it does not meet the criteria in 1-3 above. .  
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AND  
 
(2) that the Conference create a committee to review and update the CFP Emergency Action Plan for Retail 
Food Establishments and that the committee be charged to:  

1. review and update the CFP Emergency Action Plan for Retail Food Establishments where 
appropriate,  

2. incorporate the criteria above into the CFP Emergency Action Plan for Retail Food 
Establishments,  

3. report back to the CFP at the 2014 Biennial Meeting with a recommendation to accept the 
revised plan and  

4. recommend that FDA include reference to the CFP Emergency Action Plan for Retail Food 
Establishments in Annex 2 of the Food Code. 

 
Issue 2012 III-025 Dual-Step Hand Cleanse-Sanitize Protocol without Water  
 
(1) A letter be sent to the FDA requesting the 2009 Food Code (as modified by the Supplement issued in 
2011) be amended with the following intent:  

In situations such as catastrophic natural or man-made disasters provisions for handwashing will be 
in accordance with emergency guidance documents.  

(2) The CFP committee created as recommended in Issue 2012 III-021 be charged with revising the CFP 
Emergency Action Plan for Retail Food Establishments also include in their charge a review and 
recommendations for situations such as catastrophic natural or man-made disasters provisions for 
handwashing in accordance with emergency guidance documents. 
 
 
COMMITTEE ACTIVITIES AND RECOMMENDATIONS:  
 
1. Progress on Overall Committee Activities:  

 
Executive Summary 

The CFP Emergency Action Plan (EAP) Committee had a very active membership which met 14 times over 
the last biennial cycle.  The initial focus of the committee was to incorporate the recommendations from 
the Food Marketing Institute (listed as item 1. in the above charges for Issue 2012 III-021) into the CFP 
guidance document presented at the 2008 CFP biennial meeting and titled Emergency Action Plan for Retail 
Food Establishments.  The information for determining when refrigerated Potentially Hazardous Foods 
(Time/Temperature Control for Safety Food) (PHF/TCS) food can be safely sold following an increase in cold 
holding temperature was transformed into a chart with three specific examples of how the chart could be 
applied. After finalizing the chart an online vote was conducted, and universal consensus was reached to 
accept this information for inclusion in the Interruption of Electrical Service section of the revised 
Emergency Action Plan for Retail Food Establishments, Second Edition document. 
 
We then reviewed the rest of the 2008 CFP Emergency Action Plan for Retail Food Establishments 
document and updated 6 Sections while deleting 5 others.  The committee felt that the sections removed 
were covered in other nationally available materials and did not fit into the accidental and natural disaster 
categories covered in the revised Emergency Action Plan for Retail Food Establishments, Second Edition.   
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The Committee decided early on that we would defer the Charge created by Issue 2012 III-025 to the Hand 
Hygiene Committee for determining an alternative emergency hand washing procedure and would 
incorporate their outcome into our report.  Since the Hand Hygiene Committee did not reach consensus on 
an alternative procedure, the EAP committee created an alternative procedure for use during emergency 
situations which still requires the use of soap and water and which can be found in the Chapters on 
Interruption of Water Service (pages 26-27) ; Contaminated Water Supply (Biological) (Pages 32-33); and 
Sewage Backup (pages 39-40). 
 
All of the charges issued to the EAP committee were fulfilled and the committee is submitting 3 Issues to 
address these charges. 
 
Membership 

The EAP Committee had a very successful two year cycle.  The EAP committee maximized committee 
membership by having all four constituencies represented; Industry (food service and grocery), Regulatory 
(Federal, State and Local), Academia and Consumer.  Additionally, our membership was very stable 
throughout our discussions.  We had no members leave or join the committee, although one member 
switched from food service to grocery but that did not significantly change our Committee representation. 
 
The Chairs want to thank all the Committee members for their diligence and faithfulness in attending our 
calls and providing verbal and written feedback as we reviewed the guidance document.  The Committee 
would also like to give special recognition to Jill Hollingsworth and DeBrena Hilton.  Jill tracked the changes 
recommended on each conference call and updated the guidance document entitled the 2014 Emergency 
Action Plan for Retail Food Establishments.  She also created a new format for the revised Guidance 
document which improved flow and understanding of the document.  DeBrena diligently took detailed 
notes on each of our conference calls which helped those who were unable to attend our calls keep up with 
committee discussions.  Jill and DeBrena attended all EAP Committee conference calls. 
 
We found that by using the scheduling website, Doodle, we were able to have very good attendance on our 
conference calls.  We averaged approximately 2/3 of our membership on each call.  Call attendance ranged 
from a low of 50% to a high of 85%.  In addition to having good attendance, members also were very vocal 
and provided great ideas and suggestions to improve the guidance document. 
 
Committee Work 

The EAP Committee started our work by identifying our work strategy.  We decided that all work would be 
conducted via conference call and that we would start with the Interruption of Electrical Service section.   
 
We decided that although we would use much of the existing document’s content, we would do extensive 
reformatting.  Since we were making extensive reformatting changes, the committee decided it would be 
best to submit a finished document without track changes.   
 
We reviewed the existing Guidance document and decided which chapters to keep and those that would be 
deleted from the new manual.  We updated the following sections of the manual with some new content 
and extensive reformatting for inclusion into the new manual: 

A. Interruption of Electrical Service 
B. Interruption of Water Service 
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C. Contaminated Water Supply (Biological) 
D. Sewage Backup 
E. Fire and  
F. Flood 

 
The Committee decided to delete the following sections from the Guidance document: 

A. Infectious Disease Contamination-Bloodborne Incidents 
B. Infectious Disease Contamination-Vomit Incidents 
C. Bioterrorism Prevention and Terrorist Threat Procedures 
D. Protocols for Suspicious letters and Packages 
E. Recovery Guidelines for Intentionally Adulterated Food 

 
The committee felt that the items that were deleted did not fit well with the recommended guidance for 
emergency situations that were left in the manual.  The guidance included in the revised document covers 
emergencies that are accidental or Mother Nature induced incidents.  Whereas the ones deleted are 
intentional or man-induced emergencies. 
 
The EAP Committee felt our initial and primary focus was identifying how to incorporate the Food 
Marketing Institute recommended language regarding disposition of  Potentially Hazardous Food/Time 
Temperature Control for Safety (PHF/TCS) food held above 41o F (5o C) into the guidance document in a 
format and manner that would be clear and understandable.  We also wanted to make sure individuals 
using the guide realized that this time/temperature guidance was for true emergency situations and not for 
everyday usage.  That mantra then pervaded our approach to all sections of the manual.   
 
In the introductory Chapter there is an explanation of the difference between localized and widespread 
emergencies.  It also explains the importance and roles of people, equipment, operational directives, 
temperature monitoring and waste disposal. 
 
Finally, regarding the request to develop an alternative emergency handwashing procedure, we initially 
decided to defer to the Hand Hygiene Committee which was working on this issue.  We felt it would be best 
to let them create the procedure and then we would incorporate it into the revised Emergency Action Plan 
for Retail Food Establishments, Second Edition document.  Since the Hand Hygiene Committee was unable 
to reach consensus on this issue, we created and incorporated a procedure for emergency hand washing 
into the new guidance document.  This procedure requires the use of soap and water and specifies 
handwash facility placement. 
 
Committee Charges 

The first charge listed in Issue 2012 III-021 was for a letter to be sent to FDA to add language to the FDA 
Food Code Annex #4, Management of Food Safety Practices-Achieving Active Managerial Control of 
Foodborne Illness Risk Factors that incorporates criteria for determining when refrigerated PHF/TCS food 
can be safely sold following an increase in cold holding temperature during emergency power outages.  
However, FDA did not incorporate these criteria into the 2013 FDA Food Code. The EAP Committee was 
also asked to incorporate this language into the guidance document we created and this will be discussed 
later in this report. 
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The EAP committee was given 5 charges at the 2012 CFP.  The first charge from Issue 2012 III-021 was to 
update the 2008 CFP Emergency Action Plan for Retail Food Establishments document.  This document has 
been updated and is attached for Conference members to review.  It is titled Emergency Action Plan for 
Retail Food Establishments, Second Edition.  The previous guidance document accepted at the 2008 CFP 
biennial meeting (Emergency Action Plan for Retail Food Establishments) is available for comparison on the 
CFP web site at www.foodprotect.org under the Conference Developed Guides and Documents tab:   
http://www.foodprotect.org/media/guide/EmergencyActionPlanforRetailFoodEstablishments2008.pdf    
 
Significant changes to the revised guidance document include: 

A. The deletion of five of the sections in the previous guidance document as noted above. 
B. Re-titling the sections (although the vast majority of content remained the same) within each 

Chapter (the Power Outage verbiage is used as an example below and is replaced in each chapter of 
the Guidance document with that chapter’s specific emergency i.e. flood, fire, etc.):  

a. Planning for a Power Outage Emergency includes steps that should be taken when 
developing a written response plan for an emergency of this type. 

b. Assessing a Power Outage Emergency section aides the reader in determining the extent of 
the emergency and whether the establishment can remain open during the event. 

c. Business Continuity during a Power Outage outlines items that should be considered to 
ensure safe food handling if the establishment determines it can safely operate during the 
emergency. 

d. Recovery following a Power Outage lists steps to be taken once the emergency is over in 
order to safely return the establishment to pre-emergency condition. 

C. Developing uniform handwashing and toilet facility requirements that were used consistently 
throughout the Guidance document. 

a. The use of soap and water for handwashing during emergency situations.  The EAP 
Committee felt that since the Hand Hygiene Committee did not come to consensus on an 
alternative, non-water hand cleaning procedure, we would only include what has been 
historically accepted as an alternative handwashing procedure during emergency situations.   

b. The Committee Co-Chair communicated frequently with the Hand Hygiene Committee on 
their charge to consider the potential use of alternative handwashing processes. 

 
The second charge to the EAP Committee was to incorporate the language in section one of Issue 2012 III-
021 into the revised emergency guidance document.  Although we did not use the exact language from the 
original Issue, the intent was maintained.  All changes were validated by Don Schaffner of Rutgers 
University using ComBase predictor model predictions for Listeria monocytogenes and a variety of 
conservative assumptions.  The new language, chart and examples can be found at the end of the 
Interruption of Electrical Service Section of the revised guidance document. 
 
Our third and fourth charges were to report back to the Conference and recommend inclusion of the 
revised Emergency Action Plan for Retail Food Establishments, Second Edition document into Annex 2 of the 
FDA Food Code.  This Committee’s final report, the Guidance document and Committee Issues constitute 
our report back to the Conference and completion of these charges.    
The fifth charge from Issue 2012 III-025 to include alternative handwashing procedures was addressed by 
working within our committee to create and incorporate an acceptable procedure for emergency 
handwashing situations (using soap, water and paper towels) into the revised Guidance document.  Since 

http://www.foodprotect.org/
http://www.foodprotect.org/media/guide/EmergencyActionPlanforRetailFoodEstablishments2008.pdf
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the Hand Hygiene Committee did not reach consensus on a non-water handwashing alternative procedure, 
we did not include one in our document. 

 
2.  Recommendations for consideration by council: 

Based on our committees work, the Committee Co-Chairs are submitting 3 Issues on behalf of the 
Committee.  Recommendations of this Committee through these Issues are: 

a. Issue 1:  
1. Thank Committee for its work,  
2. Acknowledge receipt of Committee’s report, and 
3. Disband Committee as its charges have been completed. 

b. Issue 2:  
1. Accept the Emergency Action Plan for Retail Food Establishments, Second Edition document 

and post it on the CFP website in both PDF and Word formats. 
2. Request that FDA include reference to the Emergency Action Plan for Retail Food 

Establishments, Second Edition in Annex 2 of the FDA Food Code. 
c. Issue 3: Inserting the “Cold Holding of TCS Food” section (pages 15-20) of the Emergency Action 

Plan for Retail Food Establishments, Second Edition into the document currently posted on the 
CFP web site titled: Emergency Action Plan for Retail Food Establishments.  
NOTE: this Issue was recommended by FDA in the event the entire Emergency Action Plan for 
Retail Food Establishments, Second Edition document is not accepted by the Conference.  This 
Issue would be withdrawn if the Conference accepts the committee’s new guidance document. 
  

 
CFP ISSUES TO BE SUBMITTED BY COMMITTEE:   
 
1.  Report - Emergency Action Plan (EAP) Committee 
 
2.  EAP 2 - Emergency Action Plan for Retail Food Establishments 
 
3.  EAP 3 - Time/Temperature Chart for Emergency Situations 
 
 
 
COMMITTEE MEMBER ROSTER (attached) 
 
Emergency Action Plan Committee Roster.xlsx 
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Disclaimer 

 

The guidance in this document does not create or confer any rights for or on any person 
and does not operate to bind public health officials or the public. An alternative 
approach may be utilized if the approach satisfies the requirements of the applicable 
statutes and regulations within a government’s jurisdiction.  Whether this guidance or an 
alternative procedure is utilized, contact the state or local public health authority 
responsible prior to implementation.  
 
This document includes guidance for several types of emergencies that a food 
establishment may encounter and is designed as an aid to operators of retail food 
stores and food service establishments (for example, bakeries, bars, cafeterias, camps, 
child and adult day care providers, commissaries, convenience stores, grocery stores, 
interstate conveyances, meal services for home-bound persons, mobile food carts, 
restaurants, and vending machine operators). This is a diverse set of establishments, 
which includes both very large and very small entities.  
 
During an emergency or natural disaster it will be critical for individuals to obtain certain 
necessities such as canned foods, bottled water, batteries, flashlights, coolers, etc.  
This guidance document is designed to help food establishments know the steps 
necessary to take to ensure the items they sell will not endanger the public’s health. 
 
Following a natural disaster there are potential health concerns that can be created by 
the disruptions caused by the disaster. This publication provides food safety 
suggestions and information for retail and foodservice establishments continuing to 
operate or resuming business in the event of natural or other disasters.  Persons-in-
charge (PICs) of a food establishment should conduct a complete self-inspection to 
ensure that normal operations can be continued or resumed safely and without 
compromising food safety.  Establishments required to cease operations in an 
emergency should not re-open until authorization is granted by the local or state 
regulatory authority. Other resources, not included here, are available for guidance on 
handling other emergencies such as those caused by infectious disease agents, 
tampering and intentional acts of terrorism. 
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Preface 
 

This document was created by the 2012 Conference for Food Protection’s Emergency 
Action Plan Committee (EAP).  It is replacing the document presented at the 2008 
Conference for Food Protection’s biennial meeting entitled Emergency Action Plan for 
Retail Food Establishments.   
 
This 2014 version was extensively reformatted and several sections were deleted from 
the 2008 version.  Topics such as intentional contamination and foodborne illness were 
deleted since these topics are covered extensively in other literature and government 
resources.  This manual is dedicated to events more likely to be caused by nature.   
 
This document also has an expanded section which discusses in detail when product 
may be sold even though it may have been out of temperature control for a limited time 
frame due to a power outage. 
 
 

Introduction 
   
All retail food establishments are vulnerable to a potential emergency or disaster that 
could impact the safety of the food and products they sell or serve to consumers. Yet, in 
times of crises, these facilities can also serve the community and provide valuable 
resources. Working together, the food industry and regulatory agencies have developed 
this Guidance to assist in planning for and managing various emergencies.  
 
Emergencies are usually unpredicted events that disrupt our lives and businesses. They 
often develop quickly without prior warning, affecting a limited geographic area, location 
or population. Emergencies can be both natural and man-made (or more accurately, 
“man-caused”). Examples of emergencies include fire, loss of power or interruption in 
water service. Disasters are more typically events that have the potential to cause loss 
of lives, widespread destruction of property, infrastructure disruption, and are often, but 
not always, preceded by warning notices. Examples of disasters include hurricanes, 
floods or storms.   
 
For purposes of this Guidance, we refer to all events as emergencies even though they 
may be disasters. Although the type, severity and circumstances of an emergency will 
influence decisions regarding food safety, this Guidance provides practical information 
to help plan for, respond to, and recover from various emergencies.   
 
Even though this Emergency Action Plan for Retail Food Establishments, Second 
Edition provides comprehensive information in preparation for and/or involvement in 
emergency situations, these documents are not intended to replace pre-existing local, 
state or federal regulations or procedures.  Retail Food Establishments should consider 
using this emergency guidance document to compare existing procedures, fill in gaps 
and update site-specific procedures, create procedures where they don’t exist and train 
staff.
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Permit Holder Responsibilities and Responding to an Imminent Health 
Hazard 

One of the first things that must be done in an emergency is to determine if there is an 
imminent health hazard. According to the FDA Food Code definition: 

"Imminent health hazard" means a significant threat or danger to health that is 
considered to exist when there is evidence sufficient to show that a product, 
practice, circumstance, or event creates a situation that requires immediate 
correction or cessation of operation to prevent injury based on:  

(1) The number of potential injuries, and  

(2) The nature, severity, and duration of the anticipated injury. 

Further, the Food Code states:  
 

8-404.11 Ceasing Operations and Reporting. 
(A) Except as specified in ¶ (B) of this section, a PERMIT HOLDER shall 
immediately discontinue operations and notify the REGULATORY AUTHORITY if 
an IMMINENT HEALTH HAZARD may exist because of an emergency such as a 
fire, flood, extended interruption of electrical or water service, SEWAGE backup, 
misuse of POISONOUS OR TOXIC MATERIALS, onset of an apparent 
foodborne illness outbreak, gross insanitary occurrence or condition, or other 
circumstance that may endanger public health. 
 
(B) A PERMIT HOLDER need not discontinue operations in an area of an 
establishment that is unaffected by the IMMINENT HEALTH HAZARD. 
 

8-404.12 Resumption of Operations. 
If operations are discontinued as specified in Food Code § 8-404.11 or otherwise 
according to law, the PERMIT HOLDER must, when required, obtain approval 
from the REGULATORY AUTHORITY before resuming operations. 

 
Localized Emergency or Event    
 
When an emergency event impacts a single facility or operation, it is recommended that 
the permit holder take the following action:   
 

1. Conduct an evaluation of the operation, as it relates to the emergency situation, 
to determine if a safe operation can be maintained in accordance with applicable 
regulations. 

2. Discontinue operation at the facility or in affected areas of the establishment if a 
safe food operation cannot be maintained using appropriate emergency 
procedures.  
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3. If a safe food operation can be assured, the establishment can remain open 
provided the establishments’ emergency plan is followed or with the approval of 
the Regulatory Authority. 

4. Notify the Regulatory Authority where appropriate or if there is an imminent 
health hazard and discuss emergency operating procedures that will be used.   

5. A food establishment or an area within the facility that was ordered to cease 
operations due to an imminent health hazard may not re-open until authorization 
has been granted by the Regulatory Authority. 

 
Widespread Emergency 
 
Some emergencies may impact multiple facilities over a larger geographic area. During 
such an event, it is recommended that the same procedures listed under a localized 
event be followed for each establishment. A widespread event may make it difficult to 
reach the Regulatory Authority; therefore, the permit holder should ensure the 
emergency plan is followed and if appropriate, notify appropriate authorities of an 
imminent health hazard as soon as possible. Close the establishment if a safe operation 
cannot be assured. 
 
Verification 
 
Food safety hoaxes are not uncommon. The permit holder or other designated person 
should verify the source of information before they take any action. When ordered to 
cease operations, a food establishment should verify that the order came from the 
appropriate Regulatory Authority. Likewise, a utility company may notify a food 
establishment of a temporary disruption affecting electrical power or water supply for 
repairs or other service. Such information should be verified with utility company officials 
and when possible arrangements for such disruptions should be made in advance.   
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Planning for Response to an Emergency 
 
It is important to plan ahead and be prepared for emergencies. You should consider the 
type of hazard(s) for which your business is most vulnerable and take precautions to 
minimize the impact of such occurrences. A written emergency plan can help ensure 
that emergency management efforts will better protect consumers and workers, and 
minimize the impact on your business and the community.    
 
A food establishment owner, manager or the person-in-charge (PIC) is responsible for 
conducting both initial and ongoing assessments to ensure consistent compliance with 
food safety requirements. The owner, manager, PIC and other key employees should 
know where written procedures are located. They should also be trained on the actions 
to be taken as outlined in the establishments emergency response procedures.  
 
Consider discussing your emergency plan with the Regulatory Authority. Emergency 
action plans should be available on-site for review. In some cases, the Regulatory 
Authority may want to pre-approve your plan.  
 
Following is a generic outline of the types of information you should consider including 
in your emergency plan. In addition, we have included specific details for planning and 
implementing emergency procedures relevant to the emergency situations outlined in 
this guide.   
 
Developing a Written Food Safety Emergency Plan  
 
The written food safety plan includes the steps you will take during an emergency. 
Remember that there may be regulations/ordinances that apply and consultation with 
local regulators may be appropriate.  When managing Time/Temperature Control for 
Safety (TCS) food during an emergency, the facility must have a written plan prepared 
in advance.  This plan should be maintained at the facility and available to the 
Regulatory Authority upon request.   
 
Consider incorporating the following information in your plan: 
   
People: 

1. Identify the person(s) who have responsibility for implementing the plan.  
2. Identify people/positions that are “critical” and what tasks must be 

performed. 
3. Maintain a current list of emergency contacts. In addition to updating 

contact information for people within your company, include information for 
those who can help with the emergency such as utility companies (water, 
power, sewer, gas, etc.), garbage hauling service, dry and frozen ice 
suppliers, refrigerated trucking companies, food warehouses, septic tank 
pumping services, local and state health departments, fire, police, state 
emergency management agencies, emergency broadcast station 
frequency numbers  and other pertinent regulatory authorities, etc. 
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4. Remember that computers and phones may not be operable and 
alternative communication methods may be necessary. 

 
Equipment:  

1. Identify the equipment and supplies needed. This may include large items 
such as generators and refrigerated trucks.  

2. List items needed to perform tasks such as thermometers, insulated 
covers, caution tape, certain types of cleaning supplies, hand hygiene 
chemicals, etc.   

3. List any necessary personal protective equipment (PPE) such as 
protective clothing, goggles or gloves needed to protect employees from 
potential hazards. 

4. Consider having Emergency Kits available for different types of 
emergencies such as a kit for fire response, power outages, etc.  
 

Menu: 
1. Prepare an “emergency menu” in advance including a reduced number of 

recipes for food items that require limited preparation. 
 
Instructions for Performing Tasks:  

1. Provide detailed step-by-step procedures for performing each task. For 
example, explain how to calibrate equipment, how to take temperatures, 
how to clean spills, etc. These can be written in the form of a standard 
operating procedure (SOP).  

2. Explain how, when and where the task will be performed. 
 
Monitoring:  

1. Identify what food units, holding cases and equipment will be monitored or 
what food products will be checked. 

2. Detail how frequently the task will be performed (hourly, daily, etc.). 
3. Explain what methods will be used and the tools needed (thermometers, 

etc.) to perform monitoring tasks. 
4. Include details regarding who will perform the monitoring. 
5. Identify what records need to be kept. 
6. Provide copies of the reporting forms, data logs and checklists that will be 

used to record the data and information. 
7. Procedures for monitoring temperatures of TCS food should ensure the 

warmest portion of the food is checked unless an ambient air temperature 
thermometer is in place and monitored to ensure the safety of the food. 
When monitoring refrigerated cases, the temperature should be measured 
in the part of the unit where food temperatures will be the warmest.   

 
Waste Disposal 

1. Determine how you will handle waste, including discarded food. 
2. Consider the likelihood that waste disposal services may be interrupted or 

erratic.  
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3. Include method for handling small volumes of food that have been 
denatured or destroyed before placing in an outside refuse bin (closed, 
sealed container). Consideration will also need to be made for large 
volumes of food refuse that will have to be held and transported to a 
licensed landfill whenever pickup service is available. 

4. Contact your disposal company to pre-plan for emergencies; when 
possible, have additional waste disposal units delivered onsite. 
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Interruption of Electrical Service 
 
When there is an interruption of electrical service, it is recommended that the permit 

holder note the date and time of the event. The PIC should assess the situation. Brief 

interruptions that do not impact food safety may not require emergency procedures. 

When there is an extended loss of power it is recommended that the PIC implement 

emergency procedures.  Immediately discontinue operation if a safe operation cannot 

be maintained or if food safety cannot be assured using an alternative procedure.  If 

there is a significant threat or danger to health, then an Imminent Health Hazard may 

exist and the permit holder should immediately discontinue operations and notify the 

Regulatory Authority.  Consider discussing your emergency plan with the Regulatory 

Authority. Emergency action plans should be available on-site for review. In some 

cases, the Regulatory Authority may want to pre-approve your plan. 

 

I. Planning for Response to a Power Outage Emergency 
 
Power outages are one of the most common emergencies that impact food 
establishment operations. Power outages may be short, lasting only minutes to a few 
hours, but in some cases, the loss of power may continue for several days. Responding 
to short term or extended loss of power will require careful planning. Determining 
whether TCS foods are safe to hold, sell or serve will require a detailed plan for how you 
will monitor temperatures and make disposition decisions on the safety of TCS food. 
 
Your plan should include specific details on how temperatures are to be taken, where to 
take them and the frequency of monitoring. During a power outage, the temperatures of 
TCS food must be recorded. In developing your emergency plan, think about the 
decisions you will have to make at the time of the power outage. Asking these questions 
now and addressing them in your plan will minimize confusion and uncertainly when a 
power emergency occurs.  
 
Examples of questions to incorporate into your plan include:  

1. Who is responsible for calling the power company and determining how long 
there will be a loss of power?   

2. Will the food establishment try to remain open during the outage?  
a. Who will make the decision?   
b. Will certain areas of the operation remain open, for example, departments 

that don’t need refrigeration?  
c. Will establishment remain open and continue to sell items such as shelf 

stable foods, bottled water, non-food items such as flashlights, batteries and 
coolers that would be important for the community during large scale events? 

3. Which departments will close and which refrigerated cases will be emptied or 
covered first? 
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4. Remember that opening refrigeration equipment doors will cause the 
temperature in the unit to rise and the food to warm more quickly.  
a. How will loss of temperature be minimized for food product held under 

refrigeration? 
b. How will monitoring and recording of a refrigeration unit and its product 

temperatures be conducted?  
c. Will power generators keep electronic temperature recording devices 

operable?  
d. Will you use other procedures to help maintain temperatures such as 

covering food with plastic tarps, insulated covers or cardboard, using dry ice, 
etc.?  

5. Be mindful that some units such as open upright cases and small reach-in cases 
may lose temperature faster than closed units or coffin cases.   
a. Are there units that need to be monitored more frequently than others? 

6. Will TCS and other refrigerated food products be relocated from display cases to 
walk in coolers, freezers, or reefers (refrigerated trailers)?  

7. Will food be moved to an off-site location? If so, how will temperatures be 
maintained and monitored while moving the food? 

8. Do you have access to other equipment and supplies such as dry ice, portable 
generators, reefer trucks, totes to store food in trucks, plastic to wrap food, etc.?  

 
The following sections provide additional guidance for answering these questions and 
developing your emergency plan.  
 

II. Assessing a Power Outage Emergency 
 
In your assessment of an electrical interruption, consider (1) the nature of the power 
outage and the anticipated duration; (2) the potential impact on your operation; and (3) 
your ability to manage the safety of food, especially TCS food.      

 
Nature of the power outage 
 
The nature and scope of a power outage will determine which steps in the emergency 
procedures need to be implemented.  Power outages can be placed into three broad 
categories and you should plan for each of them: 

   
1. Short term or localized outage such as electrical interruption at one facility or a 

limited area disruption that will be short in duration (less than four hours) and will 
not disrupt infrastructure services to the general community. 

2. Large area power outage without disruption of community infrastructure which 
impacts telecommunications, fire and rescue services, etc. and may be of 
unknown duration. 

3. Large area power outage with disruption of community infrastructure and 
services and of anticipated longer duration such as emergencies due to storms, 
floods, fires and earthquakes.  
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Potential Impact on Operations 
 

Determine what operational systems and equipment will be impacted by a power 
outage.  

1. Identify the refrigerated cases which are most vulnerable to cold temperature 
loss, such as open upright cases.   

2. Prioritize which TCS foods will need immediate attention in the event of 
refrigeration loss. 

3. Heating and air conditioning, water heaters, security systems, computers, cash 
registers, lighting, refrigeration systems, ice makers, food/beverage dispensing 
systems, cooking/heating equipment, dish washing machines, sensor 
handwashing sinks, hand driers and other equipment/systems will most likely be 
inoperative unless other power sources such as generators are available. 

4. Determine and assess the priority of power needs.  
 

In addition to food safety concerns, several of the following factors should be 
considered when determining whether the facility can remain open or if certain 
departments within the facility can remain operational. 

1. Has there been an evacuation or other order that would require you to close the 
facility?  

2. Can employees safely get to work and once they arrive, will they be safe in the 
facility? 

3. Are alternative procedures or back-up systems available?  
4. Does remaining open provide access to resources that will be of assistance to 

the community?  
 

Food Safety Considerations 
 

During a power outage, the primary concern is for TCS food because temperature 
abuse could result in unsafe food.   

1. Is there an imminent health hazard?   
a. Has the Regulatory Authority been consulted as appropriate?  
b. Can you implement your prepared emergency food safety plan? 

 
A food establishment manager (or the “Person-in-Charge”) is responsible for conducting 
both initial and ongoing assessments to ensure consistent compliance with food safety 
requirements. 
 

III. Business Continuity During a Power Outage 
 
The following are food safety considerations and emergency procedures that can be 
taken to address specific affected equipment or facility operations during an interruption 
of electrical service.  Consider discussing your emergency plan with your regulatory 
authority. In some cases, the Regulatory Authority may want to pre-approve your plan 
or temporary procedures. 
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Refrigeration 
 
Emergency Procedures 
 

1. Note the date and time the power outage begins. 
2. Monitor and record equipment and TCS food temperatures from the start of the 

power outage. The Emergency Plan should include specific details on where to 
take temperatures, how frequently temperatures will be monitored and where to 
record the information. 

3. Open upright retail cases without doors and small reach-in cases should be 
monitored more frequently since they will lose temperature faster than other 
equipment.  

4. Keep refrigeration equipment doors closed. For open retail cases without doors, 
use insulated covers, cardboard, plastic or equivalent to retain cold air.  

5. Relocate product in cases that cannot maintain safe temperatures to walk-in 
coolers, freezers, or reefers (refrigerated trucks). 

6. Use tape and signs to alert staff to keep doors to walk-in coolers closed.  
7. Seal display case doors with tape to prevent customers from opening them.  
8. Do not put hot food into refrigeration equipment. 

 
Methods for Maintaining Cold Food Temperatures  
 

Refrigerated trucks: Refrigerated trailers and trucks with insulated storage 
containers may be on-site or delivered to the food establishment during an 
emergency. Issues to consider include distance and time for delivery, ability to gain 
physical access to the location, source of fuel or energy to maintain truck 
refrigeration systems, manpower for food transfers, potential temperature abuse of 
foods awaiting transfer and security.  
 
Warehouse: Determine if a refrigerated warehouse that is unaffected by the power 
outage or that has a back-up generator or alternate power source is available. 
Assure that the food can be transported and stored under adequate refrigeration. 
Transport to offsite storage will require access to vehicle(s), control of temperature, 
manpower, protection of food from contamination and secure holding capability.  
 
Ice or frozen gel packs: These can be used to help keep food cold. Plan how and 
where you can obtain these items when they are in high demand by the general 
population. Issues of use include the ice/gel pack source availability, volume 
needed, transportation capability, and site handling of ice and melting ice waste 
water. Your plan should include procedures for how to use ice and/or gel packs to 
prevent cross-contamination of food. Consider storing frozen gel packs on-site to 
use during short term emergencies.  
 
Dry ice: Dry ice is frozen carbon dioxide (CO2) gas that changes back to CO2 gas 
when exposed to normal environmental temperatures. It is dangerous to handle 
because it is so cold. Also CO2 gas is heavier than air and can displace the oxygen 
we need to breathe. If dry ice is used in enclosed spaces (i.e., a walk-in cooler) 
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employee and customer safety precautions must be followed because of the 
potential build-up of CO2 gas and displacement of oxygen. Do not place dry ice into 
a sealed room, cooler or container without allowing a means for the gas to escape 
as it changes from its solid to gaseous state. If dry ice is used, pack TCS food tightly 
together and place dry ice above foods to allow the cold CO2 gas to sink and fall 
over the food items. Precautions must be taken to avoid burns when handling dry 
ice, such as wearing insulated gloves. Refer to the material safety data sheet for 
specific hazardous identification, personal protective equipment requirements, 
ventilation, exposure controls and handling practices. Issues of use include dry ice 
availability, volume needed, transportation, and site handling and safety.  

 
Other Power Sources 
 
Prioritize the equipment or systems that must be supported by supplemental power 
sources. 
 
Generators 
 
Determine which equipment is operated by the generator. Generators may not routinely 
have the capacity to operate critical equipment such as refrigeration and freezer units. 
In that case, consider additional generators for maintaining refrigeration, including 
portable generators (owned or rented) that can be transported to the facility during an 
emergency.  
 

1. A plan should be in place to refuel generators during long term power outages. 
2. Make certain that individuals are trained to operate the supplemental power 

equipment safely. Be sure to consult with a licensed electrician.   
3. The electrical utility company should be advised if you are using a generator as a 

safety precaution for utility workers. 
 
Lighting 
 

1. Diminished or lack of artificial illumination may impact personal safety.  
2. Without sufficient lighting, you may not be able to properly perform food safety 

related tasks such as food preparation, food handling, cleaning 
equipment/utensils and cleaning the premises. 

3. Artificial light may be available if you are using a generator or other lighting 
source such as battery operated fixtures. 

4. Restrict operations to those procedures that can be safely conducted using 
alternative lighting. 

5.  If sufficient natural light is available, limit operations to daylight hours.  
 
Cooking Equipment 
 

1. Cooking equipment can be connected to an alternative power source such as a 
generator. However, fully assess if cooking operations can continue to be 
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performed safely - consider temperature controls, hot holding temperatures, food 
handling and equipment cleaning.  

2. Unless the ventilation system is operating on alternative power there will be no 
way to remove cooking smoke, steam, grease laden air, etc. Without ventilation, 
you should discontinue cooking operations. 

3. Discontinue cooking operations unless all safe cooking practices are in place, 
4. Discard TCS foods that were in the cooking or re-heating process but did not 

reach a safe final temperature. 
 
Dishwashing Equipment 
 

1. Use the three compartment sink if hot water is still available. 
2. Use single service tableware. 
3. Review chemical label or consult your chemical supplier to determine efficacy of 

detergents and degreasers as it relates to water temperature. When sanitizer 
solutions are used, the water temperature should be at or above the minimum 
temperature stated in the Food Code for that class of sanitizers.  Sanitizer 
solutions may be used at temperatures lower than those stated in the Food Code 
when the lower temperature is listed on the EPA registered label. 

4. Discontinue operations that generate soiled utensils/tableware if they cannot be 
properly washed and sanitized.  

 
Water and Sewage 
 

1. See “Interruption of Water Service” procedures. 
2. If sewage ejector pumps are inoperable discontinue operations.  
3. Contact the local health department for possible alternative options. 

 
Safe Food Handling Procedures 
 
Hot Food Holding  

1. Note the time the power outage begins. 
2. If power returns within two hours, rapidly reheat food to 165°F within an 

additional two hours. The time the food is between the temperatures of 41ºF and 
135°F should not exceed two hours.   

3. If power does not return within two hours, product must be discarded within four 
hours from the time of power outage (unless it is kept above 135°F, as indicated 
in 4 below). 

4. Alternatively, use an alternate heat source such as “canned heat” and monitor 
temperatures hourly to ensure product remains above 135ºF. 

 
Cold Holding of TCS Food 
 
Guidelines have been developed specifically for cold holding TCS food during a power 
outage that affects refrigeration temperatures. The time and temperature (T/T)   
recommendations and disposition criteria presented in Chart 1 are based on science to 
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ensure the safety of TCS food and were accepted at the 2012 Conference for Food 
Protection. 
 
Important facts about the time and temperature (T/T) combinations in Chart 1: 

1. The T/T combinations are based on conservative assumptions about pathogen 
growth and represent a wide margin of safety.  

2. Some TCS foods have an even greater margin of safety because they have 
protective characteristics such as low pH and/or water activity. You may want to 
consult the Regulatory Authority for appropriate disposition criteria for these 
types of TCS foods. 

3. If a facility intends to use Chart 1 for managing TCS foods during a power outage 
it must have a written plan prepared in advance, maintained at the facility and 
available to the Regulatory Authority upon request.    

4. If TCS food does not exceed the T/T combinations in Chart 1 it is treated as if the 
deviation never occurred; the sell-by or use-by date is unchanged.  

5. TCS foods are safe to sell/serve beyond the maximum time if they are back to 
41°F (5°C) within the maximum time frame (see examples). 

6. There are two ways to monitor the time: 
a. You can “start the clock” for monitoring time based on the time when the 

power went out, or 
b. You can “start the clock” based on when the food reaches 41°F(5°C) provided 

you have been checking the food temperature in accordance with your written 
plan. 
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Chart 1:  Procedures for Handling Refrigerated  TCS Food During A Power Outage 

 

TIME 
(HOURS) 

PRODUCT TEMPERATURE 

 Maximum Temp 
up to 45°F (7°C) 

Maximum Temp 
up to 50°F (10°C) 

Maximum Temp 
up to  55°F (13°C) 

Maximum Temp 
up to 60°F (15°C) 

 
 
 
 

Up to 4 Hold/Serve/Sell Hold/Serve/Sell Hold/Serve/Sell 

 
Hold/Serve/Sell 

 
At 4 hours, cook or 
discard the food if it is 
still over 41°F (5°C). 

If food temp is back to 
41°F within the 4 hours 
it can be 
held/served/sold. 

>4 to 6 Hold/Serve/Sell Hold/Serve/Sell 

 
Hold/Serve/Sell 

 

 

At 6 hours, cook or 
discard the food if it is 
still over 41°F (5°C). 

If food temp is back to 
41°F (5°C)within the 6 
hours it can be 
held/served/sold. 

>6 to 9 Hold/Serve/Sell 

 
Hold/Serve/Sell 

 

 

At 9 hours, cook or 
discard the food if it is 
still over 41°F (5°C). 

If food temp is back to 
41°F (5°C) within the 9 
hours it can be 
held/served/sold. 

>9 to 15  
Hold/Serve/Sell 

 

 

At 15 hours, cook or 
discard the food if it is 
still over 41°F (5°C) 

If food temp is back to 
41°F (5°C) within the 
15 hours it can be 
held/served/sold. 

Note: This chart is intended for use as part of an emergency plan and not for day-to-day operations.  See 

previous page and following examples for usage assistance. 
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Examples of Cold Holding T/T Monitoring and Disposition of TCS Food 
During a Power Outage 
 
The following are examples of monitoring TCS food during a power outage based on 
Chart 1, Procedures for Handling Refrigerated TCS Food During A Power Outage. Note 
that the location, date, time, temperature and disposition are recorded on the monitoring 
chart below.  
 
In Example #1 the establishment is using the time of the power outage as the 
start time for monitoring. 
 
Example #1: 
 
In this example, the temperature of TCS food exceeds 41°F but never exceeds 45°F 
during 15 hours from the start of the power outage. The TCS food is back to 41°F in 15 
hours from the start of the power outage. The sell-by date and/or shelf life does not 
change.  
 
 

Power outage start time: 
10:00 PM 

Date & Time 
10-1-2012 

(Elapsed Time) 

Temperature 
(°F) 

Disposition 

Location:  Cooler #2    

Start Time                     Mon 10:00 PM 36°F Sell or Hold 

 12:00 PM             (2) 38°F Sell or Hold 

Tue 2:00 AM               (4) 40°F Sell or Hold 

 4:00 AM               (6) 41°F Sell or Hold 

 6:00 AM               (8) 42°F Sell or Hold 

 8:00 AM              (10) 44°F Sell or Hold 

Power is restored 10:00 AM            (12) 45°F Sell or Hold 

 12:00 AM            (14) 42°F Sell or Hold 

 1:00 PM               (15) 41°F Sell or Hold 

 
Total Time 

 
15 hours 

Max temp: 45°F   
Temp at 15 hours is 
41°F 

Food can be cooked, sold, 
served or held until the sell-
by date. 
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In Example #2 the establishment is using the food temperature to determine the 
start time.  

 
Example #2 
 
In this example, the food temperature is monitored from the beginning of the power 
outage, but the time starts when the food reaches 41°F. The temperature of TCS food 
exceeds 41°F but never exceeds 45°F during the next 15 hours. The TCS food is back 
to 41°F within 15 hours from the “start time.” The sell-by date and/or shelf life does not 
change.  
 
 
 

Power outage start 
time: 

10:00 PM 
 

Date & Time 
10-1-2012 

(Elapsed Time) 

Temperature 
(°F) 

Disposition 

Location:  Cooler #2    

Mon 10:00 PM 34°F Sell or hold 

 12:00 PM 38°F Sell or hold 

Start Time                   Tue 2:00 AM 41°F Sell or Hold 

 4:00 AM                (2) 42°F Sell or Hold 

 6:00 AM                (4) 43°F Sell or Hold 

 8:00 AM                (6) 44°F Sell or hold 

Power is restored 10:00 AM              (8) 45°F Sell or hold 

 12:00 AM            (10) 44°F Sell or hold 

 2:00 PM               (12) 43°F Sell or hold 

 4:00 PM               (14) 42°F Sell or hold 

 5:00 PM               (15) 41°F Sell or hold 

 
Total Time above 41°F 

 
15 hours 

Max temp: 45°F   
Temp at 15 hours  is 
41°F 

Food can be cooked, sold, 
served or held until the sell-
by date. 

 



2014 Conference for Food Protection - Emergency Action Plan for Retail Food Establishments, Second Edition  

Page 20 of 60               DRAFT      1-22-14  
 

 

In Example #3 the establishment is using the food temperature to determine the 
start time.  
 
Example #3: 
 
In this example, the food temperature is monitored from the beginning of the power 
outage, but the time starts when the food exceeds 41°F. The temperature of TCS food 
exceeds 41°F but never exceeds 50°F during nine hours from the start of the power 
outage. The TCS food is not back to 41°F within nine hours from the time monitoring 
started so it must be cooked or discarded.   
 
 

Power outage start time: 
7:00 am 

 

Date & Time 
10-1-2012 

(Elapsed Time) 

Temperature 
(°F) 

Disposition 

Location: Cooler # 3    

 7:00 am 38°F  

 8:00 am 40°F  

Start Time 9:00 AM 41°F Sell or Hold 

 11:00 AM            (2) 43°F Sell or Hold 

 1:00 PM               (4) 45°F Sell or Hold 

Power is restored 3:00 PM               (6) 50°F Sell or hold 

 5:00 PM               (8) 45°F Sell or hold 

 6:00 PM               (9) 43°F Cook or discard 

 
Total Time 

 
9 hours 

Max temp: 50°F   
Temp at 9 hrs is 43°F 

Cook or discard 
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IV. Recovery Following a Power Outage 

Recovery involves the necessary steps for returning to normal, safe business 
operations including re-opening if the facility had to close as a result of the power 
outage.  
 
A food establishment that was ordered or otherwise required to cease operations 
may not re-open until authorization has been granted by the Regulatory 
Authority. 
 
(See Extended Interruption of Water Service for re-opening considerations relative to the water supply.) 

 
Refrigerated TCS Food 
 
The procedures for monitoring TCS food and disposition criteria are explained above. 
These guidelines can only be used if the time and temperature were monitored 
according to a written plan. If the time/temperature of TCS foods were not monitored 
during the power outage and the temperature may have exceeded 41°F (5°C), the TCS 
food should be discarded. When in doubt, throw it out! 
 
Although these guidelines are intended for all TCS foods, some commodities are less 
likely to support the growth of pathogens even though they are considered TCS foods. 
These foods may have other protective characteristics such as low pH and/or water 
activity. You may want to consult the Regulatory Authority for appropriate disposition 
criteria for these types of TCS foods. 
 
It is advisable to discuss disposition of TCS foods that do not support the growth of 
pathogens in advance of an emergency and consider including a list of these TCS foods 
in your plan. 
 
Refrigerated Non-TCS food 
 
Although non-TCS foods do not require temperature monitoring for safety, they should 
be closely examined for signs of spoilage, damage or loss of package integrity following 
a power outage. Disposition should take into consideration loss of quality. Non-TCS 
food may be suitable for selling, serving or donating to other organizations such as food 
banks or shelters. 
 
Frozen food 
 
Frozen foods that remain solid or semi-solid can be refrozen if food packages show no 
evidence of damage such as weeping, stains, physical deterioration or evaporation. 

1. If TCS frozen food product is somewhat thawed or soft and has not exceeded 
41°F on the outside and the inner core is still solid, it can be refrozen or further 
processed/cooked by food service operators. 
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2. Non-TCS frozen food that has thawed can be sold, further processed, cooked or 
donated. If this product is sold or donated, appropriate consumer notice should 
be provided. 

 
Key areas to consider for returning to normal operation when power is restored: 
 

1. The Regulatory Authority may have to approve returning to regular operations; 
check local requirements. 

2. A food establishment or an area within the facility that was ordered to cease 
operations due to an imminent health hazard may not re-open until authorization 
has been granted by the Regulatory Authority 

3. Check to ensure that electricity, potable water, and/or gas services have been 
fully restored. 

4. Document the date and time power was restored. 
5. Verify that all circuit breakers have been properly re-set as needed. 
6. Assure that all equipment and facilities are operating properly including: lighting, 

refrigeration (back to operating temperature of 41°F/5°C and below), hot holding, 
ventilation, water supply, sewage pumps, hot water heaters, toilet facilities, ware 
washing machines and hand washing facilities. 

7. Food contact surfaces, utensils and equipment may need to be cleaned and 
sanitized before use. Remember to check such things as ice machines where 
water from melted ice may have accumulated. 
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Interruption of Water Service 

When there is an interruption of water service, it is recommended that the permit holder 

note the date and time of the event. The PIC should assess the situation. Brief 

interruptions that do not impact food safety may not require emergency procedures. 

When there is an extended interruption of water service it is recommended that  the PIC 

implement emergency procedures.  Immediately discontinue operation if a safe 

operation cannot be maintained or if food safety cannot be assured using an alternative 

procedure.  If there is a significant threat or danger to health, then an Imminent Health 

Hazard may exist and the permit holder should immediately discontinue operations and 

notify the Regulatory Authority.  Consider discussing your emergency plan with the 

Regulatory Authority. Emergency action plans should be available on-site for review. In 

some cases, the Regulatory Authority may want to pre-approve your plan. 

 
I. Planning for Response to an Interruption of Water Service 

Note: The following section includes procedures for when there is an actual loss of water 
service. Procedures for handling “boil water advisory” can be found in the next section called 
Contaminated Water Supply Incident. 

In developing your written food safety emergency plan, think about the decisions you 
will have to make if there is an interruption in water service. Consider how water can be 
obtained to support continued operation during an emergency water interruption or how 
to limit operations to ensure a safe operation. The following are some tasks you may 
want to include in your plan as appropriate. 
 

1. Determine how much water is needed to operate equipment and sinks, prepare 
emergency menu items, etc. 

2. Determine the types of alternate water sources that may be available. 
3. Identify contact information, address, directions and equipment/supplies needed 

to obtain alternate commercial, private or public water supplies and points where 
containers can be filled with potable water. 

4. Develop a business agreement with a supplier of bottled water or a licensed 
drinking water hauler. 

5. Locate public water supplies in your area and points where containers can be 
filled with drinking water. 

6. Maintain an inventory of bottled water, containers suitable for hauling water 
and/or containers for storing water if delivered from a bulk carrier. 

7. Maintain current contact information for service providers such as plumber, well 
contractor, utility company, water supplier and ice supplier. 

8. Maintain an inventory of disposable gloves and hand sanitizer for use after 
washing hands with alternative water source. 

9. Maintain an inventory of single-service and single-use articles to help get through 
a reasonable time period. 



2014 Conference for Food Protection - Emergency Action Plan for Retail Food Establishments, Second Edition  

Page 24 of 60               DRAFT      1-22-14  
 

10. Develop a contingency plan for toilets. 
11. Develop a business agreement with a supplier of ice in order to assure you that 

you will have access to ice during an emergency. 
12. Develop a list of equipment that uses water in your establishment and develop a 

contingency plan that describes what you would do if the water is either 
interrupted or contaminated. 

13. Prepare an “emergency menu” in advance including recipes for food items that 
require no water or minimal amounts of water to prepare.  Also, identify the 
number of servings/or people that can be served or supported. 
 

Private Water Source (Non-community water supply) 
 
Food establishments using a Type II or Type III non-community water supply (such as a 
well) must follow the disinfection and sampling requirements of the Safe Drinking Water 
Act as found in 40 CFR 141 and 142  (Code of Federal Regulations).  Contact your 
Regulatory Authority for specific instructions. Some municipalities may rely on other 
organizations such as EPA or local Department of Environmental Quality for assuring 
the safety of non-community water supplies. 
 

II. Assessing an Interruption of Water Service 
 
In your assessment of a water service interruption, consider the nature, scope and 
anticipated duration of the emergency; the potential impact on your operation; and your 
ability to ensure the safety of food.   

 
Nature, scope and duration 

 
The nature and scope of a water interruption will determine which steps in the 
emergency procedures need to be implemented.  Interruption in water service can be 
placed into three broad categories and you should plan for each of them:   

1. Short term or localized emergencies such as an interruption at one facility that 
will be short in duration (less than four hours) and will not disrupt infrastructure 
services to the general community. 

2. Large area water interruption without disruption of community infrastructure 
which may be of unknown duration. 

3. Large area water interruption with disruption of community infrastructure and 
services and of anticipated longer duration such as emergencies due to storms, 
floods, fires and earthquakes.  
 

Potential Impact on Operations 
 

Determine what operation systems and equipment will be impacted by an interruption in 
water service.  

1. Identify which systems, procedures and equipment are dependent on the 
availability of water.   
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2. Sinks (handwashing, prep, etc.),  warewashing equipment, ice makers, beverage 
mixing/dispensing machines, toilets and other equipment that depend on water 
will most likely be unusable. Without sufficient safe water supplies, cleaning and 
sanitizing procedures will be disrupted.  

3. Some systems that require water, but which may not use potable or drinking 
quality water such as heating/air conditioning equipment and cooling systems, 
should also be assessed.  

 
Determine whether the facility can remain open or if parts of the facility can remain 
operational.  Consider the following: 

1. Are back-up or temporary systems available? 
2. Has there been an evacuation or other order that would require you to close the 

facility?  
3. Does remaining open provide assistance to the community and those in need?   

 
Food Safety Considerations 

 
During an interruption in water service, the primary concern is for food safety.  

1. Is there an imminent health hazard that would not permit a safe operation?   
2. Has the Regulatory Authority been consulted as appropriate?  
3. Can you implement your food safety plan under the circumstances of the 

emergency? 
 

A food establishment manager (or the “Person-in-Charge”) is responsible for conducting 
both initial and ongoing assessments to ensure consistent compliance with food safety 
requirements. 
 

III. Business Continuity During an Interruption of Water Service 
 
The following are temporary alternative procedures that can be taken to address 
specific affected food operations during an extended interruption of water service. 
Consider discussing your emergency plan with your regulatory authority. In some cases, 
the Regulatory Authority may want to pre-approve your plan or temporary procedures.  
 
Drinking Water and Approved Water Sources  
 
During an emergency, other approved sources of water may be available. Examples 
include: 

1. Commercially bottled water. 
a. Large water bottles used for water dispenser units. Some dispenser units 

have lever type faucets for hot or cold water if such a dispenser unit can be 
provided with electricity.  A service company can provide delivery of large 
water bottles.   

b. Individual retail sized containers of bottled water.  
2. Municipal or approved water source delivered in bulk using a tanker truck, water 

buffalo style water tank that is pulled by a motor vehicle, approved portable water 
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containers, covered sanitized bulk water containers or other approved sanitary 
means of transporting water.  

3. Haul water from an approved public water supply in a covered, food-grade 
container that has been cleaned and sanitized. 

4. Use of an approved water supply from a neighboring location using approved 
sanitary hose(s) and fittings.  

5. Use of fire system water when approved by the Regulatory Authority.  This water 
is not usually considered potable and may require additional treatment prior to 
use.   

 
Water as a Food Ingredient  
 
The alternative water sources listed under Drinking Water can also be used for food 
preparation and as an ingredient. Determine how safe drinking water will be provided 
and how this water will be stored and dispensed. Alternatively, restrict the menu or food 
preparation to items that don’t require water. 
 
Handwashing 
 
Remember - if no handwashing sinks are operational and no alternative handwashing 
facilities can be set up, food preparation must cease, and only pre-packaged food may 
be served.  

1. When prepackaged foods are provided, the following must also be available if 
hand wash facilities are unavailable in the immediate area where the 
prepackaged food is handled: 
a. Approved hand antiseptics or chemically treated towelettes must be used for 

cleaning hands; and  
b. An operational handwashing sink or a handwashing set-up (as described in 

Section 2 below) must be provided for use in the immediate area of a toilet 
facility; and 

c. A toilet facility, as described in the toilet section below, must be conveniently 
located and accessible. For example, locate the toilet facility within 200 feet of 
the food establishment’s entrance.     

 
2. When a facility has no operational handwashing sinks, but an alternative 

handwashing facility can be set up,  the following procedures must be followed if 
food production is to continue:  
a. A “gravity flow” handwashing set-up using potable water (e.g. commercially 

bottled water) in a clean, sanitized container with a continuous-flow type 
spigot allowing water to flow over one’s hands into a catch bucket.  

b. The catch bucket must be emptied into an operational drain such as a janitor 
sink or toilet.  

c. Hands must be washed after emptying the catch bucket and before returning 
to food handling operations. 

d. Suitable, dispensable hand soap, disposable towels, and a waste receptacle 
at designated hand wash stations must be provided. 

e. Ready-to-eat foods may not be touched with bare hands.  
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f. Suspend bare hand contact even if this process has been approved as an 
alternate procedure. 

 
3. A handwashing sink that is backing up or not draining properly must not be used 

and must be posted, labeled or otherwise identified to prevent its use until 
draining issues are resolved. 
 

Toilet Facilities 
 
A toilet that is not operational must be properly posted to prevent further use.  
 
If there are no operational toilets accessible to employees during all hours of operation 
that can be used until service is restored, discontinue operation until toilet facilities are 
available. 
 
When permitted or approved by the Regulatory Authority, use of portable mobile toilet 
facilities or alternate toilet facilities are acceptable provided they: 

1. Are conveniently located and accessible. For example, locate the toilet facility 
within 200 feet of the food establishment’s entrance. 

2. Are properly ventilated, maintained and serviced in a manner that will not 
contaminate food or create a nuisance. 

3. Have adequate handwashing facilities in the immediate vicinity of the toilet(s). 
Adequate handwashing facilities can include a “gravity flow” handwashing set-up 
as described in Section 2 of the Handwashing section.  
  

When toilet facilities are not operational due to a lack of water for flushing, their use may 
be continued provided: 

1. There is no sewage backup, and 
2. There is an alternate supply of potable water that can be dumped into the toilet to 

flush waste down the drain.  
 
Ice 
 
Use commercially manufactured ice. 
 
Post-mix Fountain Drinks 
 
Discontinue service. 
 
Cleaning/Sanitizing Equipment, Utensils, Tableware 
 

1. Use single service/use articles. 
2. Use only water from an alternate approved source (as listed above) for cleaning 

equipment, utensils, tableware and surfaces that may contact food.  
3. Determining the volume or quantity of water needed will be of particular 

importance.  A standard utensil sink can require 10 to 20 gallons of water for 
each compartment. Water temperature must be at least at or above the minimum 
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temperature stated in the Food Code for that class of sanitizers (i.e. 75°F for 
Quaternary Ammonias), unless a different temperature is listed on the usage 
instructions on the EPA registered label.  

4. If water from an alternate source can be obtained, then follow established 
procedures to wash, rinse, and sanitize. Pre-scrape prior to washing as 
necessary. 

5. Discontinue operations as inventories of clean equipment, utensils, and 
tableware are exhausted. 

6. Discontinue operations when cleaning and sanitizing procedures can no longer 
ensure food safety. 

 
Cleaning Physical Facility 
 

7. Determine water use needs to maintain a clean facility.  Using a mop bucket with 
detergent solution may require three to five gallons of water.  After use additional 
water may be required to clean the mop and bucket.  

8. Discontinue operations if cleanliness of the physical facility could jeopardize food 
safety. 

 

lV. Recovery Following an Interruption of Water Service 
 
Recovery involves the necessary steps for returning to normal, safe business 
operations including re-opening if the facility had to close as a result of the interruption 
of water service.  
 
Regulatory authorities may have to approve returning to regular operations; check local 
requirements. A food establishment or an area within the facility that was ordered to 
cease operations due to an imminent health hazard may not re-open until authorization 
has been granted by the Regulatory Authority 
 
Key actions to consider for returning to normal operation: 
 

1. Document the date and time water service was restored.  
2. Assure that all equipment and facilities are operating properly. 
3. Assure that tools and equipment used for cleaning and sanitizing are clean and 

sanitized prior to use for the rest of the facility.   
4. Flush pipes/faucets.  

a. Follow the directions from your water municipality or, as general guidance, 
run cold water faucets for at least five minutes. 

5. Equipment with waterline connections such as post-mix beverage machines, 
spray misters, coffee or tea urns, ice machines, glass washers, dishwashers, and 
other equipment with water connections must be flushed, cleaned, and sanitized 
in accordance with manufacturer’s instructions. 

6. Clean and sanitize food contact surfaces, utensils and other equipment before 
use.  

7. Run water softeners through a regeneration cycle. 
8. Drain reservoirs in tall buildings. 
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9. Change out all water filters. 
10. Flush beverage machines. 
11. Flush drinking fountains by running water continuously for five minutes followed 

by sanitization of the water dispensing spigots.  
 
Ice Machine Sanitation 
 

1. Follow the manufacturer’s instructions for flushing and cleaning ice machines. 
2. Below is a general example of a written cleaning/sanitizing procedure for an ice 

machine: 
a. Flush the water line to the machine inlet 
b. Close the valve on the water line behind the machine and disconnect the 

water line from the machine inlet. 
c. Open the valve, run water through the valve for 10-15 minutes and 

dispose of the water. 
d. Close the valve. 
e. Reconnect the water line to the machine inlet. 
f. Open the valve. 
g. Flush the water lines in the machine. 
h. All filters on equipment should be removed and replaced if not designed to 

be cleaned in place. 
i. Turn on the machine. 
j. Throw away the first three batches of ice that the machine makes. 
k. Clean and sanitize all parts and surfaces that come in contact with water 

and ice, following the manufacturer’s instructions. 
3. Alternatively, contact cleaning service provider to clean equipment before putting 

back into service. 
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Contaminated Water Supply (Biological) 

Note: The following section refers to procedures for when there is a Boil Water Advisory. 
 

When a municipality has issued a Boil Water Advisory or when an onsite water supply 

has exceeded the maximum contaminant level for coliform bacteria the permit holder 

must report to the regulatory authority. The PIC should assess the situation and 

implement emergency procedures.  Immediately discontinue operation if a safe 

operation cannot be maintained or if food safety cannot be assured using an alternative 

procedure.  If there is a significant threat or danger to health, then an Imminent Health 

Hazard may exist and the permit holder should immediately discontinue operations and 

notify the Regulatory Authority.  Consider discussing your emergency plan with the 

Regulatory Authority. Emergency action plans should be available on-site for review. In 

some cases, the Regulatory Authority may want to pre-approve your plan. 

 

I. Planning for Response to a Contaminated Water Supply Incident 
Your food safety emergency plan should include specific details for how you will 
respond to an official Boil Water Advisory or when an onsite water supply has exceeded 
the maximum contaminant level for coliform bacteria. (Refer to EPA requirements or 
local regulatory authority for guidance.) For single events affecting an individual 
establishment, the permit holder should report to the Regulatory Authority as required.  
  

 II. Assessing a Contaminated Water Incident 
 
Immediately discontinue operation if a safe operation cannot be maintained. Follow the 
appropriate emergency procedures if approved by the Regulatory Authority or remain 
closed until granted approval to re-open by the Regulatory Authority. 
 
In the event of an emergency involving a contaminated water supply, appropriate food 
establishment responses must be taken after an assessment of the situation. Refer to 
the assessment factors detailed in the Interruption of Water Service section.  
 
A food establishment manager (or the “Person-in-Charge”) is responsible for conducting 
both initial and ongoing assessments to ensure consistent compliance with food safety 
requirements. 
 

III. Business Continuity During a Contaminated Water Incident 
 
The following are temporary procedures that can be taken to address specific affected 
food operations during a boil water advisory or biological contamination of the water 
supply.  
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During a boil water advisory, stop food service/food handling operations if safe water 
cannot be provided either by boiling or using an alternative source. Prepackaged food 
can still be provided.      
 
Remember that a contaminated water incident impacts all uses of potable water 
including water for consumption, food preparation, warewashing, handwashing and 
cleaning/sanitizing food contact equipment and surfaces.   
 
Consider discussing your emergency plan with your regulatory authority. In some cases, 
the Regulatory Authority may want to pre-approve your plan or temporary procedures. 
 
Boiling Water   
 
Where “boiled” water is indicated for use as potable water, the water must remain at a 
rolling boil for at least one minute. Chemical disinfection is generally not an option for 
food establishments because of the lack of onsite equipment for testing chemical 
residuals. If chemical disinfection is being considered, check with the Regulatory 
Authority.  
 
Drinking Water 
 

1. Use commercially bottled water and/or water that has been boiled for at least one 
minute. 

2. Haul water from an approved public water supply in a covered, food-grade 
container that has been cleaned and sanitized. 

3. Arrange to use a licensed drinking water tanker truck. 
4. Additional information for safe drinking water can be found on the EPA Web site 

at:  www.epa.gov/ogwdw/faq/emerg.html. 
 

Auto-fill Water Appliances and Equipment 
 
Automated equipment used to make beverages including post-mix carbonated 
beverages, auto-fill coffee makers, instant hot water dispensers, juice and tea 
dispensers, etc. do not sufficiently heat/boil water to make it safe to drink. 

1. Discontinue use of auto-fill appliances and equipment. 
 
Ice Making 
 

1. Discard existing ice. 
2. Discontinue making ice. 
3. Use commercially manufactured ice made from a safe water source.  

 
Preparing Food Products Requiring Water 
 

1. Immediately discontinue preparing food with potentially contaminated water. 
2. Discard ready-to-eat food prepared on-site that may have been prepared with or 

may have come in contact with contaminated water.    

http://www.epa.gov/ogwdw/faq/emerg.html
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3. RTE food items stored with ice or displayed on ice that could have been made 
from contaminated water should be discarded. 

4. Prepare food using potable water from an approved source such as commercially 
bottled or boiled water (see above for proper procedures for boiling water). 

 
Washing/Soaking Fresh Produce 
 

1. Use pre-washed packaged produce.  
2. Use frozen or canned fruits and vegetables. 
3. Clean and sanitize sink with potable water then wash fresh produce with water 

that has come to a rolling boil for one minute, commercially bottled water or 
potable water from a safe alternate source. 

 
Thawing frozen foods 
 

1. Thaw food only in the refrigerator or as part of the cooking process. 
  
Handwashing 
 
Remember - if no alternative handwashing procedures can be set up, food preparation 
must cease, and only pre-packaged food may be served.  
 
When water has known microbiological contamination, remember to use these special 
procedures: 
 

1. Use bottled water, boiled water, or safe water from an approved source. 
2. Do not allow bare hand contact with ready-to-eat food. Suspend otherwise 

approved alternative procedures for bare hand contact. 
 
Follow these handwashing procedures to ensure safe food handling: 
 

1. When prepackaged foods are provided, the following must also be available if 
hand wash facilities are unavailable in the immediate area where the 
prepackaged food is handled: 

 
a. Approved hand antiseptics or chemically treated towelettes must be used for 

cleaning hands; and  
b. An operational handwashing sink or a handwashing set-up (as described in 

Section 2 below) must be provided for use in the immediate area of a toilet 
facility.     
 

2. When a facility has no handwashing sinks with potable water available, but an 
alternative handwashing facility can be set up, the following procedures can be 
followed if food production is to continue:  

 



2014 Conference for Food Protection - Emergency Action Plan for Retail Food Establishments, Second Edition  

Page 33 of 60               DRAFT      1-22-14  
 

a. A “gravity flow” handwashing set-up using potable water (e.g. commercially 
bottled water) in a clean, sanitized container with a continuous-flow type 
spigot allowing water to flow over one’s hands into a catch bucket.  

b. The catch bucket must be emptied into an operational drain such as a janitor 
sink or toilet.  

c. Hands must be washed after emptying the catch bucket and before returning 
to food handling operations. 

d. Suitable, dispensable hand soap, disposable towels, and a waste receptacle 
at designated hand wash stations must be provided. 

e. Ready-to-eat foods may not be touched with bare hands.  
f. Suspend bare hand contact even if this process has been approved as an 

alternate procedure. 
 

3. A handwashing sink with non-potable water must be labeled or otherwise 
identified to prevent its use. 

 
Cleaning and Sanitizing Utensils and Tableware  
 
During a boil water advisory, it is recommended that you use single service utensils and 
tableware. 
 
Under emergency situations some regulatory authorities may allow the use of non-
potable water for warewashing and sanitizing processes. Sanitizers may not be effective 
against eliminating parasites and viruses that could be present in contaminated water. 
Therefore, before using water under a boil water advisory for warewashing or sanitizing, 
contact the Regulatory Authority for approval. 
 
Before using the existing automatic warewashing machine with non-potable water, 
consider if the water temperature, cleaning agents and/or heat cycle are sufficient to 
clean and sanitize utensils and tableware.  
 
Likewise, if using a three compartment sink with non-potable water, consider if the 
sanitizer concentration and contact time are sufficient to clean and sanitize utensils and 
tableware.  
 
If using an automatic chemical dispensing system, manually mix chemicals using the 
manufacturer’s label directions for mixing and provide personal protective equipment 
required for chemical usage. 
 
Spray Misting Units 
 

1. Automatic misting units should be turned off during boil water advisories.  
2. If using a sprayer bottle, it must contain potable water (boiled, bottled or other 

approved source). The spray bottle needs to be cleaned and sanitized and 
properly labeled. 
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Cleaning Physical Facility 
 

1. Discontinue operations if cleanliness of the physical facility could jeopardize food 
safety. 

2. Non-potable water can be used for mopping floors and cleaning other non-food 
contact surface cleaning.  

 

IV. Recovery from a Contaminated Water Incident 
 
Recovery involves the necessary steps for returning to normal, safe business 
operations including re-opening if the facility had to close as a result of an unsafe water 
supply.  
 
Regulatory authorities may have to approve returning to regular operations; check local 
requirements. A food establishment or an area within the facility that was ordered to 
cease operations due to an imminent health hazard may not re-open until authorization 
has been granted by the Regulatory Authority. 
Consider the following steps for returning to normal operations after safe water service 
has been restored and after either the municipality or regulatory authority has lifted the 
“Boil Water Advisory.”  
 
Key actions to consider for returning to normal operation: 
 

1. Document the date and time when the boil water advisory is lifted or when water 
has been tested and deemed safe for use.  

2. Assure that cleaning and sanitizing equipment such as dishwashing machines, 
three compartment sinks, buckets, etc. are clean and sanitized.  

3. Flush pipes/faucets. Follow the directions from your water municipality or, as 
general guidance, run cold water faucets for at least five minutes. 

4. Equipment with waterline connections such as post-mix beverage machines, 
spray misters, coffee or tea urns, ice machines, glass washers, dishwashers, and 
other equipment with water connections must be flushed, cleaned, and sanitized 
in accordance with manufacturer’s instructions. 

5. Clean and sanitize food contact surfaces, utensils and other equipment before 
use.  

6. Run water softeners through a regeneration cycle. 
3. Drain reservoirs in tall buildings. 
4. Flush drinking fountains by running continuously for five minutes. 
5. Replace filters in equipment such as water chillers, ice machine, etc.  
 

Ice Machine Sanitation 
 

1. Follow the manufacturer’s instructions for flushing and cleaning ice machines. 
4. Below is a general example of a written cleaning/sanitizing procedure for an ice 

machine: 
a. Flush the water line to the machine inlet 
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b. Close the valve on the water line behind the machine and disconnect the 
water line from the machine inlet. 

c. Open the valve, run water through the valve for 10-15 minutes and 
dispose of the water. 

d. Close the valve. 
e. Reconnect the water line to the machine inlet. 
f. Open the valve. 
g. Flush the water lines in the machine. 
h. All filters on equipment should be removed and replaced if not designed to 

be cleaned in place. 
i. Turn on the machine. 
j. Throw away the first three batches of ice that the machine makes. 
k. Clean and sanitize all parts and surfaces that come in contact with water 

and ice, following the manufacturer’s instructions. 
2. Alternatively, contact cleaning service provider to clean equipment. 

 
 
Private Water Source (Non-community water supply) 
 
Food establishments using a Type II or Type III non-community water supply (such as a 
well) must follow the disinfection and sampling requirements of the Safe Drinking Water 
Act as found in 40 CFR 141 and 142  (Code of Federal Regulations).  Contact your 
Regulatory Authority for specific instructions. Some municipalities may rely on other 
organizations such as EPA or local Department of Environmental Quality for assuring 
the safety of non-community water supplies.    
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Sewage Backup 
 
When there is a sewage backup, it is recommended that the permit holder note the date 
and time of the event. The PIC should assess the situation and implement emergency 
procedures. Immediately discontinue operation if a safe operation cannot be maintained 
or if food safety cannot be assured using an alternative procedure.  If there is a 
significant threat or danger to health, then an Imminent Health Hazard may exist and 
the permit holder should immediately discontinue operations and notify the Regulatory 
Authority.  Consider discussing your emergency plan with the Regulatory Authority. 
Emergency action plans should be available on-site for review. In some cases, the 
Regulatory Authority may want to pre-approve your plan. 
 

I. Planning for Response to a Sewage Backup   
 
For the purpose of this guidance, a sewage backup means the overflow of sewage from 
equipment or plumbing facilities within a food establishment. The following information 
is intended for use when a true emergency occurs and not for sewage backups due to 
negligence or failure to properly maintain equipment and facilities. The Food Code 
defines sewage as “liquid waste that contains animal or vegetable matter in suspension 
or solution and may also include liquids containing chemicals in solution.” Clear water 
waste (i.e. ice bin/machine drainage, condensation from refrigeration and air 
conditioning equipment) is not considered sewage.  
 
Sewage can contain pathogens that could become a source of contamination on 
equipment, environmental surfaces, cleaning tools, employee and/or customer shoes 
and clothing.  Limiting contamination from sewage requires control of affected areas 
and preventing contamination from being spread to non-contaminated areas, items, 
people and food. 
 
In developing your written food safety emergency plan, think about the decisions you 
will have to make if there is a sewage backup within the establishment. Consider 
alternative operations, how to limit operations to ensure a safe operation, when to 
discontinue operations, and cleaning and sanitizing. The following are some tasks you 
may want to include in your plan as appropriate.  
   

1. Maintain current information for emergency contacts such as repair companies 
and service providers, plumber, pumping service, cleaning/sanitizing company, 
municipal sewer company, and local regulatory authority. 

2. Identify equipment/supplies needed to handle a sewage backup incident. 
3. Identify emergency cut-off valves, back-siphonage preventers and water supply 

lines.  
4. Maintain an inventory of cleaning/sanitizing supplies, disposable gloves, hand 

soaps, hand sanitizers, disinfectants and emergency personal protective 
equipment. [Note: Disinfectants identified by the food establishment for use 
during vomiting and diarrheal events (e.g. norovirus) would be suitable for these 
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situations. Reference: Supplement to the 2009 FDA Food Code §2-501.11 – 
Clean-up of Vomiting and Diarrheal Events.] 

5. Develop a contingency plan for toilets.  
6. If possible, have a plumbing-drainage schematic that identifies how the waste 

drainage system is designed.  This will help identify drains and equipment that 
may be impacted by plumbing line stoppages causing sewage back up.  Note: 
Usually the lowest opening in the drainage system will overflow or back-up first.  

 

II. Assessing the Impact of a Sewage Backup 
 
In your assessment of a sewage backup, consider the nature, scope and anticipated 
duration of the emergency; the potential impact on your operation; your ability to ensure 
the safety of food; and the potential impact on public health of both employees and 
customers.   

 
Nature, scope and duration 
 
The nature and scope of a sewage backup will determine which steps in the emergency 
procedures need to be implemented.  A sewage backup may affect only a single piece 
of equipment such as a single toilet or sink, a localized area such as a bathroom or the 
meat department, or a larger area including the entire facility.  

 
Potential Impact on Operations 
 
Determine what areas, systems and equipment will be impacted by a sewage backup 
when drains or equipment are not draining as required or those which may be 
contaminated by sewage backup or overflow.  Consider the following: 

1. Specific areas where equipment could potentially come in contact with sewage. 
2. Procedures such as handwashing, warewashing, cleaning and sanitizing that 

may be disrupted.  
3. Other systems not specifically within food areas that use water and require water 

drainage such as heating/air conditioning equipment and cooling systems that 
may also be affected.   

 
Food Safety Considerations 
 
During a sewage backup a primary concern is for food safety. Ask these questions: 

1. Can you implement your food safety plan under the circumstances of the 
emergency? 

2. Are food and/or food equipment and surfaces exposed to sewage? 
 
Public Health Considerations  

 
During a sewage backup one of the primary concerns is to protect the health of 
employees and customers. Ask these questions: 

1. Is there an imminent health hazard that would not permit a safe operation?   
2. Are employees and/or customers exposed to sewage? 
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Operation Ability and Capacity 

 
Determine whether the facility can remain open or if parts of the facility can remain 
operational.  Consider the following: 

 
1. Has the Regulatory Authority been consulted as appropriate?  
2. Are specific steps identified to address each area and the effected equipment 

that is no longer operable due to a drainage problem? 
3. Are back-up or temporary systems available? 
4. Can contaminated areas and/or equipment be isolated?  
5. Can a safe food environment and operation be assured?  
6. Does remaining open provide assistance to the community and those in need? 
7. Can alternative procedures be used to meet food safety or other applicable 

requirements? These may include critical infrastructure and services such as: 
a. Food handling or preparation practices and procedures 
b. Equipment used for sanitation  
c. Utensil sanitation  
d. Linen use and laundering 
e. Single service/use item supply and practicality including waste handling 
f. Employee health and hygiene practices 
 

A food establishment manager (or the “Person-in-Charge”) is responsible for conducting 
both initial and ongoing assessments to ensure consistent compliance with food safety 
requirements. 
 

III. Business Continuity During a Sewage Backup 
 
The following are temporary alternative procedures that can be taken to address 
specific affected food operations and facilities during a sewage backup. Consider 
discussing your emergency plan with your regulatory authority prior to reopening a 
previously closed section of the food establishment. In some cases, the Regulatory 
Authority may want to pre-approve your plan or temporary procedures.  
 
Continuous Overflow of Sewage into the Establishment 
 
Discontinue operations if sewage continues to backup into the facility from a floor drain, 
toilet, sink or other appliance(s).   
 
Affected Operations and Areas 
 
Following are general guidelines when sewage from equipment directly connected to 
the plumbing system is either slow to drain or does not drain: 
 

1. Discard all contaminated food. 
2. Remove the affected equipment/fixture from service. 
3. Remove the obstruction or call a service company. 
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4. All equipment, utensils and environmental surfaces in contact with sewage must 
be cleaned and disinfected prior to being used or placed back into use and 
service. Follow disinfectant use instructions listed on EPA registered label, or the 
procedure approved by local authorities. [Note: Disinfectants identified by the 
food establishment for use during vomiting and diarrheal events (e.g. norovirus) 
would be suitable for these situations. Reference: Supplement to the 2009 FDA 
Food Code §2-501.11 – Clean-up of Vomiting and Diarrheal Events.] 

5. When food contact surfaces are affected, clean and disinfect contaminated areas 
first and then follow with a rinse and sanitize prior to use. 

6. Isolate and keep foot traffic away from areas that are flooded or wet from 
sewage. 

7. Use other appliances or fixtures in the establishment that are properly operating. 
 
Handwashing 
 
Remember - if no handwashing sinks are operational and no alternative handwashing 
facilities can be set up, food preparation must cease, and only pre-packaged food may 
be served.  
 

1. When prepackaged foods are provided, the following must also be available if 
hand wash facilities are unavailable in the immediate area where the 
prepackaged food is handled: 

 
a. Approved hand antiseptics or chemically treated towelettes must be used for 

cleaning hands; and  
b. An operational handwashing sink or a handwashing set-up (as described in 

Section 2 below) must be provided for use in the immediate area of a toilet 
facility; and 

c. A toilet facility, as described in the toilet section below, must be conveniently 
located and accessible. For example, locate the toilet facility within 200 feet of 
the food establishment’s entrance.     
 

2. When a facility has no operational handwashing sinks, but an alternative 
handwashing facility can be set up,  the following procedures must be followed if 
food production is to continue:  

 

a. A “gravity flow” handwashing set-up using potable water (e.g. commercially 
bottled water) in a clean, sanitized container with a continuous-flow type 
spigot allowing water to flow over one’s hands into a catch bucket.  

b. The catch bucket must be emptied into an operational drain such as a janitor 
sink or toilet.  

c. Hands must be washed after emptying the catch bucket and before returning 
to food handling operations. 

d. Suitable, dispensable hand soap, disposable towels, and a waste receptacle 
at designated hand wash stations must be provided. 

e. Ready-to-eat foods may not be touched with bare hands.  
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f. Suspend bare hand contact even if this process has been approved as an 
alternate procedure. 

 
3.  A handwashing sink that is backing up or not draining properly must be labeled or 

otherwise identified to prevent its use until draining issues are resolved. 

 
Toilet Facilities 
 
A toilet that is not operational must be properly posted to prevent further use.  
If there are no operational toilets accessible to employees during all hours of operation 
that can be used until service is restored, discontinue operation until toilet facilities are 
available. 
 
When permitted or approved by the Regulatory Authority, use of portable mobile toilet 
facilities or alternate toilet facilities are acceptable provided they:  
 

1. Are conveniently located and accessible. For example, locate the toilet facility 
within 200 feet of the food establishment’s entrance. 

2. Are properly ventilated, maintained and serviced in a manner that will not 
contaminate food or create a nuisance. 

3. Have adequate handwashing facilities in the immediate vicinity of the toilet(s). 
Adequate handwashing facilities can include a “gravity flow” handwashing set-up 
as described in Section 2 of the Handwashing section.   
 

When toilet facilities are not operational due to a lack of water for flushing, their use may 
be continued provided: 
 

1. There is no sewage back up, and 
2. There is an alternate supply of potable water that can be dumped into the toilet to 

flush waste down the drain.  
 
Culinary and Prep Sinks 
 
If all of the sinks used for thawing food, washing fruits and vegetables, cooling food, 
etc., do not drain, the following alternative procedures can be implemented: 
 

1. Thaw food in the refrigerator or as part of the cooking process. 
2. Use pre-washed packaged produce. 
3. Use frozen/canned fruits and vegetables that do not require washing. 
4. Use alternate cooling methods. 
5. Modify the menu to avoid procedures requiring the use of a culinary/prep sink. 

 
Warewashing Equipment  
 
If utensils and equipment cannot be properly cleaned and sanitized, or if dish machines, 
three compartment sinks, pot sinks or similar equipment do not drain, the following 
alternative procedures can be implemented: 
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1. Discontinue dish/utensil washing and use single service/use items. 
2. Discontinue affected operations after supply of clean equipment, utensils, and 

single service items is exhausted. 
 
Janitor / Utility Sink 
 
If other sinks such as janitor or utility sinks do not drain discontinue their use and 
identify them in such a way to prevent further use. Liquid cleaning waste water requires 
disposal into the sanitary waste drainage system. Alternate disposal of liquid cleaning 
waste water can include:   
 

1. Dump mop or cleaning waste water into a toilet. 
2. Use existing floor drains in areas not impacted.  
3. Use adjacent or neighboring facilities if practical.  

 
Discontinue operation if the physical facility cannot be maintained in a sanitary 
condition. 

 

lV. Recovery Following a Sewage Backup 
 
Recovery involves the necessary steps for returning to normal, safe business 
operations including re-opening if the facility had to close as a result of the sewage 
backup.   
 
Regulatory authorities may have to approve returning to regular operations; check with 
local requirements. A food establishment or an area within the facility that was ordered 
to cease operations due to an imminent health hazard may not re-open until 
authorization has been granted by the Regulatory Authority.. 
 
Corrective Action 
 
Take corrective action to eliminate the cause of the sewage back-up.  
 

1. In the case of plugged drain lines, the permit holder should consider the 
following: 
a. Contact a service company to find and remove the obstruction. 
b. Replace worn or damaged plumbing as needed. 

2. If the onsite sewage disposal system is malfunctioning, consider the following: 
a. Contact the local health department for permit requirements. 
b. Contact a sewage pumping contractor to pump the septic tank and haul away 

sewage to an approved disposal site until repairs can be made. 
c. Contact a sewage disposal system installation contractor to arrange for 

repairs. 
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Sewage Clean-Up  
 
All equipment, utensils and environmental surfaces in contact with sewage must be 
cleaned and disinfected prior to being used or placed back into use and service. Follow 
the disinfectant use instructions listed on the EPA registered label, or the procedure 
approved by local authorities. [Note: Disinfectants identified by the food establishment 
for use during vomiting and diarrheal events (e.g. norovirus) would be suitable for these 
situations. Reference: Supplement to the 2009 FDA Food Code §2-501.11 – Clean-up 
of Vomiting and Diarrheal Events.] 
 
When food contact surfaces are affected, clean and disinfect contaminated areas first 
and then follow with a rinse and sanitize prior to use. 
 
Sewage clean-up procedures should include: 
 

1. Disposal and replacement of cleaning equipment or tools that cannot be 
decontaminated after use for sewage clean-up activities. 

2. Procedures to ensure that employees do not walk between the affected area and 
other areas of the establishment without removing footwear and protective 
clothing. 

3. Adherence to OSHA rules for handling detergents, sanitizers, and other 
chemicals used in the cleaning process. 

 
Employee Safety and Protection 
 
During the clean-up process, be aware of employee safety and protection needs. 
Employees should immediately report to the manager any injuries or exposures during 
clean-up. Examples of items/procedures that may be needed for clean-up include: 
 

1. Eye protection. 
2. Rubber boots that can be washed and disinfected after use. 
3. Protective clothing such as coveralls or disposable outer garments. 

 
Require double handwashing immediately after working with contaminated materials 
and before engaging in any food preparation activities such as handling exposed food, 
clean equipment and utensils, and unwrapped single service/use articles.  
 
Double handwashing procedures should include: 
 

1. Clean hands and exposed portions of the arms using a cleaning compound in a 
lavatory that is properly equipped by vigorously rubbing together the surfaces of 
their lathered hands and arms for at least 20 seconds and thoroughly rinsing with 
clean water. Repeat. 

2. Dry hands using disposable towels. 
3. Use a disposable towel to turn off the water to prevent re-contaminating the 

hands. 
4. Follow-up with a hand antiseptic. 
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5. Clean and disinfect lavatory faucets and other portions of the lavatory after use to 
prevent transferring any contamination to food handlers. 

 
General Cleaning Procedures 

 
1. Remove any standing sewage as soon as possible and prior to starting clean-up 

procedures.  Sewage can contain pathogens that could become a source of 
contamination and therefore clean-up requires disinfecting affected areas, 
equipment, surfaces, cleaning tools and utensils.    
a. Disinfectants identified by the food establishment for use during vomiting and 

diarrheal events (e.g. norovirus) would be suitable for these situations or use 
chlorine solutions at 1000 to 5000 parts per million  (5–25 tablespoons of 
household bleach [5.25%] per gallon of water. [Reference: Supplement to the 
2009 FDA Food Code §2-501.11 – Clean-up of Vomiting and Diarrheal 
Events.] 

b. It is recommended that you calculate solutions prior to an emergency and test 
surface compatibility with bleach prior to use since bleach may be corrosive to 
metals or incompatible with other surfaces resulting in discoloration or 
“bleaching.”   

c. Follow product’s EPA registered label or manufacturer’s instructions. 
2. Disinfect the floors, walls and other affected areas by using an approved 

disinfectant. 
a. Certain absorbent wall and insulation materials are especially susceptible to 

mold and should be removed and replaced as soon as possible.   
b. Clean and disinfect any utensils, equipment and surfaces in the affected area. 
c. When food contact surfaces are affected, clean and disinfect contaminated 

areas first and then follow with a rinse and sanitize prior to use.  
3. Air-dry the affected areas, utensils, surfaces and equipment. 
4. Discard mop heads and other cleaning tools/aids that contacted the sewage. 
5. Alternative measure: Hire a janitorial service having expertise in cleaning food 

establishments exposed to sewage backups. 
6. Unsalvageable food, food equipment, and all single service items, packaged or 

unpackaged, that came in contact with sewage must be destroyed and properly 
disposed. 

 
WARNING: Always use extreme caution when working on or restarting equipment with 
electrical components. 
 

Cleaning Contaminated Linens and Uniforms 
 
Linens or uniforms contaminated by sewage must be discarded or alternatively, they 
can be professionally laundered prior to use.  
 
If these items are to be laundered, they should be cleaned by a commercial laundry 
service that can properly disinfect the items.  
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General Food Salvage Assessment 
 
Discard any food or food packaging materials that have come in contact with sewage. 
Food items in soft packaging or with screw-top lids must be destroyed. In some cases 
canned goods in metal cans or rigid plastic containers can be saved. The condition of 
the can or container should be evaluated since the presence of rust, soil, or other 
contaminants or destroyed labeling precludes salvage. Contact the local regulatory 
authority concerning the salvaging and destruction of food.    
 
Discard the following foods if sewage has covered, splashed, dripped on or seeped into 
the package: 
 

1. Alcoholic beverages  
2. Exposed foods, bulk foods, fresh produce, meat, poultry, fish and eggs 
3. Any foods packaged in paper, plastic, cloth, or fiber 
4. Cardboard boxes, even if the contents seem dry, including cereals, pasta 

products, rice, salt 
5. Foods with cardboard seals, such as mayonnaise and salad dressing, or foil or 

cellophane packages 
6. Food in glass jars, including unopened jars with waxed paper, foil, cellophane or 

cloth covers 
7. Foods, liquids or beverages in crown-capped bottles or containers with pull-tab 

tops, corks or screw caps 
8. All opened containers and packages 
9. Foods in bags or canisters 
10. Cans that are dented, leaking, bulging or rusted 
11. Cans with damaged labels (Cans without all required labeling information cannot 

be sold). 
 
Salvaged Goods – Reconditioning 
 
If the quantities of food involved are large (e.g., a large supermarket or a food 
warehouse) it may be feasible to attempt salvage for either human or animal 
consumption. The items must either be destroyed or moved to an approved location that 
has reconditioning capability. Such movement should be coordinated with state officials 
and/or FDA. 

Disposal of Food 
 
If it is determined that food must be discarded, consider the following actions: 
 

1. Place food to be discarded in a designated condemned food storage area away 
from food preparation, other food and equipment storage. Secure food in covered 
refuse containers or by other means in a designated area to prevent the food 
from being put back into stock rotation or from being served. Assure that the food 
cannot accidentally contaminate other food or the facility. 
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2. The Regulatory Authority and/or insurance companies may request that you 
document the type and amount of food being discarded/disposed. If the food is 
temporarily retained, it must be clearly labeled or marked as “NOT FOR SALE”. 

3. Discarded refrigerated food may be temporarily stored in a refrigerated location 
separate from other food. (Note: Refrigerated units must be thoroughly washed 
and disinfected after the contaminated food is removed.) 

4. Food to be disposed should be stored in covered refuse containers or by other 
means in a secure location and disposed of by a refuse disposal company as 
soon as possible. 

5. All food waste is to be disposed of in accordance with state and local waste 
disposal regulations in a licensed landfill. 

6. Local landfills should be contacted prior to delivery of food from a private 
individual or carrier to ensure acceptance of the waste. 
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 Flood 

I. Planning for Response to a Flood Emergency   
 
Following a flood, it is recommended that the permit holder note the date and time of the 

event. The PIC should assess the situation and implement emergency procedures. 

Immediately discontinue operation if a safe operation cannot be maintained or if food 

safety cannot be assured using an alternative procedure.  If there is a significant threat 

or danger to health, then an Imminent Health Hazard may exist and the permit holder 

should immediately discontinue operations and notify the Regulatory Authority.  

Consider discussing your emergency plan with the Regulatory Authority. Emergency 

action plans should be available on-site for review. In some cases, the Regulatory 

Authority may want to pre-approve your plan. 

 
Flood water can contain pathogens that could become a source of contamination on 
equipment, environmental surfaces, cleaning tools, employee and/or customer shoes 
and clothing.  Limiting contamination from flood water requires control of affected areas 
and preventing contact of flood water with equipment, people, food and packaging.  
 
In developing your written food safety emergency plan, think about the decisions you 
will have to make if there is a flooding incident within the establishment. Consider 
alternative operations, how to limit operations to ensure a safe operation, when to 
discontinue operations, and cleaning and sanitizing. The following are some tasks you 
may want to include in your plan as appropriate.  
   

1. Maintain current information for emergency contacts such as repair companies 
and service providers, cleaning/sanitizing company, and local regulatory 
authority. 

2. Monitor the National Weather Service and NOAA websites to determine potential 
tidal crests and estimated times of high tide or rivers cresting to plan accordingly.  

3. Develop a plan to move food items and packaging materials to an alternate 
location to avoid contact with flood water.   

4. Identify equipment/supplies needed to handle a flood incident. 
5. Identify emergency cut-off valves, back-siphonage preventers and water supply 

lines.  
6. Maintain an inventory of cleaning/sanitizing supplies, disposable gloves, hand 

soaps, hand sanitizers, disinfectants and emergency personal protective 
equipment. [Note: Disinfectants identified by the food establishment for use 
during vomiting and diarrheal events (e.g. norovirus) would be suitable for these 
situations. Reference: Supplement to the 2009 FDA Food Code §2-501.11 – 
Clean-up of Vomiting and Diarrheal Events.] 
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7. If possible, have a drainage schematic that identifies how the waste drainage 
system is designed.  This will help identify drains and equipment that may be 
impacted by a flood.  

 
II. Assessing the Impact of a Flood 
 
In your assessment of a flood emergency, consider the nature, scope and anticipated 
duration of the emergency; the potential impact on your operation; your ability to ensure 
the safety of food; and the potential impact on public health of both employees and 
customers.   

 
Nature, scope and duration 
 
The nature and scope of a flood will determine which steps in the emergency 
procedures need to be implemented.  A flood may affect only a single facility or it may 
impact multiple facilities within a geographic area. The amount and depth of flood water 
can vary greatly and drainage systems may not be able to handle the excess volume of 
water for an extended period of time. The cause of the flood, such as heavy rain over a 
period of days, a sudden hurricane or a water line leak will determine the impact on the 
facility and how long the flooding continues. Floods may also impact other systems such 
as electrical power.  

 
Potential Impact on Operations 
 
Determine what areas, systems, equipment, food, and packaging may be impacted by a 
flood. Consider the following: 

1. Site access and safety. Submerged electrical equipment may create an 
electrocution hazard. 

2. Food and packaging materials that may come in contact with flood water. 
3. Areas where equipment and supplies could potentially come in contact with flood 

water.  
4. Procedures such as handwashing, warewashing, cleaning and sanitizing that 

may be disrupted. Other systems that may be disrupted such as electrical power, 
potable water supply, sewage drainage and waste disposal.  

5. Special removal procedures of nonfood hazardous waste items affected by flood 
waters such as batteries, fluorescent lights, and chemicals.  
 

Food Safety Considerations 
 
During a flood a primary concern is for food safety. Ask these questions: 

1. Can you implement your food safety plan under the circumstances of the 
emergency? 

2. Are food and/or food equipment and surfaces exposed to flood water? 
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Public Health Considerations  
 

During a flood one of the primary concerns is to protect the health of employees and 
customers. Ask these questions: 

1. Is there an imminent health hazard that would not permit a safe operation?   
2. Could employees and/or customers be exposed to flood water or safety hazards 

such as submerged objects or electrical hazards? 
 

Operation Ability and Capacity 
 
Determine whether the facility can remain open or if parts of the facility can remain 
operational.  Consider the following: 
 
1. Has the Regulatory Authority been consulted as appropriate?  
2. Are specific steps identified to address food, packaging materials, equipment, 

surfaces, supplies, and hazardous waste that are no longer safe to use or sell?  
3. Are back-up or temporary systems available? 
4. Can flooded areas be isolated?  
5. Can a safe food environment and operation be assured?  
6. Does remaining open provide assistance to the community and those in need? 
7. Can alternative procedures be used to meet food safety or other applicable 

requirements? These may include critical infrastructure and services such as: 
a. Food handling or preparation practices and procedures 
b. Equipment used for sanitation  
c. Utensil sanitation  
d. Linen use and laundering 
e. Single service/use item supply and practicality including waste handling 
f. Employee health and hygiene practices 
g. Temporary dumpsters for waste removal  

 
A food establishment manager (or the “Person-in-Charge”) is responsible for conducting 
both initial and ongoing assessments to ensure consistent compliance with food safety 
requirements. 
 

III. Business Continuity During a Flood 
 
The following are temporary alternative procedures that can be taken to address 
specific affected food operations and facilities during a flood. Consider discussing your 
emergency plan with your regulatory authority prior to any flood incident. In some cases, 
the Regulatory Authority may want to pre-approve your plan or temporary procedures.  
 
Affected Operations 
 
Flooding can impact an isolated area or the entire facility. Immediately discontinue 
operations if a safe operation cannot be maintained using an alternative procedure.  
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Note: If flooding is the result of sewage backup or sewage drainage failure refer to the 
section of this document called Sewage Backup. 

 
Isolated or Minor Flooding  
 
When flood water can be isolated, such as when caused by a water line leak, 
unaffected areas of the establishment may remain open while repairs/recovery take 
place.  

 
1. Isolate the affected area(s) and prevent traffic from flooded areas to unaffected 

areas. 
2. Discard all contaminated food, packaging materials and utensils.  
3. Remove affected equipment from service. 
4. All equipment, utensils and environmental surfaces in contact with flood water 

must be cleaned and disinfected prior to being used or placed back into use and 
service. Follow disinfectant use instructions listed on EPA registered label, or the 
procedure approved by local authorities. [Note: Disinfectants identified by the 
food establishment for use during vomiting and diarrheal events (e.g. norovirus) 
would be suitable for these situations. Reference: Supplement to the 2009 FDA 
Food Code §2-501.11 – Clean-up of Vomiting and Diarrheal Events.] 

5. When food contact surfaces are affected, clean and disinfect contaminated areas 
first and then follow with a rinse and sanitize prior to use. 

6. Food, packaging materials, utensils, equipment, clean linens and single 
service/use items not affected by flood water can be used.  

 
Flooding in a Food Establishment  
 
Flood water due to the overflow of a body of water, poor surface drainage, a major 
break in a water line, a weather emergency, etc. can affect food, packaging materials, 
utensils, equipment, linens and single service/use items. 
 
When flood water impacts the facility and cannot be isolated or contained, discontinue 
operations. 

  
lV. Recovery Following a Flood 
 
Recovery involves the necessary steps for returning to normal, safe business 
operations including re-opening if the facility had to close as a result of flooding.  
   
Regulatory authorities may have to approve returning to regular operations; check local 
requirements. A food establishment or an area within the facility that was ordered to 
cease operations due to an imminent health hazard may not re-open until authorization 
has been granted by the Regulatory Authority.  
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Flood Water Clean-Up  
 
All equipment, utensils and environmental surfaces in contact with flood water must be 
cleaned and disinfected prior to being used or placed back into use and service. Follow 
the disinfectant use instructions listed on the EPA registered label, or the procedure 
approved by local authorities. [Note: Disinfectants identified by the food establishment 
for use during vomiting and diarrheal events (e.g. norovirus) would be suitable for these 
situations. Reference: Supplement to the 2009 FDA Food Code §2-501.11 – Clean-up 
of Vomiting and Diarrheal Events.] 
 
The following clean-up procedures are recommended following a flood event: 
 

1. Sort the salvageable from the non-salvageable foods. (See section below on 
Food Salvage Assessment).  

2. Determine what equipment, utensils, linens, and single service items can be 
salvaged as quickly as possible. 

3. Properly dispose of the non-salvageable items. 
4. Segregate hazardous waste from non-hazardous material before disposal. 
5. Dispose and replace cleaning equipment or tools that cannot be decontaminated 

after use for flood clean-up activities. 
6. Contact the local building department and other appropriate agencies to 

determine if the building structure is safe and approved for occupancy. 
 
Employee Safety and Protection 
 
During the clean-up process, be aware of employee safety and protection needs. 
Employees should immediately report to the manager any injuries or exposures during 
clean-up. Examples of items/procedures that may be needed for clean-up include: 
 

1. Eye protection. 
2. Rubber boots that can be washed and disinfected after use. 
3. Protective clothing such as coveralls or disposable outer garments. 
4. Employees should not walk in affected areas until it is determined that it is safe to 

do so to ensure no electrical or hidden physical hazards exist.  
5. Employees should not walk between the affected area and other areas of the 

establishment without removing footwear and protective clothing. 
6. Follow OSHA rules for handling detergents, sanitizers, disinfectants and other 

chemicals used in the cleaning process. 
 

Require double handwashing immediately after working with contaminated materials 
and before engaging in any food preparation activities such as handling exposed food, 
clean equipment and utensils, and unwrapped single service/use articles.  
 
Double handwashing procedures should include: 

 
1. Clean hands and exposed portions of the arms using a cleaning compound in a 

lavatory that is properly equipped by vigorously rubbing together the surfaces of 
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their lathered hands and arms for at least 20 seconds and thoroughly rinsing with 
clean water. Repeat. 

2. Dry hands using disposable towels. 
3. Use a disposable towel to turn off the water to prevent re-contaminating the 

hands. 
4. Follow-up with a hand antiseptic. 
5. Clean and disinfect lavatory faucets and other portions of the lavatory after use to 

prevent transferring any contamination to food handlers. 
 
General Cleaning Procedures  
 
The following are general cleaning procedures and corrective actions following a flood 
event. Alternatively, you may hire a janitorial service having expertise in cleaning food 
establishments exposed to flood water.  
 
To prevent mold and mildew growth, corrective actions should be implemented as soon 
as possible after the flood waters recede.  
 

1. Remove any standing water as soon as possible and prior to starting clean-up 
procedures.  Standing water may be located beneath floors where refrigeration or 
electrical conduits are located and this water must be removed as part of the 
clean up). 

2. Flood waters can contain pathogens that could become a source of 
contamination and therefore clean-up requires disinfecting affected areas, 
equipment, surfaces, cleaning tools and utensils.    
a. Disinfectants identified by the food establishment for use during vomiting and 

diarrheal events (e.g. norovirus) would be suitable for these situations or use 
chlorine solutions at 1000 to 5000 parts per million  (5–25 tablespoons of 
household bleach [5.25%] per gallon of water. [Reference: Supplement to the 
2009 FDA Food Code §2-501.11 – Clean-up of Vomiting and Diarrheal 
Events.] 

b. It is recommended that you calculate solutions prior to an emergency and test 
surface compatibility with bleach prior to use since bleach may be corrosive to 
metals or incompatible with other surfaces resulting in discoloration or 
“bleaching.”   

c. Follow product’s EPA registered label or manufacturer’s instructions. 
3. Disinfect the floors, walls and other affected areas by using an approved 

disinfectant. 
a. Certain absorbent wall and insulation materials are especially susceptible to 

mold and should be removed and replaced as soon as possible.   
4. Clean and disinfect any utensils, equipment and surfaces in the affected area. 

a. When food contact surfaces are affected, clean and disinfect contaminated 
areas first and then follow with a rinse and sanitize prior to use.  

5. Air-dry the affected areas, utensils, surfaces and equipment. 
6. Discard mop heads and other cleaning tools/aids that contacted the flood water. 
7. Alternative measure: Hire a janitorial service having expertise in cleaning food 

establishments exposed to sewage backups. 
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8. Unsalvageable food, food equipment, and all single service items, packaged or 
unpackaged, that came in contact with flood water must be destroyed and 
properly disposed.  

9. Hazardous waste that came in contact with flood water must be properly 
disposed.  

 
WARNING: Always use extreme caution when working on or restarting equipment 
with electrical components. 
 
Cleaning Contaminated Linens and Uniforms 
 
Linens or uniforms contaminated by flood water must be discarded or alternatively, they 
can be professionally laundered prior to use.  
 
If you choose to launder these items, they should be cleaned by a commercial laundry 
service that can properly disinfect the items.  
 
Mold            
 
Refer to the EPA Website for additional information on mold remediation in commercial 
buildings: http://www.epa.gov/mold/mold_remediation.html 
 
Walk-In Cooler Restoration  
 
In general, the walk-in cooler in a flooded food service facility needs to be reviewed on a 
case by case basis. Following are guidelines to help with your assessment:  
 

1. If the inside of the cooler has a quarry tile floor with six inch sealed coving, and 
the water did not flood over the coving, the interior surface can be cleaned and 
disinfected with a solution of 2½ tablespoons chlorine bleach (5.25% 
concentration) in a gallon of water.  

2. If the inside of the cooler has walls that sit directly on the floor, and the caulking 
seal is intact, the cooler walls can be cleaned and disinfected with one cup 
bleach per four gallons water.  

3. If the inside of the walk-in cooler was damaged by holes or cuts, and the flood 
water rose above those holes or cuts, the entire panel will need to be replaced. 

4. On a free-standing walk-in, the panels can be disassembled, cleaned and 
disinfected to remove the debris below the panel.  This would apply when the 
cooler wall did not have a satisfactory seal at the wall and floor juncture. 

5. Flooded walk-in coolers with a permeable wood floor need to have the floor 
replaced. 

6. Walk-in coolers sitting directly on the floor with an aluminum interior floor should 
have the floor raised and power washed below the floor to remove debris.  

 

 

http://www.epa.gov/mold/mold_remediation.html
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Safety Guidelines for Building Entry and Occupancy 

Check with the Regulatory Authority, local building inspectors, OSHA or other 
authorities to determine if all safety codes have been met prior to building entry and 
occupancy.  

Food Salvage Assessment  

Flood waters may carry debris, sewage, oil, chemical waste and other contaminants 
that can make water-damaged foods unsafe to eat. Discard any food or food packaging 
materials that have come into contact with flood water. Food items in soft packaging or 
with screw-top lids must be destroyed. In some cases canned goods in metal cans or 
rigid plastic containers can be saved. The condition of the can or container should be 
evaluated since the presence of rust, soil, or other contaminants or destroyed labeling 
precludes salvage. Contact the local regulatory authority concerning the salvaging and 
destruction of food.    

Discard the following foods if sewage has covered, splashed, dripped on or seeped into 
the package: 

1. Alcoholic beverages  
2. Exposed foods, bulk foods, fresh produce, meat, poultry, fish and eggs 
3. Any foods packaged in paper, plastic, cloth, or fiber 
4. Cardboard boxes, even if the contents seem dry, including cereals, pasta 

products, rice, salt 
5. Foods with cardboard seals, such as mayonnaise and salad dressing, or foil or 

cellophane packages 
6. Food in glass jars, including unopened jars with waxed paper, foil, cellophane or 

cloth covers 
7. Foods, liquids or beverages in crown-capped bottles or containers with pull-tab 

tops, corks or screw caps 
8. All opened containers and packages 
9. Foods in bags or canisters 
10. Cans that are dented, leaking, bulging or rusted 
11. Cans that have been tossed about and are far from their normal storage spot 

(possibility of pinholes or seam fractures)  
12. Cans with damaged labels (Cans without all required labeling information cannot 

be sold) 
 
Salvaged Goods – Reconditioning 
 
If the quantities of food involved are large (e.g., a large supermarket or a food 
warehouse) it may be feasible to attempt salvage for either human or animal 
consumption. The items must either be destroyed or moved to an approved location that 
has reconditioning capability. Such movement should be coordinated with state officials 
and/or FDA. 
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Disposal of Food and Hazardous Waste 
 
Consider the following actions if it is determined that food or hazardous waste such as 
batteries, fluorescent lights, chemicals, etc. must be discarded:  
 

1. Place food to be discarded in a designated condemned food storage area away 
from food preparation, other food and equipment storage.  
a. Secure food in covered refuse containers or by other means in a designated 

area to prevent the food from being put back into stock rotation or from being 
served.  

b. Assure that the food cannot accidentally contaminate other food or the facility. 
2. Place hazardous waste to be discarded in a designated condemned haz-mat 

storage area away from contaminated foods to be discarded.  
a. The haz-mat area should be away from food preparation, other food and 

equipment storage areas.  
b. Secure hazardous waste in covered refuse containers or by other means in a 

designated area to prevent it from being put back into stock rotation or from 
being used or sold.  

3. The Regulatory Authority and/or insurance companies may request that you 
document the type and amount of food being discarded/disposed. If the food or 
hazardous material is temporarily retained, it must be clearly labeled or marked 
as “NOT FOR SALE”. 

4. Discarded refrigerated food may be temporarily stored in a refrigerated location 
separate from other food. (Note: Refrigerated units must be thoroughly washed 
and disinfected after the contaminated food is removed.) 

5. Food to be disposed should be stored in covered refuse containers or by other 
means in a secure location and disposed of by a refuse disposal company as 
soon as possible. 

6. All food and hazardous waste is to be disposed of in accordance with state and 
local waste disposal regulations in a licensed landfill or approved facility.  

7. Local landfills should be contacted prior to delivery of food from a private 
individual or carrier to ensure acceptance of the waste. 

 
Wells 
 
If you have a well serving an establishment, and the well was covered by flood water, it 
must be treated and tested prior to use. Contact your local health department or other 
regulatory authority for complete instructions on chlorination or needed treatment. 
 
Sewage Systems 
 
If the septic tank system was flooded, call your local health department or other 
regulatory authority for an evaluation of the system before using it. Flooded systems 
may malfunction without proper attention. 
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Fire 

For the purpose of this emergency guidance, a non-reportable fire is any small confined 

fire in a food establishment that does not contaminate food and has been extinguished 

using a simple device such as a hand-held fire extinguisher, wet towel, pan lid, etc.  All 

other fires should be reported to the Regulatory Authority. Consider discussing your 

emergency plan with the Regulatory Authority. Emergency action plans should be 

available on-site for review. In some cases, the Regulatory Authority may want to pre-

approve your plan. 

 
For the purpose of this emergency guidance, a non-reportable fire is any small confined 
fire in a food establishment that does not contaminate food and has been extinguished 
using a simple device such as a hand-held fire extinguisher, wet towel, pan lid, etc.  All 
other fires must be reported to the Regulatory Authority.  
 

I. Planning for Response to a Fire   
 
In developing your written food safety emergency plan, think about the decisions you 
will have to make if there is a fire within the establishment. Consider alternative 
operations, how to limit operations to ensure a safe operation, when to discontinue 
operations, and cleaning after the event. The following are some tasks you may want to 
include in your plan as appropriate.  
   

1. Maintain current information for emergency contacts such as fire department, 
service providers, cleaning/sanitizing company, and local regulatory authority. 

2. Develop an emergency evacuation plan for employees and customers. 
3. Develop a plan to assess what food, facilities and equipment can be salvaged 

after a fire.   
4. Identify equipment/supplies needed to respond to a fire and the follow-up. 
5. Identify electrical connections that may have to be cut off or disconnected if there 

is a fire.   
 

II. Assessing the Impact of a Fire 
 
Assess the situation and immediately discontinue operations if a safe operation cannot 
be maintained using an alternative procedure. Follow the appropriate emergency 
procedures if approved by the Regulatory Authority or remain closed until granted 
approval to re-open by the Regulatory Authority.  
 
In your assessment, consider (1) the nature, scope and anticipated duration of the 
emergency; (2) the potential impact on your operation; (3) your ability to ensure the 
safety of food; and (4) the potential impact on public health of both employees and 
customers.   
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Nature, scope and duration 
 
The nature and scope of a fire will determine which steps in the emergency procedures 
need to be implemented.  A fire may affect only a portion of the facility or it may impact 
a major portion or the entire facility. The cause of the fire (i.e. electrical, grease, 
mechanical) may affect the impact on the facility. Fires may also impact other systems 
such as electrical power.  

 
Potential Impact on Operations 
 
Determine what areas, systems, equipment, food and packaging may be impacted by 
the fire. In addition to fire and smoke damage, also consider the impact of water, foam 
and other processes used to fight the fire such as use of high pressure fire suppression 
devices (i.e. ventilation hood fire suppression system or professional fire department 
equipment). 
 
Consider the following: 

 
1. Food and packaging materials  
2. Equipment and supplies  
3. Other systems that may be disrupted such as electrical power 
4. Building integrity and site access  

 
Food Safety Considerations 
 
Following a fire, a primary concern is food safety. Ask these questions: 

1. Can you implement your food safety plan under the circumstances of the 
emergency? 

2. Has food and food packaging been exposed to fire and/or smoke?  
 

Public Health Considerations  
 
Following a fire, one of the primary concerns is to protect the health of employees and 
customers. Ask these questions: 

1. Is there an imminent health hazard that would not permit a safe operation?   
2. Is appropriate personal protective equipment available?   

 
Operation Ability and Capacity 
 
Determine whether the facility can reopen or if parts of the facility can be used. 
Consider the following: 

 
1. Has the Regulatory Authority been consulted as appropriate?  
2. Has a building inspector, fire department or other appropriate authority been 

consulted to determine if the building structure is safe and approved for 
occupancy? 
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3. Are specific steps identified to address food, packaging materials, equipment, 
surfaces and supplies that have been affected by smoke and fire?  

4. Are back-up or temporary systems available? 
5. Can fire-affected areas be isolated?  
6. Can a safe food environment and operation be assured?  
7. Can alternative procedures be used to meet food safety or other applicable 

requirements? These may include critical infrastructure and services such as: 
a. Food handling or preparation practices and procedures 
b. Cleaning and sanitation 

 
A food establishment manager (or the “Person-in-Charge”) is responsible for conducting 
both initial and ongoing assessments to ensure consistent compliance with food safety 
requirements. 
 

III. Business Continuity Following a Fire  
 
The following are temporary alternative procedures that can be taken to address 
specific affected food operations as a result of a fire. Consider discussing your 
emergency plan with your regulatory authority prior to any incident. In some cases, the 
Regulatory Authority may want to pre-approve your plan or temporary procedures.  
 
Affected Operations 
 
Confined or limited fire 
If the fire is confined to a small area or a single piece of equipment, and the fire can be 
extinguished with a simple fire-fighting device (i.e. hand held extinguisher), extensive 
clean-up may not be required. Unaffected areas of the establishment may remain open 
while clean-up and minor repairs are made. 
 
Extensive fire damage 
If a fire causes extensive damage to equipment and the facility’s structure, or if smoke 
has had an impact on food and packaging, discontinue operations. Resume operations 
only after recovery steps have been completed and the Regulatory Authority has been 
consulted.  

 
lV. Recovery 
 
Recovery involves the necessary steps for re-opening and returning to a normal safe 
operation. The Regulatory Authority may have to approve re-opening a facility damaged 
by fire and/or smoke.  
  
Action Steps Prior to Re-Opening 
 

1. Contact the local building department and other appropriate agencies to 
determine if the building structure is safe and approved for occupancy. 
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2. Sort the salvageable from the non-salvageable items including foods, packaging 
materials, single-use service items, and equipment.  

3. Properly dispose of the non-salvageable food items. 
4. Provide general clean-up. Clean and sanitize equipment and utensils. 

 
General Cleanup Procedures 
 

1. All areas affected by the fire, including those affected by smoke and water, must 
be cleaned and sanitized. 

2. All affected food products, packaging materials, equipment, utensils, linens, and 
single service/use items must be cleaned and sanitized or removed from the 
premises as necessary. 

3. Smoke and its resulting damage may have to be removed by a professional 
restoration company and/or the use of air purifiers, ozone generators, ionizers or 
other equipment specifically used for this purpose.  
 

Employee Safety and Protection 
 
During the clean-up process, be aware of employee safety and protection needs. 
Employees should immediately report to the manager any injuries or exposures during 
clean-up. Examples of items/procedures that may be needed for clean-up include: 
 

1. Eye protection 
2. Respirators 
3. Rubber boots 
4. Protective clothing such as coveralls or disposable outer garments 
5. Employees should not walk in affected areas until it is determined that it is safe to 

do so.  
6. Employees should not walk between the affected area and other areas of the 

establishment without removing footwear and protective clothing. 
7. Follow OSHA rules for handling cleaning products and other chemicals that may 

have been used in response to the fire.  
 

Food Salvage Assessment   
 
The following is a guide for handling specific food items. These recommendations are 
based on severe fire/smoke damage. The Regulatory Authority may determine the 
disposition and salvage of some items depending on the severity of fire, smoke and/or 
water damage. Also in your assessment of salvageable items, consider other 
contaminants and possibly toxic residues resulting from fire extinguishing materials.  
 

1. Alcoholic beverages: Refer to your local regulatory authority for salvage or 
destruction. 

2. Bottled soft drinks: Unless protected by a plastic outer wrap or in bottles with 
sealed screw-on lids, soft drinks in glass bottles are very difficult to salvage. In 
addition, if soft drinks in plastic bottles have been subjected to excessive heat, 
fire or smoke, they are almost always deemed not salvageable. Bottle contents 
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must be drained before returning the containers for deposits. This can be 
permitted if there are proper facilities for disposing of the liquid and a health 
nuisance is not created. If such facilities are not available, the product and 
container may have to be destroyed by removing to a licensed landfill. 

3. Canned soft drinks: Canned drinks may be salvaged if the contents have not 
been subjected to excessive heat or fire. The cans must be cleaned and 
sanitized, if necessary. If the cans have been subjected to excessive heat or are 
deemed uncleanable, the contents must be destroyed. 

4. Dairy products: Dairy products must be destroyed with no attempt to salvage if 
they have been subjected to excessive heat, fire, smoke or water or have been 
temperature abused due to vulnerable packaging and temperature requirements. 

5. Sugars, candies, flour, cereal products, bakery products, dried beans, rice, 
and other grains: If subjected to excessive heat, fire, smoke or water damage, 
no attempt to salvage such products can be permitted due to vulnerable 
packaging. 

6. Products in glass with metal screw-type or metal slip covers: This includes 
pickles, olives, catsup, steak sauces, salad dressings, syrups, etc. If subjected to 
excessive heat, fire, or smoke, this type of container is very difficult to clean or 
disinfect due to exposure of the threaded closure and may have to be destroyed. 

7. Fish and meats – fresh or frozen: If they have been subjected to excessive 
heat, fire, smoke and/or water damage or have been temperature abused, these 
products must be destroyed. 

8. Refrigerated and frozen food: If refrigerated and frozen foods are stored in a 
completely enclosed walk in refrigerator or freezer or enclosed case, and 
electrical service has not been interrupted for extended periods, some product 
may be salvaged, depending upon the severity of heat, fire, smoke and water 
and exposure to these elements. Prompt removal of such foods to a suitable 
storage unit is necessary to save the product. 

9. Produce – fresh or dried: If exposed to excessive heat, fire, smoke and/or 
water damage, no attempt to salvage can be permitted and all such products 
must be destroyed. 

10. Canned goods: Where the heat and water damage has been minimal, canned 
goods can be salvaged quickly by cleaning the exterior surfaces and removing 
them to suitable storage areas, preferably away from the fire scene. Cleaning 
and re-labeling relatively small quantities of canned goods are usually not 
attempted because of the cost involved compared to the lower value of the 
salvaged product. 

 
Salvaged Goods – Reconditioning 
If the quantities of food involved are large (e.g., a large supermarket or a food 
warehouse) it may be feasible to attempt salvage for either human or animal 
consumption. The items must either be destroyed or moved to an approved location that 
has reconditioning capability. Such movement should be coordinated with state officials 
and/or FDA. 
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Disposal of Food 
 
If it is determined that food must be discarded, consider the following actions:  

 
1. Place food to be discarded in a designated condemned food storage area away 

from food preparation, other food and equipment storage.  
a. Secure food in covered refuse containers or by other means in a designated 

area to prevent the food from being put back into stock rotation or from being 
served.  

b. Assure that the food cannot accidentally contaminate other food or the facility. 
2. The Regulatory Authority and/or insurance companies may request that you 

document the type and amount of food being discarded/disposed. If the food is 
temporarily retained, it must be clearly labeled or marked as “NOT FOR SALE”. 

3. Discarded refrigerated food may be temporarily stored in a refrigerated location 
separate from other food. (Note: Refrigerated units must be thoroughly washed 
and sanitized after the contaminated food is removed.) 

4. Food to be disposed should be stored in covered refuse containers or by other 
means in a secure location and disposed of by a refuse disposal company as 
soon as possible. 

5. All food and hazardous waste is to be disposed of in accordance with state and 
local waste disposal regulations in a licensed landfill or approved facility. 

6. Local landfills should be contacted prior to delivery of food from a private 
individual or carrier to ensure acceptance of the waste. 
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Conference for Food Protection  
Committee FINAL Report 

 
COMMITTEE NAME:  Time as a Public Health Control 
 
COUNCIL or EXECUTIVE BOARD ASSIGNMENT:  Council III   
 
DATE OF REPORT:   December 6, 2013 (revised February 16, 2014) 
 
SUBMITTED BY:  Sue Vergne and Charles Otto on behalf of Committee Members 
 
COMMITTEE CHARGE(s):   
 

Issue # 2012 III-026 

The Conference recommends:  

That a committee be formed to identify safe times at which foods can be held 

without temperature control and without cooling to 41°F, supported by scientific 

information (e.g., challenge studies, modeling tools).  

The Committee’s charge shall include, but not be limited to, the following foods 
and food categories:  
  

● Cut tomatoes 
● Cut cantaloupe  
● Chopped leafy greens  
● Chopped garlic and oil  
● Opened canned tuna  
● Opened canned beans (e.g., green beans, chickpeas, black beans) 
● Hummus 
● Opened canned product used as a sole item  
● Opened canned product used as an ingredient in a formulation  

 

The committee may wish to consider a document published by Institute of Food 

Technologists (IFT) in 2001 and a National Advisory Committee for the 

Microbiological Criteria for Foods (NACMCF) challenge study document. The 

Committee is also charged to report recommendations back to the 2014 CFP 

biennial meeting. 
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COMMITTEE ACTIVITIES AND RECOMMENDATIONS:   
 

1. Progress on Overall Committee Activities: 
 

a. Summary: 
 
The Time as a Public Health Control (TPHC) committee chairs were 
selected by Council III Chair and Co-Chair.  The committee members 
were recommended by the committee chairs from a list of interested 
conference members with an emphasis on balance of constituencies and 
experience with the conference.  The attached roster contains the 
individual’s confirmed by the Board. 
 
The committee held its first meeting a month after the membership roster 
had been accepted.  The committee used a web conferencing format for 
its twelve meetings.  With the permission of the members in attendance, 
the meeting proceedings were recorded and the link was provided to all 
members for review.  This recording and the detailed committee minutes 
assisted the members who had missed a meeting the opportunity to stay 
current with the committee’s deliberations. 
 
The committee initially reviewed both 2012 Council recommended 
documents, IFT’s Evaluation and Definition of Potentially Hazardous 
Foods (2001), and NACMF Parameters for Inoculated Pack/Challenge 
Studies (2009).  The 2004-lll-0009 Issue passed and submitted to FDA 
following the 2004 CFP biennial meeting (to establish the current Food 
Code requirements first published in the 2005 edition) was also consulted.  
The committee members also familiarized themselves with the two leading 
pathogen growth modeling programs, the USDA Pathogen Modeling 
Program (v.7) and ComBase. 
 
The committee examined each of the nine foods and food categories in 
turn during the web meetings.  Committee teams reviewed the literature 
on foodborne outbreak risks and associated pathogens of each food and 
food category.   
 
The basic growth parameters of pH and AW were also considered.  The 
committee also deliberated on the ambient temperatures to be expected 
during the holding time, if the foods were started at these temperatures 
rather than starting the 4 hour recommended hold time at 5°C (41°F).   
 
Finally, the committee with the assistance of a scientific adviser looked at 
the pathogen modeling data to assess the growth potential at this ambient 
temperature within four hours.  These growth data were also examined in 
light of other research findings related to the particular organism of 
concern.  As with the FDA tomato study and recommendations, a one log 
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growth was considered the threshold of concern for the committee of the 
pathogen of most concern. 
 
After examining all of the data gathered on the foods or food category, 
contributing operational experience with the retail level processes, a 
consensus position was determined on each item included in the charge.  
As a baseline for each food or food category, it was assumed that the 
original food or food category was in sound condition and the retail 
establishment was following all other Food Code requirements in regard to 
personnel, food, equipment and facilities.  The detailed committee minutes 
and recording links provided through the Council III Chair and Co-Chair to 
the board highlight the examination of each food and food category before 
a consensus position was reached.   
 
During the discussion of the assigned foods and food categories, it was 
determined that no other time was available for the committee to explore 
the part of the charge “charge shall include, but not be limited to.”  It was 
discussed by the committee that specific food and food category listing, as 
presented in the charge at the 2012 biennial meeting, was probably not 
the best way to amend Food Code’s list of foods exempt from starting time 
control with temperature holding requirements. With more scientific 
research and study, by FDA or a scientific committee, this exemption 
could probably be made in a more systematic way over broader 
categories of foods. 
 

b. Consultations Outside the Committee: 
 
Rich Linton, PhD., North Carolina State University, College of Agriculture 
and Life Sciences, and CFP Time as a Public Health Control Committee 
Chair, 2002-2004 
 
Kathy Glass, PhD., University of Wisconsin, Food Research Institute 
 
Don Zink, PhD., Food and Drug Administration, Center for Food Safety 
and Applied Nutrition 
 

c. Outcome / Disposition of Charge: 
 
The committee used the recommended IFT and NACMF reports, 
pathogen modeling programs, outbreak investigation reports, CDC FOOD 
database, and other scientific references in their deliberations of the foods 
and food categories in the charge. 
 
The committee recommends two issues be submitted to the 2014 biennial 
meeting as outlined in this report, in addition to the issue to acknowledge 
the final report. 
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2. Recommendations for Consideration by Council: 

 
a. Committee Future: 

 
Committee has completed the 2012 Conference charge and there is no 
need to continue it.   

 
3. CFP ISSUES TO BE SUBMITTED BY COMMITTEE: 

 
The following issues will be submitted: 
 

a. “Report – Time as a Public Health Control (TPHC) Committee” - 
requesting the Conference to acknowledge the 2012–2014 Time as a 
Public Health Control Committee final report. 

 
b. “TPHC 2 – Foods Starting at Room Temperature and Held Using TPHC”.   

Cut tomatoes, cut cantaloupe, chopped leafy greens, opened canned 
tuna, and opened canned product used as a sole item may be started at 
room temperature and held up to four hours using the establishment’s 
Time Control Plan. 
 

c. “TPHC 3 – Foods Needing More Research for Using TPHC”.  These 
include retail-prepared chopped garlic and oil mixtures, hummus made 
from non-commercially prepared ingredients, and opened canned 
products used as an ingredient in a formulation.  These foods and food 
categories are referred to FDA for further evaluation and research to 
determine if the following products can be held without cooling to 5°C 
(41°F) prior to using time as a public health control. 
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4. Issue Supporting References: 

(Note:  The following supporting attachments/references were reviewed by 
the committee members and may not represent the views of the 
Conference for Food Protection.) 

 
a. General: 

 
i. IFT’s Evaluation and Definition of Potentially Hazardous Foods (2001)     

[http://www.fda.gov/Food/ScienceResearch/ResearchAreas/SafePracticesforFoodPr
ocesses/ucm094141.htm] 

 
ii. NACMF Parameters for Inoculated Pack/Challenge Studies (2009) 

[http://www.fsis.usda.gov/wps/wcm/connect/3b52f9c0-0585-4c0a-abf2-
b4fc89a9668c/NACMCF_Inoculated_Pack_2009F.pdf?MOD=AJPERES&amp;CACH
EID=58c8f975-2193-4f00-873e-8739fec1f1e1] 

 
iii. USDA Pathogen Modeling Program version 7 (2003) 

[http://ars.usda.gov/services/docs.htm?docid=6786] 

 
iv. ComBase - a Combined Database for Predictive Microbiology 

[http://www.combase.cc/index.php/en/] 

 
v. CDC National Outbreak Reporting System (NORS) Foodborne 

Outbreak Online Database (FOOD) 
[http://wwwn.cdc.gov/foodborneoutbreaks]   

 
b.  Cut Tomatoes: 

 
i. FDA Program Information Manual (PIM):  Retail Food Protection 

Storage and Handling of Tomatoes. Page Last Updated: 09/04/2013. 
[http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/IndustryandReg
ulatoryAssistanceandTrainingResources/ucm113843.htm]  
 

ii. Modeling the Growth of Salmonella in Cut Red Round Tomatoes as a 

Function of Temperature. Wenjing Pan and Donald W. Schaffner, 

Journal of Food Protection, Vol. 73, No. 8, 2010, Pages 1502–1505. 
[http://www.ingentaconnect.com/content/iafp/jfp/2010/00000073/00000008/art00013] 

 
c. Cut Cantaloupe: 

 
i. FDA Guidance for Industry: Guide to Minimize Microbial Food Safety 

Hazards of Melons - Draft Guidance -July 2009 
[http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInform
ation/ProducePlantProducts/ucm174171.htm] 
 

ii. FDA-Retail Food Safety PIM - Safe Handling Practices for Melons – 
2001 
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[http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/IndustryandReg
ulatoryAssistanceandTrainingResources/ucm217290.htm] 
 

iii. Growth kinetics of Listeria monocytogenes and spoilage 
microorganisms in fresh-cut cantaloupe. Fang T, Liu Y, Huang L.  Food 
Microbiology, 2013 May;34(1):174-81. 
[http://www.ncbi.nlm.nih.gov/pubmed/23498195] 
 

iv. Development and validation of a mathematical model for growth of 
pathogens in cut melons. Li D, Friedrich LM, Danyluk MD, Harris LJ, 
Schaffner DW. Journal of Food Protection, 2013 Jun;76(6):953-8. 
[http://www.ingentaconnect.com/content/iafp/jfp/2013/00000076/00000006/art00005] 

 
d. Chopped Leafy Greens:  

 
i. Quantitative Assessment of the Microbial Risk of Leafy Greens from 

Farm to Consumption: Preliminary Framework, Data, and Risk 
Estimates, Michelle D. Danyluk and Donald W. Schaffner, Journal of 
Food Protection, 2011; 74(5):700–708. 
[http://www.ncbi.nlm.nih.gov/pubmed/21549039] 
 

ii. FDA Program Information Manual Retail Food Protection: 
Recommendations for the Temperature Control of Cut Leafy Greens 
during Storage and Display in Retail Food Establishments - July 7, 
2010 
[http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/IndustryandReg
ulatoryAssistanceandTrainingResources/ucm218750.htm] 
 

iii. Survey of temperature and consumption patterns of fresh-cut leafy 
green salads: risk factors for listeriosis. Carrasco E, Pérez-Rodríguez 
F, Valero A, García-Gimeno RM, Zurera G.  Journal of Food 
Protection, 2007 Oct;70(10):2407-12. 
[http://www.ncbi.nlm.nih.gov/pubmed/17969627] 

 
e. Opened Canned Tuna: 

 
i. Effect of Storage Conditions on Histamine Formation in Fresh and 

Canned Tuna. Maurice Kerr, Paul Lawicki, Sylvia Aquirre and Carl 
Rayner.  State Chemistry Lab, Public Health Division, Victorian 
Government Department of Human Services, 2002.  
[http://www.health.vic.gov.au/archive/archive2011/foodsafety/archive/downloads/
histamines_fishstorage2002.pdf] 
 

ii. Bacterial Growth and Histamine Production in Tuna Salad 
Preparations.  Susan McCarthy, Kristin Butler, Ronald Benner, Jr. 
FDA Poster, International Association of Food Protection, 2012. 
[https://iafp.confex.com/iafp/2012/webprogram/Paper1621.html] 
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f. Retail Prepared Chopped Garlic And Oil Mixtures: 
 

i. FDA – Safe Practices for Food Processes, Chapter IV: Outbreaks 
Tables -  
[http://www.fda.gov/food/foodscienceresearch/safepracticesforfoodprocesses/uc
m091270.htm] 

 
ii. Garlic Safe Methods to Store, Preserve, and Enjoy, Linda J. Harris, 

University of California, Davis Publication 7231, November 1997. 
[http://anrcatalog.ucdavis.edu/pdf/7231.pdf] 

 
iii. Toxin Production by Clostridium botulinum Type A Under Various 

Fermentation Conditions. Lynne S. Siegel, Joseph F. Metzger, 
Applied and Environmental Microbiology, Oct. 1979, p. 606-611. 
[http://www.ncbi.nlm.nih.gov/pmc/articles/PMC243547/pdf/aem00203-0050.pdf] 
 

iv. Conservative Prediction of Time to Clostridium botulinum Toxin 
Formation for Use with Time-Temperature Indicators to Ensure the 
Safety of Foods. Guy E. Skinner, John W. Larkin, Journal of Food 
Protection, Vol. 61, No.9, 1998, Pages 1154-1160.  
[http://www.ncbi.nlm.nih.gov/pubmed/9766067]  

 
g. Hummus: 

 
i. Viability of salmonella and Listeria monocytogenes in Delicatessen 

Salads and Hummus as Affected by Sodium content and Storage 
Temperature. Alali, Walid Q; Mann, David A; Beuchat, Larry R. 
Journal of Food Protection 75.6 (June 2012): 1043-56. 
[http://www.ncbi.nlm.nih.gov/pubmed/22691471] 

 
ii. Growth and Survival of Listeriay monocytogenes in two Traditional 

Foods from the United Arab Emirates. V.S. Gohil; M.A., Ahmed; R. 
Davies; R.K. Robinson. Food Microbiology (1996, 13): 159-164. 
[http://www.ingentaconnect.com/content/ap/fd/1996/00000013/00000002/art0002
0]  
 

iii. Hazard Analysis and Critical Control Point Generic Models for 
Some Traditional Foods, a Manual for the Eastern Mediterranean 
Region. World Health Organization. 
[http://applications.emro.who.int/dsaf/dsa1100.pdf] 

 
iv. Multistate Outbreak of Salmonella Serotype Bovismorbificans 

infections Associated with Hummus and Tahini – United States, 
2011. Morbidity and Mortality Weekly Report. Nov. 23, 2013, 944-
947. 
[http://www.cdc.gov/mmwr/pdf/wk/mm6146.pdf] 
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v. Surveillance for Foodborne Disease Outbreaks – United States, 
2007. Morbidity and Mortality Weekly Report. Aug. 13, 2010, 973-
979. 
[http://www.cdc.gov/mmwr/pdf/wk/mm5931.pdf] 

 
5.  COMMITTEE MEMBER ROSTER (attached) 

 
2012-14 TPHC Committee Roster.xls 
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COMMITTEE NAME:  Listeria Retail Guidelines

COUNCIL or EXECUTIVE BOARD ASSIGNMENT:  Council III

DATE OF REPORT:  December 6, 2013

SUBMITTED BY:  Dale Grinstead and Haley Oliver

COMMITTEE CHARGE(s):  

Issue: 2012 III-022

The Conference recommends that a CFP Committee be created to revise the 2006 CFP "Voluntary 
Guidelines of Sanitation Practices Standard Operating Procedures and Good Retail Practices to 
Minimize Contamination and Growth of Listeria monocytogenes (Lm)” to incorporate the following: 

1. Sanitation guidance for slicers, 

2. Information on cross contamination and harborage points for Lm, 

3. More detailed information about how sampling for Lm can be conducted as part of a 
strategy for preventing Lm contamination at retail, 

4. Updating outdated links to other documents, and 

5. Other relevant information identified by the Committee. 

The Conference also recommends that the Committee report its recommendations back to the 2014 
Biennial Meeting with Issues to address the above charges and include recommendations that a letter 
be sent to FDA requesting that Annex 2 (References, Part 3-Supporting Documents) be amended by 
adding a reference to the revised voluntary guidelines. 

COMMITTEE ACTIVITIES AND RECOMMENDATIONS:  
1. Progress on Overall Committee Activities: 

a. There was considerable discussion in the Committee about the nature of the charges 
to the Committee.  Much of the first nine months of the Committee effort was spent 
discussing the charges.  Items discussed included:

a.i. The relative risk that slicers play in a retail deli and the appropriateness of a 
sanitation guidance focusing just on slicers.

a.ii. Whether data on harborage is complete and sufficient to include in the update 
to the 2006 guidance document.

a.iii. The specific role that environmental sampling in general and Listeria sampling 
in particular has to play in a food safety program for retailers.

a.iv. Whether the Committee would be able to address the charges as given to the 
Committee.
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These discussions continued until May 2013 when the Committee voted to go forward 
with the charge as given to the Committee. At that point, three sub-committees were 
formed to prepare first drafts of the edits addressing the first three points of the charge 
which was where the Committee felt most of the time would be spent.  The work product 
was due from these sub-committees the first week of August.  These first draft “straw 
model” edits could then be presented to the entire Committee for discussion and final 
edits.  

b. Sub-Committee Formation
The sub-committees that addressed each of those points were:

i. Sub-committee 1. Sanitation guidance for slicers: Henry Blade, Tom Ford, 
Laurie Williams, and Neil Ylanan

ii. Sub-committee 2. Information on cross contamination and harborage points 
for Lm: Dave Konop and Haley Oliver

iii. Sub-committee 3. More detailed information about how sampling for Lm can 
be conducted as part of a strategy for preventing Lm contamination at retail: 
Matthew Colson, Dale Grinstead, Kristina Barlow, and Sue Kowalczyk.

The first group (sub-committee 3) that delivered a “straw model” set of edits was the 
sampling sub-committee.  Those initial edits were presented to the Committee as a 
whole on August 12, 2013.  There was extensive debate over those edits and many 
calls and revisions of those sampling guidelines were proposed.  Although the 
Committee considered this point of the charge extensively and debated for many 
months, the Committee could not reach a consensus.  Eventually the discussion was 
concluded by drafting two sets of edits to the guidance document that addresses 
sampling.  One was a very simple section where the guidance was edited to state 
that if an establishment was considering a sampling program, that establishment 
should consult with an expert to guide them on the role that such sampling could play 
in that establishment’s particular strategy to prevent Lm contamination.  The other 
was a more complex set of edits with considerably more detail.  The Committee 
voted and a clear majority (12 of 17 members that were eligible to vote) was in favor 
of the simpler version.  

The second subcommittee (sub-committee 2) that reported to the Committee as a 
whole was the group addressing the second element of the charge which is 
information on harborage points and cross contamination.  Although there is 
considerable new information that was known to the Committee on this topic and the 
researchers that had that data generously allowed the Committee to use it if we 
wished, that data has not yet been published in peer-reviewed journals.  Although no 
one on the Committee doubted the data, it was generally felt that it would not be 
appropriate to include data in the guidance that had not been peer-reviewed.  The 
researchers who have that data have many publications in progress and they expect 
a large number of publications that directly address harborage points for Lm in food 
establishments to be published over the next 18 months.  The Committee decided 
not to address this element of the charge at this time.  The Committee felt that a new 
issue should be submitted to the 2014 Biennial Meeting to form a Committee to 
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address this element of the charge - because the upcoming publications will allow 
much more meaningful edits to the guidance document on this element of the original 
charge.

The final sub-committee (sub-committee 1) was the slicer sanitation group that 
worked on the first element of the charge.

The FDA representative of the team led a review of the 2006 CFP Listeria Retail 
Guidelines document to update all links for accuracy.

c. Outcome of each charge:

i. Sanitation guidance for slicers:  Several drafts have been prepared by the 
sub-committee working on this portion of the charge; however, the drafts 
require additional work to arrive at a consensus on the content of the material 
that addresses this charge.  

ii. Information on cross contamination and harborage points for Lm: There is 
considerable new information on cross contamination and harborage points for 
Lm that is coming; however, the majority of that data has not been published 
in peer-reviewed journals yet.  The Committee believes that a renewal of this 
charge would allow this very useful data that will shortly be published to be 
included in the document and would make a far more useful guidance.  That 
has been addressed in the Issue being presented by this Committee titled 
Listeria Committee 2: Continuation of the Listeria Retail Guidelines 
Committee.

iii. More detailed information about how sampling for Lm can be conducted as 
part of a strategy for preventing Lm contamination at retail: The Committee 
considered this charge for many months and the majority viewpoint of the 
Committee was that a food establishment that was considering a sampling 
plan should consult an expert to guide them on the role that such sampling 
could play in that establishment’s particular strategy to prevent Lm 
contamination.  

iv. Updating outdated links to other documents: The links have been updated and 
will be included in the revised currently posted “2006 CFP "Voluntary 
Guidelines of Sanitation Practices Standard Operating Procedures and Good 
Retail Practices” document. 

v. Other relevant information identified by the Committee: The Committee felt 
there were other items that would have been appropriate for inclusion in the 
guidance (e.g., Sanitation Standard Operating Procedures, information on 
prerequisite programs, hygienic design information).  However, the time that it 
took to arrive at a conclusion on the other charges precluded including this 
information in time for the 2014 CFP Biennial Meeting.  The second issue 
submitted by this Committee re-creates this charge.
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2. Recommendations for consideration by Council:
a. The Committee recommends that the Listeria Retail Guidelines Committee be 

continued/re-created. 
b. While the Committee believes the third and fourth charges have been completed, the 

Committee recommends that all charges be continued. The Committee believes that 
this would allow the time needed for publication of additional relevant data and for 
inclusion of additional useful information in this guidance document.  

CFP ISSUES TO BE SUBMITTED BY COMMITTEE:  

1. Report - Listeria Retail Guidelines Committee.  This Issue acknowledges the Committee 
report and thanks the committee members for their work.  
1.a. Attachment 1: 2012-14 Listeria Retail Guidelines Committee Final Report
1.b. Attachment 2: 2012-14 Listeria Retail Guidelines Committee Roster

2. Listeria 2: Re-create the Listeria Retail Guidelines Committee.  This Issue recommends re-
creating the Committee for continuation of the Listeria Retail Guidelines Committee with the 
same charges.

COMMITTEE MEMBER ROSTER (attached):  
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Handwashing Event Hazard Analysis -- updated 06-18-2013

FDA Food Code  "when to wash" Hand Contamination Event

Known or Potential Hazard 

(Biological: Virus/Bacteria/ 

parasites, Chemical, Physical 

contaminants)

Is Hazard Significant to cause illness or harm? 

Pathogenic, Biological? Chemical? Physical?

Would Hand Washing Significantly Reduce the 

Hazard?

After arriving to work All Yes Yes

After taking breaks All Yes Yes

After Exiting/Re-entering Restaurant All Yes Yes

After Exiting/Re-entering Kitchen/Back of House All Yes Yes

After Touching Face or Arms Biological No No

After Touching or Rubbing Eyes/Nose Biological No No

After Touching Hair/Scalp Biological No No

After Touching Mouth Biological Yes Yes

After Touching Sores/Scabs Biological No No

After performing any of the above actions with gloved hands versus 

bare hands Biological Y no

After Using the restroom Biological Yes Yes

After Stocking or Cleaning the restroom Biological Yes Yes

After handling Service Animals/Pets Biological Yes Yes

After handling Aquatic Animals Biological Yes Yes

After Coughing or sneezing  into hands Biological Yes Yes

After Coughing or sneezing into gloves Biological Yes No

After Coughing into elbow/ shoulder Biological N o No

After Using a handkerchief or disposable tissue Biological Yes Yes

After Using tobacco products All Yes Yes

After Eating All Yes Yes

After Drinking from cup or container All Yes depends

After Washing soiled utensils/smallwares Biological Yes Yes

After Refilling customer drink cup All Yes depends

After Touching soiled in-use service utensils on the Ready to 

Eat/Pack line Biological Yes Yes

After Hands become soiled with cooked/ready to eat food Biological No No

After Hands become soiled with raw food All Yes Yes

After Performing the above actions with gloved hands versus bare 

hands All Same risk for both situations Yes

After continuously working with raw or cooked, RTE food for 

extended times (e.g. > 1 hour) All Yes Yes

After Moving in and out of a raw prep area (e.g. cook) All Yes Yes

5. Except as specified in ¶ 2-401.11(B), after coughing, sneezing, using a 

handkerchief or disposable tissue

1. FOOD EMPLOYEES shall clean their hands and exposed portions of their 

arms as specified under § 2-301.12 immediately before engaging in FOOD 

preparation including working with exposed FOOD, clean EQUIPMENT and 

UTENSILS, and unwrapped SINGLE SERVICE

and SINGLE-USE ARTICLES

4. caring for or handling service and aquatic animals

8. During FOOD preparation, as often as necessary to remove soil and 

contamination and to prevent cross contamination when changing tasks

6. using tobacco, eating, or drinking

7. After handling soiled EQUIPMENT or UTENSILS

9. When switching between working with raw FOOD and working with READY-

TO-EAT FOOD

2. After touching bare human body parts other than clean hands and clean, 

exposed portions of arms

3. After using the toilet room
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After Switching between handling raw food and ready to eat food All Yes Yes

After Rinsing fresh produce All Yes Yes

Before putting on gloves after entering the kitchen to work with 

food Biological Yes Yes

Before putting on/changing gloves when hands were previously 

washed and have not become visibly soiled and have not handled 

raw food or touched other "unclean" surfaces (e.g. touching clean, 

non-food contact portion of RTE serving utensils like tong or scoop 

handles before putting on gloves for direct contact with RTE foods 

like sandwiches) Biological No No

Between changing gloves due to gloves becoming soiled Biological Yes Yes

Between changing gloves due to gloves becoming torn Biological Yes Yes

Before putting on gloves after handling money/credit cards (e.g. 

hands were previously washed and gloves are worn for handling RTE 

food, gloves are removed to take money/credit cards, new gloves 

are then put on for next customer) Biological Yes Yes

After Handling Money/Credit Cards Biological Yes Yes

After Touching visibly clean clothing/hat or visor Biological No No

After Touching visibly soiled clothing/hat or visor Biological Yes Yes

After Touching jewelry, rings, necklaces, watches Biological No No

After Touching or Using Phones or other Personal Equipment All Yes Yes

After Handling corrugate/ storage boxes, stocking items All Yes Yes

After Cleaning Activities (mopping, sweeping, windows, etc) All Yes Yes

After Touching trash liners/containers All Yes Yes

After Handling Chemicals All Yes Yes

After Touching "unclean" non-food contact surfaces (floors, walls, 

ceilings, countertops, table tops, door handles, cooler /freezer 

handles etc) All Yes Yes

11. After engaging in other activities that contaminate the hands

9. When switching between working with raw FOOD and working with READY-

TO-EAT FOOD

10. Before donning gloves for working with FOOD
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a. Primary Question 

 Is this a substitute for handwashing, and under what conditions? 
 

b.   Methodology Questions on Submitted Study 
 What were the objectives, control measures, outcomes, etc. of the 

referenced study?   
 

 What was the sample size of the study referenced?    Was there a 
control group? 
 

 What are the limitations of the study referenced (For example,  can the 
results be broadly applied to all sanitizers or are there limitations? Have 
studies also tested other formulations / brands?) 

 
 What is the efficacy of the method?   

 
 Has this process been studied with additional foodborne pathogens and 

the ability to reduce these pathogens on hands? 
 

 Evaluation of a process against Norovirus?  Is there a clinical study?   “In 
vivo” study? Surrogate? What is the desired efficacy? (NDA issue) 
 

 
c. Behavioral Questions on Submitted Study  

 Has this process researched for ease / frequency of use (e.g., will 
employees use the method?), and undesirable side effects (e.g., rashes / 
dry, cracked skin; ) 
 

 Are there any behavioral studies to ascertain if this process is 
appropriately and consistently used by foodservice personnel in the field?      
Any difference in compliance rates in a variety of settings (major food 
company vs. mom and pop)? 
 

d. Questions on the Submitted Study 
 Who funded the referenced study?   

 
 Has this study been replicated by academia or additional independent 

third parties without a fiscal or commercial interest?   
 

 Has this study been replicated in actual foodservice settings?   
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e. Other   
 Are there any legal issues surrounding acceptance of the 

study/terminology that would affect acceptance by CFP (ex. copyright, 
trademark, peer review process for the publication)?    
 

 What was the discernment process / criteria used by any agencies that 
have accepted this process?     

 
 Are there studies that have proven or established the efficacy of alternative 

methods of cleansing hands? 
 

 Research must be done to specify the efficacy of each method. 
 

 The questions listed in the 2010-2012 CFP Hand Hygiene Committee white paper  
"Scientific Regulatory and Behavioral Considerations of Hand Hygiene Regimes" 
should be part of any research for an alternative handwashing process.   
 

 Does the “new” process give a 2-log vegetative cell and virus reduction? 
 

 Chemicals (sanitizers) depend on contact time on the hands, therefore time must be 
considered.   
 

 When would the process be considered?  When water is not available? Always?  
 

 Is there sufficient scientific evidence to support a recommendation to the Food 
Code?   

 

http://www.foodprotect.org/issues/packets/2012packet/attachments/III_001_b.pdf
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Addressing the effectiveness of hand hygiene strategies involves scientific, regulatory and 

behavioral considerations. In the United States, norovirus is the pathogen reported most frequently in 

outbreaks associated with lapses in hand hygiene; however several bacterial pathogens have also been 

implicated. Effectiveness of any hand hygiene regimen involves many factors, including the product type 

(e.g., soap, hand antiseptic), amount applied, application method, duration and pathogen of concern. 

Handcare products making antimicrobial claims are regulated as drugs in the United States. Through 

2011, no antimicrobial hand hygiene products for food handler applications have FDA-approved claims 

for antiviral effectiveness. However, the antiviral profile of several commercially available products has 

been assessed in peer-reviewed literature, demonstrating that some products can achieve significant 

reductions. Hand hygiene behavioral issues involve use of proper procedure and a commitment to 

perform the task, thus understanding human factors is important to enhance hand hygiene compliance. 

Behavioral and risk assessment research that evaluates the magnitude of risk reduction achieved by 

varying forms of hand hygiene actions (i.e., nothing, rinsing, hand sanitizing, washing, or washing and 

brushing) would be useful to move from an all-or-nothing approach in every situation, to one recognizing 

that different procedures may be suitable for different situations. 
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The main purpose of washing hands is to cleanse the hands of soil, pathogens and chemicals 

that can potentially cause disease. Transmission of pathogenic bacteria, viruses and parasites to food 

from contaminated surfaces, raw food or ill workers by way of improperly washed hands continues to be a 

major factor in the spread of foodborne illnesses.  In this report, hand hygiene products available to 

reduce the risk of spreading infectious agents are categorized as: 

• handwashing agents (plain soaps or antimicrobial soaps) 34 

• hand wipes (plain and antiseptic) and  35 

• hand antiseptics (antiseptic waterless agents) 36 

Handwashing with plain soap suspends microorganisms and mechanically removes them by 

rinsing with water. Plain bar soap, foam and liquid preparations are comprised of detergents with 

surfactant (surface-active agents), which increase the cleaning properties of water and gives the product 

the ability to remove soil from surfaces, such as human skin. Microbial reduction using plain soap is due 

to the physical removal of foreign material or microorganisms, not a biocidal effect. 

An antimicrobial soap combines the cleaning action of plain soap (i.e., physical removal of foreign 

material) with antiseptic agents that kill microorganisms. The antimicrobial agents used in antimicrobial 

soaps (e.g., chloroxylenol, quaternary ammonium compounds, chlorhexidine gluconate, iodine/iodophors 

and triclosan) have an immediate effect that reduces the number of microflora on skin and in certain 

cases may exhibit residual or sustained activity that continues to reduce the number of microbial flora 

after the handwash is complete. The effectiveness of these agents is primarily directed toward vegetative 

bacteria. 

Antimicrobial wipes are towelettes or paper towels that are saturated with an antimicrobial 

solution that has been shown to reduce the numbers of microorganisms on skin. The antimicrobial 

ingredient is typically isopropyl or ethyl alcohol and/or a quaternary ammonium compound. There are also 

some specialized products with other antimicrobial ingredients. 

Hand antiseptics (also called hand sanitizers) are waterless agents with antiseptic properties that 

decrease the number of microorganisms present. For the purposes of this paper, hand antiseptics do not 

require the use of water. Alcohol-based hand antiseptics are the most common type and typically contain 
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ethanol or isopropanol and may contain n-propanol or a combination of these agents. Hand antiseptics 

are typically not designed as hand cleansers and thus are usually intended to be used on visibly clean 

hands as a single application. However, most hand antiseptics contain emollients, emulsifiers and water, 

all of which can act as cleaning agents when assisted by hand-to-hand rubbing and physical removal with 

a paper towel, in a manner similar to a hand wipe. 

 

FOODBORNE PATHOGENS ASSOCIATED WITH HAND HYGIENE-RELATED OUTBREAKS 

The CDC (6) provides a list of infectious diseases that are transmitted through handling the food 

supply, which is summarized in Table 1 and in Annex 3 Section 2-201.11 of the 2009 Food Code. Two 

categories are identified – 1) those pathogens that are often transmitted by food when handled by an 

infected person and 2) those pathogens that are occasionally transmitted thorough handling by an 

infected worker but usually transmitted by contamination at the source or in food processing or by non-

foodborne routes. Those “often” involving infected workers include pathogens with low infective dose 

(e.g., the viruses, Salmonella Typhi and Shigella) and those that are shed in high numbers when an 

active infection exists (e.g., the viruses, Staphylococcus aureus and Streptococcus pyogenes). The 2009 

Food Code Sections 2-201.12 and 2-201.13 specify exclusion or restriction of food workers from a food 

establishment when certain diagnoses or symptoms listed in Table 1 exist. Annex 3 of the 2009 Food 

Code (page 337) specifically notes that “exclusion of food employees exhibiting or reporting diarrhea 

symptoms is an essential intervention in controlling the transmission of norovirus from infected food 

employees’ hands to RTE food items.” This recognizes that even thorough hand hygiene may not be 

sufficient to prevent transmission of disease when food is handled by symptomatic food handlers. 

CDC (5) also published foodborne illness contributing factors that were reported for outbreaks 

occurring from 1998-2002. In that time period, of the 3072 outbreaks for which contributing factors were 

reported, 25% identified bare-hand contact, 20% identified infected persons and 6% identified gloved-

hand contact as factors contributing to these outbreaks. Table 2 summarizes the CDC (5) data by etiology 

for foodborne illness outbreaks reported as being associated with hand contact (with or without gloves) or 

handling by an infected person as a contributing factor. Norovirus was the dominant etiology for 

outbreaks involving these contributing factors, and bacterial etiologies were reported for 40% of the bare-
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hand contact outbreaks, 35% of gloved-hand outbreaks and 35% of infected person outbreaks involved 

bacterial agents. Only one parasite (Giardia intestinalis) and no chemicals were reported to be associated 

with hand hygiene related outbreaks in this time period. 

It cannot be determined from these data how many outbreaks “involving infected persons or 

carrier” included symptomatic food handlers, for which handwashing may not be adequate to prevent 

spread of illness as previously discussed. It is interesting to note that for each of the pathogens listed by 

CDC as “often transmitted through food contaminated by infected persons” (see Table 1), the number of 

outbreaks reported to be handled by an infected person was frequently much greater than the number 

involving bare-hand contact. Conversely, for “pathogens occasionally transmitted by food contaminated 

by an infected handler,” the number of outbreaks associated with bare-hand contact was higher than the 

number associated with infected persons handling food. 

Vegetative bacterial pathogens are generally more easily inactivated by chemical agents used in 

antimicrobial hand care products than the viruses and parasites of foodborne illness concern. While 

bacterial spores are also more resistant than vegetative bacteria, sporeformers of foodborne illness 

concern must be in their vegetative state and grow in the food to a high level to present a food safety risk. 

Thus inactivation of spores is not a major concern for hand hygiene in a food handler setting. 

This analysis suggests that norovirus is the most common pathogen associated with hand 

hygiene-related foodborne illness outbreaks. Thus when addressing “the efficacy/risk reduction strategies 

of alternative hand hygiene regimes compared to handwashing,” norovirus should be considered. 

 

METHODS TO EVALUATE EFFECTIVENESS OF HAND HYGIENE SOLUTIONS 

Ideally, well-controlled and statistically valid epidemiological outcome studies would be available 

to determine the relative effectiveness of hand hygiene products and regimens. Unfortunately, these 

types of studies are very rare and pose fundamental design and execution challenges. As a result, the 

primary methods used to evaluate effectiveness of hand hygiene products are laboratory-based, including 

in vivo (using living subjects) and in vitro (not using living subjects) testing, and to a limited extent risk 

modeling. 
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The type of test used to evaluate the effectiveness of hand hygiene solutions can have a 

significant impact on the results generated. Because of this, it is important to understand how a test was 

conducted when attempting to compare the effectiveness of hand hygiene solutions and it is difficult to 

compare the results from one study to another. It is important to note that, the most common pathogen 

associated with transmission of foodborne illness via hands, human norovirus, cannot be cultured in the 

laboratory. Murine norovirus and feline calicivirus have been used as surrogates to estimate reductions in 

infectivity, but the scientific debate on the “best” surrogate continues because the mode of inactivation for 

different antimicrobial agents varies (e.g., 3, 18). Currently, human norovirus results can be studied using 

polymerase chain reaction (PCR) technology, which reflects destruction of ribonucleic acid (RNA) as an 

indirect measure of loss of infectivity. However, it is possible for a virus to lose infectivity without 

destruction of RNA. 

While standardized methods (e.g., ASTM, EN standards) exist for both in vivo and in vitro tests, 

methods used in the literature vary widely in their procedures and approach. This section provides a brief 

overview of the different types of tests used and the variation that can occur. It is not the intent of this 

report to recommend any specific type of test. 

In vivo tests 

In vivo tests evaluate performance of hand hygiene measures using the hands of human test 

subjects. Many different in vivo tests, using a wide variety of methodologies, have been used to evaluate 

the performance of hand hygiene measures. Key differences include use of an inoculum, handwash 

technique and sampling method. 

Use of an inoculum. In some cases the area being washed is inoculated with a marker organism 

(e.g., E. coli, Staphylococcus aureus or Serratia marcescens).  Although Serratia is not commonly found 

on hands, its red pigment makes it easy to distinguish from background flora when conducting tests. 

Serratia is referred to as a “transient” hand microbe because it is only present for a short time on the 

hands, typically on the surface of skin. This is in contrast to “resident” hand microbes that are almost 

always present on hands, sometimes deep in the skin tissue. The use of a marker organism like Serratia 

can help to evaluate the performance of the handwash process on transient rather than resident flora, 

and to standardize the starting concentration of microorganisms on the skin of the test subjects. 
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In some in vivo tests, no inoculum is used. The level and nature of microorganisms present on 

human skin varies from person to person and over time for a given individual. These factors must be 

taken into account when interpreting these test results. Montville and Schaffner (16) found that choice of 

the specific marker organism makes little difference, but that the choice between marker organisms and 

resident flora has a substantial impact on the results. According to their analysis, this appears to be 

primarily due to a difference in starting concentration. Quantifying differences is easier when starting with 

a uniformly high concentration because it helps to keep endpoint numbers above the level of detection. 

Handwash technique. Standardized in vivo tests use a prescribed handwash method, but not all 

studies in the literature use standardized test methods. Some allow the test subject to wash their own 

hands and others have a technician conduct the wash. This can influence the variation observed in 

procedures practiced by human subjects. More variation is typically observed when each subject 

performs the hand hygiene procedure. 

Sampling method. There are many ways to enumerate the organisms remaining on the skin after 

washing. For example, in the glove juice test, the test subject dons disposable gloves, a sampling fluid is 

added to the gloves, the subject’s hands are massaged and the microbes in the sampling fluid in the 

glove are enumerated. Other sampling techniques include collecting wash fluid into basins and 

enumerating organisms in the collected fluid, rubbing fingertips in Petri dishes containing a sampling fluid, 

placing a cylinder on the skin, adding a sampling fluid to cylinder and scrubbing the skin using a sterile 

swab, or simply pressing the finger tips to an agar plate. 

The large inherent variability with any in vivo test coupled with differences in enumeration 

methodology leads to one of the major disadvantages of in vivo testing – conflicting, inconsistent and 

often non-comparable results. The variability also contributes to another disadvantage – cost.  Multiple 

subjects are needed to estimate variability and it is not uncommon for a single test on a single subject to 

cost in excess of a thousand dollars.  The variability of in vivo testing often requires high numbers of test 

subjects to statistically demonstrate differences, thus studies can be quite expensive. Use of pathogens 

for in vivo testing presents ethical issues that must be carefully considered. 

Despite the disadvantages associated with in vivo hand hygiene efficacy testing, an advantage is 

that in vivo testing may provide information on how effectively a hand hygiene procedure will reduce 
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microbial levels on hands in actual use. However, in vivo tests described do not prove that a tested hand 

hygiene procedure will actually prevent or reduce illness in the real world. At best, it provides a surrogate 

endpoint for the hand hygiene procedure’s ability to prevent or reduce the risk of disease. Clinical trials to 

evaluate prevention of disease are rarely, if ever, performed. 

In vitro tests 

In vitro studies do not involve human or animal test subjects. The most common type of in vitro 

test for hand hygiene products is the suspension or “time-kill” test. In these studies, the test 

microorganism is suspended in a solution containing the test product. After a specified exposure time, an 

aliquot of solution is removed, the antimicrobial activity is typically neutralized and any surviving 

microorganisms are determined.  As with in vivo tests, many variables must be considered for in vitro 

testing, including product and test organism concentrations, types of organisms, the presence and 

concentration of interfering substances such as soil or hard water, the use of different temperatures, 

different neutralizer systems and various exposure times. Typically, greater reductions are observed for in 

vitro tests than for in vivo tests because of the direct exposure of the microorganism to the antimicrobial 

agent. Even seemingly trivial variations in test procedures, such as growing the inoculum on solid versus 

liquid media or the number of times the test cultures have been transferred, can affect the results. As with 

in vivo testing, this can make comparison of results between different studies difficult. 

An advantage of in vitro tests is that they are relatively easy and inexpensive to do.  This makes it 

easier to study more organisms and to collect sufficient replicates in a reproducible manner to 

demonstrate statistical significance even when the data are variable. The largest drawback of in vitro 

testing is that they are further removed from the clinical endpoint than in vivo tests. Just as an in vivo test 

is not a perfect predictor of a clinical endpoint, so an in vitro test is not a perfect predictor for an in vivo 

result. 

The CFP 2010-2012 Hand Hygiene Committee summarized advantages and disadvantages of in 

vivo and in vitro efficacy testing in Table 3. Both types rely on enumeration of viable microbial targets to 

measure the extent of reduction after a treatment, which is possible for many pathogens involved in 

foodborne illness transmitted via hands, but currently not human norovirus. 
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As discussed above, the wide variety of test methods used to study hand hygiene procedures 

makes it very difficult to compare the efficacy of handwashing to alternative hand hygiene regimes. 

Recent peer-reviewed papers summarize much of the available science on this topic. Todd et al. (23) 

provide an extensive review of nearly 250 publications addressing the impact of washing and drying of 

hands to reduce microbial contamination. Montville and Schaffner (15) looked more specifically at a 

quantitative comparison of antimicrobial versus non-antimicrobial hand soaps and evaluated the impact of 

methodological differences in the extent of reduction achieved. Both of these reviews reported that many 

factors influence the efficacy of handwashing, including the type and volume of soap used, friction, and 

duration of washing. Some of the findings of these reviews include: 

• Using <1mL portion of hand soap appeared to be less effective than using 1ml or more. 

• Vigorous washing is an important factor in that it removes or loosens microorganisms with 

mechanical action. 

• On average, use of antimicrobial soaps results in fewer microorganisms on hands. 

• Todd et al. (23) found that duration of handwashing is an important factor and duration of at least 15 

seconds is needed. They concluded that while washing up to 30 seconds may provide somewhat 

greater microbial removal from hands, this further reduction may not be meaningful as it involves 

removing resident microorganisms that are not generally associated with transmission of foodborne 

illness. Various studies have indicated that the average wash duration by the general public and food 

handlers is about 10 seconds, in spite of the 15 second recommendations. 

• Frequency of handwashing is also an important factor. Several studies suggest that while most 

individuals (>85%-95%) self-report washing hands after using the bathroom, observational studies 

indicated that the frequency (particularly among men) was considerably lower (ca. 70%). In food 

settings the frequency of handwashing at appropriate times may be as low as 30% during peak 

business hours. However, training and specific interventions could increase that to over 50%. 

• Temperature has relatively little impact on the efficacy of handwashing. Temperatures that are too 

high (over 110°F) increase the risk of skin damage and reduce handwashing compliance. 
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• Drying, particularly using towels, removes ca. 90% of the organisms that remain after washing. 

Removal of microorganisms by air dryers is more questionable. Moreover, the time needed to dry 
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Todd et al. (24) provides a recent comprehensive, peer review of waterless hand antiseptics 

relevant to food handlers, including 150 references. They found that product type, concentration, volume 

and contact time influenced results. They concluded that “alcohol-based antiseptics should be combined 

with regular handwashing schedules and should not replace handwashing and drying or the use of 

fingernail brushes.” In regard to wiping methods, they indicated that food handlers may ignore some of 

the steps in two or three stage procedures, thus they did not recommend such procedures in general. 

However, they also stated that “because [two or three stage] wipe methods tested have been more 

effective than soap and water, they should be considered feasible, practical hand hygiene interventions 

for remote food service situations or where water availability is limited.” 

The effectiveness of hand antiseptics against human norovirus was questioned by Todd et al. 

(24) based on the available literature at the time of their review. However, Park et al. (18) compared the 

effectiveness of seven hand antiseptics against murine norovirus (MNV) and feline calicivirus (FCV) as 

potential surrogates for human norovirus. One ethanol-based and one triclosan-based hand antiseptic 

reduced both MNV and FCV by >2.6 and ≥ 3.4 logs, respectively, using in vitro infectivity test methods. 

Four products demonstrated effectiveness against either MNV or FCV. The chlorhexidine product was not 

effective against either virus. Thus effectiveness varied among the different hand antiseptics. Liu et al. 

(14) studied inactivation of human norovirus using the in vivo finger pad test, reporting log reductions of 

RNA from 0.10 to 3.74 for six commercially available hand antiseptic products. This study also illustrated 

the large variation that can be observed among hand antiseptic products. These two studies did not 

include a measure of the reduction that could be achieved with handwashing treatments. Further, some of 

the products studied may not have “Food Code” compliant ingredients. 
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A number of in vivo studies have included handwashing and hand antiseptics in the same 

investigation. Some of these studies concluded that hand antiseptics were ineffective at reducing 

microbial levels on hands while others suggested that they are effective in either reducing numbers or 

reducing transfer of infection. Two examples of studies that concluded hand antiseptics were ineffective 

include the following. 

• Courtenay et al. (7) compared washing with soap and water, rinsing with either warm or cool water, 

and ethanol-based hand antiseptics for reducing E. coli on hands. The soap and water washing 

demonstrated >2.6 log reduction, which was significantly greater than solely rinsing with warm 

water (2.2 log reduction), rinsing with cool water (1.5 log reduction) or ethanol-based hand 

antiseptic (0.2-0.7 log reduction). 

• Lin et al. (13) studied the effect of six handwashing techniques on E. coli and FCV levels inoculated 

under natural and artificial fingernails. Washing techniques included use of tap water alone, soap 

and water, antimicrobial soap, hand antiseptic, soap plus hand antiseptic, and soap plus nailbrush. 

Only reductions in counts under the fingernails were reported. For E. coli, no significant difference 

was noted between any of the washing techniques except washing with soap using a nailbrush. 

The nailbrush technique reduced the E. coli population approximately 2.5 – 3 logs while other 

techniques reduced the population 1 – 2 logs. For FCV, soap with nailbrush washing also 

significantly reduced the population greater than 2 logs for both nail types. The hand antiseptic 

treatment resulted in a significantly lower reduction of FCV for both nail types (<1 log) than other 

treatments.  Interestingly, there was no significant difference between log reductions of either E. 

coli or FCV from finger nails when tap water alone was compared to any of the handwashing 

methods using soap without a nail brush. 

Conversely, a number of studies concluded that the use of hand antiseptics reduced organisms 

on hands the same or better than washing alone. For example: 

• Brown et al. (2) evaluated reductions of microbial counts on uninoculated hands following washing 

with plain soap, antimicrobial soap or use of an alcohol-based hand antiseptic. Fingers were 

touched to agar plates before and after treatment, and qualitative assessment of the number of 
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bacteria present was determined. The alcohol-based hand antiseptic reduced the relative counts 

significantly more than the plain or antimicrobial soap treatments. 

• Schaffner and Schaffner (22) determined the effectiveness of an alcohol-based hand antiseptic on 

hands contaminated with a nonpathogenic surrogate for E. coli O157:H7, where the source of the 

contamination was frozen hamburger patties.  The effectiveness of the hand antiseptic was similar 

to that for handwashing and glove use previously reported. The person-to-person microbial 

reduction variability from hand antiseptic use is similar to published data for glove use and was less 

variable than published data on handwashing effectiveness. 

• Paulson (19) studied the reduction of Serratia marcescens for hand hygiene regimens including 

plain lotion soap, antimicrobial lotion soap, alcohol-based hand antiseptic, and combinations of 

these using the glove juice method. The alcohol treatment alone or in combination with 

handwashing, reduced the population almost 4 logs. The soap treatments alone provided a 2 – 3 

log reduction in Serratia counts and there was no statistically significant difference between 

antimicrobial and plain soap treatments, although the antimicrobial treatment was consistently 

higher. A combined treatment was recommended. 

• Michaels et al. (15) studied the impact of varying volumes of alcohol-based hand antiseptic on 

reducing inoculated transient microflora from previously washed hands, as well as the impact of the 

hand antiseptics on reducing levels of transient flora from under finger nails. Levels of hand 

antiseptic at 3mL or 6mL resulted in a significant reduction of transient flora over washing alone, 

while lower levels did not. Consistent with the results reported by Lin et al. (13), washing hands 

with a nail brush was required for significant reductions under fingernails. 

• Restaino and Wind (20) reviewed literature available at the time and reported that appropriate 

alcohol preparations were more effective in reducing microbial counts that handwashing alone. 

They also commented on the need to use products that are non-irritating to the skin. 

It is clear from the studies summarized that there is a large amount of variability between and 

within studies with behavioral aspects frequently compounding interpretations of data.  Montville and 

Schaffner (16) concluded that “The inherent variability in handwashing seen in the published literature 
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Few studies have attempted to assess the effect of hand antiseptics from a risk reduction 

perspective. Bidawid et al. (1) studied the transfer of feline calicivirus (FCV) from fingertips to a variety of 

surfaces. Finger pads were contaminated with FCV, allowed to dry, and then touched to various surfaces 

to evaluate the percent of transfer.  Results (see Figure 1) demonstrated that treating hands with water, 

soap and water, or alcohol significantly reduced the percentage transferred, with less than 1% transferred 

following handwashing or a water rinse, ca. 1-3% transferred after treatment with alcohol, and 13-48% 

transfer if no hand hygiene intervention was used.  While alcohol treatments were not as effective as 

soap and water or water alone, all of these hand hygiene interventions were significantly more effective 

than no hand hygiene treatment at all. 

  

REGULATORY REQUIREMENTS RELATED TO EFFICACY OF HAND HYGIENE PRODUCTS 

Approval process 

Hand antiseptics that meet specific criteria described in Section 2-301.16 of the 2009 Food Code 

may be applied “only to hands that are cleaned as specified under Section 2-301.12” in retail and 

foodservice establishments. Annex 3 – Section 2-301.16 of the 2009 Food Code explains that hand 

antiseptics are drug products that must comply with FDA Center for Drug Evaluation and Research 

(CDER) regulations, and provides more information on where approved products are listed as well as 

other requirements not related to the effectiveness of the products against foodborne pathogens.  

As drugs, hand antiseptics must be demonstrated to be safe and effective. This can be 

accomplished by one of two means: 

1. The hand antiseptic may be approval by FDA under a new drug application (NDA). Drugs 

approved through this route are listed in Approved Drug Products with Therapeutic Equivalence 

Evaluations, also known as the “Orange Book” (11).  

2. The hand antiseptic may have an active ingredient identified by FDA (9) in the Tentative Final 

Monograph (TFM) for Health-Care Antiseptic Drug Products for OTC Human Use in the 
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The TFM specifies the active ingredients that can be contained within handwash products, as well 

as labeling, product testing and other general requirements. The in vitro and in vivo testing provisions in 

the TFM are well detailed and list specific organisms that products can make claims against.  There is 

also a clinical study requirement depending on the final claim. The TFM antimicrobial spectrum tests 

determine the efficacy of products using Minimum Inhibitory Concentration (MIC) against 25 laboratory 

strains and 25 fresh clinical isolates included in a specific list of vegetative bacteria and the yeast 

Candida. Time kill tests are also required using “standard ATCC strains identified for the MIC tests.  The 

TFM also requires an in vivo handwash assay using Serratia as the test organism. There are currently no 

virus tests listed on the TFM and therefore antiviral hand hygiene claims are not available through the 

TFM, despite the fact that as noted above, norovirus is by far the pathogen reported most frequently in 

outbreaks where inappropriate application of hand hygiene regimens were noted. 

For hand antiseptics, the TFM classifies alcohol 60–95% and povidone iodine 5–10% as 

Category 1 – Generally Recognized as Safe and Effective. Many potential active ingredients for hand 

antiseptics including triclosan, triclocarban, benzalkonium chloride, benzethonium chloride and 

parachlorometaxylenol, are classified in Category III, requiring more data for final determination on safety 

and efficacy. Pending a Final Monograph, products based upon ingredients classified as Category III can 

be marketed provided they meet the performance testing requirements of the TFM.  Premarket approval 

through the New Drug Application (NDA) process is required for products that contain active ingredients 

not listed in the TFM. 

FDA guidance on hand antiseptics 

While the CDC recommends alcohol-based hand gels as a suitable alternative to handwashing 

for health care personnel “if hands are not visibly soiled” (4), FDA (10) clarified that this recommendation 

is not applicable to food establishments. This exclusion is based on the differences in controlling common 

nosocomial pathogens in health care settings and common foodborne pathogens in retail and foodservice 

settings. FDA (10) also highlights that the pathogens most commonly transmitted by hands in health care 
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settings differ from those in retail and food service settings, and the types and levels of soil on the hands 

of health care workers differ from foodservice/retail workers. The FDA (10) factsheet concluded: 

“Proper handwashing, as described in the Food Code continues to serve as a vital and necessary 

public health practice in retail and food service. Using alcohol gel in place of handwashing in retail 

and food service does not adequately reduce important foodborne pathogens on foodworkers' 

hands. Concern about the practice of using alcohol-based hand gels in place of handwashing 

with soap and water in a retail or food service setting can be summarized into the following 

points: 

• “Alcohols have very poor activity against bacterial spores, protozoan oocysts, and certain 

nonenveloped (nonlipophilic) viruses; and  

• “Ingredients used in alcohol-based hand gels for retail or food service must be approved food 

additives, and approved under the FDA monograph or as a New Drug Application (NDA); and  

• “Retail food and food service work involves high potential for wet hands and hands 

contaminated with proteinaceous material. Scientific research questions the efficacy of alcohol 

on moist hands and hands contaminated with proteinaceous material.” 

It is important to note that even in health care settings, alcohol-based hand gels are to be used as 

an alternative to handwashing “only if hands are not visibly soiled” according to CDC (4).  

State and local jurisdictions 

At least one regulatory jurisdiction allows the use of alternatives to Food Code compliant 

handwashing in certain settings where water is limited (17). It is important to understand the specific 

situations where such alternatives are allowed. Research on the impact of adoption of alternative 

procedures on hand hygiene compliance and potentially case control studies to investigate public health 

outcomes of such programs would be useful to further inform the discussion on alternatives to 

handwashing. 

Regulatory status summary 

Hand care products with antimicrobial claims are considered to be drugs, thus approval and 

registration are under the regulatory jurisdiction of FDA’s Center for Drug Evaluation and Research. 

Antiviral hand hygiene claims are not available through the Tentative Final Monograph and to date no US 
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antimicrobial hand care product with virucidal claims for food handler application has been approved 

through the New Drug Application (NDA) process. As a drug, antimicrobial hand care products should be 

used following label instructions. FDA’s Center for Food Safety and Applied Nutrition provides guidance 

through the Food Code on when and where hand hygiene practices should be applied. 

 

COMPLIANCE ISSUES AND BEHAVIORAL ASPECTS OF HAND HYGIENE 

As previously discussed, many factors such as time, temperature, friction, product volume, 

product type, etc., influence the effectiveness of hand hygiene regimes. At the same time, motivating food 

workers to apply proper hand hygiene procedures at the right time is an important food safety need. Thus, 

procedures are important for effective hand hygiene. Operators make their final choice of protocols based 

on the requirements in the Food Code guidance and their risks, based on their customer mix, menu, 

facilities and system control. There is no one-size-fits-all protocol for the wide range of food service and 

retail establishment practices that exist. Procedures should be selected to assure their minimum 

cleanliness levels are maintained. 

The Committee identified barriers to proper handwashing behaviors by discussing the question “If 

hand hygiene (hand antiseptic) was allowed in place of handwashing, would there be a significant 

increase in desired behaviors, either for use: 1) in place of handwashing or 2) in addition to 

handwashing?” 

For this exercise, the Committee considered only behaviors and not necessarily effectiveness. 

The Committee discussed which factors encourage or discourage desired handwashing behaviors for 

both traditional soap and water wash, and use of approved hand antiseptic. Information reported in 

Tables 4-6 is based on expertise of the Behavior Sub-committee of the CFP Hand Hygiene Committee, 

with review by the full committee. No quantitative or qualitative data were reviewed during the Sub-

committee’s discussion.  

Factors that may either encourage or discourage how handwashing or hand antiseptic behaviors 

performed are listed in Table 4. Many of the barriers apply equally to how hand hygiene is performed for 

either handwashing or hand antiseptic use. Perceived speed of application for use of single step hand 

antiseptic applications may remove a potential barrier that exists for handwashing. Hand antiseptics may 
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also remove barriers associated with proximity to the supplies need to perform the task. While the issue of 

training applies equally to both types of hand hygiene, it was noted that much emphasis has been placed 

on the proper handwashing technique. This may vary for different hand antiseptic applications and may 

be less obvious (e.g., single application versus two-step process; need to fully cover fingers, finger tips 

and nail area). 

Factors that may either encourage or discourage when desired handwashing or hand antiseptic 

behaviors are appropriate are listed in Table 5. Again, many potential barriers apply equally to both hand 

hygiene regimens. The perceived need is an area where differences exist. Some workers wash their 

hands when they are heavily soiled from a self-protection standpoint. Conversely, single step hand 

antiseptics are typically designed to be used on visibly clean hands; therefore the visual cue of hands 

looking dirty does not apply. The sub-committee thought that there were opportunities to reduce 

confusion on when to wash hands or use hand antiseptics, for example when used with gloves (see the 

section on when alternatives may be appropriate). 

Factors that may either encourage or discourage regarding why to perform hand hygiene are 

listed in Table 6. Communication of the reasons why hand hygiene should be performed is very important 

for employee acceptance and increases the likelihood that proper hand hygiene will be performed. Most 

of the factors that can encourage hand hygiene behaviors apply equally to both washing and antiseptic 

use. However, explaining why there are different considerations for when hand antiseptics are 

appropriate, may cause confusion and thus create a barrier to compliance. This type of communication 

must be planned carefully. 

 

PUBLIC HEALTH BENEFIT OF IMPROVED HAND HYGIENE COMPLIANCE 

Several studies have evaluated the use of alcohol-based hand sanitizers in reducing infection 

rates in a variety of settings, including schools, day care settings, hospitals and long term care facilities. 

Two examples described below to illustrate the type of information that can be gained. 

• Hilburn et al. (12) studied use of alcohol-based hand sanitizers in acute care facilities and reported 

a 36.1% decrease in infection rates when alcohol-based products were used. Key factors cited to 

contribute to this improvement included enhanced effectiveness against causative agents and 
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increased hand care compliance because products were easy to use and gentle to the skin, which 

removes a barrier for hand hygiene application. The CFP Hand Hygiene Committee notes that 

these results may not be immediately transferable to food handling settings because the agents, 

and likely the hand sanitizer products, differ. However, research on compliance in foodservice 

settings may be beneficial to determine if a similar improvement is noted. 

• Sandora et al. (21) studied use of alcohol-based hand sanitizer coupled with hand hygiene 

education with children enrolled in 26 child care centers. They monitored transfer of secondary 

illness to people in the home. The CFP Hand Hygiene Committee recognizes that the primary 

mode of transmission in this study is person-to-person and that the pathogens involved may not 

necessarily be foodborne pathogens. However, the secondary illnesses were significantly lower for 

families with alcohol-based hand sanitizers in the home compared to control families. 

While the Hilburn et al. (12) “clinical end point” data demonstrate a benefit from hand sanitizers in 

clinical settings, the study was confounded with many other factors such as training, other interventions 

and increased handwashing. Therefore it is difficult to determine the effect of the hand sanitizers alone. 

Respiratory illness and gastroenteritis are seasonal events that occur with some frequency in institutional 

type settings. Foodborne illness outbreaks are less frequent thus conducting these types of studies 

specifically for food handing considerations will be problematic. 

Settings where alternatives to handwashing may be appropriate 

The Committee considered the information above and practical aspects of preparing, holding and 

serving food in its consideration of identifying settings where alternatives to handwashing are appropriate. 

From a practical and behavioral matter, the Committee thought it useful to clarify situations when and 

where alternatives to handwashing, such as hand antiseptics are not the best option. These include: 

• Anywhere there is a properly functioning hand sink 

• After toilet use 

• At the start of a shift 

• After lunch break 

• Between handling raw and RTE foods 

• After sneezing into hands 
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• If person has cuts, skin infections 

• When hands look or feel soiled 

The Committee also recognized that there are situations where alternatives to handwashing may 

be appropriate as a risk reduction strategy. For example, when hands are not visibly soiled hand 

antiseptics may potentially be an option:  

• Between glove use  

• After touching hair 

• After coughing / sneezing / drinking  

• In areas where there is environmentally no water 

• In water outages / boil water situations 

• During temporary events  

• In farm stands 

• For mobile vendors  

The Committee recognized that there are water-short situations where the specific dual step hand 

cleanser-sanitizer protocol (8) may be a potential alternative to water/soap handwashing as a risk 

reduction strategy. Some may question if providing an alternative may drive operators to use hand-

antiseptics in place of traditional handwashing. The product costs of alcohol washing versus water 

washing will strongly favor traditional handwashing where running potable water is conveniently available. 

The committee was unable to make specific recommendations. However, given time and integration of 

scientific and behavioral considerations, specific recommendations may be possible using a risk 

management approach. 

 

RESEARCH NEEDS 

Much of the research conducted on hand hygiene is done in areas other than food-related 

settings. There is a need for such studies to be conducted to inform decision making. Potential questions 

that could be addressed through research include: 

• If hand antiseptic use was allowed in lieu of soap and water handwashing, would there be a 

significant increase in desired behaviors and would this reduce foodborne illness?  
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• Does providing options (soap and water vs. alternative hand hygiene methods) in foodservice or 

retail settings increase real-world compliance? If so, what is the public health benefit? 

• Can studies on hand hygiene behaviors in hospitals be extrapolated to foodservice environments? 

• What handwashing / hand hygiene options increase frequency of use?   

• Why are food handlers not washing their hands? 

• What is the range of temperatures that are considered to be comfortable for handwashing?  

• Can new risk assessment and risk management models be applied to hand hygiene in food services 

settings to quantify the changes in risk when different interventions are applied? 

• Can case-control epidemiological studies be conducted to study hand hygiene related foodborne 

illness outbreaks comparing regulatory jurisdictions allow the use of alternatives to handwashing, to 

those that do not? 

• What is the clinical endpoint effect of various hand hygiene practices in a food setting? 

Data supported answers to the above questions would help inform decision making on proposing 

alternatives to handwashing in certain situations to protect public health. 
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Table 1 CDC* listing of infectious and communicable diseases transmitted through handling the food 

supply 

599 

600 

Category Agent 
Modes of 
transmission 

Symptoms that indicate 
infection that could be 
transmitted to others 
through food 

Pathogens often 

transmitted by food 

contaminated by 

infected persons 

who handle food  

Viruses 

- Norovirus 

- Hepatitis A virus 

- Sapovirus 

Bacteria 

- Salmonella Typhi 

- Shigella species 

- Staphylococcus aureus 

- Streptococcus pyogenes 

• Failure of food 

handlers to:  

- wash hands, 

- wear clean 

gloves, or 

- use clean 

utensils 

• Also transmitted 

person to person 

• Diarrhea 

• Vomiting 

• Open skin sores, boils 

• Fever 

• Dark urine 

• Jaundice 

Pathogens 

occasionally 

transmitted by food 

contaminated by 

infected persons 

who handle food, 

but usually 

transmitted by 

contamination at 

the source or in 

food processing or 

by non-foodborne 

routes 

Bacteria 

- Campylobacter jejuni 

- Enterohemorrhagic E. coli 

- Enterotoxigenic E. coli 

- Non-typhoidal Salmonella 

- Vibrio cholera 

- Yersinia enterocolitica  

Parasites 

- Cryptosporidium species 

- Entamoeba histolytica 

- Giardia intestinalis 

- Taenia solium 

• Usually 

intrinsically 

contaminated or 

cross-

contaminated 

during processing 

or preparation 

• Occasionally 

transmitted by 

infected food 

handler with 

acute diarrhea 

• Bacterial 

pathogens often 

require 

multiplication in 

the food before 

they will cause 

disease 

• Acute diarrheal illness 

601 *Adapted from: CDC (5)
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Table 2 Hand contact contributing factors reported for foodborne illness outbreaks 1998-2002 in the 

United States* 

602 

603 

Bare-hand 

contact 

Gloved-hand 

contact 

Infected person 

or carrier 

Etiology 

n (% of 

confirmed) 

n (% of 

confirmed) 

n (% of 

confirmed) 

Non-typhoidal Salmonella 37 (15) 4 (7) 64 (18)

Staphylococcus aureus 17 (7) 5 (9) 30 (9)

Shigella 12 (5) 3 (5) 16 (5)

Escherichia coli 12 (5) 1 (2) 6 (2)

Clostridium perfringens 8 (3) 2 (4) 2 (1)

Campylobacter 5 (2) 2 (4) 1 (<1)

Vibrio parahaemolyticus 2 (1) 1 (2) 1 (<1)

Bacillus cereus 1 (<1) 1 (2) 1 (<1)

Streptococcus 0 (0) 0 (0) 1 (<1)

Bacterial 

Total Bacterial 94 (40) 19 (35) 122 (35)

Norovirus 129 (54) 30 (55) 202 (58)

Hepatitis A 13 (5) 4 (7) 16 (5)

Viral  

Total Viral  142 (59) 34 (62) 218 (62)

Parasitic Giardia intestinalis 1 (<1) 0 (0) 2 (1)

Multiple etiologies 2 (1) 1 (2) 7 (2)

Total confirmed etiology 239 - 55 - 349 -

Unknown etiology 526 - 132 - 251 -

*Adapted from: CDC (4) 

604  
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Table 3 Advantages and disadvantages of in vivo and in vitro tests to demonstrate efficacy of hand 

hygiene solutions. 

605 

606 

Test method Advantages Disadvantages 

In vivo  

(uses human 

subjects) 

• Closer to clinical endpoints 

• May demonstrate impact of full hand 

hygiene procedure (i.e., rinsing, 

friction, duration) 

• Significant person-to-person variation 

• Expensive and difficult to conduct 

• Concerns with human exposure to 

certain pathogens 

In vitro  

(does not use 

human subjects) 

• Typically less variable than in vivo 

methods 

• Can study more organisms in a 

controlled manner 

• Less expensive 

• Further removed from clinical 

endpoints 

607  
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Table 4 What encourages / discourages desired behaviors regarding how to perform hand hygiene?  608 

609 (Note: effectiveness of the application is not considered in this comparison) 

Potential barriers Handwashing Hand antiseptic or alternative 
Water temperature Too hot or cold discourages 

Just right encourages 
Not applicable 

Type of product (Like or 
dislike scent, feel etc.) 

How well does it lather?  
Does it cause dry hands or maintain 
skin health?  
Does it sting? 

Does it make hands sticky? 
Does it cause dry skin or maintain 
skin health? 
Does it sting? 

Towel vs. hand dryer Slow drier discourages 
Empty or malfunctioning towel 
dispensing discourages 

Drier not applicable. 
Towel may be needed (wipes or 
two-step procedure), thus 
availability or malfunctioning 
situations are similar. 

Urgency / pressure / 
motivation 

Must go to sink to perform Can be applied “on the go” for a 
one step process 

Proximity of product and 
equipment, ease of 
reaching 

Need sink (plumbing), soap, drying 
equipment 

Portable or easy installation in 
multiple locations.  
Potentially closer to work station. 

Training (need to know 
how, when and why) 

Applies equally. Potentially more 
material available on procedure. 

Applies equally 

Supplies available and 
working 

Applies equally Applies equally 

Laziness Applies equally Applies equally 
Ease – automated vs. 
manual. Method of 
dispensing 

Automatic options may encourage 
or discourage. Must be functioning 

Automated dispensing quicker 
when functioning. Must be 
functioning. 

Time Takes too long (perception) Fewer steps for single application  
Double handwashing Takes too long Applicable to two-step process 
Policy – management 
commitment and 
enforcement 

Applies equally Applies equally 

Job aids – detailed 
instructions 

Applies equally Applies equally 

Hand hygiene signs Applies equally Applies equally 
Behavior modeled by co-
workers and 
management 

Can motivate or de-motivate Can motivate or de-motivate 

Requirement for 
employment 

Applies to both Applies to both 

Existence of regulations Encourages policy, not employees Currently hinders adoption 
Visible / type of soil Adjust to soil type Appropriate for visibly clean hands 

only.  
May be unpleasant on heavily 
soiled hands 

Pleasant experience Applies equally Applies equally 
610  
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Table 5 What encourages / discourages desired behaviors regarding when to perform hand hygiene? 611 

612 (Note: effectiveness of the application is not considered in this comparison) 

Potential barriers Handwashing Hand antiseptic or alternative 
Perceived need Wash when hands look or feel 

dirty. 
Workers wash to protect 
themselves (e.g., after clearing 
a messy table) 

Perceived need for single step may 
change because this should be 
done on clean hands. 
Likely the same for a two step 
process 

Touch points / requirements 
(too many) 

Applies equally Applies equally 

Policy– management 
commitment and enforcement 

Applies equally Applies equally 

Training – urgency Applies equally Applies equally 
Focus on the why Applies equally Applies equally 
Clarifying specifics in Food 
Code / misinterpretations 

Potentially reduce confusion on 
requirements 

Potentially reduce confusion on 
requirements and interpretation of 
regulations 

In concert with glove use / 
confusion with glove use 

Potentially reduce confusion on 
requirements 

Potentially reduce confusion on 
requirements 

Clarifying examples Potentially reduce confusion on 
requirements 

Potentially reduce confusion on 
requirements 

Motivation Applies equally Applies equally 
Proximity / ease Need sink (plumbing), soap, 

drying equipment 
Portable or easy installation in 
multiple locations. Potentially closer 
to work. 

When need to wash – 
settings / relevance 

When they look or feel dirty Apply to visibly clean hands 

Requirement to stay 
employed 

Applies equally Applies equally 

Visibility of kitchen Depends on customers – are 
they more interested in the food 
techniques or hygiene? 

Less time away from food prep 

Pleasant experience (some 
products make hands feel 
and / or smell good) 

Applies equally Applies equally 

Hand antiseptic is a second 
barrier 

May be tempted to skip 
washing 

May do it more often if it is quicker 

613  
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Table 6 What encourages / discourages desired behaviors regarding why to perform hand hygiene? 614 

615 (Note: effectiveness of the application is not considered in this comparison) 

Potential barriers Handwashing Hand antiseptic or alternative 

Buy-in / encouragement Handwashing is a 

recognized foundation for 

food safety and healthy 

living. 

Explaining the differences of when 

handwashing is appropriate versus when 

alternatives are appropriate may complicate 

the message and confuse the “Why” 

Expected practice / culture 

of hand hygiene 

Applies equally Applies equally 

Not a lot of training tools; 

print training vs. activity 

based 

Applies equally Applies equally 

Trainer effectiveness Applies equally Applies equally 

Oral vs. written Applies equally Applies equally 

Proximity Getting staff to the sink Getting to the product 

Lack of motivation Applies equally Applies equally 

Expectation of customers Visibility of kitchen Visibility of kitchen 

Pleasant experience Applies equally Applies equally 

Location / availability of 

supplies  

Applies equally Applies equally, but may be easier to have 

sanitizer available in some locations 

Equipment working 

correctly 

Applies equally Applies equally 

616  
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617 

618 

Figure 1 Feline calicivirus transfer from inoculated finger pads to ham, lettuce and stainless steel 

surfaces after treatment with various hand hygiene regimens. Adapted from Bidawid et al. (1) 
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COMMITTEE NAME:  2012-2014 Hand Hygiene Committee (HHC) 
 
 
COUNCIL or EXECUTIVE BOARD ASSIGNMENT:  Council III 
 
 
DATE OF REPORT:  December 06, 2013  Revised 2/17/2014 
 
 
SUBMITTED BY:  Co-Chairs Angela Sanchez (Industry) and Michéle Samarya-Timm 
(Regulatory) 
 
 
COMMITTEE CHARGE(s):   
 
Issue 2012 Council III-006 
 
This committee is charged to:   
 
Charge 1:  Re-creation of the Hand Hygiene Committee to:  

• More closely examine the current Food Code requirements for when 
employees are required to wash their hands using soap and running water.  

 
• If credible research suggests that one or more of the situations under which 

food employees are currently required to wash their hands does not result in 
meaningful risk reduction, work with FDA to explore whether those mandates 
could be modified, either in the Code itself or by recognizing when it is 
appropriate to waive the requirement (e.g., other approaches to hand 
hygiene are available and practiced).  
 

• Determine if/when double gloving procedures would be acceptable without 
hand washing. If so, what would those acceptable procedures be?  
 

• Determine what glove criteria or standards would need to be met for a glove 
to be considered a utensil and not require hand washing.  

 

Charge 2:  The re-created committee uses the report of the 2010-2012 Committee as 
a reference, illustrating the interactions of scientific, regulatory and 
behavioral considerations related to alternative hand hygiene regimes 
compared to handwashing. The committee should characterize what recent 
research tells us about:  

• the extent to which the current minimum requirements for how and when 
employees are to wash their hands are effective in rendering food employees 
hands free of various soils, as well as, any pathogens of concern;  
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• what other regimens for cleansing employees hands, if any, may deliver 

outcomes that are similar to or better than handwashing so as to suggest 
that they could be included as acceptable methods for rendering hands free 
of soil and pathogens.  

 
Charge 3: The committee report back its findings to the 2014 Biennial Meeting. 
 
COMMITTEE ACTIVITIES AND RECOMMENDATIONS:   
 

1. Progress on Overall Committee Activities: 
 

a) The Hand Hygiene Committee (HHC) was charged with some significant issues 
to be completed by the 2014 CFP Biennial Meeting.  In recognition of this, the 
committee discussed if it would be advantageous to create sub-groups for the 
charges.  After consideration, the committee acknowledged the value of diverse 
perspectives in working towards all the deliverables, and decided to best utilize 
the cross-discipline expertise of the members by discussing and addressing all 
charges as a group, therefore no sub-groups were created.   
 
Monthly committee calls were held on the 3rd Tuesday of every month at 

 4:00pm ET.  Call dates: September 10, 2012; October 16, 2012; November 20, 
 2012; January 15, 2013; February 19, 2013; March 19, 2013; April 16, 2013; 
 May 21, 2013. 
 

By May 2013, the committee doubled the frequency and duration of calls 
(moved to 2x/month, 1 ½ hours/call) to delve deeper into discussions towards 
anticipated deliverables.  The remaining call dates were:  August 06, 2013; 
August 20, 2013; September 03, 2013; October 01, 2013; October 15, 2013; 
October 29, 2013; and November 19, 2013.   

 
All calls were recorded through Pragmatic, and the recording information 
provided to the entire committee.  Minutes and recordings from this committee 
were also shared with the CFP Emergency Action Plan for Retail Food 
Establishments Committee (EAP), at their request. 

 
 
 i. Charge 1:  Charge:  More closely examine the current Food Code  
  requirements for when employees are required to wash their   
  hands using soap and running water.  

 
    

  Charge 1. Findings: 
 

 (a) In order to assist in examining the current Food Code requirements 
  on employee handwashing, the HHC created a chart “Hand  
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  Contamination Event Hazard Chart” attached to Issue # 1   
  Report – Hand Hygiene Committee (HHC). 

 The HHC considered several charts to determine which would be 
 most useful in documenting aspects of the committee charge, finally 
 settling on a hand contamination event hazard analysis rubric chart.  
 The chart was designed to allow discussion on areas where 
 handwashing would reduce a food safety related risk and skip over 
 situations where handwashing might not make a significant 
 difference.    
 
  1. Outcome:  The committee consensus is that any  

  instance where the hazard (pathogenic, biological,  
  chemical or physical) is not significant to cause illness or 
  harm, it could be extrapolated that handwashing would 
  not significantly reduce the food safety hazard. The     
  Hand Contamination Event Hazard Chart may be a  
  useful resource since it mirrors the process of   
  determining priority risk designations.  The   
  committee noted that the Hand Contamination Event 
  Hazard Chart is based on the opinion of subject 

   matter experts, and should be used in addition to, not 
  as a replacement for, peer reviewed scientific study.        

 
 (b)  “When to Wash” hierarchy  

 Based on the Hand Contamination Event Hazard Chart, the 
 committee  contemplated recommending that the “When to Wash” 
 section of the Food Code be rearranged according to a hierarchy of 
 relative risk. After careful consideration, consensus indicated a 
 hierarchy of handwashing moments is not necessary, as order does 
 not matter from a regulatory perspective.    
 

 (c) Risk from touching face / hair 
 Based on the Hand Contamination Event Hazard Chart, the 
 committee  reached consensus that touching face and/or hair is not 
 a significant food  safety hazard.  Although Staphylococcus aureus 
 (S. aureus) could be transferred to food after touching face or 
 hair, PHF/TCS food would need to be subsequently temperature 
 abused and the toxin produced in order to be a potential cause of 
 the disease.   
 
 The HHC could not reach consensus to recommend that touching 
 face/hair be removed from the “when to wash” list in the Food Code.  
 However, the committee expressed the value of recommending 
 further research that substantiates touching these areas poses 
 minimal risk to food.   
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 (d) Definitions:  Defining handwashing, hand sanitizing and hand  
  cleansing. A committee member proposed a need for definitions of 
  handwashing, hand sanitizing and hand cleansing. The HHC  
  consensus is that the definitions are inclusive in the text of the  
  Food Code: Section 2-301.12 Cleaning Procedure; and Section 2-
  301.16 Hand Antiseptics. Further, the HHC felt that time   
  constraints and CFP deliverables prevented further discussion.      
 
  1. Defining contamination:  A committee member proposed that  
  the term “contamination”, as used in the Food Code needs to be 
             defined, as it is difficult to assess reduction if there is not a set 
           threshold.  Here, too, the HHC felt that time constraints prevented 

                          further discussion.    
     
   2. Foodservice Glove  

  Before engaging in discussions of if/when double gloving procedures 
  would be acceptable without soap and water handwashing, the HHC
  defining what constitutes a foodservice glove, and recommends that 
  modified language to the 2013 FDA Food Code requesting that the 
  following definition be included in Paragraph 1-201.10 (B) of the  
  2013 FDA Food Code in underline format as follows:  Foodservice 
  Glove – a non-porous, SINGLE-USE covering worn over the front 
  and back of the hand during FOOD preparation or service, with the 
  intention of preventing cross-contamination.  (See attached Issue # 
  HHC 2–recommended Foodservice Glove Language Changes to the 
  Food Code.) 
 

          3. Double Gloving 
  In exploring the practice of double-gloving, committee members  
  identified that a double gloving or similar procedure is   
  approved in Washington State, however this committee did not  
  obtain or review the written protocols or rationale.  Based on  
  observed practices in the field and considering the prevention of  
  cross contamination, the HHC discerned best practices for double-
  gloving and developed a double-glove      
  procedure/definition to be included in the Food Code as new  
  language, (See Issue # HHC 2–Recommended Foodservice  
  Glove Language Changes to the Food Code.): 
 
   a. The use of a loose-fit FOODSERVICE GLOVE – used over or 
   in addition to a FOODSERVICE GLOVE for the purposes of  
   allowing a FOOD EMPLOYEE to switch tasks without a  
   necessary FOODSERVICE GLOVE change or handwashing. The 
   loose-fit FOODSERVICE GLOVE must be capable of being  
   removed or disposed of without contamination to the primary 
   FOODSERVICE GLOVE, hands or forearms.  In developing a 
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   procedure for double-gloving, the HHC found the Food Code 
   language of “changing tasks” too vague and feels it may need 
   to be clarified to drive home the intent that the change in task 
   leads to a contamination event and to establish the extent of 
   cross contamination potential between raw and RTE foods  
   being handled. The HHC recognizes there may be situations 
   where a double-glove procedure would not be appropriate.   
 
 (e) The HHC recognizes that single use utensils such as gloves used by 
  food establishments must meet certain materials requirements (no 
  migration of deleterious substances, etc.), and that gloves used  
  should not impart any unapproved additives to the food.   
 
 (f) Recommended clarification:  (1) wash hands when switching from 
  raw to RTE foods, (2) remove term “soiled equipment” in lieu of  
  “contaminated equipment.”   
 
 (g) In November 2013, FDA announced 2013 Food Code Edition, which 
  addresses handwashing.  Paragraph 2-301.14(H) of the 2013 Food 
  Code was amended to clarify that the requirement to wash hands 
  before donning gloves is specific to the beginning of a task involving 
  food handling and not during the task.    
 
 (h) Determine what glove criteria or standards would need to be met for 
  a glove to be considered a utensil and not require hand washing.  In 
  reviewing the Food Code, the HHC discerned that the current FDA 
  Food Code does consider a glove as a utensil.  Applicability and  
  Terms Defined Section, 1-201.10: 
  "Utensil" means a FOOD-CONTACT implement or container used in 
  the storage, preparation, transportation, dispensing, sale, or service 
  of FOOD, such as KITCHENWARE or TABLEWARE that is multiuse, 
  SINGLE-SERVICE, or SINGLE-USE; gloves used in contact with  
  FOOD; temperature sensing probes of FOOD TEMPERATURE  
  MEASURING DEVICES; and probe-type price or identification tags 
  used in contact with FOOD. 

 
 ii. Charge 2:   
 
 (a) Charge:  Use the report of the 2010-2012 Committee as a   
   reference, alternative hand hygiene regimes compared to   
   handwashing. The committee should characterize what recent  
   research tells us about:  
 
   1.  the extent to which the current minimum requirements for  
    how and when employees are to wash their hands are  
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    effective in rendering food employees hands free of various 
    soils, as well as, any pathogens of concern; and  
 
   2. what other regimens for cleansing employees hands, if any, 
    may deliver outcomes that are similar to or better than hand 
    washing so as to suggest that they could be included as  
    acceptable methods for rendering hands free of soil and  
    pathogens.  

 
  (b)  Charge 2 Findings: 

   
   1. Existing Studies 

   Assessing the effectiveness of current handwashing   
   requirements necessitates a scientific approach. The HHC  
   agreed that literature reviews were necessary to appropriately 
   evaluate this aspect of the charge.  All HHC members were 
   regularly requested to provide any related science literature to 
   the committee for consideration.  No new studies were  
   identified that address situations under which food employees 
   are currently required to wash their hands does not result in 
   meaningful risk reduction/extent to which proposed regimen 
   was as effective or better as handwashing.     
 

   2. Alternatives to Soap and Water Handwashing 
   The HHC reviewed the charge of considering other regimens 
   for cleansing employee hands, but it was noted that this topic 
   could not be appropriately discussed before establishing a  
   complete list of possible alternatives.     

 To address this, the HHC used content from the 2010-2012 
  HHC Final Report as a baseline, and identified the following list 
  of alternatives: 

 
  1) No handwash  (i.e., do nothing) 
  2) Gloves alone (with no handwashing interventions) 
  3) Soap and water handwash (all variations, including with 
   or without nailbrush, various timing, etc.) 
  4) Soap and water handwash followed by hand antiseptic 
  5) Hand antiseptic alone (gels, dips, wipes, sprays) 
  6) Double application of hand antiseptic 
  7) Stricter personal hygiene standards in lieu of more  
   frequent handwashing  
  8) Handwashing machines 
 

iii. Questions to consider when evaluating studies of alternative approaches: 
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  The HHC sought scientific literature on alternative approaches to soap and water 
 handwashing, but found there was limited literature available.  Before 
 evaluating available studies, there was some question of how to assess 
 credibility of literature.  Accordingly, the  HHC created a document titled 
 “Questions to Consider When Evaluating Studies of Alternative Handwashing 
 Approaches.”  (See attached to report).       

 
iv. Dual Cleanse Sanitize Protocol 
  The HHC looked at one of the alternative approaches – the Dual Cleanse 

 Sanitize Protocol.  In evaluating this approach, the committee reviewed the sole 
 study identified by the HHC -- Edmonds, 2010 – Journal of Food Protection 
 Volume 73, Number 12, December 2010, pp 2296-2300 (5).  The HHC 
 considered, “What information (if any) is lacking for this committee to 
 recommend a dual step hand sanitizer process in lieu of soap and water 
 handwashing?” Applying the HHC’s list of “Questions to Consider When 
 Evaluating Studies of Alternative Handwashing Approaches” the committee 
 found the Dual Cleanse Sanitize Protocol needs further studies, as the following 
 information was considered missing or incomplete: 

 
 Methodology questions on submitted study 

□ What were the objectives, control measures, outcomes, etc. of the 
referenced study?   

□ What are the limitations of the study referenced (For example, can the 
results be broadly applied to all sanitizers or are there limitations? 
Have studies also tested other formulations or brands?) 

□ What “dose” of sanitizer is necessary for step 1 and step 2?   
□ What is the efficacy of the dual step method vs. a single step method?   
□ Has this process been studied with additional foodborne pathogens and 

the ability to reduce these pathogens on hands? 
□ Has this process been evaluated against Norovirus vs. regular hand 

washing procedures?  Is there a clinical study?  Virucidal claims are 
subject to NDA (New Drug Application), as FDA does not accept the 
claim for virucidal activity without a population clinical study to 
determine that it makes a difference in the numbers of sickened 
people. 
 

Behavioral questions on submitted study  
□ Has this process been researched for ease / frequency of use (e.g., will 

employees use the method?), and undesirable side effects (e.g., 
rashes/dry, cracked skin) 

□ Are there any behavioral studies to ascertain if this process is 
appropriately and consistently used by foodservice personnel in the 
field?  Are there any differences in compliance rates in a variety of 
settings (major food company vs. “mom and pop”)? 
 

Other questions on the submitted study 
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□ Who funded the referenced study?   
□ Has this study been replicated by academia or additional independent 

third parties without a fiscal or commercial interest?   
□ Has this study been replicated in actual foodservice settings?   
□ Are there any legal issues surrounding acceptance of the 

study/terminology that would affect acceptance by CFP (e.g., 
copyright, trademark, etc.)?    

□ What was the discernment process / criteria used by any agencies that 
have accepted this process?     

□ Is there sufficient scientific evidence to support a recommendation to 
the Food Code?  

 
Discussions identified other concerns.  The Dual Cleanse Sanitize Protocol 
proposes using a hand antiseptic as a hand cleanser.  FDA Center for Drug 
Evaluation and Research (CDER) regulates over-the-counter and prescription 
drugs, including hand antiseptics.  There is no known CDER approval for this 
use of a hand antiseptic.  Further guidance or statements from CDER 
regarding this issue may be helpful.  However, the scope of recommending a 
process using a product not approved by CDER for that purpose may be 
beyond the HHC.       
 
On the basis of the listed information gaps, numerous unanswered questions, 
and need for further studies, the committee consensus is to not recommend 
this protocol.   
 

2. Recommendations for Consideration by Council:  
 

a) RESEARCH NEEDS  
 

   
The 2010-2012 HHC identified that further research is needed to see if the 
use of an alternative handwashing regimen actually leads to meaningful 
risk reduction.  The 2012-2014 HHC agrees with this assessment.   FDA is 
in the process of pursuing the development of a standard method that 
allows for evaluating or comparing the effectiveness of hand hygiene 
procedures for soil removal in the retail food setting.      
 
 
However, much of the research conducted on hand hygiene is done in 
areas other than food-related settings. There is a need for such studies to 
be conducted to inform decision making. Potential questions that could be 
addressed through research include:  

 
   1. If hand antiseptic use were allowed in lieu of soap and water 
    handwashing, would there be a significant increase in desired 
    behaviors?  
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   2. Does providing options (soap and water vs. alternative hand 
    compliance? If so, what is the public health benefit?  

 
   3. Can studies on hand hygiene behaviors in hospitals be   

 
   4. What handwashing / hand hygiene options increase frequency 
    of use?  

 
   5. Why are food handlers not washing their hands?  

 
   6. What is the range of temperatures that are considered to be 
    comfortable for handwashing?  

 
   7. Can new risk assessment and risk management models be  
    applied to hand hygiene in food services settings to quantify 
    the changes in risk when different interventions are applied?  

 
   8. Can case-control epidemiological studies be conducted to  
    study hand  hygiene related foodborne illness outbreaks  
    comparing regulatory jurisdictions allow the use of alternatives 
    to handwashing, to those that do not?  

 
   9. What is the clinical endpoint effect of various hand hygiene 
    practices in a food setting?  

 
   10. Does touching face/hair pose minimal risk to food?  

 
   11. Data supported answers to the above questions would help 
    inform decision making on proposing alternatives to   
    handwashing in certain  situations to protect public health.  
 
 

 c). The Committee has formally requested the CFP Executive Board approve   
             submission of the document, “Scientific, Regulatory and Behavioral  
  Considerations of Hand Hygiene Regimes” to a peer reviewed journal for 
  publication, with the 2010-2012 Hand Hygiene Committee listed as a co-
  author.  After the document “Scientific, Regulatory and Behavioral  
  Considerations of Hand Hygiene Regimes” is published, the Committee 
  requests that it be POSTED on the CFP website as an educational  
             tool that illustrates the interaction of scientific, regulatory and   
  behavioral considerations related to alternative hand hygiene regimes  
  compared to handwashing with respect to foodborne pathogens including 
  viruses.  The Committee requests this document be posted in PDF format. 
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 d).  recommend that a letter be sent to the FDA requesting the following  
  definition be included in Paragraph 1-201.10 (B) of the 2013 FDA Food 
  Code in underline format as follows:  Foodservice Glove – a non-porous, 
  SINGLE-USE covering worn over the front and back of the hand during 
  FOOD preparation or service, with the intention of preventing cross- 
  contamination. 
 

e). Add provision and public health rationale for double-glove procedure to 
 the 2013 FDA Food Code  
 
f). Amend Section 2-301.14(G) of the 2013 FDA Food Code to allow for a 
 handwashing exception during the double gloving procedure.   

 
 g). Recommend modifying language for clarification of the Food Code of  
  “changing tasks” as written in Paragraph 2-301.14 (F) of the Food Code to 
  (1) wash hands when switching from raw to RTE foods, and (2) remove 
  term in Paragraph 2-301.14 (E) of the 2013 Food Code, “soiled   
  equipment” to “contaminated equipment”. 

 
 
References: 
CDC Contributing factors:  http://www.cdc.gov/outbreaknet/pdf/table4-combined-
2009-10.pdf  
 
 
CFP ISSUES TO BE SUBMITTED BY COMMITTEE:   
 
The Committee submits the following Issues and attachments to the 2014 CFP 
Biennial Meeting:   
 
Issue #1: Report –Hand Hygiene Committee Final Report - Acknowledgement of the 
CFP Hand  Hygiene Committee Final Report. 
  Attachments to Issue # 1 include: 
  # 1 - Hand Hygiene Committee Final Report 

  # 2 - Hand Hygiene Committee Roster 
 # 3 - Hand Contamination Event Hazard Chart 
 # 4 - Questions to Consider when Evaluating Studies of Alternative  
   Handwashing Approaches  

  
 

Issue #2:  Recommended Foodservice Glove Language Changes to the Food Code 
 
Issue #3: Re-create - Hand Hygiene Committee  

 
Charges for a Re-created committee: 
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Use the Hand Contamination Event Hazard Chart, and current research, to work 
with the FDA to explore if the mandate to wash hands after touching face/hair 
can be modified. 
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Water temperature as a factor in handwashing efficacy

use, drying technique (i.e. cloth versus paper towels,
paper towels versus air-drying), and application of
instant hand sanitizers (postwash liquids). Previous
studies indicate that these variables are crucial in
achieving effective removal of transient bacteria from
the hands under controlled testing conditions. Rarely
mentioned in the scientific literature is testing to deter-
mine specific guidelines for water temperatures and
flow rates. Many of the currently employed hand-
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Abstract

For many years, sanitarians have specified that the hands of food service workers
should be washed and rinsed in warm or hot water to reduce the risk of cross-
contamination and disease transmission. In the food service environment, it has been
suggested that handwashing with water at higher temperatures contributes to skin
damage when frequent handwashing is necessitated, and that insistence on hot water
usage is a deterrent to handwashing compliance. Separate handwashing studies
involving different water temperatures and soap types (antibacterial versus non-
antibacterial) were performed. The ‘glove-juice’ technique was employed for 
microbial recovery from hands in both studies. Initial work evaluated antimicrobial
efficacy based on water temperature during normal handwashing with bland soap.
Uninoculated, sterile menstrua (tryptic soy broth or hamburger meat) was used to
study the effects of treatment temperatures (4.4°C, 12.8°C, 21.1°C, 35°C or 48.9°C)
on the reduction of resident microflora, while Serratia marcescens-inoculated men-
strua was used to evaluate treatment effects on the reduction of transient contami-
nation. Results of this first study indicated that water temperature exhibits no effect
on transient or resident bacterial reduction during normal handwashing with bland
soap. The follow-up study examined the efficacy and skin irritation potential involv-
ing water temperatures with antimicrobial soaps. Hands of participants were conta-
minated with Escherichia coli inoculated ground beef, washed at one of two water
temperatures (29°C or 43°C) using one of four highly active (USDA E2 equivalency)
antibacterial soaps having different active ingredients (PCMX, Iodophor, Quat or 
Triclosan). Skin condition was recorded visually and with specialized instrumenta-
tion before and after repeated washing (12 times daily), measuring total moisture
content, transepidermal water loss and erythema. Overall, the four soap products pro-
duced similar efficacy results. Although there were slight increases in Log10 reductions,
visual skin irritation, loss of skin moisture content and transepidermal water loss at
higher temperatures, results were not statistically significant for any parameter.

Introduction

A critical and thorough evaluation of simple hand-
washing procedures reveals numerous variables to be
considered by food service managers in order to achieve
maximum or appropriate de-germing of the hands and
fingernail regions. Numerous studies have explored
issues such as type of soap (i.e. antibacterial versus
plain, liquid versus bar), amount of soap, nailbrush
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washing practices are based on untested traditions that
could possibly result in compromised skin health. It is
expected that warm or hot water would be beneficial
in reducing bacterial counts from hands during hand-
washing, as heat provides energy for the increased sol-
ubility and melting of fats, oils and other soils which
may serve as vehicles for bacterial transfer from hands.
Warm/hot water, combined with the detergents present
in soap, should theoretically provide greater emulsifi-
cation of contaminating soils on the skin, resulting in
a more efficient lifting of these soils for rinsing away.

Some food safety experts strongly recommend the
use of antimicrobial soaps for food service workers,
while others are now focusing on handwashing fre-
quency. With the rise of antibiotic resistance, increased
concern has been expressed with respect to antimicro-
bial soap usage. The reasoning has been that when
warm/hot water is combined with antimicrobial soap,
the temperature of activation is approached, accelerat-
ing chemical reactions and improving kill rates. Soil
emulsification should allow for greater exposure of
microorganisms in the contaminating soil to the anti-
microbial active agents. Thus, bacterial population
numbers may be reduced two ways: through soil emul-
sification and lifting/rinsing away, and inactivation 
provided by the antimicrobial agent(s) with higher 
temperatures doing a significantly better job. The
infected food worker is the focus of improved hygiene
measures, and food safety managers and regulators
would be remiss to not try to optimize effectiveness.
Asymptomatic food handlers have been identified as
being responsible for approximately one-third of out-
breaks traced back to the infected worker. Poor per-
sonal hygiene has been cited as a contributory factor in
an average of 30% of foodborne illness outbreaks
occurring in the U.S. between the years of 1973 and
1997 (Bean & Griffin 1990; Bean et al. 1996; Olsen
et al. 2000). The vast majority of foodborne illness 
outbreak cases attributed to the infected food handler
occurs in the food service environment (Michaels et al.
2002).

The main initiative in hand hygiene is the reduction
of potentially pathogenic microorganisms from conta-
minated skin surfaces. Optimization of all variables
involved in this task must not only provide sufficient
removal and/or kill of potential pathogens, but must
also refrain from damaging the skin, as this can affect
handwashing compliance (Boyce and Pittet 2001) and
seriously compromise food service safety. Skin damage
associated with work from routine and frequent hand-
washing has also been seen to result in colonization of
workers hands with potential pathogens.

With so many variables involved in such a ‘simple
procedure’, it would make sense to explore and maxi-
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mize all possible aspects of the process while minimiz-
ing negative collateral. This is especially important due
to the many observations of food service workers
revealing what is considered to be poor habits in
handwashing techniques. Studies indicate that hand-
washing compliance drops considerably without 
supervision and monitoring, or in situations where 
skin damage occurs. This further amplifies the need 
to strengthen knowledge of all variables that might
improve or weaken daily handwashing practices
throughout the food processing and service industry.

As described by Price, two types of flora exist on the
hands, transient and resident species (Price 1938). The
transient flora is generally removed fairly easy. They do
not have adhesion characteristics that hold them to the
skins’ surface and are somewhat suppressed by secre-
tions and competitive exclusion by the resident flora
(Dunsmore 1972). Resident flora is removed more
slowly. Because of coevolution, resident flora have
adapted to conditions on the skins’ surface that cause
rapid die-off of most transients. Invaginations such as
the nail fold, hair follicles and sebum-producing seba-
ceous glands support a rich resident flora. Transient
flora may consist of pathogens, spoilage bacteria or
harmless environmental species. Under certain condi-
tions, transient flora can change status and become 
permanent residents. Resident flora, as a rule, are 
not pathogenic types. Although colonization with 
coagulase-positive staphylococcus is fairly common
(Noble & Pitcher 1978). Frequent or prolonged expo-
sure of the skin to microbial contamination in soils, skin
damage or fissures provide portals of entry to deeper
tissue, and may result in many pathogenic bacteria
found among the resident species (Price 1938; Kaul &
Jewett 1981). Food workers in a number of different
food industry segments (including catering and bakery)
have been found colonized by varying numbers of
potential pathogens (Seligman & Rosenbluth 1975).

The effective water temperature used for washing
and rinsing hands was a topic of intense discussion at
the U.S. Year 2000 Conference for Food Protection.
This biannual conference assembles federal and state
regulators, food safety academicians, food service
industry scientists and safety managers to establish and
recommend guidelines to the United States Food and
Drug Administration (FDA) for inclusion into the FDA
Model Food Code. This code, as adopted by individ-
ual US states, forms the basis for food safety regulation
and enforcement activities to the food service industry.
Several submitters of issues, brought before science and
technology council (Council III), expressed their
concern regarding the use of higher water temperatures
as recommended of the food service/processing 
industry (Table 1). The United States Food and Drug



Administration (FDA) Food Code provides recommen-
dations for the food service industry to follow regard-
ing food handling practices, application of HACCP
principles and personal hygiene implementation (US
Public Health Service 1999; US Public Health Service
2001). The main goal of the FDA has been the creation
of uniform practices throughout all of the United
States. The 1999 FDA Food Code requires sinks used
for handwashing to be equipped so as to be ‘capable
of providing water of at least 43°C (110°F), accom-
plished through use of a mixing valve or a combina-
tion faucet’ [tap] (US Public Health Service 1999).

All but one of the submitters requested temperature
decreases with the intent of improving hand comfort,
as the discomfort associated with higher temperatures
results in decreases in hand washing frequency or com-
pliance. Several submitters note a lack of scientific
information on the subject. There is concern that a
minimum handwashing temperature of 43°C (110°F),
in addition to causing discomfort, will result in injury
or scalding and may even be in conflict with local
plumbing codes. Two submitters point out that soaps
currently available target maximum effectiveness at
around 35°C (95°F). Two submitters requested that the
minimum temperature of 110°F (43°C) be changed to
warm water or that it be tempered to a range of 85°F
(29.5°C) to 110°F (43°C). and finally, one submission
sought to place an upper temperature limit of 130°F
(54.4°C), for fear that these regulations would be
subject to Occupational Safety and Health Adminis-
tration (OSHA) scrutiny and criticism without a limit.

Interestingly, it was noted in this submission, through
reference to the Consumer Product Safety Commission,
that second or third-degree burns have been shown to
occur in the elderly at temperatures not much over
43°C (110°F). Council I and the General assembly of
voting delegates passed a recommendation to lower 
the regulatory water temperature minimum to 29.5°C
(85°F). In recognition of concern expressed by a
number of stakeholders with regards to the issue of
handwashing water temperature, the initial results of
the work described in this report and the will of state
voting delegates, the 2001 Food Code lowered the
required handwash water temperature to 37.8°C
(100°F) (US Public Health Service 2001).

The universe of food handling situations requiring
effective personal hygiene spans from temporary hand-
wash stations set up in produce fields and county fairs
to advanced state of the art clean room style kitchens
used to produce extended shelf life ready-to-eat foods
sold at retail. In quick service restaurants, workers fre-
quently switch between food and money handling. Due
to the potential for money to carry potential pathogens,
as described by Michaels, hands may require washing
from up to 40 times or more in an 8-h shift (Michaels
2002). In many of these situations, it is difficult to
provide water meeting strict temperature ranges. With
regard to international settings, it is doubtful that
underdeveloped parts of the world will easily be able
to tap into warm/hot water supplies, much less into
clean water sources at all. Water temperature short-
comings have been a common point of criticism by
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Table 1 Submitters and handwashing water temperature issues at the year 2000 Conference for Food Protection

Submitter Issue Reason

L. Wisniewski ‘Warm Water’ 1. Hand Discomfort 
(Select Concepts – Consulting) Decreases Frequency

M. Scarborough 37.7°C (100°F) 1. No Science (43°C vs. 37.8°C)
(Georgia Department of Human Resources, 2. Plumbing Code @ 100°F Max.
Division of Public Health) (Safety Concerns)

J. Budd 35°C (95°F) 1. No Scientific Basis
(Healthminder/Sloan Valve Company) 2. Max Soap Efficacy at 35°C

3. Hand Comfort
4. Hot Water Discourages Hand Washing

E. Rabotoski ‘Tempered’ 29.5°C (85°F) to 1. Hand Discomfort
(Wisconson ConferenceFood Protection) 43°C (110°F) 2. Possible Scalding

B. Adler Impose Temp. Range 43°C 110°F  1. Need upper limit or subject to OSHA
(Minnesota Department of Health) To 54.4°C (130°F) 2. Food workers Don’t Wash 25 Sec. 

So Cannot Scald.

Reimers ‘Tempered’ To Warm 1. No Science . 
(H.E.B. Grocery Company) 2. Max Soap Efficacy

3. 43°C Risks Injury
4. Waste Water as Wait for Temp. at 43°C



food safety experts when reviewing handwashing pro-
cedures in the developing world as part of HACCP
activities. Further, no matter where the location, it is
difficult to manage and monitor food handlers to insure
that minimum temperature levels are maintained
during all handwashing activities. When subject to reg-
ulatory inspections, in the U.S., violations are given to
food industry entities based on Food Code specifica-
tions. In some cases, based on accumulation of viola-
tions with water temperature being one of them,
mandatory 48h closure can result. This appears to be
both costly and unnecessary based on the results of the
studies described here.

In an extensive literature review of the effect of water
temperature on hygienic efficiency, only two existing
experimental studies shed light on this issue. Both of
these involved hand sampling studies, in which the
objective was to remove, identify and enumerate as
many bacteria on the hands as possible, either as
normal or transient flora. In hand scrubbing experi-
ments, Price found that at temperatures from 24°C
(75.2°F) to 56°C (132.8°F) there was no difference 
in de-germing rate (Price 1938). Since he scrubbed
hands with a brush for a specific period of time, each
in turn in a series of sterile wash basins, he might have
been capable of seeing differences upon counting the
flora in each basin. After conducting over 80 experi-
ments in a 9-year period, Price concluded that the
largest variable in determining the rate of removal of
bacteria from the hands was the vigorousness of scrub-
bing. Other factors such as soap used or water tem-
perature were less important. In later hand sampling
experiments by Larson and others (implementing the
glove juice method for recovery of microorganisms), 
no differences in isolation rates were seen at either 
6°C (42.8°F) or 23°C (73.4°F) (Larson et al. 1980).
While this information is inconclusive and does not
answer questions concerning bacterial loads suspended
in a confounding soil, they tend to indicate that there
may not be a noticeable difference in efficacy over 
a range of temperatures from 6°C (42.8°F) to 56°C
(132.8°F).

Various menstrua have been used for handwashing
efficacy studies. For studies involving transient flora,
the most often used soil is tryptic soy broth (TSB).
Microorganisms exhibit good survivability, with even
distribution of contaminating microorganisms into skin
cracks, creases and invaginations being possible.
Ground beef probably represents the most appropriate
menstrua because of concern for risks of E. coli
O157:H7 infection, but is only occasionally used
(Sheena & Stiles 1982; Stiles & Sheena 1985). Meade
and others have shown numerous sporadic cases of
foodborne illness have been tied to poor personal
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hygiene after ground beef preparation (Mead et al.
1997). In addition, due to it’s viscosity, thixotrophic
properties and level of organic soil, it would appear to
be a good surrogate for fecal material.

A review of pertinent literature was also undertaken
to determine if, independent of efficacy, facts on skin
damage support a lowering of the temperature. The
Consumer Product Safety Commission (CPSC) has
noted that residential water heater thermostat settings
should be set at 49°C (120°F) to reduce the risk of the
majority of tap water scald injuries. Although the
majority of scalding attributed to the home occur in
children under the age of five and the elderly, third-
degree burns are known to result in a two second expo-
sure to 66°C (150°F), six-seconds at 60°C (140°F) and
30 s at 54.4°C (130°F) (US Consumer Product Safety
Commission 2000). As we age, our skin becomes
thinner, loosing suppleness. This fact is important as
many seniors are now actively involved in the food
service industry. Due particularly to the elder risk, some
have recommended that water be delivered from the
tap at even lower temperatures of less than 43°C
(110°F) (Stone et al. 2000).

The activity of soaps, friction and rinsing become
crucial since the temperatures recommended in hand-
washing water alone would not provide thermal
destruction of pathogenic microorganisms. Relevant 
to the discomfort issue associated with hot water is a
previously conducted study by Horn and Briedigkeit
involving dishwashing soaps (Horn & Briedigkeit
1967). In that study, participants were only able to
withstand water temperatures at 43°C, 45°C, and 49°C
(110°F, 113°F and 120°F), with tolerance levels due to
discomfort peaking at one-minute (Horn & Briedigkeit
1967). Even though considerably longer than the
10–25 second exposure period that would result from
handwashing, it is indicative of the fact that tempera-
tures from 43°C and upwards (110°F and upwards) are
at or near the human discomfort threshold.

Friction has been described as a key element in
removing microbial contaminants from hands (Price
1938; Kaul & Jewett 1981). Friction applied during
hand drying is instrumental in finishing the process
(Madeline & Tournade 1980; Knights et al. 1993;
Michaels et al. 2002). Removal of transient flora
appears to be even more friction dependent than
removing resident flora. Surfactant and antimicrobial
compounds in soap are responsible for lifting soil and
killing microorganisms suspended in the soil. When
using bland soap to wash hands, handwashing efficacy
appears to be dependent on the effects of surfactant
action of the soap along with friction applied during
the washing and rinsing process. Rinsing also provides
the necessary removal by dilution. To facilitate appro-



priate rinsing of the hands, some personal hygiene con-
sultants have suggested the practice of using thicker,
higher viscosity soaps in larger doses, which would
require a longer, more vigorous rinsing routine.

Price, upon noticing that in his scrubbing experi-
ments that water temperature had little effect at de-
germing of the skin, commented that water applied to
the skin at a given temperature quickly reaches equi-
librium with normal skin surface temperature unless
hands are totally immersed (Price 1938).

Skin oils derived from sebum are liquid in the seba-
ceous gland and solidify on the skin surface. Beef tallow
has a melting point range between 35°C and 40°C
(95°F and 104°F), while lard or butterfat are liquefied
at around 30°C (86°F) (Lide 1990). If handwashing
efficacy for both resident and transient floras embed-
ded in both natural and artificially applied fats
depended on thermal melting, then log10 reduction
figures should have been greatest at the highest tem-
perature and least at temperatures causing fats and
sebum to congeal.

Fats such as tallow or lard are distinguished from oils
in that the latter are liquids at room temperature. Hand
soap formulations are designed to lift soil through their
foaming action, dispersing and solubilizing organic
soils through action of detergent surfactants. Primary
micelles are formed, having hydrophilic and hydropho-
bic groups attached to each end of the surfactant
monomer. Soaps with multiple surfactants form mixed
micelles, which increases efficiency with various soil
mixtures. In water and organic soil mixtures, these
form complex micelle structures around hydrocarbon
moieties (encapsulation) resulting in microemulsions.
Thus, the soap provides a ‘bridge’ between the oily
droplet and water, permitting the soapy water to ‘wash
away’ greasy material.

Materials and methods

The quantity of soap used for handwashing has the
ability to effect handwashing efficacy, as shown by
Larson (Larson et al. 1987). Various investigators
(Michaud et al. 1972, 1976; Ojajarvi 1980; Stiles &
Sheena 1987; Mahl 1989; Larson et al. 1990; Rotter
& Koller 1992; Miller & James-Davis 1994; Paulson
1994) have used soap amounts in the range of
2.5–5.0mL in their handwashing efficacy protocols.
The higher levels are considered excessive, except in the
area of hospital infection control. Many food service
operations set soap dispensers at 1mL per pump, and
employees often times use multiple pumps. For this
study, 3mL of soap was chosen to represent an amount
found to be significantly effective in an earlier study
described (Larson et al. 1987).

Determination of appropriate handwashing duration
for these studies (15 s) was arrived at through review of
various governmental regulatory standards, test method
guidelines and food safety specialist recommendations
along with previous handwashing study observations.
Suggested lathering times by specific entities are: The
1999 FDA Food Code (US Public Health Service 1999)
(20 s), The American Society for Testing and Materials
(American Society for Testing and Material 1995)
(15 s), The Association for Professionals in Infection
Control and Epidemiology (APIC) (Jennings & Manian
1999) (minimum of 10 s), and The American Society for
Microbiology (American Society For Microbiology
1996) (a 10–15 second vigorous scrub). Several studies
support a washing duration of at least 10 s, with suffi-
cient transient removal efficiency achieved by 30 s. A
study by Stiles and Sheena involving workers in a meat
processing facility determined that a wash of 8–10 s was
too short for adequate soil removal from the hands
(Stiles & Sheena 1987). A study by Ojajarvi compared
a 15 second and 2 minute wash, with the latter provid-
ing only an additional 3% transient bacterial reduction
(Ojajarvi 1980). One observational study in food
service indicates average duration times of 20 s in a
silver service restaurant kitchen (Ayers 1998).

In our first study, the effects of water temperature on
the reduction of both resident (normal) and transient
bacteria during handwashing was performed at each of
the following temperatures: 4.4°C (40°F), 12.8°C
(55°F), 21.1°C (70°F), 35°C (95°F), or 48.9°C (120°F).
Two separate laboratories participated in this work.
Silliker Laboratories (South Holland, IL, USA) was
responsible for transient flora experiments while Bio-
Science Laboratories (Bozeman, MI, USA) performed
normal flora studies. For transient flora studies, the
experimental subjects’ hands were artificially contami-
nated with Serratia marcescens in Tryptic Soy Broth
(TSB) or irradiated ground hamburger. Sterile, unin-
noculated TSB and irradiated ground hamburger were
used as confounding soils in testing for the reduction
of the resident flora. Following hand contamination,
baseline microbial counts were acquired using the
‘glove-juice’ method on one hand. Hands were moist-
ened and washed/lathered for 15 seconds with 3mL
bland (nonantibacterial) soap, rinsed for 10 seconds
(water flow rate of 7 L/minute) at the assigned water
temperature (also used for the prelather moistening),
and the opposing hand was then sampled using the
same glove-juice technique. No drying of hands was
performed, which would have had the effect of dimin-
ishing differences between experimental groups. Base-
line and postwash readings were then compared to
obtain bacterial reduction values. For this study, no
skin condition assessments were performed.

Water temperature and handwashing efficacy B. Michaels et al. 143

© Blackwell Science Ltd. 2002 Food Service Technology, 2, pp. 139–149



The first study was performed using a non-
antibacterial soap and examined temperature effects on
bacterial reductions based on the solubility of greasy
soils. It did not address the increased temperature effect
on antimicrobial activation or possible skin damage.
Therefore, the second study was undertaken, which not
only involved a comparison of the microbial reduction
effects of four antibacterial soaps at two different tem-
peratures, but also evaluated skin conditions on the
hands of participants throughout the study. The poten-
tial of each soap to cause negative skin changes at each
water temperature combination was assessed by mea-
suring the skin moisture content, rate of water loss
from the skin, skin scaliness by computerized analysis
of a digitized skin image, and by visual assessment of
the dryness and erythema. This study was performed
at BioScience Laboratories, employing eight subjects
and using four different antimicrobial soaps, each
having a different antimicrobial active ingredient. 
The soaps had antimicrobial activity equivalent to
USDA E2 ratings (50-p.p.m. chlorine equivalency). The 
active ingredients in these products were Quaternary 
Ammonium (3% dual Quat formulation), Triclosan (1%),
Parachlorometaxylenol (PCMX-3%), and Iodophor
(7.5% PVP-I). Participants consisting of paid volun-
teers performed multiple handwashes during two five-
day test periods (weeks one and two) seven days apart
using Escherichia coli (ATCC #11229) contaminated
gamma irradiated ground beef. On days one through
five of weeks one and two, the skin condition was 
evaluated visually, for moisture content using the 
Corneometer® CM825, for total evaporative water loss
using the TC350 Tewameter, and digitally using the
Skin Visiometer® SV 500 with Visioscan® VC98. The
visual skin dryness and erythema (redness) scoring was
performed by a single blinded (unaware of subjects
antimicrobial soap product/water temperature configu-
ration) evaluator trained in assessment of skin damage
or irritation using a 0–6 scoring system (see Table 2) as
originally described by Griffith and others (Griffith
et al. 1969). Log10 reduction data was determined with
the first wash of days one, three and five under each
water temperature condition. After handling the cont-
aminated ground beef in a way to uniformly contami-
nate hands, one hand was sampled immediately (again,
using the ‘glove-juice’ technique) for a baseline reading.
The subjects’ then washed both hands at the specific
water temperature (85° ± 2°F for week one and
110° ± 2°F for week two) with their randomly assigned
product with their opposing hand being sampled to
establish microbial counts. Each subject then washed
11 consecutive times with their assigned test product
each day drying hands between washes, then hands
were evaluated visually and digitally 30 minutesfol-
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lowing the last wash. In all washing cases, lathering
was performed for 15 seconds and rinsing for 10
seconds with three mL of the assigned test product.

Results and discussion

After extensive statistical analysis of the results from
the first set of experiments, it was determined that there
was no significant difference in bacterial log10 reduc-
tions for either resident or transient bacteria at any of
the test washing and rinsing temperatures. See Figs 1
and 2 for transient and resident flora data, respectively.
Average log10 reduction results for each soap are pre-
sented in Fig. 3.

After extensive statistical analysis of the second
experiment with antibacterial soaps involving the 2
sample T-test, Kruskal–Wallis test and Mann–Whitney
test, no statistical difference in log10 reductions was
detected between the two wash temperatures for any
of the products or as a group. Overall, the four prod-
ucts produced similar handwashing efficacy results.
Although most of the washes at the higher temperature
did produce a slight increase in bacterial reductions, it
was not enough to be considered statistically signifi-
cant. Figure 4 shows Tewameter® readings measuring
trans epidermal water loss, while Figs 5 and 6 show
visual dryness and baseline adjusted Corneometer®

values, respectively. Skin scaliness values using a
Visiometer® are shown in Fig. 7. Along with the slight
additional reduction of bacteria at the higher tempera-
ture was increased skin visual dryness, increased
transepidermal water loss and decreased scaliness, also
determined to be statistically insignificant. Skin scali-
ness is highest on day one and two at the higher tem-
perature but for days three, four and five, this reverses.

Table 2 Grading scale for evaluating the skin of the hands*

Grade Description

0 No visible damage, ‘perfect’ skin
1 Slight dryness, ashen appearance, usually involving

dorsum only
2 Marked dryness, slight flaking involving dorsum

only
3 Severe dryness dorsum, marked flaking, possibly

fissures in webs
4 Severe flaking dorsum, surface fissures possibly

with slight palmar dryness
5 Open fissures, slight erythema (>10% of dorsal

and interdigital surface), with or without severe
dryness, no bleeding

6 Bleeding cracks, deep open fissures, or generalized
erythema (>25% of area)

*Griffith et al. 1969.



washing hands at higher water temperatures and par-
ticularly at temperatures at the upper end of human 
tolerance, sometimes described as ‘hot as you can
stand’. From the first study, it is realized that higher
water temperatures have no significant effect on the
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Figure 1 Handwashing efficacy (Log10 reduction) for tran-
sient flora (S. marcescens) in ground beef and TSB at
selected water washing and rinsing temperatures.
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Figure 2 Handwashing efficacy (Log10 reduction) for resi-
dent flora in ground beef and TSB at selected water washing
and rinsing temperatures.
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Figure 3 Average Log10 reduction of transient flora (E. coli)
in ground beef using selected antimicrobial soaps.
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Figure 4 Average Tewameter® readings selected antimicro-
bial soaps at 2 different water temperatures.
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Figure 5 Average baseline-adjusted visual dryness scores 
(8 subjects) resulting from washing hands with 4 different
E2 antimicrobial soaps for 5 days (12 ¥/day).
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Figure 6 Baseline-adjusted Corneometer® readings (8 sub-
jects) resulting from washing hands with 4 different antimi-
crobial soaps for 5 days (12 ¥/day) at two different
handwashing temperatures.

It is conceivable that the higher temperatures more
rapidly removed loose layers of stratum corneum.

The results from both of these experiments are in
agreement regarding the lack of hygienic benefits of



reduction of resident or transient bacteria in either easy
to remove soil (TSB) or difficult to remove soil (ground
beef) when using plain soap at a wide range of tem-
peratures and using a standard hand wash. The second
study provides additional support to the results of the
first study by showing no statistically significant effect
for the use of 110°F water (compared to 85°F water)
to remove transient microorganisms embedded in
ground beef from the hands when using any one of 
four different antibacterial based soaps or antibacter-
ial soaps as a group. This experiment did show the
trend toward higher kill as well as higher level of skin
damage supporting propositions put forward by both
camps. Log10 reductions do reflect slightly greater effi-
cacy at higher temperatures but not at the level of sig-
nificance expected, most probably due to the rapid
equilibration to hand temperature described by Price
(Price 1938).

Water has been identified as a skin irritant in its own
rite, and part of this irritant potential can be exacer-
bated by temperature increase (Tsai & Maibach 1999).
Repeated water exposure causes extraction or dilution
of natural moisturizing factors in the stratum corneum.
The water-holding property of the stratum corneum is
provided in part by intercellular lipids and lipid rich
sebaceous gland secretions (Noble & Pitcher 1978).
The intercellular lipids, which when chromatographi-
cally fractionated, can be separated into cholesterol,
cholesterol esters, phospholipids, free fatty acids, 
glycolipids and ceramide (Noble 1975; Imokawa et
al. 1986). Loss of these lipid components results in 
a chapped and scaly skin appearance (Imokawa &
Hattori 1985). Water induced irritation is known to
exist in workers involved in continuous wet work,
resulting in chapped and dry skin after wet work is
completed (Halkier-Sorensen & Thestrup-Pedersen
1991).
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Instances of primary irritant dermatitis to certain
chemicals has been found to occur when hot water at
43°C (110°F) was used rather than lukewarm at
23°C–25°C (73°F–77°F) (Rothenborg et al. 1977).
Detergent/surfactant formulations are known to cause
changes to the stratum corneum such as disaggregation,
swelling and morphological deterioration of corneo-
cytes (Shukuwa et al. 1997). It has been found that heat
plays a part in accelerating irritation of certain chemi-
cals found in these detergent formulations. Berardesca
and others found a significant difference between the
temperatures of 20°C and 40°C (68°F and 104°F) in
skin irritation to 5% sodium lauryl sulphate solution
for a 4-day exposure period (Berardesca et al. 1995;
Ohlenschlaeger et al. 1996). This irritation is docu-
mented using transepidermal water loss (TEWL) mea-
surements, erythema (skin redness), skin reflectance,
hydration (capacitance) and desquamation (stripping).
Gross hand edema has been found to occur at temper-
atures between 35°C (95°F) and 45°C (113°F) when
hands are completely immersed at those temperatures
(King 1993). A significant increase in blood flow has
also been shown in comparisons between 37°C and
43°C degrees (99°F and 110°F) (Nagasaka et al. 1987).
Overall, these studies tend to show that food service
workers derive no significant measurable benefit by
using hot water (105°F +) to wash and rinse hands. Use
of water at higher temperatures does seem to result in
physiological changes collectively described as skin
damage. There may be severe consequences of frequent
use of hot water for handwashing at temperatures
above 43°C (110°F), which can damage skin and
heighten susceptibility to both allergens present in the
food service environment and/or colonization (Larson
et al. 1998). Rather, water temperature should be set
at what is considered comfortable and generally con-
ducive to handwashing.

The central components of effective handwashing
thus consist of soap use in a way that promotes emul-
sification of soil (through vigorous friction/mechanical
action) followed by thorough rinsing and drying, which
again adds friction to the equation. Guidelines for
handwashing in food service should probably not
specify water temperature descriptors other than
perhaps the word ‘comfortable’ when it comes to 
defining effective handwash standards. ‘Warm’ or 
‘tempered’ would probably be acceptable, but more
importantly as indicated by Jennings and Manian
(1999), ‘running water’ should be to rinse away emul-
sified soils and associated transient contamination. Fin-
gertips should be pointed down and hands rinsed and
dried in a way to focus on parts of the hand that have
shown to be missed during normal handwashing. This
includes fingertips, thumbs and fingernail regions.
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Figure 7 Average baseline-adjusted skin scaliness (8 sub-
jects) resulting from washing hands with 4 different antimi-
crobial temperatures as measured using Visiometer®.



Conclusions

A review of the literature on the subject of handwash-
ing water temperature requirements showed consider-
able variation with respect to expert opinion on
optimal temperature for removal of microbial contam-
inants form hands. There in fact was a virtual absence
of data to back up the various positions on the subject.
Sanitarians and food safety experts have specified water
temperatures varying from room temperature (running
water) up to ‘as hot as you can stand’, the latter of
which is probably in the range of from 49°C (120°F)
to 55°C (131°F). Regulations in the US and elsewhere
tend to focus on temperatures between 43°C (110°F)
and 49°C (120°F). Concern that these temperatures
could be detrimental to skin health without docu-
mented efficacy led to the experiments described here.
Hands were contaminated with soils similar to those
encountered in the food service environment. These
soils contained marker bacteria allowing handwashing
efficacy to be determined at specified water tempera-
tures against both transient flora and resident flora
simultaneously.

The initial experiment involved testing with bland
non-antimicrobial soap at 5 temperatures from 4.4°C
(40°F) to 49°C (120°F). Independent of soil or bacter-
ial type (resident or transient) there was no significant
difference in efficacy attributed to water temperature.
In the second experiment antimicrobial soaps (4) were
used having different antimicrobial active ingredients,
at each of two water temperatures, 29.5°C (85°F) and
43°C (110°F). Skin condition was monitored with 
frequent handwashes (12 ¥/day) for the second set of
water washing temperature experiments. In this exper-
iment, even though slightly higher efficacy with was
seen with antimicrobial soaps at higher temperatures,
overall, there was no statistical difference in efficacy 
as measured in Log10 reduction at the two water 
temperatures (regardless of soil or microflora types). 
Concomitant to the increase in efficacy at higher 
temperatures was a consistent trend for increases in
measures of skin damage, such as skin moisture
content, transepidermal water loss and erythema. This
was also found not to be statistically significant.

Both the trend for higher efficacy of soaps with atten-
dant skin damage at higher temperatures are grounded
in theory. Under the conditions of these experiments
neither was shown to be proven for practical applica-
tion. Since efficacy is not markedly improved at higher
temperatures but rather the real danger exists of skin
damage, requirements for specific handwashing water
temperature should be relaxed to improve acceptance
of frequent handwashing by food workers at appro-
priate times to reduce foodborne illness potential.

Water temperature should be in a comfortable range,
perhaps tempered.

As has been shown by many previous researchers,
overall handwashing effectiveness is more dependent
on the vigorousness of execution than details such as
the type of soap, the length of handwash or in this case
water temperature. The results obtained in these exper-
iments confirm the observations made by Price (Price
1938) and Larson (Larson et al. 1980) indicating water
temperature had little or no effect on the removal of
bacteria from hands. While their original reports dealt
with optimizing skin sampling efficacy, for the types of
experiments performed and described in the current
report.

Unfortunately, food service regulatory authorities,
health inspectors and environmental health officers in
the US and elsewhere have fixated on handwashing
water temperature because it is measurable and in the
somewhat mistaken belief that higher temperatures
would result in cleaner hands. Up until recently, the
existence of adequate hygiene facilities (functioning
toilet, toilet paper, functioning sink, soap and paper
towels) and water temperature measurement were to
some extent the only measurable qualities whereby
food safety inspectors could cite food service facilities
for violation. Poor personal hygiene is often used after
the fact to describe as a contributing factor aiding 
to an outbreak. With handwash monitoring devices
employees’ handwashing can be monitored, docu-
mented and verified within the HACCP framework
(Michaels 2002). With this new technology and infor-
mation from this report indicating that water tem-
perature for handwashing is relatively unimportant,
perhaps regulatory authorities will be able to focus on
other more important factors having a bigger impact
on food safety.
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ABSTRACT

During various daily activities at home and work, hands quickly become contaminated. Some activities increase the risk of

finger contamination by pathogens more than others, such as the use of toilet paper to clean up following a diarrheal episode,

changing the diaper of a sick infant, blowing a nose, or touching raw food materials. Many foodborne outbreak investigation

reports have identified the hands of food workers as the source of pathogens in the implicated food. The most convenient and

efficient way of removing pathogens from hands is through hand washing. Important components of hand washing are potable

water for rinsing and soaps to loosen microbes from the skin. Hand washing should occur after any activity that soils hands and

certainly before preparing, serving, or eating food. Antimicrobial soaps are marginally more effective than plain soaps, but

constant use results in a buildup of the antimicrobial compound on the skin. The time taken to wash hands and the degree of

friction generated during lathering are more important than water temperature for removing soil and microorganisms. However,

excessive washing and scrubbing can cause skin damage and infections. Drying hands with a towel removes pathogens first by

friction during rubbing with the drying material and then by wicking away the moisture into that material. Paper rather than cloth

towels should be encouraged, although single-use cloth towels are present in the washrooms of higher class hotels and

restaurants. Warm air dryers remove moisture and any surface microorganisms loosened by washing from hands by evaporation

while the hands are rubbed together vigorously; however, these dryers take too long for efficient use. The newer dryers with high-

speed air blades can achieve dryness in 10 to15 s without hand rubbing.

This article is the ninth in a series of articles concerning

food workers and foodborne illness. In the first three

articles, the authors described the types of outbreaks that

were identified during a review of 816 outbreak investiga-

tion reports and discussed how workers contributed to these

outbreaks. In the next three articles, the authors discussed

infective doses, pathogen carriage, sources of contamina-

tion, pathogen excretion by infected persons, and transmis-

sion and survival of pathogens in food environments (72,
220–224). The seventh article contained an outline of the

various barriers, some more effective than others, created to

prevent microbial and physical contaminants from reaching

food during production and preparation (226). The eighth

article considered the benefits and liabilities of glove use

(225). The present article includes the rationale for hand

hygiene and the need for removing as much soil as possible

from the hands, the use of different hand soap types, the

conditions for effective hand washing, and the importance

of complete drying of the hands. After leaving home and

arriving at work, food workers must wash their hands

effectively before starting food preparation so pathogens are

not transferred to food from the home and outdoor

environments.

Episodes of diarrhea frequently occur in all popula-

tions. In the United Kingdom, an estimated one in five

persons experiences an intestinal infectious disease episode

per year, with similar rates in the remainder of Europe (237).
A telephone-based population survey conducted in 1996

and 1997 across U.S. FoodNet sites revealed about 1.4

episodes of diarrhea per person per year (87) compared with

an apparent improvement to 0.72 episodes for the years

1998 and 1999 (95). However, Imhoff et al. (95) stated that

the differences probably could be explained by the questions

asked (diarrhea alone and vomiting and diarrhea) and the

different populations surveyed rather than any real change

in patterns. In a later study in four developed countries,

Scallon et al. (200) found that at least one episode of

diarrhea was reported by 7.6% of respondents in Canada,

7.6% of respondents in the United States, 6.4% of

respondents in Australia, and 3.4% of respondents in

Ireland for a 4-week study period. These percentages
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E-mail: todde@msu.edu.

1937

Journal of Food Protection, Vol. 73, No. 10, 2010, Pages 1937–1955
Copyright G, International Association for Food Protection



translate to approximately one episode of diarrhea per year

for each person in the United States and Canada and a

slightly lower rate for Australia. These surveys indicate that

the incidence of intestinal infectious disease with diarrhea is

unacceptably high for developed countries.

A large percentage of these illnesses are contracted in

the home (28). Child care givers in England washed their

hands with soap after changing a dirty diaper only on 42%
of observed occasions, and one in five toilet users did not

wash their hands with soap afterward (43). After diapers

were changed, fecal contamination was found in living

rooms, bathrooms, and kitchens and on faucets and soap

dispensers. A study of illness transmission in Boston, MA,

households with children enrolled in child care centers

revealed that although both gastrointestinal and respiratory

illnesses are frequently transmitted between family mem-

bers, only two-thirds of survey respondents correctly

believed that contact transmission was important for spread

of colds, and less than half thought contact transmission was

important for spread of gastrointestinal illnesses such as the

‘‘stomach flu’’ (121). There was limited understanding of

how changing diapers or eating foods prepared by a person

with gastroenteritis were risk factors for becoming infected

with a pathogen. Parents reported washing their hands very

frequently after changing a diaper or using the toilet,

although they did not necessarily believe that fecal-oral

transmission was important. However, the authors thought it

was also likely that the parents overreported the frequency

of hand washing after bathroom use because of perceived

social expectations. Most respondents used soap; only 8%
of respondents reported using alcohol gels ‘‘most’’ of the

time following potential fecal contamination of hands.

However, the authors stated that the effectiveness of soaps

and alcohol against enteric pathogens depends on the agent

involved and the product and that alcohol is an excellent

virucide when used for rotavirus-contaminated surfaces but

is not as effective against noroviruses. Hand washing with

plain soap may actually further spread virus contamination.

Food workers may have their hands contaminated from

various sources, even if they are not suffering from enteric

infections or are asymptomatic carriers. Food workers have

their hands frequently contaminated with Staphylococcus
aureus (48), Listeria monocytogenes (99), coliforms and

staphylococci (92), Escherichia coli (181), and Salmonella
(49). Staphylococci are common colonizers of the naso-

pharynx and can be transferred via mucus and saliva to

hands when the face is touched, which frequently occurs

(222, 223). Danielsson and Hellberg (46) found that in

clinically well meat workers, enterotoxin-producing S.
aureus and Staphylococcus epidermidis were present in

22% of nasal swabs, 6% of throat swabs, and 4 of 16

superficial skin lesions. They also found that 42% of

workers with ‘‘slight colds’’ harbored staphylococcal

species in their noses. Unlike hand contamination with

staphylococci from the nasopharynx, the enteric bacteria

that contaminate the hands of food workers more often are

associated with raw foods of animal origin rather than poor

personal hygiene after visiting the toilet. In contrast,

workers in plants preparing foods from nonanimal sources,

e.g., vegetables, cookies, or chocolate, or in offices or

laboratories have relatively few Enterobacteriaceae con-

taminants on their hands (181, 208). Workers must be

particularly dedicated to proper hand hygiene to avoid

contamination of foods during preparation.

HAND WASHING

Rationale for hand washing. Hand washing is both an

esthetic and sanitary process that removes dead skin cells,

sweat, sebaceous secretions, associated resident bacteria,

transient microorganisms, and any organic material adhering

to the hands. Price (186) proposed that there are two sets of

bacterial flora: resident and transient. The transient

organisms include the pathogenic bacteria, viruses, and

parasites obtained through contact with other persons, the

environment (including water, sewage, and animals),

unprocessed food or ingredients, and food contact surfaces.

An effective hand wash method should remove most

transient and resident microorganisms and is typically

facilitated by the use of soaps, detergents, and antimicrobial

compounds. However, hand washing never achieves

sterility because of the presence of the resident skin flora,

and hands can become recontaminated with transients

immediately after the washing and drying process if they

come in contact with a contaminated surface or an infected

person. However, some antimicrobial soaps will inhibit

transient bacteria from attaching if these soaps have been

used over a period of time and compound residues have

built up on the skin. The efficacy of microbial removal

depends on the type and level of microbial and organic

matter contamination present, the use of potable versus

nonpotable water, the wash time, the type and volume of

soap used, the extent to which the fingers, palms, backs of

hands, subungual area beneath the nails, and wrists are

exposed to the washing process, and the amount and

vigorousness of the rubbing of fingers and palms during

rinsing. The principles of hand washing are universal; they

do not change because of gender, skin color, or size of the

hand. Thus, the information in this article applies to all

persons involved in the food or health care industries, and

these hygiene measures also should be encouraged at home.

Many studies have been conducted to demonstrate that

hand washing can be effective for removing bacteria from

hands and reducing the spread of foodborne illness and

respiratory disease in numerous household situations (3, 79,
81, 90, 100, 180, 183, 202, 214, 227, 243). When these

hand hygiene studies were evaluated as a group, diarrheal

infections were reduced by 41% (standard deviation, 24%).

Diarrheal and respiratory infections and absences were

reduced by averages of 32, 23, and 36%, respectively, in

another composite grouping of 25 group hand hygiene

studies conducted at child care centers (15, 16, 22, 34, 36,
104, 106, 109, 170, 185, 195, 230), schools (29, 53, 75, 80,
88, 101, 138, 164, 166, 198, 229, 240) and colleges (122,
238, 239) that had hand hygiene programs focused on

frequent washing with soap and water and/or use of alcohol

sanitizers. These findings of these studies indicate that hand
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washing can be effective for reducing but does not eliminate

disease transmission (149).
The concept of hand washing in actual practice varies

considerably from extensive scrubbing to a brief rinse of the

hand (48, 151). Thumbs, palms, spaces between fingers, and

fingertips (including the fingernail area) are areas where

contamination is most likely to remain.

A hygienic water source, typically potable water from a

piped system or deep well, is vital for effective hand

washing. Even in developing countries with limited

resources, spread of disease can be limited by proper

hygiene. A successful program of hygiene promotion must

identify and target only those few practices that are the

major source of risk in any setting. In regions where sanitary

waste disposable systems are limited, safe stool disposal (a

primary barrier to transmission) may be more important than

hand washing before eating, which constitutes a secondary

barrier (45).
An investigation of epidemic cholera in West Africa

revealed that hand washing by all family members with

consistent use of soap had a protective effect against cholera

(215), and hand washing by families, specifically after

defecation, was associated with reduced risk of the disease.

However, even with contaminated water in slum settings,

hand washing with soap measurably improved women’s

hand cleanliness (129). Curtis and Cairncross (44) analyzed
17 studies of hand hygiene in different nations, mostly

developing countries. These authors found that hand

washing could reduce the risk of diarrheal illness by 42 to

47% and claimed that hand washing would avert approx-

imately one million deaths. However, most of these 17

surveys had methodological flaws, such as relying on oral

reports; only 2 contained observational studies and none had

compliance data for washing. Unfortunately, conditions in

developing countries may not have improved substantially

since that study.

Lopez-Quintero et al. (127) assessed hand washing

behaviors and intentions among school children in Bogotá,

Colombia, to help identify and overcome barriers to proper

hygiene practices. Only 33.6% of those surveyed reported

always or very often washing hands with soap and clean

water before eating and after using the toilet and that only

about 7% of students reported regular access to soap and

clean water at school. Students with proper hand washing

behavior were less likely to report previous-month gastro-

intestinal symptoms or previous-year school absenteeism.

The authors concluded that even though there may have

been a willingness to wash hands among students, scarcity

of adequate facilities in most schools prevented children

from adopting proper hygienic behavior.

Removal of soil. The bioburden of hands can be visible
or not and may require different hygienic steps to remove it.

Visibly soiled hands are typically those with visible dirt or

contamination with proteinaceous material, blood, other

body fluids (e.g., fecal material or urine), or food (e.g., meat

protein). The first step in hand washing is removal of the

bioburden, which is typically composed of inanimate

material with trapped microorganisms. Water soluble

material is easier to remove than fat, oil, or grease, but

soaps can facilitate the removal of these lipid substances.

Variables affecting hand hygiene efficacy include soil type,

contamination level, microorganism(s) of concern, hand

washing agent (antimicrobial versus nonantimicrobial soaps

and sanitizers), scrubbing and rinsing procedures, drying

method, duration of washing, duration of drying, and

frequency of carrying out the procedure. Transient flora are

generally removed easily, whereas resident species are more

difficult.

Hand hygiene practices of food workers are dependent

on the type of work involved and the type and nature of the

soil. Soil has already been partly discussed in a previous

article (222). The contamination level of hands after toilet

use, changing diapers, or handling contaminated raw foods

and food packing material can all contribute to soil

containing up to 1 million enteric bacteria per hand (135).
Most surface microorganisms are easily flushed off with

washing, but some remain in cracks, crevices, skin folds,

and nail regions. When E. coli and Pseudomonas fluores-
cens were mixed with ground beef and rubbed onto hands,

75% of the organisms were removed with tap water and

95% were removed with a single hand washing episode

using a soap with a mild antimicrobial agent (former E1

designation, see ‘‘Soaps’’ section) (204). Campylobacter
was removed by washing with water or soap as long as

hands were dried with paper towels afterward, providing

physical removal; when hands were simply shaken dry,

Campylobacter was still detectable (40). Giardia can be

removed from hands with soap and hand washing; when

10,000 cysts were placed in the palm of the hand, hand

washing eliminated 99% of them (134). Hand drying would

have removed many of the remaining 100 cysts.

Leyden et al. (123) developed a new approach to

quantifying the bacterial flora on the hand surface by using

computer-assisted image analysis of bacterial growth of

large full-hand touch plates. Image analysis pixel intensity

values were significantly correlated (P , 0.0001) with

CFUs determined by the glove juice method (231). Image

analysis of impressions from hands treated with various

antimicrobial agents in detergent bases revealed that 4%
chlorhexidine gluconate produced a 96% reduction after 30 s

of washing and 98% reduction after 3 min of washing, 7.5%
povidone-iodine and 1% triclosan produced 77 and 70%
reductions after 3 min of washing, respectively, and 70%
isopropanol produced a 98% reduction after 30 s of

washing.

To measure the type of soil encountered in a food

processing or food service environment, Charbonneau et al.

(39) built on the methodology of Leyden et al. (123) and
had volunteers handle raw chicken or ground meat. After

handling the meat, hands were allowed to dry for 1 min

before being cleaned, to represent a typical scenario

encountered during food preparation activities. The bacteria

transferred during typical food preparation activities before

and after washing with sanitizers was quantified. A 20-s

wash with nonmedicated liquid soap and water was more

effective for removing bacteria from the palms of hands than

was an application of gel sanitizer containing 70% alcohol.
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When both products were used in sequence more bacteria

were transferred, and Charbonneau et al. suggested that the

use of alcohol on hands after washing may actually increase

the transfer rate of bacteria that are normally sequestered,

possibly deeper in layers of skin. This hypothesis is counter

to the recommendations of the Food Code (235), that state
that alcohol-based hand rubs should be used only in

combination with hand washing before and after handing

food. Triclosan significantly reduced bacterial levels, but

concentrations greater than 1.0% did not increase efficacy

substantially. For some volunteers, a significant amount of

bacteria remained on their hands after washing with plain

soap and water for 15 s, possibly because of poor washing

technique or because of the condition of the skin.

To reduce the potential for bacterial transfer, food

workers may need to wash their hands for longer than 15 s or

may need to wash more often (235). Thorough rinsing is

important because this action also removes potential skin

irritants and contact sensitizers originating in food, soaps,

metals, and facility disinfectants that could lead to dermatitis.

Rinsing with hot water .120uF (49uC) may cause scalding,

irritation, pain, removal of the protective fatty layer, cracking,

fissures, and possible pathogen colonization, which can

discourage future hand washing and result in subsequent

increases in microbial counts on hand surfaces (154).

Hand hygiene products. There are no universally

accepted definitions for hand hygiene products, and these

products are not usually listed in government agency

documents. Because the terminology has changed over the

years and is confusing to those not using these products on a

regular basis, the following are frequently used terms and

definitions based on data from two Web sites (11, 187).

1. An alcohol-based hand rub (ABHR) contains alcohol

(in a lotion, rinse, gel, or foam) and is designed for

application to the hands to reduce the growth of

microorganisms. Such preparations may contain one or

more types of alcohol with excipients (inactive

substances used as carriers for the active ingredients

of a medication), other active ingredients, and humec-

tants (emollients or moisturizers, e.g., propylene

glycol).

2. Antimicrobial soap (or detergent) contains an antiseptic

agent at a concentration sufficient to reduce or inhibit

the growth of microorganisms.

3. An antiseptic agent is an antimicrobial substance

applied to the skin to reduce the microbial flora or

inhibit the growth of microorganisms. Examples

include alcohols, chlorhexidine gluconate, chlorine

derivatives, iodine, parachlorometaxylenol, chloroxyle-

nol, quaternary ammonium compounds, and triclosan.

Antiseptics were formerly called sanitizers in some

settings, and the term is still in use today.

4. Detergents (surfactants) are compounds that possess a

cleaning action. They are composed of hydrophilic and

lipophilic parts and can be divided into four groups:

anionic, cationic, amphoteric, and nonionic. Detergents

are often referred to as soaps in everyday language.

5. Hand hygiene is a general term that applies to hand

washing, an antiseptic hand wash, an antiseptic hand

rub, or surgical hand antisepsis.

6. Moisturizers and emollients are materials added to hand

creams to improve their performance and the feel of the

skin. Moisturizers add moisture to the skin, and

emollients provide a softening or soothing effect,

smoothing dry and scaly skin areas.

7. Plain soap is a detergent that does not contain

antimicrobial agents or that contains very low concen-

trations of antimicrobial agents that are effective solely

as preservatives.

8. Prework (barrier) cream is a moisturizing hand cream

with good barrier properties against water and aqueous

solutions.

9. Substantivity is an attribute of certain active ingredients

that adhere to the stratum corneum (i.e., that remain on

the skin after rinsing or drying) to provide an inhibitory

effect on the growth of bacteria remaining on the skin.

10. Waterless antiseptic agents do not require the use of

exogenous water; a typical example is an ABHR. After

application, the individual rubs the hands together until

the agent has dried and by this process reduces the

number of viable microorganisms on the hands. The

term includes different types of hand rubs (liquid

formulations, gels, foams, leaflets, towelettes, and

wipes).

Soaps. Soaps have been recommended for cleaning the

body for centuries and more recently, since the advent of the

‘‘germ theory,’’ to loosen dirt and remove microorganisms

from hands in the home, the health care environment, and

food processing and food service operations (150). Natural
soaps are sodium or potassium salts of fatty acids, originally

made by boiling lard or other animal fat with lye or potash

(potassium hydroxide). Hydrolysis of the fats and oils

occurs, yielding glycerol and crude soap. Soap acts as an

emulsifier, suspending oil and dirt and allowing them to be

washed off; it decreases water surface tension and binds to

dirt, oil, and bacteria. Hard water reduces the effectiveness

of soaps. Strong detergents are more effective than soaps for

cleaning with hard water because these detergents contain a

synthetic surfactant and other chemicals that may improve

the cleaning ability. Such detergents are not usually used for

hand cleaning. Milder detergents are the most frequently

used agents for hand washing and are typically called soaps.

Antibacterial agents, which have been added to soaps in

recent years, inactivate pathogens more effectively than

does soap alone. Employee (‘‘E’’) classifications were once

used to describe and categorize antimicrobial hand soaps

and sanitizing compounds. This E classification system was

applied to U.S. Department of Agriculture–approved hand

washing products in meat processing plants but was

discontinued in 1998 (the classifications are now maintained

by NSF International), although some researchers still use

the E classification in their publications. Bland or plain soap

is a nonantimicrobial soap, E1 is a weak antimicrobial

product, and E2 products contain the equivalent of 50 ppm
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of chlorine. Triclosan, triclocarban-trichlorocarbamide, and

parachlorometaxylenol-chloroxylenol are commonly used

for their antibacterial and deodorant activities in consumer

cleansing products.

Antimicrobial soaps are considered drugs and are

regulated by the U.S. Food and Drug Administration

(FDA) because they are intended to inhibit or kill certain

skin flora (78, 234). However, the effectiveness of these

different types of soaps and detergents is still being

researched. Gillespy and Thorpe (63) found that germicidal

soaps or prework creams were not remarkably more

effective than ordinary soap for reducing the numbers of

bacteria transferable from the skin to handled objects. More

recent experiments have confirmed this finding; removal of

transient microorganisms with either plain soap or soap with

an antibacterial compound was not significantly different (P
. 0.05), with reductions of 39.5 to 43.9% for plain soap

and 43.8 to 52.4% for an antibacterial soap (163). Washing

with a nonantimicrobial soap removes most transients,

whereas soaps that include a disinfectant are additionally

effective at lowering the resident organism population (52,
56). Products that have a detergent effect alone or a

disinfection action alone did not perform as well as did the

combination products, and dirt and grease must be washed

off for adequate disinfection of the skin.

Adequate exposure time is also important for soaps

with antimicrobial compounds to be effective. When hand

washing frequency requirements range from 5 to 30 times

per 8-h shift (30, 31), soap selection is extremely important

to maintain compliance. The selection of hand washing

products should be determined by specific efficacy

requirements for the particular venue, pathogen consider-

ations, and frequency of washing. When frequent hand

washing is needed, a gentle product is required for

acceptance by personnel. Soaps should have good lathering

ability, acceptable scent, and consistency and should not

contain components that will cause skin irritation or

dryness. Newer formulations contain emollients or addi-

tional antimicrobial active ingredients. In the United States,

all ingredients must comply with FDA indirect food additive

regulations and must be listed in the Approved Drug
Products with Therapeutic Equivalence Evaluations (234)
or have active antimicrobial ingredients listed in the FDA

monograph for over-the-counter health care antiseptic drug

products (55). In Europe, disinfectants and antiseptics are

regulated by the European Committee for Standardization.

These products are registered based on standard tests for

bactericidal, virucidal, fungicidal, and other biological

activities on surfaces and in suspension (133). Although
the addition of emollients has resulted in products with a

wide level of acceptability, sticky emollient residues build

up on hands and can pick up and transfer microbial

contaminants (54, 157). The materials used to make lavatory

brushes and mops, e.g., nylon, methacryloyl isocyanate

styrene, polyurethane, polypropylene, polyvinyl chloride,

and acetate, inactivate some antimicrobial ingredients in

soaps or sanitizers (41, 141).
The benefit of chlorhexidine gluconate (CHG) is not in

its fast action during a 15-s wash but in its long-term effect.

After repeated use over several days, the residual effect

substantially reduced the normal skin microflora (119). The
possibility that long-term use of antibacterial compounds

such as triclosan can lead to antibiotic resistance in bacteria

has raised concerns for regular users of antimicrobial soaps.

However, no evidence of antibiotic resistance was found by

Drankiewicz and Dundes (51) for staphylococci and several

gram-negative bacterial species isolated from hands of

individuals in a community setting.

Soaps containing triclosan in the concentrations

commonly used in community settings (0.1 to 0.45%, wt/

vol) may not be any more effective than plain soap for

preventing infections and reducing bacterial levels on the

hands (2). According to Fuls et al. (58), antimicrobial hand

soaps are more effective for removing enteric bacteria than

are nonantimicrobial soaps, but these authors found that

wash time and soap volume also were important factors. The

transfer of 8.02 log CFU of E. coli to plastic balls following

a 15-s hand wash with antimicrobial soap resulted in

bacterial counts of 2.49 log CFU compared with 4.22 log

CFU (P , 0.001) on balls held by hands washed with

nonantimicrobial soap. Increasing the wash time from 15 to

30 s reduced Shigella flexneri on hands by 2.90 to 3.33 log

CFU (P ~ 0.086) for the antimicrobial soap compared with

1.67 to 1.72 log CFU (P . 0.6) for nonantimicrobial soap.

Increasing the soap volume positively impacted bacterial

reductions for both the antimicrobial (3.83-log reduction, P
, 0.001) and the nonantimicrobial (1.08-log reduction)

soaps. This indicates that nonantimicrobial soaps are less

active than those containing antimicrobial compounds, but

their effectiveness can be improved with longer wash time

and greater soap volume. Larson et al. (118) found that the

range of soap volumes used for hand washing was 1 to 3 ml

and that 3 ml of antiseptic soap resulted in a significantly

greater reduction in log microbial counts than did 1 ml of

soap. In 2008, feedback obtained via an electronic

questionnaire sent by Campden BRI to more than 1,000

representatives of Campden food industries worldwide

indicated that the majority (67%) of personnel used at least

3 ml of soap to wash their hands (208).
The possibility of the development of antimicrobial

resistance in the resident flora due to long-term exposure to

antibacterial compounds has raised concerns (197), espe-
cially the risk of triclosan cross-resistance among different

species of bacteria (2). However, this type of antimicrobial

resistance has not yet been demonstrated in operational

settings (30).

Effect of friction during hand washing. Friction is

well known as one of the most important elements in hand

washing, dislodging microflora from the skin surface during

both the washing and rinsing stages (186). Antimicrobial

agents in soaps have too little contact time to have

bactericidal effects during a single use or with sporadic

washings, making the mechanical aspect and friction the

most important part of hand washing (213). In several

experiments, hand washing with water alone was more

effective for removing bacteria applied to hands than was

washing with water and soaps because of the greater friction
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used during the water washing (21, 40, 50, 154, 199, 201).
Unfortunately, any aspect of the hand washing process that

decreases friction (e.g., soft water versus hard water, soft

bristle brushes versus coarse bristle brushes) and any type of

soap by its nature will reduce the mechanical removal of any

microflora, particularly when hands are soiled (186). Wipes

also decrease friction (153).

Cleaning long and artificial fingernails. Outbreaks
have been linked to workers with long or artificial

fingernails, which are very difficult to clean even with

appropriate soaps, hand rubs, or gels (224). An outbreak of

Serratia marcescens infection in cardiovascular surgery

patients was associated with a surgical nurse who wore

artificial nails (176). A more recent outbreak among

hemodialysis patients was traced to a nurse who was

carrying S. marcescens under an artificial fingernail (64).
The S. marcescens strains isolated from the five patients and

the nurse were identical.

In laboratory studies, McNeil et al. (143) found that

significantly more health care workers with artificial acrylic

nails had pathogens remaining after hand cleansing with

soap or gel than did those without such nails. Artificial nails

also are a common cause of onychomycosis, which can lead

to an increased risk of transmission of microbiological

infections (205).
In a study to determine differences in microflora under

the nails of health care workers wearing painted artificial

nails and those with unpolished natural nails, significantly

more workers with artificial nails had pathogens remaining

after hand cleansing with soap or gel (143). The naturally

occurring pathogens found under the nails before the

cleaning began were gram-negative bacilli, S. aureus, or
yeasts. The workers used their normal cleansing process and

did not use nailbrushes. Of health care workers with

artificial nails, only 11% could remove pathogens with

antibacterial soap compared with 38% that could remove

pathogens with gel (60% alcohol). Of those workers without

artificial nails, only 14% cleaned with soap, whereas 80%
cleaned with gel. In previous studies, more pathogens were

isolated from nails of health care workers wearing artificial

fingernails than from nails of workers with natural nails.

Artificial fingernails also may interfere with hand cleansing

because of a desire to protect the manicure. This work

revealed that artificial acrylic fingernails could contribute to

the transmission of pathogens, and soap alone was not

efficient for cleaning. Artificial nail use by health care

workers should be discouraged.

McGinley et al. (142) isolated staphylococci from

under the nails of all 26 adult volunteers examined. Most

strains were coagulase negative, but 2 of 26 strains were S.
aureus. Other gram-negative bacteria (e.g., Pseudomonas,
Enterobacter, and Serratia), yeasts, and molds also were

commonly isolated from the subungual region. The

subungual spaces had an average of 5.39 log CFU compared

with 2.55 to 3.53 log CFU for other hand sites, indicating

that these are the areas most difficult to keep clean.

In another study, Lin et al. (125) used nonpathogenic E.
coli and feline calicivirus as bacterial and viral indicators,

respectively, to assess the efficacy of different hand washing

practices. Hands and nails were washed with tap water,

regular liquid soap, antibacterial liquid soap, alcohol-based

hand antiseptic gel (equivalent to an ABHR), regular liquid

soap followed by alcohol gel, or regular liquid soap plus a

nailbrush. The greatest reduction of inoculated microbial

populations was obtained by washing with liquid soap plus

a nailbrush, and the least reduction was obtained by rubbing

hands with the alcohol gel. This finding seems to contradict

the results of McNeil et al. (143). Lower but not

significantly different (P . 0.05) reductions of E. coli and
feline calicivirus counts were obtained from beneath

artificial fingernails than from beneath natural fingernails.

Significantly higher E. coli and feline calicivirus counts

were recovered from hands with artificial nails than from

hands with natural nails both before and after hand washing.

Chipped fingernail polish or fingernail polish worn for

more than 4 days fosters increased bacterial numbers on the

nails (18, 246). Microbial cell numbers also were correlated

with fingernail length, with higher numbers beneath longer

nails. In fingernail studies, overall lower levels of E. coli
were removed from artificial than from natural nails, and a

significant improvement (P # 0.05) over all other methods

occurred when a nailbrush was used, including a soap wash

followed by use with alcohol hand antiseptics.

These results indicate that best practices for fingernail

sanitation by food workers include maintaining short

fingernails and scrubbing them with soap and a nailbrush

while washing hands. The best practice for fingernails is to

maintain short, healthy, natural nails without polish because

these nails are more easily cleaned, reducing the risk of

microbial transmission and decreasing the incidence of

glove tears (96). Current guidelines call for the use of gloves
when food service workers have artificial nails and handle

food (233). According to the Food Code (235), artificial
nails are prohibited for food workers unless gloves are worn.

Duration and frequency of hand washing. Hand

washing efficiency is affected by two aspects of hand

washing: how well (soaps, friction, and duration) and how

often (frequency) it is done. Both aspects are important for

limiting hand contamination. The duration of the hand

washing process is a critical factor for removing microor-

ganisms, as has been demonstrated through experiments

conducted with hands artificially contaminated with path-

ogens or their indicator organisms. A 2.54- and 2.80-log

reduction of S. aureus and Pseudomonas aeruginosa,
respectively, was achieved after 30 s of hand washing

(128). In another study (208), a 30-s wash was better for

removing E. coli from hands than was a 15-s wash. The

average reduction achieved by 38 volunteers in three

replicate trials of a standardized hand washing protocol

based on EN 1499 (9) was 2.25 log CFU for 15 s and 2.42

log CFU for 30 s. Although these data reveal a significant

difference (P ~ 0.036) between 15- and 30-s washes, in

everyday practice the difference is not meaningful. In other

experiments, microbial counts have increased after hand

washing (38, 113, 124, 172), as discussed by Guzewich and

Ross (78). However, these scenarios tended to be situations
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in which there was an extended wash period. Chamberlain

et al. (38) found more microorganisms on hands after a 3-

min hand washing than after a 10-s hand washing. The

lengthy wash time probably both removed the transient

microorganisms and disrupted the upper epidermis layers to

release the underlying resident organisms. However, this

higher number of residual microorganisms was found only

when the transient bacterial population was low, and

lengthy wash times rarely occur in food worker operations

(wash time is more likely 30 s or less). Most pathogens of

concern are transient and would be removed earlier in the

wash process. The 2009 version of the Food Code (235)
states that hands and arms should be washed for at least 20 s,

with 10 to 15 s of vigorous scrubbing, and that individuals

must use a paper towel or other barrier when touching

surfaces to prevent recontamination of hands after washing.

Hand washing times of 15 to 30 s have been

recommended by different agencies around the world with

slightly different emphases. The Canadian Ontario Ministry

of Health and Long-term Care (175) recommends 15 s, and

the Canadian Food Inspection Agency (35) advises washing
hands with warm water and soap for 15 to 20 s after

handling raw food of animal origin. The U.S. Centers for

Disease Control and Prevention (CDC) (37) recommend the

use of soap and clean running water for 20 s. The New

Zealand Food Safety Authority (167) uses the 20z20 rule:

wash hands for 20 s with soap and hot water and dry for 20 s

with a clean, dry towel or paper towel. However, in a

national survey in shopping centers, only 7.8% of persons

who washed their hands did so for at least 20 s, and only

1.3% practiced the 20z20 recommendation. The World

Health Organization (245) stated that 20 to 30 s is necessary

to disinfect the hands with an alcohol-based formulation,

and 40 to 60 s total should be used for washing hands with

soap and water, rinsing, and drying them. These wash times

are sometimes popularized by advertisements suggesting

that everyone recite the alphabet or sing the ‘‘Happy

Birthday’’ song or a similar-length ditty during washing to

obtain maximum pathogen removal (4).
Association guidelines also vary. The American

Society for Testing and Materials (ASTM) protocol (6) is
as follows: wet hands under warm water (100 to 108uF [38

to 42uC]), apply 3 ml of hand washing product, rub

vigorously over all hand surfaces concentrating on inter-

digital spaces and nail beds, apply a small amount of water,

and lather for 15 s, rinse for 30 s, and dry with a clean paper

towel. The CDC, in its guidelines for hand washing and

hospital environmental control (61), recommended that

plain soap be used for routine hand washing, with a

vigorous rubbing of all surfaces of lathered hands for at least

10 s followed by thorough rinsing under a stream of water.

The American Society for Microbiology (5) recommends

vigorous scrubbing for 10 to 15 s, and the Association for

Professionals in Infection Control and Epidemiology (14)
recommends 15 to 20 s of vigorous hand washing. Ojajäryi

(173) found that hand washing for 2 min removed only 3%
more transient microorganisms than did a 15-s wash, and

Rotter (196) found a 0.6- to 1.1-log reduction in microbial

flora after 15 s and a corresponding 1.8- to 2.8-log reduction

after 30 s, both indicating diminishing returns after 30 s.

Washing for too long may damage the skin, and

Chamberlain et al. (38) found that washing for 3 min brings

the skin resident flora to the surface, increasing the number

of microorganisms recovered from hands.

Observations of workers in different settings have

revealed that less time is spent on actual washing than has

been recommended. In health care settings, washing times

ranged from 4.7 to 48 s in 17 studies of 11 to 1,016 wash

events, for a typical time of 9.5 s (17, 32, 59, 68, 70, 108,
111, 120, 130, 145, 169, 184, 188, 219). Although most of

the studies were conducted in the United States and the

United Kingdom, health care personnel in five developing

countries had similar wash times. The lowest recorded

average time was about 5 s, for nurses in the United

Kingdom and in medical and surgical wards in Saudi Arabia

(17, 69). Fewer observations were made of workers in food

preparation settings, but wash times were similar to those of

health care staff (5 to 15 s; mean, 9 s) (8, 27, 33, 203, 228).
As expected, without supervision people tend to wash their

hands for even shorter times and minimally. Wash times in

public rest rooms ranged from 4 to 12 s, with an average of

about 9 s, for sample sizes of 52 to 292 wash events (33, 51,
103, 188, 228). Three studies in schools produced mean

wash times of 8 s (33, 51, 228). Apparently, the worst

offenders rarely wash for ,5 s, but this short time may be

sufficient to only loosen the soil and not remove it, and

subsequent transfer of microorganisms to the next surfaces

touched may be easier than if the hands had remained dry

and unwashed. Under these conditions, it is questionable

whether a quick wetting is better than no washing, but there

are also many situations where no washing was observed.

Limited studies have been conducted on frequency of

hand washing, especially in food processing, preparation,

and service operations. Specific studies have indicated how

often persons washed their hands after using the rest room

or toilet in public, school, and household settings. Only 58

to 92% of these individuals washed with water, and of those

who used water, only 8 to 50% also used soap (20, 33, 51,
74, 76, 103, 228). Where the gender of the participants was

known, males washed 48 to 71% (mean, 59%) of the time;

females washed 58 to 92% (mean, 76%) of the time.

However, the difference was less apparent in their use of

soap: males used soap 30% of the time, and females used

soap 25% of the time. These data can be compared with the

only food service worker observations reported (United

States), in which workers of both sexes washed 32% of the

time, and those who washed used soap 28% of the time

(sample size, 231) (71). Overall, the average time taken to

wash hands was 9 s, and 58% of individuals washed for 7 to

11 s. These findings suggest no real differences between

worker wash habits and those of the general public and

school children, indicating that less than one-third of

workers washed their hands and fewer used soap after any

number of potentially contaminating events in food

preparation settings. Japanese researchers divided the wash

period into prewash (water only), soap lathering, and rinsing

(228). Prewash was rarely done; soap lathering lasted 2 to 6 s
(mean, 3.5 s), and rinse lasted 3 to 8 s (mean, 6 s). When
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only water was used, the wash time was even shorter: 2 to 5 s

(mean, 3 s), essentially a quick wetting of the hands. Similar

wash times with water only (4.4 to 5 s) were observed in the

United Kingdom and the United States (8, 103).
A more recent and extensive survey on frequency of

hand washing by the public was conducted in August 2007

using both telephone interviews for self-reporting and

observations of on-site behavior (212). Although 92%
(95% in 2000) of adult Americans self-reported always

washing their hands after using a public restroom and 86%
(86% in 2000) self-reported always washing their hands

after using the bathroom in their home, only one-quarter

(25%) self-reported always washing their hands after

handling money, and one-third (34%) self-reported always

washing their hands after coughing or sneezing. Only 73

and 78% stated they washed their hands after changing a

diaper or before handling or eating food, respectively.

Diaper changing presents a risk for transfer of pathogens to

the caregiver’s hands. For example, Gibson et al. (62) found
Shigella at 105 to 109 CFU/g in feces of infected children,

and 102 to 106 CFU/g can occur in asymptomatic infants;

0.1 g can easily remain on the hands after a soiled diaper has

been changed. These authors estimated that the risk of

illness spread from infected babies to others ranged from 24

in 100 to 21 in 100,000 persons, depending on how much

Shigella is present in the diaper feces and what kind of soap

is being used for hand washing after diaper changing.

Individuals with a higher level of education were more

diligent about washing their hands after using a public

restroom or changing diapers, but those with lower incomes

tended to be more likely to wash after petting a dog or a cat

and before handling or eating food.

In the same month (August 2007), Harris Interactive

observed the behavior of 6,076 adults (3,065 men and 3,011

women) in public restrooms at six locations (sports

facilities, train stations, ferry terminal, and museums

sufficiently equipped with soap, running water, and towels)

in four major U.S. cities and recorded whether the adults

washed their hands after using the facilities (212). Because
the same sites were used in the 2005 survey, the results

could be compared. The proportion of men observed

washing their hands fell from 75% in 2005 to 66% in

2007; the decrease was less extreme in women, from 90% in

2005 to 88% in 2007. In 2003, the observations of 7,451

individuals in public restrooms located in six major airports

revealed a 78% compliance rate for washing hands, ranging

from 71% in New York City to 96% in Toronto. York et al.

(248) found that the frequency of hand washing at

appropriate times in food preparation during peak business

hours was low (30%) but increased after employee training

(38%) and after introduction of specific interventions to

encourage good food safety practices (54%).

Hand washing water temperature. Common sense

suggests that water temperatures between 110 and 120uF
(43 and 49uC) should be used for washing and rinsing hands

(as hot as is comfortable), and for many years sanitarians

have specified that the hands of food service workers should

be washed and rinsed in warm or hot water to reduce the

risk of cross-contamination and disease transmission.

However, the use of water at these temperatures has not

been supported by research. Hand washing with water at

higher temperatures may contribute to skin damage when

frequent hand washing is required, and insistence on hot

water usage may be a deterrent to hand washing

compliance. As early as 1938, Price (186) found that water

temperature did not make a difference in removal of resident

microflora when a brush was used aggressively.

Michaels and coworkers (154, 159, 160) later found

specifically that water temperature is not influential in hand

hygiene efficacy when plain or antimicrobial soaps are used,

and there was no significant difference in resident

microflora removal rates between washing and rinsing with

70 and 120uF (21 and 49uC) water. These researchers

employed the ‘‘glove juice’’ technique to recover microor-

ganisms from hands. In these experiments, hands were

placed in polyethylene bags rather than gloves to which was

added a stripping solution containing 1% triton. Hands were

then massaged for 60 s, and an aliquot of rinsate was

removed for bacterial enumeration. The procedure was

based on an FDA methodology (231). Uninoculated sterile

tryptic soy broth or hamburger meat was used to study the

effects of treatment temperatures (4.4, 12.8, 21.1, 35, or

48.9uC) on the reduction of resident microflora, and tryptic

soy broth or hamburger meat inoculated with S. marcescens
was used to evaluate treatment effects on the reduction of

transient contamination. No significant differences in

bacterial reductions of either resident or transient bacteria

were found for any of the washing and rinsing temperatures

during normal hand washing with a nonantimicrobial soap.

Therefore, the authors recommended that because efficacy is

not markedly improved at the higher temperatures but there

is a risk of skin damage, requirements for specific hand

washing water temperature should be relaxed below stated

regulatory levels of 110 to 120uF (43 to 49uC) to improve

acceptance of frequent hand washing by food workers as

required for operational purposes. The authors argued that

the vigorous friction during washing is more effective for

removal of bacteria than is the type of soap, the length of the

wash time, or the temperature of the water.

In subsequent experiments with antimicrobial soaps

containing different active ingredients, researchers found a

slight but insignificant difference in efficacy between 85 and

110uF (29.4 and 43uC) water, whereas measures of skin

damage increased but also insignificantly (159). Conversely,
washing and rinsing hands at excessively low temperatures,

equivalent to those found in a refrigerated cutting room, is

uncomfortable and also may result in poor hand washing

compliance. The 2001 FDA Food Code amended the 1999

version by decreasing the recommended water temperature

for hand washing to 100uF (37.7uC) based on the ASTM

standards for evaluating hand washing formulations (7,
232). Laestadius and Dimberg (110) in a letter to the editor

of the Journal of Occupational and Environmental
Medicine reviewed the literature concerning temperature

of hand washing and the skin damage resulting from hot

water. Based on the lack of evidence from the limited

literature cited above that hot water had any advantages over
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cooler water, these authors challenged a statement from the

Canadian Center for Occupational Health (CCOP) that

recommended hot water for hand washing. Because of

possible confusion between warm and hot water, Laestadius

and Dimberg used the following temperature classification:

(i) cold water, ,65uF (,13.3uC); (ii) cool to tepid water, 65

to 90uF (13.3 to 32.2uC); (iii) warm water, 90 to 98uF (32.2

to 36.7uC); and (iv) hot water, 98 to 105uF (36.7 to 40.6uC).
Under these definitions, the ASTM and Food Code

standards are in the lower range for hot water. The 1998

Canadian Infection Control Guidelines did not specify any

water temperature, and the CCOP reversed its position to

recommend use of warm instead of hot water. Thus, the

temperature of hand washing water should be comfortable,

preferably warm but not hot.

Double hand washing. Double hand washing is meant

to address residual fecal finger contamination, including

entrapment of feces in the subungual region of the nails after

defecation or contact with door knobs or other restroom

surfaces (91, 147, 161), and must include full hand hygiene

procedures of washing, rinsing, and drying. A nailbrush is

used to produce lather on fingertips, hands, and arm surfaces

during initial hand washing. The hands are then rinsed and

relathered, without using the nailbrush, by vigorously

rubbing hand and arm surfaces, thoroughly rinsed, and then

dried with disposable paper towels. A double wash is

recommended when employees begin a shift and after they

use the toilet. Although this sequential approach has been

considered to enhance the efficacy of hand washing,

research has shown only a slight gain in cleanliness with

the second washing (242). Snyder (210) found that double

hand washing was valuable as an alternative to gloving

because of the high degree of enteric bacteria removal. The

first wash with a nailbrush decreased E. coli populations
1,000-fold on fingertips, with a further 50-fold reduction

after the second wash. However, because the experimental

work was limited to three volunteers using a bacterial load

in broth and not heavy soil, other studies with bacteria in

ground beef and viruses in vomitus should be conducted to

determine whether the .4-log reduction can be achieved

under more extreme contamination conditions in food or

equipment handling situations. Snyder (211) noted that after

a nailbrush is used about 10 times, enough organic material

will accumulate in the brush storage sanitizer solution that

bacteria could begin to grow, allowing the storage solution

to become a source of bacterial contamination for workers’

hands. This possible contamination is the reason why

nailbrushes are not recommended for use in high-care food

handling facilities in Europe (207).

SKIN DAMAGE THROUGH EXCESSIVE WASHING

Skin damage by scrubbing. Many workers perform

hand washing appropriately and successfully, but some

workers scrub hands too aggressively (31, 152), resulting in

cracked skin and sores that adversely affect hand hygiene.

The use of brushes particularly can cause the skin to become

red, dry, chapped, and rough, making the primary barrier

against microbial invasion subject to infection. Blood

vessels and nerve endings (60, 117) in the dermis are easily

exposed, leading to dry chapped skin (1, 98, 107), fissures
(112, 114, 136), and irritation and pain (94, 169). Pain

occurs as the outer layer of skin, the stratum corneum,

becomes eroded, and this pain discourages thorough

cleaning and increases the tendency to reduce the frequency

of nailbrush use or even hand washing (113, 142, 174). Skin
damage may occur because of the way a nailbrush is

constructed or the type and stiffness of the bristles; the

composition and shape of the bristle tips can influence the

degree to which the skin is cut or abraded (193, 206),
especially the sensitive skin of the fingertip (57, 105, 193).
Nylon brushes and cloths cause friction amyloidosis (89,
217, 244). In a study of nurses’ hands in four hospitals, skin

damage was significantly correlated with the type of soap

used at work (P ~ 0.01), number of hand washes per shift

(P ~ 0.0003), and number of times gloves were worn (P ~

0.008) (116). Skin damage was not correlated with reported

duration of hand washing or brand of glove.

The nursing literature indicates that skin damage and

skin squamous cell shedding are both reduced when

scrubbing is performed without a brush (73). Scrubbing

has consequences beyond skin damage; investigations of

nosocomial outbreaks revealed that patient infections

occurred when scrubbing by health care workers resulted

in hand dermatitis and ultimately lower hand washing

compliance. Hand lotions often are used to reduce the risk

of chapped hands; however, lotions can occasionally be

contaminated, as found in an outbreak of Pseudomonas
infection in a neonatal intensive care unit (19), which ended

when the hand lotion was removed. Because of the

difficulty of cleaning under fingernails without doing

mechanical damage to the stratum corneum, ABHRs have

been considered to replace the nailbrush (97, 114). Loeb et

al. (126) found that scrubbing hands with a brush was no

better than alcohol and soap treatment for removing normal

flora. Early ABHRs were associated with negative skin

changes and dry fissured dermatitis. Current products still

may cause stinging where small cuts or dermatitis is present,

have undesirable added fragrances, and are flammable (31).
However, Huynh and Commens (94) recommended ABHRs

as an alternative to traditional scrubbing to reduce skin

damage.

Occupational dermatitis. Occupational dermatitis is

widespread in many industries, including those involving

food manufacture and preparation. In the United Kingdom,

an estimated 84,000 people across all industries have

dermatitis caused or made worse by their work, resulting

in 132,000 lost working days each year and costs to

employers of £20 million (84). The food and catering

industries account for about 10% of all cases of occupa-

tional dermatitis, with chefs, cooks, kitchen and catering

assistants, bar tenders, workers manufacturing many

different types of foods, and cleaners at greatest risk. Other

than excessive scrubbing of hands, dermatitis can be caused

by contact with specific substances at work. In catering and

food occupations, prolonged contact with water, soaps, and

detergents is responsible for about 55% of dermatitis cases
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(84). Other causes of dermatitis are disinfecting tablets used

to wash and sanitize vegetables, curry spices, horseradish,

mustard, garlic, citrus fruits, and latex gloves (84).
Dermatitis can affect both forearms and hands, and extreme

cases can lead to open bleeding and painful lesions, causing

workers to stay off work or even change jobs. Fresh wound

dressings should be applied after hand drying.

S. aureus is a frequent colonizer of skin lesions, making

the worker with dermatitis extra cautious about creating

barriers between the skin and food or food contact surfaces.

Hand contact with sanitizers also can promote skin lesions.

Sanitizers (disinfectants) are designed to clean food contact

surfaces and tend to be more chemically active than hand

soaps or detergents (antiseptics) used for hands. Sanitizers

are used under written approved protocols by companies for

sanitation standard operating procedures. Under U.S. federal

regulations, chemicals sold as sanitizers must kill 99.999%
of 75 million to 125 million nonpathogenic E. coli and S.
aureus cells during a 30-s exposure (241). These products

include chlorine compounds (e.g., sodium hypochlorite and

chlorine dioxide), iodophors, quaternary ammonium com-

pounds, peroxyacetic acid, and acid-ionic and fatty acid

sanitizers. The key elements for these sanitizers are

concentration, temperature, and contact time. To avoid

problems, workers must protect themselves from direct

contact with sanitizers during use. Employees can protect

themselves and others by reading and understanding

sanitizer package labels, knowing the characteristics of

each of these chemicals, and preparing appropriate concen-

trations for use. These steps were not followed in a United

Kingdom meat processing plant where 55 employees

suffered from hand dermatitis (85). Hands were routinely

washed with a cleanser (30 to 40 washes per day) and often

immersed in overly hot, softened water containing chlorine

dioxide. Gloves were not routinely used, and there was no

attempt to check the condition of workers’ skin. The

dermatitis outbreak was eventually controlled when the

management (i) reduced and controlled water temperature at

32uC (90uF), (ii) regulated chlorine dioxide dosing at a

continuous acceptable level, (iii) reduced washing by 30%
throughout a shift but maintained adequate food hygiene

standards, (iv) supplied and encouraged the use of

appropriate moisturizing cream, and (v) introduced routine

skin monitoring. More information on occupational derma-

titis in the food industry is available through the United

Kingdom Health and Safety Executive information sheets

(84, 85).

HAND DRYING

Removal of microorganisms through drying. Trans-
mission of microbes is more likely to occur from wet skin

than from dry skin (66, 67, 131, 137, 148, 218) because of

the physical aspects of moisture droplet transfer between

one surface and another and because the bacteria may be in

a physiological state more favorable to colonizing new

environments. Patrick et al. (177) found that moist hands

transfer microorganisms more readily than do dry hands to

chamois representing skin, licorice strips representing food,

and plastic pipette tips representing utilities (food contact

surfaces). Hand drying has two effects: removal of moisture

through absorption and removal of microorganisms through

friction. The friction generated during hand drying is even

more important than that generated during washing because

the soaping stage has loosened the microorganisms from the

skin. The drying stage physically removes microorganisms

in a film of water from the skin by wiping and depositing

them on a towel (23, 42). The coarser the grain of paper

used, the more efficient the friction effect will be for

organism removal (24, 162). Thus, hand hygiene efficiency

is a combination of washing efficiency (soap, water,

rubbing, and rinsing) and hand drying (149, 151, 156).
Data generated by several investigators indicate that the

washing phase is approximately 85% effective and the

drying process provides a further 90% reduction in transient

flora (132, 158). Based on laboratory testing with artificial

contaminants, including Salmonella (which can survive for

several hours on fingertips), hand washing, including

washing, rinsing, and drying, commonly produces a 2- to

3-log reduction (99 to 99.9%) (181), although Patrick et al.

(177) claimed that 10 s of drying hands with a towel alone

reduced the microbial population transferred to skin, food,

and food contact surfaces by about 2 log units. Hand drying

effectiveness includes speed of drying, degree of dryness,

effective removal of contaminating microorganisms, and

prevention of cross-contamination (78, 151).

Hand drying materials. Ballistic water droplet

generation and spread by shaking the hands instead of

drying or during any hand drying technique, including

wiping wet hands on clothing, should be considered a risk

factor for contamination of food contact surfaces. Moist

surfaces may subsequently encourage microbial growth and

generation of biofilms. Consensus among previous studies

on the best methods for drying hands after washing was not

found (12, 24, 25, 139, 146, 218, 236) partly because most

of these older studies were conducted before air drying was

improved and different drying assessment methods were

used. Although cloth towels are popular because of their

rapid drying, they become contaminated through multiple

usages, and continuous cloth towels run the risk of end-of-

roll contamination by the last user, resulting in transfer of

organisms through communal use and through contact with

surfaces in sinks, on counter tops, or even on the floor. Once

pathogens are deposited on towels, they can survive long

enough to contaminate food and contact surfaces. In a study

of bacterial survival on cloth tea towels used for drying

dishes (140), E. coli O157:H7 was recovered from dishes

after air drying for 72 h, and some dishes remained

contaminated with Salmonella after towel drying, but this

pathogen did not survive as long as did E. coli.
Paper towels are generally considered to be more

hygienic than cloth towels for hand drying (12, 67).
Cellulose fiber is the main material in institutional paper

towels, which are usually made of rougher paper than used

for domestic paper towels. Rubbing hands with the paper

removes transient organisms and dead skin cells (squames)

and is more likely to reach the bacteria from deeper layers
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because of friction and absorption of moisture (66).
Although coarse paper towels are more effective than those

made with softer paper, Heenan (86) argued that attention

should be paid to providing adequate supplies of paper

towels that are user friendly; harsh, nonabsorbent paper

towels could discourage their use. Sprunt et al. (213) found
that all types of hand washing agents (even water) were

effective when hands were dried with paper towels, and the

difference observed among the different sequential washing

steps was not considered significant.

Paper towel dispensers may differ in deliverability

through design and paper type. Harrison et al. (82, 83)
evaluated the efficiency of paper towel dispensers for male

and female participants of different heights, each pulling

400 paper towels in controlled hand drying simulations.

Considerable variation in dispensing efficiency was found

between different towel brands; one towel had significantly

superior dispensing properties (P , 0.05) in the generic

dispenser. Participants of a shorter height experienced a

lower incidence of dispensing malfunction using all towel

products and type. Therefore, managers of food operations

should carefully consider, for economic and hygienic

reasons, the design and location of towel dispensers and

the types of towels purchased. Paper towels should be

readily available and adequately soft to encourage drying

but should still have enough texture to remove pathogens

during rubbing (24, 86, 162).
Foot-operated pedals on waste disposal units can

prevent recontamination of hands (65). In a survey of 12

food processing or food service facilities, Michaels et al.

(158) found coliforms, E. coli, and S. aureus on paper towel

dispenser equipment, indicating that wet hands grasping the

dispensers to obtain paper towels deposited some transient

contaminants before drying began. Thus, hand-operated

paper towel dispensers have their limitations. Paper towels

also can serve as a barrier between faucet handles and door

knobs to prevent recontamination of hands after washing.

Hand drying systems. Air drying units and disposable

paper towels are increasingly replacing cloth towels except

in high-end hotels and restaurants, where cloth towels are

monitored for their use and replaced as required. Differing

results have been obtained when comparing paper towels

and hot air dryers. Gustafson et al. (77) evaluated four

different hand drying procedures: cloth towels accessed by a

rotary dispenser, paper towels from a stack on the hand

washing sink, warm forced air from a mechanical hand-

activated dryer, and spontaneous room air evaporation. One

hundred adult volunteers had their hands artificially

contaminated with Micrococcus luteus, washed with a

nonantibacterial soap, and dried, and the remaining

organisms were collected using a modified glove-juice

sampling procedure. Gustafson et al. found no significant

differences in residual M. luteus among drying methods.

Air driers that are used in many communal washrooms,

allow one user at a time, and take up to 1 min to dry the

hands have not been convenient and lead to avoidance or

incomplete drying. Patrick et al. (177) found that 96% of

water was removed from hands in 10 s with cloth towels and

in 45 s under warm air. In several studies, on average people

spent 22.5 s drying hands, and 41% wiped their hands

unhygienically on clothes (24, 102, 139, 191). Because

towels are seen as more effective and faster (191) than air

for drying hands, towels tend to be preferred by workers.

Contradictory evidence has also been found concerning

increased contamination of hands due to recirculated air and

saturation of air dryer filters with bacteria (115).
Yamamoto et al. (247) argued that holding hands

stationary and not rubbing them under warm air driers was

best for removing bacteria, and UV light helped destroy the

bacteria during warm air drying. They also stated that paper

towels were useful for removing bacteria from fingertips but

not from palms and fingers and that hand rubbing during the

drying process repopulates the skin with commensal

(resident) bacteria. Consequently, when hand rubbing is

involved, the bacterial counts on hands will frequently be

higher after than before the washing and drying process

because the rubbing process tends to draw out commensal

bacteria to the skin’s surface from deep inside the pores and

under the fingernails. Consequently, Yamamoto et al.

concluded that rubbing hands under a conventional warm

air drier will contribute to both the bacterial load on the

surface of the skin and the possible subsequent transfer of

bacteria from the hands to other surfaces. This conclusion is

in contrast to those from other research but may be

explained by the fact that paper drying involves two

processes: (i) absorption of water to wick away moisture

and bacteria and (ii) friction to remove the surface

organisms. Most skin surface contaminants, including

pathogens and fecal indicators, are found on fingers, and

commensals are found on all parts of hands.

Some researchers have suggested that hot air dryers

may disperse microorganisms some distances through the

air; for this reason hand towels were considered safer in a

clinical area (66, 168). Ngeow et al. (168) found that

dispersal of marker bacteria by an air dryer occurred within

a radius of about 3 ft (1 m) from the dryer and to the

investigator’s laboratory coat. When paper towels were used

for hand drying, no dispersal of marker bacteria was found.

Some studies indicate that dryers can become reservoirs for

human pathogens; microbial counts on hands using such

driers increased by more than 500% in experiments by

Knights et al. (102) and Redway et al. (191). In the latter

study, bacteria were isolated from swabs taken from the

airflow nozzles and air inlets of 35 hot air dryers in nine

types of locations (including hospitals, eating places,

railway stations, public houses, colleges, shops, and sports

clubs). Bacteria were relatively numerous in the airflow and

on the inlets of 100% of dryers sampled and in 97% of the

nozzles. Staphylococci and micrococci (probably from skin

and hair) were blown out of all of the dryers sampled

specifically for these bacteria, and 95% had evidence of S.
aureus. At least six species of enteric bacteria were isolated

from the airflows of 63% of the dryers, indicating fecal

contamination. A similar 500% increase in aerobic bacteria

and coliform counts was noted for hot air dryers located at a

seafood processing plant (161). In a similar study, Michaels

et al. (155) examined 30 hot air driers in various locations
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(fast food facilities, food processing centers, supermarkets,

hospitals, retirement homes, and hotels) using air exposure

samples with petri plates before and after operation and

found a .500% increase in bacterial load, which included

S. aureus, Enterobacteriaceae, and mold. In a study of hand

washing and hand drying efficacy using a quantitative

microbial risk assessment approach, the authors concluded

that hot air dryers were less effective than paper towels for

removing microorganisms from hands (165). However

Taylor et al. (218) did not find that hand dryers were more

likely to contaminate the environment with airborne

microorganisms than was the act of drying with paper

towels. These authors found that air emitted from the outlet

of the driers contained significantly fewer microorganisms

than did air entering the driers, and drying of hands with

hand driers was no more likely to generate airborne

microorganisms than was drying with paper towels.

Levels of microorganisms on external surfaces of hand

driers were not significantly different from those on other

washroom surfaces. Differences in such reported results

may reflect the different test situations, such as used by

Ansari et al. (12), who compared the efficiency of paper,

cloth, and electric warm air drying for elimination of

rotaviruses and E. coli on fingerpads washed with 70%
isopropanol, a medicated liquid soap, or an unmedicated

liquid soap. These authors found that regardless of hand

washing agent, electric drying produced the highest and

cloth drying the lowest reduction in the numbers of both test

organisms.

Redway and Fawdar (190) summed up the results of the

following different studies. In some of these studies (24, 25,
102, 103, 168, 191, 192), warm air dryers were hygienically

inferior to towels and could actually increase the number of

bacteria on the hands after use. In other studies (47, 77, 139,
146, 177, 218), little significant difference was found

between the three hand drying methods. Only Ansari et al.

(12) found that warm air dryers were generally hygienically

superior to paper towels. Yamamoto et al. (247) found that

warm air dryers reduced bacterial numbers when individuals

held their hands stationary in the airflow rather than rubbing

them, which caused an increase in bacteria, but this method

requires a longer time to dry the hands. These authors also

found that paper towels reduced the bacterial numbers on

the fingertips more than did warm air dryers, a result that

agrees with those of the experiments by Redway and

Fawdar (190). Much of these differences can be explained

by different protocols and sampling procedures (190).
Hand drying machines with faster airflow are currently

being installed in public washrooms because when hands

are not dried properly after washing, transfer of remaining

microorganisms to other surfaces is more likely to occur.

Most warm or hot air hand dryers rely on evaporation to

remove the water from hands, which often takes $30 s with

rigorous hand rubbing to achieve a satisfactory effect. A

new version of an electric hand drier (Airblade, Dyson,

Chicago, IL) was introduced into the United Kingdom in

2006 and the United States in 2007. The Airblade is

different from other conventional hand dryers in that instead

of having a wide jet of heated air, it uses a ‘‘blade,’’

‘‘knife,’’ or ‘‘sheet’’ of unheated air traveling at 400 mph

(643 kph) through a 0.3-mm gap to strip the water rapidly

from wet hands and processes the excess water with a

disinfecting iodine resin filter; the water is then dispersed in

a mist (26). Hands are not rubbed together. The Dyson

Airblade dries hands in 10 s and uses approximately 80%
less electricity than do conventional hand dryers.

Snelling et al. (209) compared the Airblade with two

other warm air driers. Hands of volunteers were contami-

nated by handling uncooked chicken. Washing was

performed using the European standard hand washing

technique (EN1499:1997 (9)) with nonmedicated liquid

soap. After the drier was used, the fingers of each hand were

pressed onto a strip of sterile aluminum foil. Bacteria

transferred to the foil were eluted and enumerated. The

authors found that for a drying time of 10 s the Airblade led

to significantly less bacterial transfer than did the other

driers (P , 0.05). When the other driers were used for

longer times (30 to 35 s), the trend was for the Airblade to

perform better, but the results were not significant (P .
0.05). In this study, rubbing hands while using the driers

counteracted the reduction in overall bacterial numbers.

Research sponsored by the paper towel industry

revealed that paper towels and the Airblade were equally

efficient at drying hands in 10 s and better than a warm air

drier at 20 s (190), but concerns were raised about the

Airblade’s hygienic performance. For this study, partici-

pants were asked to visit a public washroom in a normal

fashion and return to the laboratory without washing their

hands. Finger and palm prints were then made on the

following media: nutrient agar (for total aerobic bacteria),

cystine-lactose-electrolyte–deficient medium (for Entero-
bacteriaceae and enterococci), and mannitol-salt agar (for

staphylococci). Participants then washed and rinsed their

hands for a total of 10 s using liquid soap from a dispenser

and running tap water and dried their hands using paper

towels (as many sheets as needed in 10 s), a warm air drier

(20 s), or the Airblade (10 s). Both types of paper towel

reduced the mean numbers of all types of bacteria tested on

the fingerpads and the palms, by 44.6 to 91.5% for

fingerpads and from 32.8 to 85.2% for palms. The warm

air dryer increased the mean numbers of all types of bacteria

tested on the fingerpads by 114.1 to 414% and on the palms

by 230.4 to 478.8%. The Airblade increased the mean

numbers of most types of bacteria tested on the fingerpads

(28.0 to 193.3%) and the palms (9.1 to 82.2%). Increases

were found with all types of bacteria on all three growth

media. The paper towels worked better possibly because the

friction generated removed dirt, grease, bacteria, and skin

squames from the hands, whereas the air dryers do not

generate such friction. Although Redway and Fawdar (190)
claimed that the hygienic performance of paper towels was

superior to that of two types of electric dryer for reducing

the numbers of bacteria on both the fingerpads and the

palms, the fact that this research was sponsored by the paper

industry begs for an independent peer-reviewed study. Such

a study should be focused on actual performance in the food

industry rather than with volunteers in the laboratory. The

mist generated by these fast driers also should be evaluated
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for bacterial and viral content in addition to monitoring the

hands of the users. However, the rapid drying achieved with

these fast air driers makes compliance for hand drying more

likely in the food service and food processing industries. In

the United States, the Airblade is currently the only product

that is certified by NSF International under the hygienic

commercial hand dryer specification P335 (171), and in the

latest version of the Food Code (235) the FDA permits the

use of such high-velocity blades of nonheated, pressurized

air for hand drying.

In a recent survey of Enterobacter in food industries,

100% of the companies used paper towels in their high- and

low-risk food handling areas. In areas where good

manufacturing practices are mandated (low-risk areas with

dirty incoming raw materials such as meat, fruit, and bakery

ingredients), paper towels were preferred (82%) over fabric

towels (9%) and warm air hand dryers (5%) (208). Other
issues are associated with paper towel use. Paper fragments

can enter the food as extraneous matter, and paper towel use

has an adverse environmental impact with respect to waste

disposal and environmental sustainability.

In January 2009, a survey of 2,000 persons in four

major European markets (Germany, France, United King-

dom, and Sweden) was carried out by the Intermetra

Business and Market Research Group, a trade organization

representing tissue paper producers (10). This survey

revealed that public restrooms are of high importance;

28% of the users did not wish to dry their hands if they did

not find a ‘‘suitable’’ hand drying device. These users

considered cloth towels that have already been used by

others and drying devices that are unclean as unacceptable

(72 and 59% of users, respectively). The largest group,

almost three-quarters of all respondents (72%), put hygiene

as the highest requirement for dryers, with speed of drying

of less importance (only 22% of users). Paper hand towels

provided the highest hygiene perception by almost all

respondents (96%). Most users (50%) claimed that the

driest feeling comes from using paper towels, and warm air

dryers (30% of users) were considered more efficient than

pull-down cloth towel rolls (18% of users). However, most

of the participants probably had not yet experienced the

high-velocity blades of pressurized air driers, such as the

Airblade system (which dries much more rapidly than warm

air drying equipment), now commonly found in public

places in the United Kingdom and increasingly in other

countries. In combining all the aspects of preferences, 63%
of the survey respondents choose paper hand towels first,

followed by warm air dryers (28%), and cloth towel rolls

(10%).

Although this survey was conducted on a general

population, food workers will take their hand washing and

drying preferences into the work place. In contrast to the

Intermetra survey findings, recent studies at Campden BRI

revealed that hygiene concerns were not a problem for paper

towels and air driers. No practical differences were found

between the use of a Dyson Airblade, a warm air hand

dryer, or paper towels with regard to the generation and

spread of microbial aerosols. The number of airborne

microbes generated by each of these hand drying methods

was considered so low that they would not contribute to

environmental microbial loads. As high-velocity air driers

increasingly enter the work environment and are in use in

public facilities, there will be more opportunities to evaluate

their hand drying and hygienic efficiency in a variety of

occupational settings.

CONCLUSION

Everybody’s hands are frequently contaminated with

enteric microorganisms, and food workers are no exception.

These workers may be even more exposed because of their

work with raw food ingredients and their frequent contact

with fellow workers and the public. Fortunately, even hands

carrying considerable fecal contamination, e.g., after

diapering a child, taking care of an incontinent patient, or

working in a slaughterhouse, are rarely contaminated with

pathogens or pathogens are present in such low numbers

that their transfer to ready-to-eat food is not sufficient to

cause illness. Many people, workers included, therefore feel

that their hygiene routines are sufficient because no adverse

consequences have been experienced over many years of

performing the same procedures. Gross hygiene errors in

two United Kingdom catering facilities (Scotland and

Wales) that had used the same hygiene practices for years

were identified only through public inquiries after many

cases of E. coli O157:H7 infection and several deaths had

occurred (178, 179). Underreporting of illness is sufficiently

extensive (13, 144) that some consumers of food prepared

by careless workers may have experienced undocumented

illnesses, but there is no penalty to the establishment unless

the outbreaks are so massive that they cannot be ignored.

Thus, frequent contamination of workers’ hands, such as

butchery and meat department employees working with raw

meat products, is likely and may result in contaminated

cooked meat products. Hand hygiene compliance at the

retail food service level is known to be inadequate (189,
216). Because it is not possible to maintain a complete

oversight system at any jurisdictional level, it is not possible

by legislation to achieve 100% compliance for proper

hygienic practices in food establishments. An interest in

public health safety is what motivates management and

employees to take extra steps to produce safe products, and

these steps include hand hygiene practices that limit any

contaminants coming in contact with food being produced

for the public. Compliance begins with a commitment by

management to designate safety as the number 1 concern in

the establishment (93) and to introduce regular training

programs for safe production of food and for when and how

to wash hands effectively (182, 194).
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173. Ojajäryi, J. 1980. Effectiveness of hand washing and disinfection

methods in removing transient bacteria after patient nursing. J. Hyg.

(Camb.) 85:193–203.
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ABSTRACT

This study investigated bacterial transfer rates between hands and other common surfaces involved in food preparation
in the kitchen. Nalidixic acid–resistant Enterobacter aerogenes B199A was used as a surrogate microorganism to follow the
cross-contamination events. Samples from at least 30 different participants were collected to determine the statistical distri-
bution of each cross-contamination rate and to quantify the natural variability associated with that rate. The transfer rates
among hands, foods, and kitchen surfaces were highly variable, being as low as 0.0005% and as high as 100%. A normal
distribution was used to describe the variability in the logarithm of the transfer rates. The mean 6 SD of the normal distri-
butions were, in log percent transfer rate, chicken to hand (0.94 6 0.68), cutting board to lettuce (0.90 6 0.59), spigot to
hand (0.36 6 0.90), hand to lettuce (20.12 6 1.07), prewashed hand to postwashed hand (i.e., hand washing ef� ciency)
(20.20 6 1.42), and hand to spigot (20.80 6 1.09). Quantifying the cross-contamination risk associated with various steps
in the food preparation process can provide a scienti� c basis for risk management efforts in both home and food service
kitchens.

Cross-contamination of bacterial and viral pathogens in
the home and in food service establishments is thought to
be a major contributing factor for sporadic and epidemic
foodborne illness (4, 10, 15, 22). During food handling and
preparation, microorganisms on raw foods can be trans-
ferred to various surfaces, such as cutting boards and water
faucet spigots (1, 16, 27). Proper hand washing has been
recognized as one of the most effective measures to prevent
cross-contamination and minimize transfer of microorgan-
isms to ready-to-eat foods in modern homes and institu-
tional kitchens (8, 18).

A number of studies have characterized the prevalence
of indicator microorganisms and pathogens in household
kitchens, commercial food preparation, and processing en-
vironments (6, 13, 14, 21, 24). The evidence obtained by
Humphrey et al. (12) shows that while preparing dishes
using eggs arti� cially inoculated with Salmonella, wide-
spread contamination of hands, utensils, and work surfaces
occurs in the kitchen. Pether and Gilbert (20) and Scott and
Bloom� eld (23) reported that various bacteria, including
Escherichia coli, Staphylococcus aureus, and Salmonella
spp., survive on hands, cloths, and utensils for hours or
days after initial contact with the microorganisms. In other
studies, the extent of survival and cross-contamination be-
tween hands and various kitchen surfaces has been quan-
ti� ed (13, 23, 27).

Available literature on hand washing and cross-con-

* Author for correspondence. Tel: 732-932-9611 x214; Fax: 732-932-
6776; E-mail: schaffner@aesop.rutgers.edu.

† Present address: Vlasic Foods International, Vlasic Plaza, 6 Executive
Campus, Cherry Hill, NJ 08002-4112, USA.

tamination describes the presence or absence of microor-
ganisms, baseline levels of contaminants, and the average
transfer rates between hands and various food preparation
surfaces. One objective of this study was to reaf� rm the
extent of bacterial transfer between common surfaces in-
volved in food preparation. A second objective was to study
this phenomenon in such a way as to facilitate the incor-
poration of cross-contamination data into quantitative mi-
crobial risk assessments. To accurately model cross-con-
tamination and hand washing ef� ciency requires informa-
tion on the inherent variability associated with these events.
The rate distributions of bacterial transfer were determined
between food (chicken) and hands, hands and the spigots
of water faucets, the hands in prewashed and postwashed
states, hands and another food (lettuce), spigot surfaces and
hands, and cutting boards and lettuce.

MATERIALS AND METHODS

Bacterial strain and growth condition. The method used in
this study was based on that proposed by Zhao et al. (27). A
nonpathogenic indicator microorganism, Enterobacter aerogenes
B199A, with attachment characteristics similar to Salmonella on
chicken (27), was used for all experiments. The E. aerogenes
strain was resistant to nalidixic acid, which allowed it to be enu-
merated in both the presence of background microorganisms on
the food or resident micro� ora on the hands of participants.Chick-
en breast meat and lettuce were obtained from a local supermarket.
Repeated control experiments showed that nalidixic acid–resistant
E. aerogenes cells were not initially present in either food product.
The hands of selected participants were also free of nalidixic acid–
resistant E. aerogenes before taking part in the experiments.

E. aerogenes cells were grown overnight at 378C with shak-
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ing (150 rpm) in tryptose phosphate broth containing 50 mg/ml
of nalidixic acid. Cells were harvested by centrifugation (Micro
7, Fisher Scienti� c, Pittsburgh, Pa.) at 5,000 3 g for 5 min and
washed three times in phosphate-buffered saline (PBS; 0.1 M, pH
7.2). Cell pellets were resuspended in PBS and adjusted by a
spectrophotometer (model UV160, Shimadzu Scienti� c Instru-
ments, Columbia, Md.) to approximately 0.5 A660, corresponding
to ;108 CFU/ml. A working cell suspension of ;106 CFU/ml
was also made for some experiments. To determine the cell den-
sity of each inoculum and enumerate samples collected from var-
ious surfaces, appropriate 10-fold dilutions in PBS were made.
Next, 0.1 ml of the two lowest dilutions was plated in duplicate
on MacConkey agar containing 50 mg/ml of nalidixic acid. Pour
plating was done in duplicate by mixing 1 ml of a sample with
10 ml of warm agar for samples containing low levels of E. aero-
genes. Agar plates were incubated at 378C for 24 h before enu-
meration. Nalidixic acid was obtained from Sigma Chemical Co.
(St. Louis, Mo.). All media were from Difco Laboratories (Detroit,
Mich.). All other chemicals were obtained from Fisher.

Study participants. Fifty-two students and university em-
ployees participated in various phases of the study to produce at
least 30 different data points for each transfer rate between each
pair of surfaces evaluated. Nineteen males and 33 females partic-
ipated in this study. All participants appeared to have normal,
healthy skin on the surface of their hands without any obvious
visual damage. Each participant was informed as to the general
nature of the experimental procedures and signed a consent form
before taking part in the experiments.

Contamination of chicken, hands, and spigots. One mil-
liliter of cell suspension (;108 CFU) was inoculated onto 150-g
portions of skinless chicken breast meat and held at room tem-
perature for 15 min to facilitate attachment. The participant then
cut the chicken into small dices (;1 by 1 by 1 cm) on a clean,
sterile plastic polyvirgin cutting board (American Chef). The dic-
ing process allowed E. aerogenes to be transferred from the chick-
en to the hands of the participant. One of the participant’s hands
was sampled using the glove juice method after completing this
step (19). The � ngers of a sterile surgical glove (Fisher) were
� lled with PBS (20 ml), and the glove was then � tted onto the
volunteer’s hand. The hand was rubbed for 1 min by an investi-
gator and the sample collected for enumeration. Using the hand
not sampled by the glove juice method, the participant handled
three sterile spigots to simulate turning on a water faucet. To stan-
dardize the level of hand contamination, the participant transferred
the diced chicken from the cutting board to a tray back and forth
three times before handling each of the three spigots.

To determine the number of E. aerogenes cells on the spigots,
one of the three spigots was sampled by the alginate swab method,
which was reported to be more sensitive than other sampling
methods (5, 11, 17, 25). Brie� y, an alginate swab (Fisher) was
moistened in 0.8% saline and swabbed over the spigot surface.
Two swabs were used to sample each spigot, and the swabs were
dissolved in 4 ml of sodium citrate (1%) for 5 min while being
intermittently agitated on a vortex. The sample was then diluted
in PBS and enumerated for E. aerogenes.

The other two spigots were used to recontaminate the hands
of a participant in a manner simulating normal use. The rate of
cross-contaminationbetween metal spigot surfaces and hands (see
hand washing below) were evaluated under two conditions: (i)
when the participant’s hands had some level of E. aerogenes con-
tamination and (ii) when the participant had clean hands (i.e., E.
aerogenes negative). Under the � rst condition, a participant han-
dled the contaminated spigots they created in the previous step of

the experiment. Under the second condition, a participant started
the experiment by handling contaminated spigots created by a
previous participant.

Hand washing. The participants were escorted to a sink
where a laboratory technician assisted them with an adequate
amount of antimicrobial (0.5% parachlorometaxylenol) liquid
soap (Vionex, Viro Research International, Inc., Durango, Col.)
and running water (105 6 58F). A participant followed one of two
hand washing scenarios: conventional or non–hand operated. In
the non–hand-operated scenario, the participant washed both
hands for 20 s or longer (until they felt clean) and wiped both
hands dry with a paper towel (Encore Paper Co., Inc., South Glens
Falls, N.Y.). The technician turned on the running water and pro-
vided soap and paper towels so that the participant did not touch
the spigot surfaces. In the conventional scenario, the same hand
washing procedure was followed except that before wiping the
participant handled two contaminated spigots to simulate turning
off a water faucet.

Contamination of lettuce. After cutting the chicken and fol-
lowing one of the above-described hand washing scenarios, one
of the participant’s hands was sampled with the glove juice meth-
od to determine how much E. aerogenes remained. The participant
then picked up a 25-g portion of lettuce with the hand not sampled
and sliced the lettuce for 1 min (; 1 by 1 cm) on a sterilized
cutting board, as if preparing it for a salad. The sliced lettuce was
sampled for E. aerogenes using the method described by Zhao et
al. (27). The lettuce was placed in a stomacher � lter bag (A. J.
Seward, London, England) containing 225 ml of tryptose phos-
phate broth with nalidixic acid (50 mg/ml) and homogenized for
2 min at 230 rpm in a Stomacher Lab Blender (Cooke Laboratory
Products, Alexandria, Va.). The lettuce debris was removed with
the � lter bag, and the homogenate was directly pour plated for
enumeration of E. aerogenes. Alternatively, the homogenate was
centrifuged at 11,000 3 g for 20 min, and the supernatant was
carefully discarded to concentrate the sample from 225 ml to ap-
proximately 10 to 20 ml. The cell pellet was resuspended in the
smaller volume of homogenate and enumerated by pour plating.

Cross-contamination via cutting boards. To compare the
cross-contamination potentials of faucet spigots and the more
commonly studied cutting boards, 150-g portions of chicken were
inoculated with ;106 cells of E. aerogenes as described above.
Participants sliced the chicken on cutting boards (18 by 25 cm2).
One of these same boards was sampled and enumerated for E.
aerogenes, whereas participants used the other boards to chop
lettuce (;1 by 1 cm). To determine the level of cells on the cutting
board, a 10 by 10 cm2 area was sampled by washing twice with
1.5 ml of PBS. The buffer was carefully collected using a pipette
(Gilson, France), and the area was swabbed with four alginate
swabs. The swabs were dissolved in 8 ml of sodium citrate as
described above and combined with the 3 ml of PBS used for
washing. The sample was then enumerated, and the level of E.
aerogenes on the entire cutting board was calculated. The micro-
bial transfer rate distribution for cutting board to lettuce was com-
pared with the spigot-to-cleanhand distribution data to assess their
similarity. In addition, cutting board-to-lettuce transfer rate data
reported by Zhao et al. (27) were extracted from that paper, and
the distribution was compared with the results from this study.

Data analysis. Total bacterial count for each sample was
determined, and appropriate transfer rates were calculated. For
example, transfer from chicken to hand was determined as:



J. Food Prot., Vol. 64, No. 174 CHEN ET AL.

TABLE 1. E. aerogenes cell counts on various surfaces and corresponding transfer rates among chicken, hands, spigots, and lettucea

Hand wash
type

Log10 CFU/surface

Chicken Hand c Spigot
Hand

w Lettuce

Transfer rate (%)

Chicken to
hand

Hand to
spigot

Hand c to
hand wb

Hand w
to lettuce

Conventional 8.10
8.10
8.10
8.10
8.31
8.41
8.41
8.83
8.41
8.44
8.44
8.67
8.34
8.33
8.10

7.00
7.26
8.38
6.41
5.94
8.28
8.07
6.72
6.63
7.06
7.13
8.20
7.40
6.09
7.19

2.43
2.85
4.10
4.77
3.56
4.32
3.16
5.68
2.56
4.98
4.27
5.65
2.45
3.55
2.96

2.40
3.51
3.59
3.11
4.08
4.76
3.85
3.69
2.60
5.46
5.23
6.30
3.90
5.00
1.90

1.43
1.39
1.95
1.86
2.29
1.38
2.87
2.59
3.07
3.15
2.33
1.76
1.21
1.90
0.50

7.943
14.454

100.000
2.042
0.427

74.131
75.709
0.776
1.660
4.169
4.898

33.884
11.482
0.575

12.303

0.003
0.004
0.005
2.291
0.417
0.011
0.001
9.120
0.009
0.832
0.138
0.282
0.001
0.288
0.006

0.003
0.018
0.002
0.050
1.380
0.030
0.006
0.093
0.009
2.512
1.259
1.259
0.032
8.128
0.001

10.715
0.759
2.291
5.623
1.622
0.042

10.471
7.943

100.000
0.490
0.126
0.003
0.204
0.079
3.981

Non–hand operated 8.10
8.10
8.31
8.41
8.83
8.83
8.41
8.41
8.44
8.67
8.67
8.34
8.21
8.21
9.37
9.37
8.49
8.49
8.44
8.71
8.84

7.37
7.53
6.34
7.40
7.08
7.16
7.28
6.81
6.00
7.45
7.25
6.72
7.90
7.46
7.30
7.43
7.58
7.25
6.34
6.83
7.43

3.55
3.24
3.90
3.91
4.89
4.34
3.99
3.56
5.09
5.74
5.12
4.28
4.06
4.55
5.01

–c

–
–
–
–
–

3.34
3.96
3.47
4.12
4.26
4.32
5.03
4.81
5.15
5.34
5.31
6.38
6.18
5.81
6.46

–
–
–
–
–
–

2.09
1.48
0.73
0.00
1.58
1.47
3.20
2.94
1.11
1.98
3.02
3.81
3.07
3.46
2.75

–
–
–
–
–
–

18.621
26.915
1.072
9.772
1.778
2.138
7.413
2.512
0.363
6.026
3.802
2.399

48.978
17.783
0.851
1.148

12.303
5.754
0.794
1.318
3.890

0.015
0.005
0.363
0.032
0.646
0.151
0.051
0.056

12.303
1.950
0.741
0.363
0.014
0.123
0.513

0.009
0.027
0.135
0.052
0.151
0.145
0.562
1.000

14.125
0.776
1.148

45.709
1.905
2.239

14.454

5.623
0.331
0.182
0.008
0.209
0.141
1.479
1.349
0.009
0.044
0.513
0.269
0.078
0.447
0.019

a Chicken was arti� cially inoculated. Hand c, after handling chicken; hand w, after washing.
b Hand c to hand w is not a transfer rate but a reduction rate due to washing.
c Experiment not performed.

(CFU on the Hand/CFU on the Chicken) 3 100
5 Transfer Rate (%)

Transfer rates between different surfaces were log10 trans-
formed, and frequency histograms of the log10 transfer rates were
created using Excel (Microsoft Corporation, Redmond, Wash.)
and Sigma Plot (Jandel Scienti� c Software, San Rafael, Calif.).
Frequency histograms were also constructed for levels of contam-
ination on selected surfaces to evaluate variability. The distribu-
tions of transfer rates and log10 CFU levels were � tted to various
statistical distributions using BestFit (Palisade Corp., New� eld,
N.Y.). The Kolmogorov-Smirnov (2) test was used to estimate the
goodness of � t.

RESULTS AND DISCUSSION

Rates of cross-contamination among chicken,
hands, spigots, and lettuce. Table 1 shows the tabular data

for E. aerogenes counts on the various surfaces evaluated.
After handling the chicken, the concentration of E. aero-
genes cells on participants’ hands ranged from 5.94 to 8.38
log10 CFU. Handling a metal spigot to simulate turning on
a water faucet transferred 2.43 to 5.74 log10 CFU to the
spigot surface. There were 1.90 to 6.46 log10 CFU remain-
ing on the hand after washing and drying with a paper
towel, depending on the levels of prewash contamination
and the ef� ciency of removal. Lettuce contacted by the
washed hand was contaminated with as many as 3.81 log10

CFU of E. aerogenes.
These results are in agreement with reported � ndings

that contamination of hands and various surfaces in the
kitchen take place following the preparation of contami-
nated foods. Chicken arti� cially inoculated with E. coli (7)
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FIGURE 1. Distributions for transfer rates between (A) chicken to hand, (B) hand to spigot, (C) hand washing, and (D) hand to lettuce.
Bars represent experimental data, and curves represent normal distributions � tted to the frequency data.

or E. aerogenes (27) was found to contaminate cutting
boards, dishcloths, faucet handles, and door handles both
directly and via contact with the contaminated hands of
food handlers. Humphrey et al. (12) showed that � ngers,
utensils, and work surfaces in the kitchen become contam-
inated with Salmonella Enteritidis after cracking and mix-
ing eggs arti� cially inoculated with the bacterium.

Where the hands were already heavily contaminated
with E. aerogenes cells, there was no apparent difference
in the transfer rates between conventional (with hands con-
tacted contaminated spigots) and non–hand-operated hand
washing (Table 1). Statistical analysis of the E. aerogenes
count data showed that the prewashed hands contained a
mean 6 SD level of 7.43 6 0.61 log10 CFU (with a dis-
tribution of normal). The postwashed hands contained a
mean 6 SD level of 4.68 6 1.17 log10 CFU (with a dis-
tribution of normal), whereas the mean 6 SD level was
4.42 6 1.04 log10 CFU on the contaminated spigot (with
a distribution of normal). Possibly due to the fact that the
levels of CFUs on the washed hands and the spigots were
comparable, net transfer of the bacteria from the spigot to
the hand was not detectable. Furthermore, wiping with a
paper towel appears to cause physical removal of micro-
organisms from the hand (3) and may also contribute to
mask any potential difference between the conventional and
non–hand-operated hand washing scenarios.

These results indicate the necessity to consider bacte-
rial transfer as a dynamic phenomenon. It is conceptually
apparent that bacterial transfer may take place in both di-
rections between the hand and a spigot. Evidence obtained
by Scott and Bloom� eld (24) also shows a bidirectional
pattern of bacterial transfer between cloths and food prep-
aration surfaces in a catering kitchen. Although bacterial
transfer is a dynamic and potentially complex phenomenon,
cross-contamination from a contaminated spigot to the hand

clearly took place, as observed in the experimental protocol
involving the E. aerogenes–negative hand (see below).

The corresponding transfer rates of E. aerogenes be-
tween surfaces are also presented in Table 1. Percent trans-
fer rates between chicken and hand ranged from 0.363 to
100%, between hand and metal spigot from 0.001 to
12.303%, and between washed hand and lettuce from 0.003
to 100%. The ef� ciency of hand washing followed by wip-
ing with a paper towel ranged from 0.34 to 5.29 log10 re-
duction in viable E. aerogenes counts, i.e., 0.001 to
45.709% of bacteria on the prewashed hand remained on
the hand after washing. Overall, transfer rates between
these surfaces were highly variable, being as low as
0.0005% and as high as 100%. The transfer rates were log10

transformed, and frequency histograms of the transfer rates
were created (Fig. 1). The modes for the transfer rates be-
tween the surfaces were 3 and 10% between chicken and
hands (Fig. 1A), 1% between hands and spigots (Fig. 1B),
10% for hand washing ef� ciency (Fig. 1C), and 0.3% be-
tween hands and lettuce (Fig. 1D).

Bloom� eld and Scott (4) proposed that the risk of
foodborne illness associated with cross-contamination de-
pends on two factors: the level of contamination on the
surfaces and the probability of its transfer to the foods be-
ing consumed. Microbiological survey studies (13, 21)
found that high incidence and high levels of baseline pop-
ulations of a variety of bacteria, including opportunistic
pathogens, reside on common surfaces in household kitch-
ens. Bacterial contamination is present on essentially all
kitchen surfaces, with the highest concentrations found on
wet surfaces, such as sponges, dishcloths, and water faucet
handles. However, the probability of bacterial transfer be-
tween surfaces or between surfaces and food is poorly char-
acterized. In an attempt to quantify the transfer of bacteria
between contaminated surfaces, Scott and Bloom� eld (23)
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TABLE 2. E. aerogenes cell counts and corresponding transfer
rates between metal spigots and E. aerogenes-free hands

Log CFU

Spigot Hand
Transfer rate

(%)

4.98
5.12
5.74
3.89
3.89
4.55
3.85
4.28
4.55
3.85
3.14
4.28
3.06
3.06
3.91
4.41
3.91
3.56
2.78
2.78
5.74
4.41
3.33
3.33
4.08
3.56
3.19
4.24
3.19
4.08
4.24
3.63

1.30
2.10
2.76

,1.00
1.00
1.85
1.30
1.78
2.18
1.70
1.00
2.20

,1.00
,1.00

1.85
2.38
2.00
1.70

,1.00
,1.00

3.99
2.67
1.78
2.00
2.79
2.36
2.11
3.65
2.75
3.72
4.10
3.78

0.02
0.10
0.11
0.13a

0.13
0.20
0.28
0.32
0.43
0.71
0.72
0.83
0.87
0.87
0.87
0.93
1.23
1.38
1.66
1.66
1.78
1.82
2.82
4.68
5.13
6.31
8.32

25.70
36.31
43.65
72.44

100.00

a When hands contained less than the detection limit (10 CFU),
transfer rates were calculated as if the concentration in the hands
were at the detection limit.

FIGURE 2. Comparison of E. aerogenes cross-contamination
rates from (A) spigot to clean hand, (B) hand to lettuce, (C) cut-
ting board to lettuce obtained in this study, and (D) cutting board
to lettuce reported by Zhao et al. (27).

determined the levels of CFUs on the � ngers and the sur-
face of kitchen utensils after direct contact with a laminate
surface inoculated with E. coli, Salmonella spp., or S. au-
reus. Similarly, the extent of bacterial transfer from a con-
taminated cutting board to vegetables, before and after
treating the board with a disinfectant, was reported as levels
of CFU on these surfaces (27). In this study, we quanti� ed
the probability of cross-contamination in the kitchen by col-
lecting data from at least 30 different participants and cal-
culating the associated transfer rates. It is apparent from
Table 1 and Figure 1 that bacterial transfer rates between
any given pair of surfaces varied from individual to indi-
vidual. As stated above, the rates are highly variable even
though all participants followed the same experimental pro-
tocol. Results from this study may re� ect the natural vari-
ability expected under most circumstances following the
events involved in food preparation.

Rates of cross-contamination between spigots and
clean hands. Similar to the variability observed above, the

rates of cross-contamination between spigots and clean
hands were also highly variable (Table 2). The transfer rates
ranged from 0.021 to 72.4%, with a mode of 1% (Fig. 2A).
After handling a contaminated spigot with a wet hand,
which was subsequently wiped dry with a paper towel, the
hand contained between 1.0 and 4.1 log10 CFU, depending
on the individual participant and the levels of E. aerogenes
originally on the spigot. In some occasions (5 of 32 data
points), no cells were detected on the hand. For these par-
ticipants, the hand presumably contacted E. aerogenes cells
after handling the contaminated spigot, but wiping with a
paper towel decreased the number of cells below the de-
tection limit (10 CFU per sample).

Comparison of cross-contamination rates. To eval-
uate the similarity between the above bacterial transfer rates
and those more commonly studied, cross-contaminationbe-
tween cutting boards and lettuce was also determined. Spig-
ot-to-hand cross-contamination rates (Fig. 2A) were quite
similar to cross-contamination rates between hands and let-
tuce (Fig. 2B). Both these distributions had ranges consid-
erably broader than that seen for the cross-contamination
from cutting boards to lettuce (Fig. 2C). Experimentally
measured transfer rates between cutting boards and lettuce
varied from 0.34 to 54.55% (Table 3), with a mode of 10%
(Fig. 2C).
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TABLE 3. E. aerogenes counts and corresponding transfer rates among inoculated chicken, cutting boards, and lettuce

Log10 CFU/surface

Chicken Cutting board Lettuce

Transfer rate (%)

Chicken to
cutting board

Cutting board
to lettuce

6.09

6.04

6.13

6.08

6.22

6.08

6.45

6.25

4.94

5.53

4.61

5.59

5.51

5.48

5.43

5.25

4.32
4.30
3.31
4.64
3.76
3.65
4.20
3.41
4.06
3.35
4.83
4.40
4.83
5.33
4.32
4.40
4.44
4.40
3.31
3.69
3.86
3.01
3.51
4.63
3.43
4.35
3.65
3.92
4.44
4.51
4.56
4.91

7.13

30.90

3.02

32.36

19.50

25.12

9.55

7.24

23.81
22.74
0.60

12.79
1.69
1.31

38.62
6.26

27.98
5.46

17.25
6.41

17.25
54.55
6.41
7.71
8.45
7.71
0.67
1.61
2.38
0.34
1.06

15.73
0.99
8.26
1.65
3.07

15.37
18.06
20.27
45.37

Cutting board–to-lettuce transfer rate data obtained in
this study (Fig. 2C) showed a broader distribution than data
extracted from Zhao et al. (27) (Fig. 2D), although exper-
imental methods used were very similar. This difference
may simply be due to the differing number of samples used
to create the distributions, which in the current study were
derived from individual rates generated by more than 30
participants. In contrast, distributions from Zhao et al. are
derived from averages of replicates performed by a small
number of laboratory researchers. Pether and Gilbert (20)
reported a similar pattern of variability for the recovery of
E. coli and Salmonella anatum from arti� cially contami-
nated � ngertips. When Pether and Gilbert compared the re-
sults of replicate tests on themselves and those of single
tests on more than 10 study subjects, the median values
were different. The range of recovered bacterial counts was
also always greater for the study subjects. These � ndings
point out the importance of quantifying the variability and
uncertainty associated with bacterial transfer rates by using
a large number of volunteers, if an accurate assessment of
the risk of cross-contamination in the kitchen is to be made.

Statistical distributions for transfer rates. To further
quantify variability, the frequency histograms created for
the transfer rates between the various surfaces were � t to
various distributions using BestFit. The distribution of the
logarithm of transfer rates appears approximately normal
(Fig. 1). In fact, a normal distribution adequately described
the variability associated with the transfer rates from one
surface to another (Table 4). For ease of understanding, the
normal distribution parameters (in log transfer rate) have
also been converted back to the untransformed scale. A
normal distribution was usually ranked second or third in
goodness of � t. One exception to this was noted for the
spigot-to-hand data, where the normal distribution was
ranked sixth. The low ranking of the normal distribution in
this case may be due to the high prevalence of cross-con-
tamination rates close to 100% (Fig. 2A). Table 4 also
shows the distributions that best describe the individual
cross-contamination rates (i.e., those that ranked � rst). Nor-
mal distributions were chosen to represent the data because
of their adequate goodness of � ts and statistical conve-
nience. A higher mean indicates a higher average transfer
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TABLE 4. Statistical analysis results for cross-contamination rate distribution � ttinga

Surfaces

Distribution parameters

Log10 transfer rate (%)
(mean, SD)

Transfer rate (%)
(21 SD, mean, 1 SD)

Normal
distribution rank

Best-� tting
distribution

Chicken to hand
Cutting board to lettuce
Spigot to clean hand
Hand to lettuce
Hand washingb

Hand to spigot

(0.94, 0.68)
(0.90, 0.59)
(0.36, 0.90)

(20.12, 1.07)
(20.20, 1.42)
(20.80, 1.09)

(1.82, 8.71, 41.69)
(2.04, 7.94, 30.90)
(0.29, 2.29, 18.20)
(0.06, 0.76, 8.91)
(0.02, 0.63, 16.60)
(0.01, 0.16, 1.95)

3
3
6
2
3
2

Beta
Beta
Gamma
Weibull
Beta
Weibull

a Rankings determined by the K-S test.
b Hand washing is not a cross-contamination rate but a reduction rate.

FIGURE 3. Comparison of the mean and the variability associ-
ated with bacterial transfer rates between various surfaces. V,
mean values; m , 11 SD; . , 21 SD. Three scales were used to
describe transfer rates.

rate, and a higher standard deviation points to a greater
degree of variability.

The average transfer rates in descending order are
chicken to hand, cutting board to lettuce, spigot to hand,
hand to lettuce, hand washing ef� ciency, and hand to spig-
ot. Not only do the mean transfer rates differ from one pair
of surfaces to another, but the standard deviations associ-
ated with the means also differ considerably (Table 4). Fig-
ure 3 illustrates these results using three different scales.
Hand washing ef� ciency is more readily understood as
log10 reduction (top scale). Although log10 (percent transfer
rate) was a useful transformation for data analysis, the per-
cent transfer rate scale (bottom) gives a more straightfor-
ward indication of the probability of cross-contamination.

Studies have shown that the levels of bacterial contam-
ination (including those for coliforms, heterotrophic bac-
teria, and opportunistic pathogens) on common sites in the
domestic kitchen vary considerably for the same surface in
different households or at different locations in the same
household (13, 21). For example, total coliforms found on
100 samples of water faucet handles vary by four orders of

magnitude (13). On other household surfaces, such as
sponges and cutting boards, an even greater range of bac-
terial counts was naturally present, and CFU values varied
by nine orders of magnitude (21). Our study shows a sim-
ilar degree of variability associated with bacterial cross-
contamination rates in the kitchen. Bacterial transfer rates
varied by more than � ve orders of magnitude, depending
on the individual participant and the nature of the surfaces
involved in the cross-contamination. Our study is the � rst
to quantify this inherent variability.

The variability associated with transfer rates and
levels of contamination. In general, there is greater vari-
ability for transfer rates from hands to another surface com-
pared with rates involving bacterial transfer from an inan-
imate surface (Table 4, Fig. 2). The greatest degree of var-
iability is observed for hand washing ef� ciency (Table 4).
The standard deviation for the normal distribution was 1.42
log10, even though the participants washed their hands with
the same soap at the same water temperature for at least 20
s. These differences could be due to the heterogeneous na-
ture of the skin on every individual’s hand, to the washing
itself, and/or to hand drying motions. The least variability
was that observed for cutting board-to-lettuce cross-con-
tamination (SD, 0.59 log10), where no transfer to or from
hands was involved (Table 4). This low variability could
be due to the relatively homogeneous surface of the cutting
board. Where bacterial transfer occurred from an inanimate
surface to the hand, such as chicken to hand and spigot to
hand, higher variability was observed. When the cross-con-
tamination was in the reverse direction (from the hand to
an inanimate surface), still higher variability was observed.
Fairly high and comparable variability was observed for
hand-to-spigot and hand-to-lettuce transfer rates (Table 4).
Even though the mean transfer rates were different, the
standard deviations for the hand-to-spigot and hand-to-let-
tuce distributions were 1.09 and 1.07 log10, respectively.

Similar patterns for the degree of variability were
found for the actual levels of contamination on the surfaces
examined in this study (Table 5). The greatest standard de-
viation was observed on the postwashed hand. Moderate-
to-high variability in bacterial concentrations was also ob-
served on inanimate surfaces as a result of hand-to-surface
or surface-to-hand transfer. Again, the least variability was
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TABLE 5. Characterization of E. aerogenes levels in log10 CFUs
on selected surfaces using a normal distribution

Surface
(contamination source)a Mean SD

Hand c (from inoculated chicken)
Spigot (from hand c)
Hand s (from spigot)
Hand w (from hand c)
Lettuce (from hand w)
Lettuce (from cutting board)

7.43
4.42
2.12
4.68
2.13
4.34

0.61
1.04
1.12
1.17
0.98
0.59

a Hand c, after handling chicken; hand s, clean hand after handling
contaminated spigot; hand w, after washing.

observed for levels of contaminant on surfaces devoid of
hand contact, e.g., lettuce contaminated by cutting board.

The transfer rates and the levels of E. aerogenes ob-
tained on the hands and the various surfaces were deter-
mined within half an hour following the contamination
events. It remains to be investigated whether transfer rate
distributions would be similar if the cross-contamination is
evaluated at a longer period after initial contamination.
Studies have shown that transient pathogenic and indicator
bacteria survive on the hand and kitchen surfaces for a
prolonged period after initial contamination (12, 23, 26,
27). The levels of bacterial colonies decrease during 2 h
(26) or remain constant up to 24 h when the organisms are
associated with and protected by foodstuffs (12). Under
some circumstances, the bacterial counts increase over time
(23).

Implications for food safety. The hands of a food ser-
vice worker play a central role in bacterial transfer among
foods and various surfaces in the kitchen. Results from this
study show that although washing hands according to food
code recommendations (9) reduced the level of E. aeroge-
nes, it did not eliminate this organism from hands initially
contaminated with ;107 CFU. Under these circumstances,
the washed hand remained a potential source of cross-con-
tamination. Humphrey et al. (12) reported that Salmonella
Enteritidis cells were isolated from contaminated � ngers
even after hand washing with soap and hot water (1188F).
Indeed, results from this study show that the E. aerogenes
cells remaining on the washed hands can be transferred to
lettuce. The washed hands in our study contained ;104

CFU of E. aerogenes, but contaminated surfaces containing
even lower numbers of E. coli, Salmonella spp., or S. au-
reus were found to transfer the microorganisms to hands
and kitchen utensils (23). Because E. aerogenes is a tran-
sient bacterium with chicken skin attachment characteristics
similar to Salmonella (27), results from this study may re-
� ect a general trend for cross-contamination by many types
of gram-negative transient bacteria.

In light of the � nding that hand washing results in a
percent reduction that is approximately log normally dis-
tributed and that hand washing activity does not eliminate
bacteria from the hand when the level of contamination is
high, additional measures to control cross-contamination
are warranted. Our study shows that after one contact with

a heavily contaminated hand, water faucet spigots may con-
tain 4.42 6 1.04 log10 CFU of E. aerogenes. Rusin et al.
(21) reported that baseline populations on faucet handles in
the household kitchen range from 20.32 to 7.05 log10 per
cm2 for various bacteria, including opportunistic pathogens.
Since the spigot-to-hand transfer rate exceeded the hand-
to-lettuce transfer rate, faucet spigots may be a signi� cant
source of cross-contamination in the kitchen. Avoiding
hand contact with contaminated faucet spigots may help
minimize the level of contamination on the hand and thus
reduce the spread of bacterial contamination throughout the
kitchen. This could be achieved by proper cleaning and
sanitizing of water faucet spigots, which has been shown
to reduce the level of contamination (13), or by the use of
non–hand-operated water faucets. Another option for re-
ducing cross-contamination between raw and ready-to-eat
foods would be to provide separate sinks in each food prep-
aration area.

CONCLUSIONS

This study determined the distribution of bacterial
transfer rates between six different pairs of surfaces com-
monly encountered during food preparation in the kitchen.
By collecting samples from at least 30 different partici-
pants, we were able to calculate the natural variability in
cross-contamination rates expected under most circum-
stances. Results from this study show that bacterial transfer
rates among hands, foods, and kitchen surfaces are highly
variable, and faucet spigots may be a signi� cant source of
cross-contamination. Quantifying the probability of bacte-
rial transfer associated with various steps in the food prep-
aration process may provide the scienti� c basis for risk
management strategies to reduce, prevent, or eliminate
cross-contamination in the kitchen.
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Introduction
Following Semmelweis’s observations on the effect of hand washing on the
incidence of puerperal fever in a maternity ward in the 19th Century, good hand



hygiene has been recognized as an important factor in controlling the spread of
infectious disease and, more recently, antibiotic-resistant bacteria in hospitals
and in the community. Meticillin-resistant Staphylococcus aureus (MRSA),
Clostridium difficile, Enterococcus faecalis and other agents causing 
hospitalacquired
infections can be transmitted to patients by the hands of medical staff.
Similarly, food-poisoning organisms can be transmitted to food by dirty hands
and subsequently cause illness to those eating it.
There have been many studies on the benefits of hand washing and on the
efficacy of different hand washing agents but relatively few on the contribution of
hand drying to hand hygiene. However, there is increasing awareness of its
importance in the overall hand hygiene debate.
Disregarding the types of textile towel where users dry their hands on the same
area of material as previous users and which have been condemned on hygiene
grounds for many years, the three main hand drying methods available in public
washrooms have until fairly recently been: paper towels, continuous roller towels
(where a fresh area of towel is available for each user) and warm air dryers. In
recent years manufacturers such as Dyson, Mitsubishi and Veltia have
introduced new types of electric hand dryer (jet air dryers) where users insert
their hands into a slot whilst unheated air is emitted at high speed and removes
water from the hands by scraping. In this study, only a jet air dryer with the
highest claimed velocity of air movement was tested.
Blackmore (1989) showed that in normal use warm air dryers increase the
number of bacteria that can be isolated from the fingerpads after drying. She
also recorded decreases in the bacterial numbers on fingerpads when paper
towels and continuous roller towels were used for hand drying. Two previous
studies carried out by the University of Westminster (Knights et al., 1993;
Redway et al., 1994) showed similar results in that on average warm air dryers
substantially increase the number of bacteria on the hands of users. Compared
to the number present on subjects' hands before washing and drying, the first
study found the mean percentage increase in the number of bacteria on the
fingerpads after using a warm air dryer was 504%. The second study found
mean percentage increases in different types of bacteria on the fingerpads of
subjects after using a warm air dryer ranging from 169% to 438%. Conversely,
both studies showed that paper towels and continuous roller towels decrease the
mean number of all types of bacteria on the fingerpads of users.
Since these studies all other investigations by the University of Westminster
have consistently shown that towels, both continuous roller towels and paper,
perform significantly better than warm air dryers in terms of speed, drying
efficiency, hand hygiene and bacterial contamination. However, until this present
study, the performance of a jet air dryer had not been investigated by the
University nor compared to other hand drying methods.
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The main aims of this study were to:



· Measure the drying efficiency of paper towel, warm air dryer and jet air
dryer.
· Calculate any changes in the numbers of different types of bacteria on the
fingerpads and palms of 20 subjects (10 male, 10 female) before and after
washing and drying their hands using three different hand drying
methods: paper towel, warm air dryer, jet air dryer.
· Assess any potential contamination of users and the washroom
environment caused by the use of paper towel, warm air dryer and jet air
dryer.
· Sample any bacterial contamination of jet air dryers in public washrooms.
· Make any other observations, measurements and recordings of relevance
to the comparison of the three different hand drying methods used in this
study.
Part A: The drying efficiency of different hand drying methods.
Introduction
It is generally accepted that the transmission of bacteria and other
microorganisms is more likely to occur from wet skin than from dry skin (Gould
1994). This happens partly because of the ease of water transfer from one
surface to another and partly because microorganisms prefer a damp
environment and, therefore, may be in a better physiological state to colonize
touched surfaces. The amount of residual water left on the hands of users after
drying is directly related to the number of bacteria that are transferred by contact
- the greater the amount, the more bacteria (Patrick et al., 1997). Knights et al.
(1993) showed that warm air dryers in normal use do not dry the hands as
efficiently as either paper or continuous roller towels. Warm air dryers in normal
use achieved only 55% dryness of the hands of men and 68% of the hands of
women. In contrast, both types of towel in normal use achieved 93% or more
dryness of the hands of both sexes. It is highly likely that the significantly poorer
hygiene performance of warm air dryers shown in this and other studies was
partly due to the low drying efficiency of dryers and the consequent greater
amount of water remaining on the fingerpads and palms of the hand after their
use.
In this present study a similar method to that used by Knights et al. (1993) was
employed to compare the drying efficiency of 5 different types of paper towel
with a warm air dryer and a jet air dryer.
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Methods and materials
Hand drying methods used:
i) Paper towel 1 (PT 1): 2-ply 100% recycled. Art. 217010 (Wepa).
ii) Paper towel 2 (PT 2): 2-ply 100% virgin. Art. 403360 (Sofidel).
iii) Paper towel 3 (PT 3): 2-ply through-air dried (TAD). 50% virgin - 50%
recycled. Art. 6769 (Kimberly-Clark).
iv) Paper towel 4 (PT 4): 1-ply 100% recycled. Art. 6019 (Kimberly-Clark).
v) Paper towel 5 (PT 5): 1-ply 100% recycled. Art. 404638 (Sofidel).



vi) Warm air dryer (WAD): Electric-Aire™, model LE48 (World Dryer
Corporation).
vii) Jet air dryer (JAD): Airblade™, model AB01 (Dyson).
1. Sets of 5 paper towels (PT 1) were placed in sterile plastic bags and
weighed prior to use.
2. Two volunteers were asked to dip their hands up to the wrists in warm water
(temperature = 40oC) for 10 seconds, shake them thrice, and then dry them
for 10 seconds using one of the 7 hand drying methods.
3. All the water remaining on the surface of the hands was then carefully
removed by the investigator with one of the sets of 5 pre-weighed paper
towels using a standardized protocol for 40 seconds.
4. The damp towels were returned to their plastic bag, re-weighed and the
amount of water removed from the hands calculated.
5. The operation was repeated using increasing drying times at 10-second
intervals: 20, 30, 40, 50 and 60 seconds.
6. To estimate the total amount of water on undried hands immediately after
wetting and with no drying (time = 0 seconds), wet hands were dried
thoroughly on 5 pre-weighed paper towel and the weight gain recorded. It
was then possible to calculate the percentage dryness of the hands as the
mean percentage of the total water load removed after the use of each
drying method at each time as follows:
Percentage (%) dryness =
weight of water on undried hands - weight of water on dried hands x 100
weight of water on undried hands
7. The order of drying times and the drying methods were randomised to
minimize any possible effect of external factors such as variations in room
temperature, relative humidity or human behaviour.
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Results
Table 1
Showing the mean percentage dryness (%) of the hands of subjects
after using five different types of paper towel (PT), a warm air dryer
(WAD), and a jet air dryer (JAD) for different drying times.
DRYING HAND DRYING METHOD
TIME
(seconds)
PT 1 PT 2 PT 3
PT 4 PT 5 WAD JAD
0 00.0 00.0 00.0 00.0 00.0 00.0 00.0
10 90.6 93.0 93.0 87.3 91.0 33.7 89.3
20 95.5 96.6 96.6 96.0 94.9 55.4 95.5
30 97.3 97.9 97.9 97.4 96.0 70.9 97.0
40 99.0 97.5 97.5 97.7 96.9 84.1 97.3
50 98.3 97.5 97.5 98.0 97.4 92.1 97.7
60 97.9 97.9 97.9 98.2 97.4 96.8 98.4
(N = 2)



Figure 1
Graph of the mean percentage dryness of the hands of subjects
against drying time using five different types of paper towel (PT),
a warm air dryer (WAD), and a jet air dryer JAD).
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Table 2
Showing the mean times to achieve a minimum of 90% dryness
of the hands using five different types of paper towel (PT),
a warm air dryer (WAD), and a jet air dryer (JAD).
HAND DRYING
METHOD
MEAN TIME TO ACHIEVE
A MINIMUM OF 90%
DRYNESS (seconds)
PT 1 10
PT 2 10
PT 3 10
PT 4 11
PT 5 10
WAD 47
JAD 10
(N = 2)
Conclusions and discussion
The results shown in Tables 1 and 2 show that the 5 types of paper towel and the
jet air dryer were equally efficient at drying the hands of users, all of them
achieving 90% dryness in approximately 10 seconds. Any slight differences
between these 6 hand drying methods were not considered significant. However,
the results show that the warm air dryer was considerably less efficient (i.e. 
slower)



than the 5 types of paper towel and also the jet air dryer and took over 4 times as
long to achieve 90% dryness of the hands. The results in Table 1 are represented
graphically in Figure 1.
Knights et al. (1993) also showed warm air dryers were much less efficient than
towels (paper or textile) at drying the hands. Their results were similar to those of
this study with the difference that the jet air dryer was unavailable and not tested
at that time. They also found that it is impossible to achieve 100% dryness of the
hands by any hand drying method within a 1-minute drying period.
Therefore, the instructions on a jet air dryer to use it for 10 seconds seem
appropriate. Similarly, their claim that it is “the fastest hand dryer” seem to be 
borne
out by the results of this part of the study which suggest that it represents a
considerable improvement over warm air dryers in terms of drying efficiency, i.e.
speed of drying.
However, although damp hands encourage the transmission and survival of
bacteria on the hands (Gould, 1994; Patrick et al., 1997), there are other factors
which can affect the hygiene performance of a hand drying method. These 
factors
include: the degree of frictional removal of dirt, grease, bacteria and skin 
squames
from the hands; the absorbance and softness of material used to dry the hands;
the emission of bacteria in the air flows of electric hand dryers; the contamination
of the surfaces of hand drying devices. The real test of hygiene performance is 
not
the percentage dryness of the hands alone but the number of bacteria removed
from, or remaining on, the hands of users after use. This, and other indicators of
hygiene performance, including the manufacturer’s claim that the tested JAD is
“the most hygienic hand dryer”, were investigated in other parts of this study.
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Part B: Changes in the number of different types of bacteria on the hands
before and after drying using paper towel, warm air dryer and jet air dryer
(and other observations).
Introduction
Previous studies (Blackmore,1989; Knights et al., 1993; Redway et al., 1994)
have used the 'contact plate' method to assess changes in the number of
bacteria present on the hands before and after washing and drying. The method
involves pressing the fingerpads onto nutritive agar plates, growing any
transferred bacteria at 37oC overnight and then counting the number of 
colonyforming
units (cfu's) present. This method has been shown to be relatively quick
and sufficiently accurate for this type of study (Sanderson & Weissler, 1992). In
addition to contact plates, this present study also used swab sampling of an area
of the palm of the hand before and after the use of paper towel, warm air dryer or
jet air dryer.



The hand drying times used in this part of the study for the paper towels (10
seconds) and the warm air dryer (20 seconds) were based on observations
(Redway et al., 1997) in public washrooms of the average times used by
members of the public. However, because it is relatively new, no such
observations were available for the jet air dryer and the manufacturer’s
recommended time of 10 seconds was used.
Methods and materials
1. 20 subjects (10 male and 10 female) were recruited covering an age
range 18 to 60 years.
2. Subjects were asked to visit a public washroom in a normal fashion and
return to the laboratory without washing their hands. No instructions were
given by the investigator as to how they should use the washroom or what
they should do in it.
3. Three different agar growth media were used to sample the dominant
hand of subjects before washing and drying (BD) and after washing and
drying (AD). The media used and in this order were:
Nutrient Agar [NA] (Oxoid)
NA is a non-selective, general purpose growth medium which would be
expected to grow most non-fastidious types of bacteria, including skin and
gut bacteria.
Cystine-Lactose-Electrolyte-Deficient Medium [CLED] (Oxoid)
CLED medium supports the growth of potential pathogens from the gut
giving good colonial differentiation and clear diagnostic characteristics for
Escherichia coli, Salmonella species, Enterococcus species, etc.
Escherichia coli produces large yellow colonies due to fermentation of the
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lactose, Salmonella species produces flat blue colonies and Enterococcus
species produce small yellow colonies. Other types of bacteria produce
different colonial morphologies.
Mannitol-Salt Agar [MSA] (Oxoid)
MSA is a selective growth medium used for the isolation of staphylococci;
most other bacteria are inhibited by the high salt content. Presumptive
pathogenic, coagulase-positive Staphylococcus aureus colonies are
surrounded by yellow zones (due to acid production from the fermentation
of mannitol) whilst non-coagulase-positive staphylococci produce colonies
with reddish purple zones.
4. Areas of hand sampled were: fingerpads (by direct contact with the agar
plate surface) and the palm (by swabbing and inoculation of agar plates).
a) For sampling fingerpads, subjects were asked to firmly press the
fingerpads of their ring, middle and index fingers onto the surface
of 3 agar plates in turn (NA, CLED, MSA). A sterile swab
moistened with 1/4 strength Ringers solution was then used to swab
the entire surface of each agar plate so as to spread and disperse
any potential colonies and enable them to be counted more easily.



b) For sampling palms, a sterile metal former with a circular hole in it
(diameter 4.2 cm) was placed on the palm of subjects and a sterile
swab moistened with sterile 1/4 strength Ringers solution was then
used to swab half the area. The cotton bud of the swab was then
aseptically removed to 3 ml of 1/4 strength Ringers solution and
vortexed for 10 seconds. 0.1 ml of this suspension was then
dispensed onto the surface of 3 agar plates (NA, CLED, MSA) and
spread using a sterile glass spreader.
5. Subjects were then asked to wash and rinse their hands for a total of 10
seconds using one squirt (0.83 ml) of a commonly available liquid soap
(Johnson Diversy “Soft Care” hand washing cream) from a dispenser
which was operated by the researcher and running tap water. Subjects
were then requested to dry them using one of the following 4 hand drying
methods and for the times indicated:
i) Paper towel 1 (PT 1): 2-ply 100% recycled. Art. 217010 (Wepa).
10 seconds
ii) Paper towel 3 (PT 3): 2-ply through-air dried (TAD). 50% virgin -
50% recycled. Art. 6769 (Kimberly-Clark). 10 seconds.
iii) Warm air dryer (WAD): Electric-Aire™, model LE48 (World
Dryer Corporation). 20 seconds.
iv) Jet air dryer (JAD): Airblade™, model AB01 (Dyson).
10 seconds
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Subjects were not given any instructions as to how to dry their hands and
were allowed to take as many paper towels as they wished (mean = 2.5)
but only within 10 seconds. Similarly, subjects were not instructed as to
how they should use the WAD or JAD devices but were stopped after 20
and 10 seconds respectively. However, subjects were given a
demonstration of the JAD in case they had not encountered this type of
hand dryer previously.
6. The sampling technique as in Stage 4 was repeated after washing and
drying (AD), viz. fingerpad and palm inoculation of the three different agar
growth media in turn. For palm sampling, the half of the circular area not
swabbed previously for the BD sample was used.
7. All agar plates were incubated at 37oC and examined after 1 and 2 days
for bacterial growth. The number of colonies on each plate was recorded
and, where appropriate, differentiation made between different types of
colony, e.g. yellow zones around colonies on MSA indicating mannitol
fermentation and presumptive identification as Staphylococcus aureus.
Counts on plates which showed too many colonies to count were scored
as 200, which is considered the upper limit for accurate counting.
8. All 20 subjects were re-tested exactly as in Stages 2 - 6 above but on a
different days when they were required to a different hand drying method
each day.



9. The order that subjects were required to use the four different hand drying
methods was randomised between subjects to minimize any external
effects such as variation in temperature or humidity on different days.
10. Results were recorded, tabulated and statistically analysed. The
percentage (%) changes in bacterial numbers (as colony-forming units) on
the hands were calculated as follows:
number after drying – number before drying x 100
number before drying
The paired t-test was used to establish if there were any significant
differences between the mean number of different types of bacteria on the
hands of subjects before washing and drying their hands (BD) and after
washing and drying their hands (AD) using the four different hand drying
methods. The analysis was applied to all bacterial types that grow on
nutrient agar, plus potential skin pathogens on MSA and gut bacteria on
CLED. The 4 different drying methods were also statistically compared by
t-tests on the AD counts of subjects after using them.
11. Controls: Plates of all 3 agar growth media were used at regular intervals
to test samples of the paper towels, the air flow of the warm air dryer, the
air flow of the jet air dryer, the liquid soap and the tap water for the
presence of bacteria. For the paper towels bacterial contamination was
tested by using the end of a sterile glass beaker to press a set area
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(15.90 cm2) of towel onto an agar plate. Similarly, the liquid soap and the
tap water were tested for the presence of bacteria by plating out 0.1 ml
aliquots onto agar plates and spreading with a sterile glass spreader. The
warm air dryer’s airflow was tested by holding agar plates beneath it at a
distance of 10 cm for 20 seconds. The jet air dryer’s airflow was tested by
holding agar plates in the air flow emitted from the sides of the device for
10 seconds. Control plates were incubated at 37oC and examined after 1
and 2 days for the presence of bacterial colonies.
12. Measurements were taken using an environmental meter (CEM DT-8820)
at regular intervals of the laboratory ambient temperature, tap water
temperature, air flow temperature from the two dryers, the relative
humidity in the laboratory and the noise levels when the dryers were
running. The power consumption of the 2 electric dryers was also
recorded. Some of the same measurements were also made in the public
washrooms used in Part D of this study.
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Results
Table 1
Mean counts and percentage changes in bacterial numbers
(CFUs) on fingerpads before and after washing and drying



hands using different hand drying methods.
HAND
DRYING
METHOD
GROWTH
MEDIUM
COLONY
TYPE
MEAN
BEFORE
DRY
COUNT
(BD)
MEAN
AFTER
DRY
COUNT
(AD)
MEAN
CHANGE
(%)
T-TEST
(p)
PT 1 NA ALL 73.9 41.0 -44.6 0.0980
PT 3 NA ALL 64.8 15.0 -76.9 0.0020
WAD NA ALL 38.2 109.3 +186.4 0.0002
JAD NA ALL 63.2 96.6 +52.8 0.0310
PT 1 CLED ALL 53.4 24.9 -53.4 0.1700
PT 3 CLED ALL 39.0 11.5 -70.5 0.0170
WAD CLED ALL 40.4 123.0 +204.3 0.0002
JAD CLED ALL 64.6 82.7 +28.0 0.2890
PT 1 MSA MAN + 25.4 10.6 -58.5 0.2760
PT 3 MSA MAN + 26.0 2.2 -91.5 0.0700
WAD MSA MAN + 11.4 58.6 +414.0 0.0100
JAD MSA MAN + 14.9 43.6 +193.3 0.0120
PT 1 MSA MAN - 42.7 18.6 -56.6 0.0360
PT 3 MSA MAN - 40.4 12.8 -68.3 0.0370
WAD MSA MAN - 33.1 70.8 +114.1 0.0200
JAD MSA MAN - 40.4 37.0 -8.4 0.8200
PT 1 MSA ALL 68.1 29.1 -57.3 0.0320
PT 3 MSA ALL 66.4 15.0 -77.4 0.0240
WAD MSA ALL 44.5 129.4 +191.0 0.0001
JAD MSA ALL 55.2 80.5 +45.8 0.0700
PT 1 TOTAL ALL 195.4 95.0 -51.4 0.0660
PT 3 TOTAL ALL 170.1 41.5 -75.6 0.0050
WAD TOTAL ALL 123.0 361.6 +193.9 0.0001
JAD TOTAL ALL 183.0 259.8 +42.0 0.0650
(N = 20)
Key to Tables 1 – 4 and Figures 1 - 4:
PT = paper towel (1 or 3); WAD = warm air dryer; JAD = jet air dryer.
CFU = colony-forming unit; NA = nutrient agar; CLED = cystine-
lactoseelectrolyte-
deficient medium; MSA = mannitol salt agar; MAN + = acid from
mannitol positive; MAN - = acid from mannitol negative; ALL = total number of



CFUs (all types of colony); TOTAL = total number of colonies on all three media
(NA, CLED, MSA).
¯ = decrease in bacterial count after washing and drying;
=
increase in bacterial count after washing and drying.
Change statistically significant at the limit of probability as follows:
* p < 0.1; ** p < 0.05; *** p < 0.01; **** p < 0.001.
The result shown in Table 1 are summarized in Table 2 and represented
graphically in Figures 1 – 4.
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Table 2
Summary of mean percentage changes in bacterial
numbers on fingerpads before and after washing and drying
hands using different hand drying methods.
GROWTH
MEDIUM
COLONY
TYPE
PAPER
TOWEL 1
(PT 1)
PAPER
TOWEL 3
(PT 3)
WARM AIR
DRYER
(WAD)
JET AIR
DRYER
(JAD)
NA ALL -44.6 ¯ * -76.9 ¯ *** +186.4 ****
+52.8 **
CLED ALL -53.4 ¯ -70.5 ¯ ** +204.3 ****
+28.0 MSA
MAN + -58.5 ¯ -91.5 ¯ * +414.0 ***
+193.3 **
MSA MAN - -56.6 ¯ ** -68.3 ¯ ** +114.1 **
-8.4 ¯
MSA ALL -57.3 ¯ ** -77.4 ¯ ** +191.0 ****
+45.8 *
TOTAL ALL -51.4 ¯ * -75.6 ¯ *** +193.9 ****
+42.0 *
Table 3
Mean counts and percentage changes in bacterial numbers
(CFUs per cm2) on palms before and after washing and drying
hands using different hand drying methods.
HAND
DRYING
METHOD
GROWTH



MEDIUM
COLONY
TYPE
MEAN
BEFORE
DRY
COUNT
(BD)
MEAN
AFTER
DRY
COUNT
(AD)
MEAN
CHANGE
(%)
T-TEST
(p)
PT 1 NA ALL 129.7 50.0 -61.4 0.046
PT 3 NA ALL 105.0 23.2 -77.9 0.063
WAD NA ALL 79.0 261.1 +230.4 0.005
JAD NA ALL 155.0 169.1 +9.1 0.773
PT 1 CLED ALL 76.6 45.5 -40.7 0.352
PT 3 CLED ALL 86.8 24.7 -71.6 0.132
WAD CLED ALL 77.9 267.2 +242.8 0.021
JAD CLED ALL 126.2 143.5 +13.7 0.698
PT 1 MSA MAN + 13.4 6.9 -48.4 0.193
PT 3 MSA MAN + 16.2 6.3 -61.3 0.065
WAD MSA MAN + 14.3 82.7 +478.8 0.126
JAD MSA MAN + 82.1 72.7 -11.3 0.830
PT 1 MSA MAN - 69.9 47.0 -32.8 0.146
PT 3 MSA MAN - 70.4 10.4 -85.2 0.170
WAD MSA MAN - 43.7 151.1 +245.5 0.027
JAD MSA MAN - 47.4 86.4 +82.2 0.052
PT 1 MSA ALL 83.4 53.9 -35.3 0.125
PT 3 MSA ALL 86.6 16.7 -80.8 0.110
WAD MSA ALL 58.0 233.8 +303.0 0.006
JAD MSA ALL 129.5 159.1 +22.9 0.545
PT 1 TOTAL ALL 289.7 149.4 -48.4 0.083
PT 3 TOTAL ALL 278.4 64.5 -76.8 0.093
WAD TOTAL ALL 215.0 762.1 +254.5 0.004
JAD TOTAL ALL 410.7 471.8 +14.9 0.664
(N = 20)
The result shown in Table 3 are summarized in Table 4 and represented
graphically in Figures 1 – 4.
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Table 4
Summary of mean percentage changes in bacterial
numbers on palms before and after washing and drying
hands using different hand drying methods.
GROWTH
MEDIUM



COLONY
TYPE
PAPER
TOWEL 1
(PT 1)
PAPER
TOWEL 3
(PT 3)
WARM AIR
DRYER
(WAD)
JET AIR
DRYER
(JAD)
NA ALL -61.4 ¯ ** -77.9 ¯ * +230.4 ***
+9.1 CLED
ALL -40.7 ¯ -71.6 ¯ +242.8 **
+13.7 MSA
MAN + -48.4 ¯ -61.3 ¯ * +478.8 -
11.3 ¯
MSA MAN - -32.8 ¯ -85.2 ¯ +245.5 **
+82.2 *
MSA ALL -35.3 ¯ -80.8 ¯ +303.0 ***
+22.9 TOTAL
ALL -48.4 ¯ * -76.8 ¯ * +254.5 ***
+14.9 Table
5
T-test results (p values) comparing the bacterial after dry (AD) counts on
subjects’ hands after using different hand drying methods.
DRYING FINGERPADS PALMS
METHOD PT 1 PT 3 WAD PT 1 PT 3 WAD
PT 3 0.073 * NA NA 0.090 * NA NA
WAD 0.00003 **** 0.000001 **** NA 0.005 *** 0.003 *** NA
JAD 0.0005 **** 0.00001 **** 0.037 ** 0.012 ** 0.006 *** 0.185
Key to Table 5:
PT = paper towel (1 or 3); WAD = warm air dryer; JAD = jet air dryer;
NA = not applicable (redundant comparison).
* p < 0.1; ** p < 0.05; *** p < 0.01; **** p < 0.001.
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Figure 1
GRAPH OF MEAN PERCENTAGE CHANGE IN NUMBERS OF
BACTERIAL COLONY-FORMING UNITS (CFUs) ON NUTRIENT AGAR
AFTER HAND DRYING USING 4 DIFFERENT METHODS
-45
186
53
-61
230
9
-77
-78
-150
-100
-50



0
50
100
150
200
250
300
350
PT 1 PT 3 WAD JAD
MEAN % CHANGE IN CFUs
FINGERPADS
PALMS

HAND DRYING METHOD
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Standard error bars shown
N = 20

Figure 2
GRAPH OF MEAN PERCENTAGE CHANGE IN NUMBERS OF
BACTERIAL COLONY-FORMING UNITS (CFUs) ON CLED AGAR
AFTER HAND DRYING USING 4 DIFFERENT METHODS
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Standard error bars shown
N = 20
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Figure 3
GRAPH OF MEAN PERCENTAGE CHANGE IN NUMBERS OF
BACTERIAL COLONY-FORMING UNITS (CFUs) ON MSA MEDIUM
AFTER HAND DRYING USING 4 DIFFERENT METHODS
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Figure 4
GRAPH OF MEAN PERCENTAGE CHANGE IN NUMBERS OF BACTERIAL
COLONY-FORMING UNITS (CFUs) ON ALL 3 GROWTH MEDIA
(NA, CLED, MSA) AFTER HAND DRYING USING 4 DIFFERENT METHODS
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Standard error bars shown
N = 20
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Control results
Table 6
Means of bacterial colony counts for controls on
different growth media after incubation at 37oC for 2 days.
CONTROL ITEM NA CLED MSA
PT 1 (per cm2) 0.13 0.06 0.06
PT 3 (per cm2) 0.00 0.00 0.00
WAD (20 sec.) 1.40 0.00 0.40
JAD (10 sec.) 1.00 0.00 0.20
Sterile Ringer’s solution (per ml) 0.00 0.00 0.00
Tap water (per ml) 30.00 30.00 40.00
Liquid soap (per ml) 0.00 0.00 0.00



(N = 5)
Key to Table 6:
PT = paper towel (1 or 3); WAD = warm air dryer; JAD = jet air dryer;
NA = nutrient agar; CLED = cystine-lactose-electrolyte-deficient medium;
MSA = mannitol salt agar.
Measurements
Table 7
Measurements in the laboratory and a public washroom.
MEASUREMENT MINIMUM MAXIMUM MEAN
(N = 10)
Laboratory ambient temperature (oC) 22.9 26.7 24.3
Washroom ambient temperature (oC) 21.8 26.9 23.2
Laboratory tap water temperature (oC) 21.3 24.9 22.7
WAD air flow temperature (oC) [20-
second run]
50.5 59.1 55.6
JAD air flow temperature (oC) [10-
second run]
36.6 40.7 39.2
Laboratory relative humidity (%) 33.6 51.6 47.0
Washroom relative humidity (%) 36.6 49.2 44.6
Background laboratory noise level (dB) 51.2 52.7 51.8
Noise level (dB) with laboratory JAD on
at 0.5 m distance
94.7 93.7 94.1
Noise level (dB) with laboratory JAD on
at 1.0 m distance
85.1 89.3 87.4
Noise level (dB) with laboratory JAD on
at 2.0 m distance
85.4 87.6 86.3
Background washroom noise level (dB) 55.5 58.7 57.8
Noise level (dB) with one washroom
JAD on at 2.0 m distance
ND ND 83.6
Noise level (dB) with one washroom
JAD on at 10.0 m distance
ND ND 77.9
Noise level (dB) with two washroom
JADs on at 2.0 m distance
ND ND 92.0
Power consumption of WAD (W) ND 1400-1600 N/A
Power consumption of JAD (W) 1
(standby)
1600 N/A
Key to Table 7:
WAD = warm air dryer; JAD = jet air dryer; dB = decibel: ND = no data;
W = watts; N/A = not applicable.
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Conclusions and discussion
The experimental protocol used in this study attempted to reproduce the public’s



usual hand washing and drying practices as closely as possible. The times used
for washing and drying the hands were based on those shown by a previous
study (Knights et al., 1993) to be the averages for men and women using paper
towels (10 seconds) and warm air dryers (20 seconds) in real public washrooms,
i.e. under 'normal', non-laboratory conditions. The average time that men use
warm air dryers was found to be 20 seconds whilst for women it was 25
seconds. By comparison, Patrick et al. (1997) found that the average time for
men using warm air dryers was 17.0 seconds and 13.3 seconds for women.
However, the study by Knights et al. (1997) involving 292 subjects showed that
men used warm air dryers for 15.4 seconds on average and women for 17.7
seconds. A survey on the “Country Doctor” website (2006) gives the average
time for men using a warm air dryer as 20 seconds and for women as 16
seconds. Therefore, the drying time of 20 seconds for both sexes used in the
present study is likely to be longer than the actual average time that the public
uses warm air dryers and would favour them compared to towels so that any
poor results from dryers cannot be explained by the drying time used in this
study being too low. The drying time of 10 seconds used for the jet air dryer was
not based on observations of the public but on the manufacturer’s
recommendation as given on the dryer itself.
Using the three different growth media it was hoped to count most of the bacteria
present on the subjects' hands before and after washing and drying. In addition,
it was also hoped that information would be obtained about the incidence of the
following types of bacteria in particular:
· Escherichia coli, a bacterium found in the human gut and a good indicator
of faecal contamination. Some strains are pathogenic and cause disease,
sometimes severe, e.g. O157. This bacterium produces large yellow
colonies on Cystine-Lactose-Electrolyte-Deficient Medium (CLED).
· Other coliforms also grow on CLED. Distinction between normal
commensals and pathogens would require further tests which were not
done in this part of the study but any presence of coliforms is indicative of
faecal contamination and poor hygiene.
· Acid from mannitol negative staphylococci and micrococci. The former
can sometimes be pathogenic and cause disease. These bacteria grow
on mannitol salt agar and are normal commensal inhabitants of human
skin and nostrils.
· Acid from mannitol positive staphylococci. These were differentiated on
mannitol salt agar by the production of yellow zones around colonies due
to acid production and presumptively identified as Staphylococcus aureus.
This organism can be found on the skin and in the nostrils of healthy
people but it is a common potential pathogen causing a toxigenic food
poisoning, abscesses, boils and other problems. However, pathogenicity
and antibiotic resistance vary greatly between different strains, which
include meticillin-(methicillin-) resistant Staphylococcus aureus (MRSA), a
common hospital-acquired infection. The presence of any type of
Staphylococcus aureus on the hands of a worker in the food industry or
Keith Redway
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medical field should be taken seriously as should any increase in its
numbers caused by particular hand drying methods.
The issue of warm air dryer hygiene is controversial. Some studies (Blackmore,
1989; Blackmore & Prisk, 1984; Gould, 1994; Knights et al., 1993; Knights et al.,
1997; Ngeow et al., 1989; Redway et al., 1994; Redway et al., 1995) have
shown that warm air dryers are hygienically inferior to towels and may actually
increase the number of bacteria on the hands after use. Other studies (Davis et
al., 1969; Gustafson et al., 2000; Matthew & Newsom, 1987; Meers & Leong,
1989; Patrick et al., 1997; Taylor et al., 2000) have shown that there is little
significant difference between the three hand drying methods. Only a few studies
(Ansari et al.,1991) have shown warm air dryers to be generally hygienically
superior to paper towels. Yamamoto et al. (2005) found warm air dryers reduced
bacterial numbers if subjects held their hands stationary in the airflow rather than
rubbing them which caused an increase but this method is likely to take longer to
dry the hands. They also found that paper towels reduced the bacterial numbers
on the fingertips more than warm air dryers; a result which agrees with the
present study. However, their observation that paper towels did not reduce
bacterial numbers on the palms is not in agreement with the results of other
studies or the present one but may be explained by a different sampling method.
The large discrepancy between the results of different studies can invariably be
explained by differences in the experimental protocols used, such as abnormally
long drying times of up to 1 minute (when the average time used by the public is
less than 20 seconds) and by the use of new dryers in laboratories, rather than
regularly-used, and often contaminated, dryers in public washrooms. Used
dryers are commonly contaminated and emit bacteria in their air flow (Redway et
al., 1994). It should be noted that a new warm air dryer and new jet air dryer
were used in a laboratory in this part of the study and that regular tests showed
no significant numbers of bacteria in their air flows. Therefore, any increases in
bacterial numbers after use of dryers in this part of the study must have been
due to factors other than bacterial contamination of the dryers themselves.
It is generally accepted that the transmission of bacteria and other
microorganisms is more likely to occur from wet skin than from dry skin (Gould
1994). This happens partly because of the ease of water transfer from one
surface to another and partly because microorganisms prefer a damp
environment and, therefore, may be in a better physiological state to colonize
touched surfaces. The amount of residual water left on the hands of users after
drying is directly related to the number of bacteria that are transferred by contact,
the greater the amount, the more bacteria (Patrick et al., 1997). Knights et al.
(1993) showed that warm air dryers in normal use do not dry the hands as
thoroughly as either type of towel. Warm air dryers in normal use achieved only
55% dryness of the hands of men and 68% of the hands of women. In contrast,
both types of towel in normal use achieved 93% or more dryness of the hands of
both sexes. It is highly likely that the significantly poorer hygiene performance of
warm air dryers compared to towels shown in this study is mainly due to the low
drying efficiency of dryers and the consequent greater amount of water



remaining on the fingerpads and palms of the hand after their use. However,
there must be other factors operating on the bacterial load on the hands of users
Keith Redway
University of Westminster
ETS 2008 Report

19
because although the jet air dryer showed a similar drying efficiency to paper
towels (see Part A of this study), its hygiene performance, although better than
the warm air dryer, was significantly worse than the two types of paper towel
tested in this study. It is possible that paper towels work better because they
frictionally remove dirt, grease, bacteria and skin squames from the hands
whereas the jet air dryer, like the warm air dryer, does not. The superior
performance of paper towels over the two types of electric dryer in reducing the
numbers of bacteria was shown with both the fingerpads and the palms of
subjects.
The room temperature, the tap water temperature and the relative humidity
varied in the laboratory from day to day (see Table 7) but any effect that these
factors may have had on the results were minimized by randomising the order of
hand drying method tested and subjects used.
In this study both types of paper towel (PT 1 and PT 3) tested reduced the mean
numbers of all types of bacteria tested on the fingerpads and the palms of
subjects. The percentage mean reductions ranged from –44.6% to –91.5% for
fingerpads and from –32.8 to –85.2% for palms. Reductions were shown with all
types of bacteria on all 3 growth media. The majority of these reductions were
significant suggesting that they were not due to chance alone but to the action of
the towels.
The warm air dryer increased the mean numbers of all types of bacteria tested
on the fingerpads and the palms of subjects. The percentage mean increases
ranged from +114.1% to +414% for fingerpads and from +230.4% to +478.8%
for palms. Increases were shown with all types of bacteria on all 3 growth media.
The majority of these increases were significant, some highly so, suggesting that
they were not due to chance alone but to the action of the warm air dryer.
The jet air dryer increased the mean numbers of most types of bacteria tested on
the fingerpads and the palms of subjects. The percentage mean increases
ranged from +28.0% to +193.3% for fingerpads and from +9.1% to +82.2% for
palms. Increases were shown with most types of bacteria on all 3 growth media,
the only exceptions being reductions on the fingerpads of mannitol-negative
bacteria and reductions on the palms of mannitol-positive bacteria. However,
neither of these decreases was significant, whereas some of the increases were.
Comparisons of the after dry bacterial counts on the fingerpads of subjects using
the paper towels with the warm air dryer and with the jet air dryer showed that
there were highly significant differences between the towels and both types of
dryer, i.e. the superior performance of the towels in reducing bacterial numbers
was confirmed. Both types of dryer caused mean increases in the bacterial
counts on the fingerpads of subjects but the jet air dryer performed better than
the warm air dryer in that the increases were not as great. Differences between
the two types of dryer were less significant than for the towels compared to



either dryer.
Results for the palms were similar. Comparisons of the after dry bacterial counts
on the palms of subjects using the paper towels with the warm air dryer and with
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the jet air dryer showed that there were significant differences (although not as
great as for the fingerpads) between the towels and both types of dryer. Again,
the superior performance of the towels in reducing bacterial numbers was
confirmed. As for the fingerpads, the jet air dryer performed better than the warm
air dryer in not increasing mean bacterial count on the palms as much but this
difference was not significant.
Therefore, the manufacturer’s claim that the tested JAD is the “most hygienic
hand dryer” is confirmed, especially for fingerpads and assuming that the term
“hand dryer” refers to electric devices only because its performance in terms of
the numbers of all types of bacteria remaining on the hands of users compared
to paper towels was significantly worse.
Other observations
The temperature of the air flow from the warm air dryer was higher than that from
the jet air dryer which, unusually, uses unheated air (see Table 7). The latter’s
air flow temperature was higher than that of the room because when air is forced
through any orifice (in this case the slits of the dryer) its temperature rises.
Neither type of electric dryer would produce temperatures high enough, and for
long enough, to kill most bacteria.
The jet air dryer was particularly noisy compared to all other methods of hand
drying tested, including a warm air dryer which was obviously noisier than the
paper towels. Several subjects commented on the noise level of the jet air dryer
and the decibel levels recorded in the laboratory and a public washroom confirm
it (see Table 7). The mean decibel level at 0.5 m is 94.1dB and in excess of that
of a passing heavy lorry 3 m away. The mean decibel levels at 1.0 and 2.0 m are
in excess of a typical busy street at 87.4 and 86.3 dB respectively. In washrooms
with more than one dryer the noise level would be even higher and could
constitute a risk to those exposed to it for long periods, such as washroom
attendants. The two public washrooms tested for bacterial contamination in Part
D had 8 jet air dryers each. Table 7 shows the decibel level recorded when 2
dryers were being used at the same time at a distance of 2 m as 92dB, the
second highest recording taken and only being exceed by the noise level at 0.5
m.
However, assessment of the risk of noise is complex, involving average and
peak levels, and the decibel scale is sometimes misunderstood, e.g. an increase
of 3 dB represents an actual doubling of the noise level. The Health and Safety
Executive (2008) discuss using hearing protection devices for some
environments with noise levels in excess of 85 decibels but length of exposure
and the frequency of the sound must be considered in addition to the decibel
level alone.
Any further discussion of noise is beyond the scope of this present study as is



the claim that the jet air dryer consumes less power than a warm air dryer. In this
study the two types of dryer had similar power consumptions (see Table 7) but
any cost savings would presumably be due to the fact that the tested jet air dryer
dries the hands more quickly and is, therefore, not used for so long.
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Part C: Potential contamination of other users and the washroom
environment caused by paper towel, warm air dryer and jet air dryer.
Introduction
In this part of the study artificial contamination of the hands of subjects was used
in an attempt to demonstrate and compare the potential contamination of other
users and the washroom environment caused by the different hand drying
methods tested: paper towel, warm air dryer and jet air dryer.
A previous study at the University (Redway et al., 1995) compared the 
antibacterial
performance of textile towels and warm air dryers after artificial
contamination and washing of the hands. It showed that towels were superior to
warm air dryers in producing significantly greater reductions in bacterial numbers
on the hands of subjects. This previous study used the bacterium Micrococcus
luteus as the artificial contaminating agent. In a more recent study (2008,
unpublished) the contaminating agent was changed to the yeast Saccharomyces
cerevisiae and similar results obtained. The yeast proved a good model and
better than the bacterium in being safer, more acceptable to volunteers, easier to
detect on appropriate growth media and easier to distinguish from normal hand
flora. Therefore, in this present study yeast was used to artificially contaminate
the hands of subjects prior to washing their hands and drying them using
different methods. Any potential microbial contamination originating from the
hands of users that could contaminate other users or the washroom environment
was demonstrated by the isolation of yeast colonies on agar plates positioned at
varying distances from the different hand drying devices.
Methods and materials
1. 9 open Sabouraud dextrose agar [SDA] (Oxoid) plates were placed
around the hand drying device (a paper towel dispenser, a warm air dryer
or a jet air dryer) at the following distances (m) from the device: 0.00
(directly below), 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00.
With the paper towel dispenser and the warm air dryer, the test plates
were placed on a bench surface 31 cm and 42 cm respectively below the
device. Due to the different design of the jet air dryer, the test plates were
placed on a surface 40 cm below the bottom of the hand drying chamber.
2. 3 ml of 1/4 st. sterile Ringer’s solution was added to each of 4 Sabouraud
dextrose agar (Oxoid) slope cultures of the yeast Saccharomyces
cerevisiae, which had been grown at 30oC for 2 days, and mixed using a
sterile Pasteur pipette to obtain an homogeneous cell suspension. The
volume of the suspension was made up to 500 ml with sterile distilled
water.



3. 50 ml of the suspension was used to wet the hands of subjects who were
asked to use it to mimic washing their hands in water, spreading it as
evenly as possible over both their hands using a wringing action followed
by three shakes.
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4. Two subjects (one male, one female) were then asked to dry their hands
using one of the following four hand drying methods and for the times
indicated:
i) Paper towel 1 (PT 1): 2-ply 100% recycled. Art 217010 (Wepa).
10 seconds.
ii) Paper towel 3 (PT 3): 2-ply through-air dried (TAD). 50% virgin -
50% recycled. Art. 6769 (Kimberly-Clark).10 seconds.
iii) Warm air dryer (WAD): Electric-Air™, model LE48 (World Dryer
Corporation). 20 seconds.
iv) Jet air dryer (JAD): Airblade™, model AB01 (Dyson).
10 seconds
Subjects were allowed to take as many paper towels as they wished but
only within 10 seconds and used the same drying behaviour each time.
Similarly, subjects used the same drying behaviour each time for the
WAD and JAD dryers but were stopped after 20 and 10 seconds
respectively.
5. Plates were re-covered and incubated at 30oC for 2 days.
6. The number of yeast colonies on each plate was counted. Other types of
colony, if present, were ignored.
7. The experiment was repeated 4 more times for each subject making 10
runs in total.
8. The paired t-test was used to establish if there were any significant
differences between the different hand drying devices in terms of the
mean number of yeast colonies isolated at varying distances from them.
9. Controls: Sabouraud dextrose agar (SDA) plates were left open for 1
minute and at the same distances from each hand drying device as in
Step 1 above with the electric hand dryers off. The warm air dryer’s
airflow was tested for the presence of yeast by holding SDA plates
beneath it at a distance of 10 cm for 20 seconds. The jet air dryer’s airflow
was tested by holding SDA plates in the air flow emitted from the sides of
the device for 10 seconds.
The two subjects were asked to firmly press the fingerpads of their ring,
middle and index fingers onto the surface of SDA plates. A sterile swab
moistened with 1/4 strength Ringers solution was then used to swab the
entire surface of each agar plate so as to spread and disperse any
potential colonies and enable them to be counted more easily.
Samples (0.1 ml) of the sterile distilled water and the Ringer’s solution
were plated out on SDA and spread using a sterile glass spreader.
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All control plates were incubated at 30oC for 2 days followed by their
examination to count any yeast colonies present. Other types of colony, if
present, were ignored.
10. Measurements were made of the distances between pairs of jet air dryers
in the male and female washrooms of a main line London rail station.
Results
Table 1
Mean number of yeast colonies isolated on SDA plates placed at
varying distances from different hand drying devices used
by subjects with artificially contaminated hands.
HAND DISTANCE (m)
DRYING
DEVICE 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
PT 1 4.0 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
PT 3 3.2 1.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0
WAD 34.1 2.8 0.0 0.0 0.1 0.0 0.0 0.0 0.0
JAD 47.0 76.2 37.5 21.8 16.0 11.9 8.1 4.8 1.2
(N = 10)
Key to table:
SDA = Sabouraud dextrose agar; PT = paper towel (1 or 3);
WAD = warm air dryer; JAD = jet air dryer.
The results shown in Table 1 are represented graphically in Figure 1.
T-test results
Significant differences (p < 0.001) in the number of yeast colonies were found
between both types of paper towel and the jet air dryer at all 9 distances used.
Differences between the paper towels and the warm air dryer were only
significant at 0.00 m (directly below the device). The warm air dryer was
significantly different from the jet air dryer for all distances except 0.00 m.
Control results
Growth of yeast colonies was not observed on any of the control plates.
Measurements
The distances between 6 pairs of jet air dryers in the male and female
washrooms of a main line London rail station ranged from 0.36 metres to 0.45
metres with the mean being 0.39 metres.
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Figure 1
SHOWING THE MEAN NUMBER OF YEAST COLONIES ISOLATED ON
SABOURAUD DEXTROSE AGAR (SDA) PLATES AT VARYING DISTANCES
FROM DIFFERENT HAND-DRYING DEVICES USED BY PARTICIPANTS
WITH ARTIFICIALLY CONTAMINATED HANDS
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DISTANCE OF SDA PLATE FROM HAND-DRYING DEVICE (metres)
(PT = PAPER-TOWEL DISPENSER; WAD = WARM-AIR DRYER;
JAD = JET AIR DRYER)
N = 10. Standard error bars shown.
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Conclusions and discussion
The results suggest that paper towels are likely to cause considerably less
contamination of other users and the washroom environment than the jet air
dryer which was shown in this study to disperse artificial hand contamination to a
distance of at least 2 metres. Paper towels were better than the warm air dryer at
0.00 metres (directly below the device) but there was no significant difference at
greater distances when their performances were similar and both significantly
better than the jet air dryer.
The mean distance between pairs of jet air dryers in the washrooms tested was
0.39 metres. This distance is less than some of the distances used in this study
and at which significant contamination from the hands of users of the dryer was
detected. The implications are that if the hands of a user of a jet air dryer were
contaminated with a potential pathogen, it could be dispersed and transmitted to
other users in the washroom, and the air and surfaces in the washroom. Any
such contamination could be blown over the person using the adjacent dryer and
could be inhaled by any persons present in the washroom.
The main reason for the large distances over which the jet air dryer spread the
artificial contamination in this study is that, according to the manufacturer: “Air is
forced through two continuous apertures the width of an eyelash – creating
sheets of air travelling at 400 mph.” Air movements of 400 miles per hour (640
kilometres per hour) are sufficiently powerful to blow material in them over
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considerable distances as demonstrated in this study by the wide dispersal of
yeast cells. This, coupled with the fact that this type of dryer emits air sideways
rather than downwards (as with a warm air dryer) helps explain the results.
It is well known to microbiologists that air movements encourage the dispersal
and transmission of micro-organisms and increase the chances of the
contamination of materials or persons in any situation. This makes paper towels,
where little air movement is generated, the most hygienic option tested in this
respect followed by the warm air dryer and, lastly, the jet air dryer.
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Part D: Bacterial sampling of jet air dryers in public washrooms.
Introduction
Previous studies (Blackmore, 1989; Knights et al., 1993; Redway et al., 1994)



have shown that warm air dryers in public washrooms can be contaminated with
various bacteria. This contamination can occur on inner surfaces, including air
inlets and nozzles, and be detected in the air flow from warm air dryers. Such
contamination can be transmitted to the users of warm air dryers by deposition
on their hands and to all the users of a washroom through the air.
Jet air dryers are comparatively new and have not been widely tested. In this
part of the present study the bacterial contamination of jet air dryers in public
washrooms was investigated.
Methods and materials
1. Sterile swabs were moistened with 3 st. sterile Ringers solution and used
to sample the inner surfaces of 8 jet air dryers in the gents washroom and
8 in the ladies washroom of a main line London rail station. One swab
sample was taken from each dryer by swabbing horizontally once along
the back inner surface of the hand drying chamber, once along the front
inner surface, once along the front air slit and once along the back air slit.
Another swab sample was taken along the bottom of the hand drying
chamber.
2. Swabs were returned to their sterile containers which were then removed
to the laboratory for analysis.
3. Samples of the air emitted by the jet air dryers were taken using open
agar plates of three different growth media: Nutrient Agar (NA), Cystine-
Lactose-Electrolyte-Deficient Medium (CLED) and Mannitol-salt Agar
(MSA) held for 10 seconds at the side of the hand drying chamber in a
vertical orientation whilst the dryer was running. Plates were removed to
the laboratory for incubation and analysis.
4. Using gloves, the ends of the swabs were transferred to 3 ml of 3 st.
sterile Ringers solution and vortexed for 10 seconds to release bacteria
adhering to the cotton wool of the swab.
5. 0.01 ml aliquots were then transferred to the surface of plates of three
different growth media: Nutrient Agar (NA), Cystine-Lactose-Electrolyte-
Deficient Medium (CLED) and Mannitol-salt Agar (MSA) and spread using
a sterile glass spreader.
6. All plates were incubated at 37oC and examined after 1 and 2 days for
bacterial growth. The number of colonies on each plate was counted and,
where appropriate, distinction made between different types. Counts on
plates which showed too many colonies to count were scored as 200,
which is considered the upper limit for accurate counting. Counts on the
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inner surfaces of the dryers were calculated as number of colony-forming
units per square centimetre. Counts on 10-second air flow samples were
calculated as number of number colony-forming units per agar plate.
7. Any colonies on MSA showing yellow zones were presumptively identified
as Staphylococcus aureus and further tested using the coagulase test to
confirm their identification by a positive reaction.



Any confirmed colonies of Staphylococcus aureus were further tested for
their sensitivity or resistance to meticillin (methicillin) by growth on
Diagnostic Sensitivity Test Agar (Oxoid) with the addition of a 5
microgram meticillin disk. This showed if any of the isolates were
meticillin-resistant Staphylococcus aureus (MRSA).
8. Colonies of interest on CLED medium were further identified using the
Gram stain, the catalase test, the oxidase test and, when a member of the
family Enterobacteriaceae was indicated, API20E (Biomerieux)
biochemical test identification strips.
9. Control samples were taken of the inner surfaces and air flow of the
laboratory-based jet air dryer which had never been used in a public
washroom. These controls were performed to help ascertain if any
bacterial contamination found in dryers in public washrooms was due
mainly to their location and usage rather than to any other factors.
10. The inner surfaces of the 16 jet air dryers were sampled on two different
days and at different times of the day making 32 samples in total. The air
samples were taken on three different days and at different times of the
day making 48 samples in total.
Results
Table 1
Mean bacterial colony counts on different growth media of samples from
jet air dryers in public washrooms and the laboratory.
SAMPLE TYPE W/L GROWTH MEDIUM
NA CLED MSA
W 171.4
(7 – 1429)
85.3
(0 – 1429)
127.2
(0 – 1429)
INNER SURFACES AND
SLITS (S) PER CM2

L 0.0 0.0 0.0
W 7002.5
(1137 – 7843)
7536.8
(0 – 7843)
4745.1
(0 – 7843)
BOTTOM OF DRYING
CHAMBER (B) PER CM2

L 0.0 0.1 0.0
W 14.1
(2 - 35)
19.8
(0 – 200)
9.7
(0 – 25)
10-SECOND AIR SAMPLE (A)
PER AGAR PLATE
L 1.0 0.0 0.2



(N = 32 S swab samples; N = 32 B swab samples; N = 48 air samples;
N = 5 laboratory controls)
Key to Table 1: W = public washroom samples; L = laboratory control samples;
NA = nutrient agar; CLED = cystine-lactose-electrolyte-deficient medium; MSA = mannitol salt
agar. Ranges are given in brackets. Upper limits of swab ranges are minimum values due to
upper limit of sampling method used (<200 colonies per plate).
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Table 2
Identifications and incidences of some of the bacteria isolated
from samples of jet air dryers in public washrooms.
SOURCE OF
BACTERIA
IDENTIFICATION SAMPLE
TYPE
N %
S 15 46.9
B 25 78.1
A 40 83.3
Staphylococcus aureus *
T 80 71.4
S 29 90.6
B 28 87.5
A 48 100.0
Human skin, hair,
nasal secretions
Other Staphylococcus species
T 105 93.8
S 1 3.1
B 17 53.1
A 8 16.7
Escherichia coli
T 26 23.2
S 1 3.1
B 6 18.8
A 4 8.3
Klebsiella species
T 11 9.8
Serratia marcescens B 1 3.1
Erwinia species S, B 2 3.1
Hafnia alvei A 1 2.1
Human gut, faeces
Enterobacter species B, A 2 2.5
S 8 25.0
B 10 31.3
A 6 12.5
Pseudomonas aeruginosa
T 24 21.4
Water, soil
Bacillus species S, B 24 37.5
Chryseobacterium meningosepticum A 1 2.1
Chryseobacterium indologenes A 2 4.2
Various



Pasteurella pneumotropica A 1 2.1
Key to Table 2: S = inner surfaces/slits; B = bottom surface; A = 10-second air
sample; T = total (S+B+A); N = number of isolates (out of 32 S samples, 32 B
samples, and 48 A samples); % = percentage of dryer samples that tested
positive.
* No meticillin-resistant Staphylococcus aureus (MRSA) strains were isolated.
Conclusions and discussion
Bacteria were isolated from the inner surfaces of the hand drying chamber, the
air outlet slits, the bottoms of the hand drying chamber and the air flows all 16 jet
air dryers tested on different days. The highest mean bacterial counts were
obtained from the bottom of the hand drying chamber. This part of the dryer was
observed to often be wet which would encourage bacterial colonization and
survival and probably explains this part of the results. Also, swabs from the
bottom were often visibly dirtier after sampling than swabs taken from the inner
surfaces and slits. Bacterial counts on agar plates of a 10-second air flow
sample were lower than either swab sample, as would be expected from the
nature of the sample.
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The mean numbers of bacteria isolated on agar plates from the air flows of the
dryers in this study are similar to the results obtained for warm air dryers in
previous studies by the University of Westminster (Knights et al., 1993; Redway
et al., 1994) but lower than those found by Blackmore (1989). This may be
explained by differences in the frequency of use of dryers and on their location.
This study sampled jet air dryers in the washrooms of a very busy mainline
London railway station and it would be expected that more bacterial
contamination would occur than with dryers that are less frequently used.
Both the numbers and types of bacteria found to be contaminating the surfaces
of the jet air dryers in this study are similar to those found in another study
(Redway et al., 1994) associated with warm air dryers. The same types of
bacteria have also been found in washroom environments by other workers
(Mendes & Lynch, 1976). The sources of these bacteria are mainly human skin
(e.g. Staphylococcus aureus and other species), human gut and faeces (e.g.
Escherichia coli and other species of Enterobacteriaceae) and water and soil
(e.g. Pseudomonas aeruginosa and Bacillus species). Although carried on the
skin of a proportion of the population, Staphylococcus aureus is an important
pathogen, especially if in a hospital environment and antibiotic resistant, e.g.
meticillin-resistant Staphylococcus aureus (MRSA). No MRSA strains were
found in this study but since its physical properties are identical to other strains
of Staphylococcus aureus, the results show that if MRSA was present in a
location it would be likely to contaminate jet air dryers in the same way and could
be transmitted by touch or dispersed in the air.
The bacterial counts of the bottoms of jet air dryers were particularly high,
probably due to the water from users hands that collects in this area. Counts on
the other inner surfaces of the dryers (inner surfaces and slits) were lower,
probably due to the fact that these surfaces are generally drier than the bottoms.



The bottom counts showed on average thousands of bacteria per square
centimetre and the figure could be even higher due to the upper limit of the
counting method used. These bacterial counts are higher than those found by
Mendes & Lynch (1976) on the average toilet seat. Their study showed that
about 80% of toilet seats in public washrooms had lower mean bacterial counts
than the bottoms of the dryers sampled here. However, although any surface in
a washroom can become contaminated with bacteria, moist surfaces particularly
encourage bacterial colonization and survival and this probably explains the high
counts at the bottoms of the jet air dryer chambers which in a busy washroom
may be wet much of the time.
Escherichia coli and the other species of Enterobacteriaceae isolated from jet air
dryers in this study demonstrate the potential for this type of device to become
contaminated with human faecal material. Escherichia coli is a well known
marker organism of such contamination. The detection of gut bacteria indicates
the potential for this type of dryer to disseminate other more pathogenic types of
Enterobacteriaceae (e.g. Salmonella and Shigella species) since the properties
of all members of the Enterobacteriaceae are very similar. As with
Staphylococcus aureus, these bacteria could be transmitted by touch or
dispersed in the air emitted by contaminated dryers.
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It was not surprising that Pseudomonas aeruginosa was found associated with
dryers in this study since it is commonly found in water but, like Staphylococcus
aureus, it can cause severe problems in hospital environments and with certain
types of patient. The species is generally resistant to many antibiotics but some
hospital strains can be especially resistant and infections caused by them very
difficult to treat. The results of this study suggest that the spread of such strains
in a hospital environment could be increased by the use of jet air hand dryers.
The Bacillus species isolated in this study from some jet air dryer surfaces
probably have less significance with respect to human health. Bacillus species
are commonly found in soil and the general environment. There are only two
pathogens in this group, one causing anthrax and the other a toxigenic food
poisoning, but the former is very unlikely to have been isolated in this study
although the latter, often associated with rice-borne food poisoning, could have
been. However, speciation of this group was not carried out in the present study.
The bacterial contamination of jet air dryers could allow transmission of bacteria
contaminating them if the user’s hands touch the inner surfaces, the air outlet
slits or the bottom of the hand drying chamber. It is possible to use these dryers
without touching them but that will not be the case with all users. In Part B of this
study some subjects were observed touching the bottom, sides and slits of the
hand drying chamber accidentally. Members of the public, especially those in a
hurry, could touch the inner surfaces of this type of dryer and their hands be
contaminated by any bacteria present. This type of dryer may actually be worse
in this respect than warm air dryers because putting the hands into a narrow slot
is more likely to cause contact with the device than holding the hands beneath



an air outlet nozzle.
However, even if the dryer is not touched, the results of this study show that
bacteria are transmitted in the air flow and could contaminate the hands, other
parts of the user, their clothes, other washroom users, or be inhaled.
Summary of main conclusions and discussion
Part A of the study shows that the drying efficiency of paper towels and the jet air
dryer were equal. Both methods achieved at least 90% dryness of the hands
within approximately 10 seconds and both were faster than the warm air dryer,
which took over 4-times as long to achieve the same level of dryness. Therefore,
the manufacturer’s claims for the tested JAD that it is “the fastest hand dryer”
and that it “dries hands twice as fast” seem confirmed with the one proviso that it
does not dry faster than towels but is certainly faster than other electric hand
dryers such as a warm air dryer.
Part B of the study shows that both types of paper towel tested reduced the
mean numbers of all types of bacteria tested on the fingerpads and the palms of
subjects. As shown by other studies, the warm air dryer increased the mean
numbers of all types of bacteria tested on the fingerpads and the palms of
subjects. The jet air dryer also increased the mean numbers of most types of
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bacteria tested on the fingerpads and the palms of subjects but the increases
were less than with the warm air dryer. Therefore, the manufacturer’s claim that
the tested JAD is the “most hygienic hand dryer” is confirmed, assuming that the
term “hand dryer” refers to electric devices only because its hygiene
performance compared to paper towels was significantly worse in all respects.
Part C of the study shows that paper towels are likely to cause considerably less
contamination of other users and the washroom environment than the jet air
dryer which was shown in this study to disperse artificial hand contamination to a
distance of at least 2 metres, well within the range of adjacent dryers observed in
a real washroom. Paper towels were better than the warm air dryer for
contamination levels directly below the device but there were no significant
differences at greater distances when their performances were similar and both
were significantly better than the jet air dryer. Therefore, the manufacturer’s
claim that the tested JAD is the “most hygienic hand dryer” is not confirmed in
this study with respect to its potential for dispersing bacteria.
In Part D of the study various bacteria were isolated from the surfaces and the
air flows of all jet air dryers tested on different days in public washrooms. The
main sources of these bacteria are human skin, human gut and faeces, water
and the general environment. Many of the bacterial types isolated are potential
human pathogens. The results show that jet air dryers can be colonized by
bacteria and have the potential to transmit them to washroom users. Both the
numbers and types of bacteria found to be contaminating the jet air dryers in this
study are similar to those found associated with warm air dryers. Therefore, the
manufacturer’s claim that the tested JAD is the “most hygienic hand dryer” was
not confirmed in this study with respect to its potential for contamination and



colonization by bacteria.
The results of all parts of this study suggest that paper towels should be used in
locations where hygiene is paramount, such as hospitals, clinics, schools,
nurseries, care homes, kitchens and other food preparation areas. Warm air
dryers and jet air dryers should be carefully considered for these types of
location because of their poorer hygiene performance and the increased
likelihood of transmission of bacteria, including potentially pathogenic types, via
the fingerpads and palms of the hand and their air flows. The performance of
both the warm air dryer and the jet air dryer was inferior to paper towels in all
respects (drying efficiency, bacterial numbers on the hands, bacterial
contamination of the air flow and surfaces of the devices, and transmission of
bacteria in the washroom) with the one exception that the jet air dryer is equal in
drying efficiency. The jet air dryer was shown to be superior to the warm air dryer
in all respects except for similar bacterial contamination and greater transmission
potential. Although representing a considerable improvement over warm air
dryers in speed, the jet air dryer’s overall performance, with the exception of
drying efficiency, was significantly poorer than that of paper towels in all other
respects tested in this study.
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The Hygienic Efficacy of Different Hand-
Drying Methods: A Review of the 
Evidence

Conclusion 
Hand hygiene has the potential to prevent diseases and reduce health care–
associated infections. The proper drying of hands after washing should be an 
essential component of effective hand hygiene procedures. Most studies have 
found that paper towels can dry hands efficiently, remove bacteria effectively, and 
cause less contamination of the washroom environment. From a hygiene 
standpoint, paper towels are superior to air dryers; therefore, paper towels 
should be recommended for use in locations in which hygiene is paramount, 
such as hospitals and clinics. The provision of paper towels should also be 
considered as a means of improving hand hygiene adherence among health care 
workers. Our findings may have implications for health professionals and medical 
educators aiming to design effective programs to promote hand hygiene 
practices.
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ABSTRACT

The risk of inadequate hand hygiene in food handling settings is exacerbated when water is limited or unavailable, thereby

making washing with soap and water difficult. The SaniTwice method involves application of excess alcohol-based hand sanitizer

(ABHS), hand ‘‘washing’’ for 15 s, and thorough cleaning with paper towels while hands are still wet, followed by a standard

application of ABHS. This study investigated the effectiveness of the SaniTwice methodology as an alternative to hand washing for

cleaning and removal of microorganisms. On hands moderately soiled with beef broth containing Escherichia coli (ATCC 11229),

washing with a nonantimicrobial hand washing product achieved a 2.86 (¡0.64)-log reduction in microbial contamination

compared with the baseline, whereas the SaniTwice method with 62% ethanol (EtOH) gel, 62% EtOH foam, and 70% EtOH

advanced formula gel achieved reductions of 2.64 ¡ 0.89, 3.64 ¡ 0.57, and 4.61 ¡ 0.33 log units, respectively. When hands were

heavily soiled from handling raw hamburger containing E. coli, washing with nonantimicrobial hand washing product and

antimicrobial hand washing product achieved reductions of 2.65 ¡ 0.33 and 2.69 ¡ 0.32 log units, respectively, whereas

SaniTwice with 62% EtOH foam, 70% EtOH gel, and 70% EtOH advanced formula gel achieved reductions of 2.87 ¡ 0.42, 2.99

¡ 0.51, and 3.92 ¡ 0.65 log units, respectively. These results clearly demonstrate that the in vivo antibacterial efficacy of the

SaniTwice regimen with various ABHS is equivalent to or exceeds that of the standard hand washing approach as specified in the

U.S. Food and Drug Administration Food Code. Implementation of the SaniTwice regimen in food handling settings with limited

water availability should significantly reduce the risk of foodborne infections resulting from inadequate hand hygiene.

Foodborne diseases are a serious public health concern

(3, 4, 15), but despite preventive efforts there has been little

recent progress in reducing infections caused by foodborne

pathogens (6). Faulty food handling practices, particularly

improper hand washing, contribute significantly to the risk

for foodborne disease (11–13, 19, 25–27, 29). Proper hand

hygiene reduces the risk of transmission of pathogens from

hands to food (7, 20, 21) and is associated with a reduction

in gastrointestinal illness (2, 8, 18). The U.S. Food and Drug

Administration (FDA) Food Code for retail establishments

requires hand washing as a preventive method and provides

specific guidance on proper hand washing procedures (30).
The five-step hand washing procedure outlined in the FDA

Food Code consists of (i) rinsing under warm running water,

(ii) applying the manufacturer-recommended amount of

cleaning compound, (iii) rubbing the hands vigorously, (iv)

rinsing thoroughly under warm running water, and (v)

thoroughly drying the hands with individual paper towels, a

continuous clean towel system, or a heated or pressurized

hand air drying device. According to the Food Code,

alcohol-based hand sanitizers (ABHS) may be used in retail

and food service only after proper hand washing.

ABHS are recommended as an alternative to traditional

hand washing in the health care setting (5). Alcohols are

highly effective against a range of bacterial pathogens, fungi,

enveloped viruses, and certain nonenveloped viruses (2, 10).
Although considered to be ineffective antimicrobial agents in

the presence of visible dirt or proteinaceous material, alcohol-

containing products were more effective than those containing

triclosan (2, 14) or detergents (17) for removing microorgan-

isms from hands contaminated with organic material. In health

care facilities and other environments, easily accessible ABHS

have resulted in greater hand hygiene compliance and

reduction in infections (1, 9, 16, 31). Although ABHS are

approved for use in the health care environment, the FDA

does not regard these agents as adequate substitutes for soap

and water in the food service setting (30).
A reliable hand hygiene method is needed for food

service settings in which adequate hand washing facilities

are limited or unavailable. These settings include portable

bars, buffet lines, outdoor events, and catering functions at

which the only available hand hygiene facility often is either

‘‘trickle hand washing’’ (i.e., hand washing done from a
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portable container of water over a bucket or other type of

basin) or simply the use of a paper towel or damp cloth to

rub the hands. These methods may be inadequate for proper

hand cleansing.

SaniTwice (a registered trademark with James Mann,

Handwashing for Life, Libertyville, IL) is a two-stage hand

cleansing protocol that is performed using ABHS when

water is not available. In this study, we evaluated the

microbiological efficacy of the SaniTwice method on the

hands of adult human participants. These studies were

designed to assess (i) the antimicrobial efficacy of various

ABHS used with the SaniTwice regimen as compared with

that of a standard hand washing method with soap and water

on soiled hands and (ii) the impact of the active ingredient

and/or formulation of a hand sanitizer on antibacterial

efficacy when used in a SaniTwice regimen.

MATERIALS AND METHODS

Test products. All test products in this study were

manufactured by GOJO Industries (Akron, OH). Two hand

washing products were evaluated: a nonantimicrobial product

(GOJO Luxury Foam Handwash) and an antimicrobial product

(MICRELL Antibacterial Foam Handwash, 0.5% chloroxylenol

active). Four ABHS also were evaluated: a 62% ethanol (EtOH)

gel (PURELL Instant Hand Sanitizer Food Code Compliant), a

62% EtOH foam (PURELL Instant Hand Sanitizer Foam), a 70%

EtOH gel (PURELL 70 Instant Hand Sanitizer), and a 70% EtOH

Advanced Formula (AF) gel (PURELL Instant Hand Sanitizer

Advanced Formula VF481).

Overall study design. Three studies were conducted by

BioScience Laboratories (Bozeman, MT) to determine the in vivo

antimicrobial efficacy of various test product configurations under

conditions of moderate or heavy soil. The order of use of each

product was determined randomly. A two-step testing sequence

was used for all products. Each volunteer completed the baseline

cycle, where hands were contaminated with moderate or heavy soil

(as described below) containing Escherichia coli (ATCC 11229),

and samples were collected for baseline bacterial counts. Following

the baseline sampling, participants completed a 30-s nonmedicated

soap wash followed by the product evaluation cycle, which

consisted of a contamination procedure, application of the test

product, and subsequent hand sampling. Between uses of different

test products, participants decontaminated their hands with a 1-min

70% EtOH rinse, air drying, and a 30-s nonmedicated soap wash.

A minimum of 20 min elapsed before the next testing sequence

began. Baseline and postapplication samples were evaluated for the

presence of E. coli. Testing was performed according to the FDA

health care personnel hand washing product evaluation method

(28) and modified as described previously (22).

The study was approved by the Gallatin Institutional Review,

an independent review board unaffiliated with BioScience

Laboratories, and was conducted in compliance with Good Clinical

Practice and Good Laboratory Practice regulations. All participants

provided written informed consent.

Participants. The study enrolled healthy adults with two

hands. All participants were free of dermal allergies or skin

disorders on the hands or forearms.

Preparation of inoculum. E. coli was used to test the

efficacy of the test procedures. A 2-liter flask was filled with

1,000 ml of tryptic soy broth: 30.0 g of dehydrated tryptic soy

broth medium (BD, Franklin Lakes, NJ) added to 1 liter of

deionized water, heated, and sterilized for a final pH of 7.3 ¡ 0.20.

The broth was inoculated with 1.0 ml of a 24-h culture of E. coli
grown from a cryogenic stock culture. The flask was incubated for

24 h, and the suspension was used for challenge.

Hand contamination procedures. For the moderate soil

study, a 24-h culture of E. coli was suspended in beef broth

(Swanson low sodium beef broth, Campbell Soup Company,

Camden, NJ) at 1 | 109 CFU/ml. Three aliquots of 1.5 ml were

transferred into each participant’s cupped hands. Each aliquot was

distributed over the entire front and back surfaces of the hands up

to the wrists during a 20-s period and allowed to air dry for 30 s

after the first and second aliquots and for 90 s after the third

aliquot. After samples were collected for baseline bacterial counts

and hands were decontaminated with a 30-s wash with non-

medicated soap, a second cycle of contamination was initiated.

After the 90-s final drying step, participants applied the randomly

assigned test product.

For the heavy soil study, 5.0-ml aliquots of the challenge

suspension of E. coli were transferred to 4-oz (113-g) portions of

sterile 90% lean ground beef and distributed evenly with gloved

hands to achieve contamination levels of approximately 5.0 | 108

CFU per portion. Each participant then kneaded the inoculated raw

hamburger for 2 min. Hands were air dried for 90 s and then

sampled for baseline counts. After a 30-s decontamination with

nonmedicated soap, the cycle was repeated, and the test product

was applied.

Test article or product application and SaniTwice

procedure. The hand washing procedure used for the nonantimi-

crobial and antimicrobial hand washing products was consistent

with Food Code specifications. Table 1 shows the stepwise

product application procedures for all test configurations.

Bacterial recovery and microbial enumeration. Within

1 min after contamination for baseline evaluation or after product

application, powder-free sterile latex gloves were placed on each

participant’s hands and secured above the wrist, and 75 ml of

sterile stripping fluid (0.4 g of KH2PO4, 10.1 g of Na2HPO4, and

1.0 g of isooctylphenoxypolyethoxyethanol in 1 liter of distilled

water, pH adjusted to 7.8) was transferred into each glove.

Following a 60-s massage of the hands through the gloves, a 5.0-ml

aliquot of the glove rinsate sample was removed and diluted in 5.0 ml

of Butterfield’s phosphate buffer solution with product neutralizers.

Each aliquot was serially diluted in neutralizing solution, and

appropriate dilutions were plated in duplicate onto MacConkey agar

plates (BD; 50.0 g of dehydrated medium added to 1 liter of

deionized water, heated, and sterilized; final pH, 7.1 ¡ 0.2) and

incubated for 24 to 48 h at 30uC. Colonies were counted and data

were recorded using the computerized Q-COUNT plate-counting

systems (Advanced Instruments, Inc., Norwood, MA).

Data analysis and statistical considerations. The estimated

log transformed number of viable microorganisms recovered from

each hand (the R value) was determined using the formula R ~

log(75 | Ci | 10D | 2), where 75 is the amount (in milliliters) of

stripping solution instilled into each glove, Ci is the arithmetic

average colony count of the two plate counts at a particular

dilution, D is the dilution factor, and 2 is the neutralization dilution.

Descriptive statistics and confidence intervals were calculated

using the 0.05 level of significance for type I (alpha) error.

Statistical calculations of means and standard deviations were
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generated for the log recovery data from baseline samples,

postproduct application samples, and the log differences between

baseline and postapplication samples. Product comparisons were

made using a one-way analysis of variance with post hoc analysis

(Bonferroni’s multiple comparison test) using the 0.05 level of

significance for alpha error.

RESULTS

Reduction in microbial contamination of moderate-
ly soiled hands. Two studies were conducted to evaluate

microbial count reductions on hands that had been

contaminated by handling beef broth containing E. coli.
Reductions from baseline produced by the five test product

configurations in these two studies are shown in Figure 1.

All SaniTwice regimens were equivalent to or better than

the Food Code hand washing protocol. Reductions from

baseline ranged from 2.64 ¡ 0.89 log CFU/ml for

SaniTwice with the 62% EtOH gel to 4.61 ¡ 0.33 log

CFU/ml for SaniTwice with the 70% EtOH AF gel.

SaniTwice using the 62% EtOH gel was equivalent to

the nonantimicrobial Food Code hand washing protocol.

However, SaniTwice using the 62% EtOH foam (3.64 ¡

0.57-log reduction) was more effective than SaniTwice with

the 62% EtOH gel and the Food Code hand washing

protocol (P , 0.05).

The 70% EtOH AF gel was the most effective

sanitizing product. When used independently, it was

significantly more effective (4.44 ¡ 0.47-log reduction)

than SaniTwice with 62% EtOH foam or 62% EtOH gel or

the nonantimicrobial hand washing product (P , 0.05 for

all comparisons). Although the log reduction data suggest

that SaniTwice with 70% EtOH AF gel (4.61 ¡ 0.33-log

reduction) was equivalent to the 70% EtOH AF gel used

independently, this lack of differentiation was most likely

due to the limitations of the assay. The 4.61-log reduction

was at the limit of detection for all participants using 70%

EtOH AF gel with SaniTwice but for only half the

participants using 70% EtOH AF gel alone. Therefore, the

log reductions produced by the 70% EtOH AF gel after

either a single sanitization or the SaniTwice regimen are

likely underestimated, and the log reductions in both cases

would likely be higher if the limits of detection were lower.

Reduction in microbial contamination of heavily
soiled hands. Figure 2 shows microbial count reductions

produced by test product configurations on hands that had

been contaminated by handling ground beef containing E.
coli. All SaniTwice regimens tested were equivalent to or

better than the Food Code hand washing protocol, indicating

that under conditions of heavy soil, the SaniTwice procedure

is as effective as hand washing. The performance of the

antimicrobial hand washing product was equivalent to that of

the nonantimicrobial hand washing product in this heavy soil

challenge, with log reductions of 2.69 ¡ 0.32 and 2.65 ¡

0.33, respectively. SaniTwice with the 70% EtOH AF gel

outperformed all other sanitizer configurations tested and was

superior to hand washing for reduction of organisms on

heavily soiled hands (P , 0.05 for comparisons of SaniTwice

with 70% EtOH AF gel versus each of the other procedures).

TABLE 1. Test product application proceduresa

Step

Food Code–compliant procedure for

hand washing products SaniTwiceb procedure for ABHS Procedure for 70% EtOH AF gel

1 Wet hands with water at 40uC Dispense ,3 ml of product into cupped

hands

Dispense ,1.5 ml of product into

cupped hands

2 Apply ,1.5 ml of product Rub vigorously over hands for 15 s

to simulate washing

Rub hands together until dry

3 Lather for 15 s Clean thoroughly with two paper towels

4 Rinse with water for 10 s Dispense additional ,1.5 ml of product

5 Pat dry with two paper towels Rub hands together until dry

a All application procedures were initiated within 10 s of completing the 90-s drying step.
b SaniTwice is a registered trademark with James Mann (Handwashing for Life, Libertyville, IL).

FIGURE 1. Log reduction from baseline for microbial contam-
ination of hands moderately soiled with contaminated beef broth
after application of test products. Error bars represent standard
deviation. Data are from two separate studies. In study 1 (n ~ 11),
nonantimicrobial hand washing product and SaniTwice with 62%

EtOH gel were compared. In study 2 (n ~ 12), the conditions
evaluated were nonantimicrobial hand washing product, Sani-
Twice with 62% EtOH foam, 70% EtOH AF gel without
SaniTwice, and SaniTwice with 70% EtOH AF gel. Results for
nonantimicrobial hand washing product represent pooled data
from both studies. * P , 0.05 for SaniTwice with 62% EtOH foam
versus nonantimicrobial hand washing product or SaniTwice with
62% EtOH gel. ** P , 0.05 for 70% EtOH AF gel or for
SaniTwice with 70% AF gel versus nonantimicrobial hand
washing product, SaniTwice with 62% EtOH gel, or SaniTwice
with 62% EtOH foam.
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Two ABHS used with SaniTwice under both moderate

and heavy soil conditions produced greater log reductions in

the moderate soil condition. Mean log reductions using

SaniTwice (moderate versus heavy soil) were 3.64 versus

2.87 for 62% EtOH foam and 4.61 versus 3.92 for 70%

EtOH AF gel.

DISCUSSION

The SaniTwice method for hand disinfection was

equivalent or superior to hand washing with soap and water

for reducing viable bacteria on hands in the presence of

representative food soils. Although the raw hamburger was

a more difficult soil to penetrate, as demonstrated by

approximately 1.0-log lower reductions compared with

challenge by contaminated beef broth, the SaniTwice

method with ABHS was equivalent to hand washing even

under this worst-case simulation, underscoring the efficacy

of this new method and indicating a potentially greater

margin of safety.

The ABHS products used in this study exhibited a

range of antimicrobial efficacy, suggesting that product

formulation and the concentration of active ingredient may

play a role in the observed efficacy. The impact of

formulation was indicated by the significantly higher

efficacy of the 62% EtOH foam compared with the 62%

EtOH gel when challenged with moderate soil. This

difference may be due to the additional foaming surfactants

in the foam formulation, which may aid in lifting and

removing bacteria and soil from the hands during the

SaniTwice procedure. In addition, SaniTwice with the 70%

EtOH AF gel was superior to SaniTwice with the 70%

EtOH gel and 62% EtOH foam under heavy soil conditions.

The 70% EtOH AF gel, whether tested as a single

application or with the SaniTwice method, was superior to

hand washing and to the 62% EtOH gel or foam under

moderate soil conditions. The 4.44-log reduction with a

single use of the 70% EtOH AF gel demonstrates its high

antimicrobial efficacy, which is further enhanced when used

with the SaniTwice method. The 70% EtOH AF gel

contains a patent-pending blend of ingredients that enhance

the activity of the alcohol and likely contribute to the high

efficacy observed in this study. The SaniTwice procedure

gives the benefit of skin cleansing and soil removal, which

is not obtained with single use of a product. The efficacy of

ABHS used with SaniTwice against nonenveloped enteric

viruses, which are more difficult to eradicate, remains to be

determined.

In support of previous findings (23), the findings in this

study indicate that the decontamination efficacy was similar

for the antimicrobial and nonantimicrobial hand washing

products under heavy soil conditions, suggesting that the

cleansing properties of the surfactants in these soaps and the

mechanical action of hand washing may be the primary

contributors to efficacy rather than the antimicrobial activity

of any constituent of the formulations. It is expected that

with heavy hand soiling, the surfactant effect drives

efficacy, and typical antibacterial constituents will have

little additional effect.

In this study, SaniTwice was an effective hand hygiene

regimen at least equivalent to hand washing with soap and

water for reducing microbial contamination, even under

worst case conditions of high bacterial load and heavy food

soils. The current FDA Food Code allows use of ABHS

only on hands that have been cleaned according to the

recommended hand washing protocol (30). However, other

than substitution of an ABHS for soap and water, the

SaniTwice protocol mirrors the FDA-specified hand wash-

ing sequence. SaniTwice is at least as effective as hand

washing when used with standard-efficacy ABHS; when

used with a high-efficacy ABHS, the SaniTwice protocol is

superior to washing with soap and water. The Food Code

provides few specific recommendations for achieving good

hand hygiene when water (or other hand washing supplies

and equipment) is unavailable or limited. The Food Code

(Section 2-301.16) severely restricts hand sanitizers by

allowing use only after proper hand washing or in situations

in which no direct contact with food occurs (30).
A potential solution to this gap in food safety practices

is SaniTwice. The SaniTwice studies described here provide

convincing scientific rationale for including the SaniTwice

approach in the Food Code as an alternative method of hand

hygiene when standard hand washing is impractical. The

simplicity and ease of use of the SaniTwice method, which

requires only a supply of ABHS and paper towels, should

allow this protocol to be applied to various food service

settings and other areas in which hand hygiene is needed but

safe water is unavailable or in short supply.

The findings in the present study support and extend

those from previous studies; ABHS used alone or in

combination with hand washing can be effective for

decontaminating hands in the presence of organic soils

(17, 23, 24). A well-formulated ABHS in conjunction with

FIGURE 2. Log reduction from baseline for microbial contam-
ination of hands heavily soiled with contaminated uncooked
hamburger after application of test products and protocols. Error
bars represent standard deviation. Data are from study 3 (n ~

15), in which five test configurations were evaluated. * P , 0.05
for SaniTwice with 70% AF gel versus nonantimicrobial hand
washing product, antimicrobial hand washing product, SaniTwice
with 62% EtOH foam, or SaniTwice with 70% EtOH gel.
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the SaniTwice regimen can have high efficacy, even in the

presence of high organic load. Therefore, a reevaluation of

the longstanding paradigm defining the use of ABHS in the

presence of organic soils in both food handling and health

care environments is warranted.
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ABSTRACT

Pathogenic strains of Escherichia coli and human norovirus are the main etiologic agents of foodborne illness resulting from

inadequate hand hygiene practices by food service workers. This study was conducted to evaluate the antibacterial and antiviral

efficacy of various hand hygiene product regimens under different soil conditions representative of those in food service settings

and assess the impact of product formulation on this efficacy. On hands contaminated with chicken broth containing E. coli,
representing a moderate soil load, a regimen combining an antimicrobial hand washing product with a 70% ethanol advanced

formula (EtOH AF) gel achieved a 5.22-log reduction, whereas a nonantimicrobial hand washing product alone achieved a 3.10-

log reduction. When hands were heavily soiled from handling ground beef containing E. coli, a wash-sanitize regimen with a

0.5% chloroxylenol antimicrobial hand washing product and the 70% EtOH AF gel achieved a 4.60-log reduction, whereas a

wash-sanitize regimen with a 62% EtOH foam achieved a 4.11-log reduction. Sanitizing with the 70% EtOH AF gel alone was

more effective than hand washing with a nonantimicrobial product for reducing murine norovirus (MNV), a surrogate for human

norovirus, with 2.60- and 1.79-log reductions, respectively. When combined with hand washing, the 70% EtOH AF gel produced

a 3.19-log reduction against MNV. A regimen using the SaniTwice protocol with the 70% EtOH AF gel produced a 4.04-log

reduction against MNV. These data suggest that although the process of hand washing helped to remove pathogens from the

hands, use of a wash-sanitize regimen was even more effective for reducing organisms. Use of a high-efficacy sanitizer as part of

a wash-sanitize regimen further increased the efficacy of the regimen. The use of a well-formulated alcohol-based hand rub as

part of a wash-sanitize regimen should be considered as a means to reduce risk of infection transmission in food service facilities.

Foodborne diseases are a serious and growing public

health concern both in the United States (8, 19) and worldwide

(46). The Centers for Disease Control and Prevention

attributed 9.4 million illnesses, nearly 56,000 hospitalizations,

and more than 1,300 deaths to foodborne pathogens annually

in the United States (33). Many researchers believe that

foodborne diseases are underreported (27, 39, 43).
The ever-changing nature of pathogens, including the

emergence of new ones, is contributing to an increase in

foodborne diseases (5). Enterotoxigenic Escherichia coli has

been implicated in one of the largest foodborne outbreaks

reported in the United States to date (3). According to the

Foodborne Disease Outbreak Surveillance System (1998 to

2002), 31% of foodborne disease outbreaks and 41% of cases

of infection with known etiology can be attributed to human

norovirus (HNV) (27), and HNV is now recognized as the most

significant cause of infectious gastrointestinal illnesses, with a

growing number of virulent strains circulating (4, 9, 16, 44).
Poor personal hygiene of food service workers, in

particular improper hand washing, contributes significantly

to the risk of foodborne diseases (15, 17, 26, 38, 41). The

majority of HNV infection outbreaks are attributed to

contamination of food via unwashed or improperly washed

hands of food handlers (5, 9, 23). HNVs have a low

infective dose (37, 44), persist in the environment, and are

resistant to chlorination and freezing (23, 35, 44). These

factors contribute to an increased risk of HNV illness

transmission. Heavily soiled items are frequently encoun-

tered in food service settings when preparing food, and

antimicrobial agents are considered to be less effective in

the presence of such items (6). The U.S. Food and Drug

Administration (FDA) Food Code requires that food service

workers wash their hands with a cleaning compound and

water before using alcohol-based hand rubs (ABHRs) (42).
Although an improvement in compliance among food

handlers with personal hygiene risk factors was observed

between 1998 and 2008 in retail food facilities, hand

washing practices were the most out-of-compliance risk

factor for every type of facility evaluated (40). In 2008,

hand washing practices were not being followed in 76% of

restaurants and approximately 50% of delicatessens (40). In

another study, compliance with Food Code recommenda-

tions for frequency of washing during production, service,

and cleaning phases in restaurants was only 5% (36).
* Author for correspondence. Tel: 330-255-6745; Fax: 330-255-6083;

E-mail: edmondss@gojo.com.
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Various hand hygiene regimens reduce the risk of

transmission of pathogens from the hands of food service

workers to the food they handle and prepare (10, 29, 30).
Proper hand hygiene has been associated with reductions of

gastrointestinal illness ranging from 42 to 57% (5, 11, 25).
However, some interventions are more effective for removing

pathogens than are others. Hand washing with soap and water

was more effective for reducing contamination on the hands

than was rinsing with water or not washing at all (7, 10).
Antimicrobial agents are more effective for removing

bacteria on hands than is nonantimicrobial soap (13, 30).
Even ABHRs used alone decontaminate hands at least as

effectively as does washing with soap and water (12, 34).
However, the combination of hand washing followed by the

use of ABHRs produces even greater reduction of bacteria on

hands (18, 29, 30, 32). When water is unavailable, a two-

stage hand cleansing protocol using an ABHR known as the

SaniTwice method (a registered trademark, James Mann,

Handwashing for Life, Libertyville, IL) was at least as

effective for removing bacteria from the hands as was only

washing with soap and water (12).
A critical need remains for hand hygiene products with

increased efficacy against hard-to-kill pathogens. Typical

ABHR activity against nonenveloped enteric viruses varies

depending on the type and concentration of alcohol (5, 6,
14, 21). Different strains of HNVs may be more resistant

to antimicrobial agents than others (24). Several studies

have been conducted on newly formulated ABHRs with

significantly improved inactivation of nonenveloped viruses

(24, 28). A 70% ethanol advanced formula (EtOH AF) gel

reduced HNV by 3.74 log units in 15 s, a significantly

greater HNV reduction than produced by six other

commercially available hand hygiene products (24). This

gel was the most effective product tested against two strains

of HNV.

Quantitative data are scarce on the relative health

impact of different hygiene interventions (5), in particular

hand hygiene product performance against organisms

commonly found in food service facilities, i.e., in food

soils. This series of studies was designed to determine the

antimicrobial effectiveness of various hand hygiene product

regimens under moderate and heavy food soil conditions

and against the murine norovirus (MNV), a surrogate for

HNV. The impact of specific product formulation on

antimicrobial efficacy also was evaluated.

MATERIALS AND METHODS

Test products. The test products, which were manufactured

by GOJO Industries (Akron, OH), are described in Table 1.

Product application. Table 2 shows the stepwise product

application procedures for all test methods.

Participants. The study participants were healthy adults with

two hands and were free of dermal allergies or any skin disorders

on the hands or forearms. These studies were conducted in

compliance with good clinical practice and good laboratory

practice regulations and approved by local institutional review

boards. All participants provided written informed consent.

Overall design for antibacterial efficacy studies. The

purpose of the studies was to determine the antibacterial efficacy of

various blinded test product configurations versus a relevant

foodborne pathogen presented under conditions of moderate or

heavy food soil. The order of use of each product configuration

was determined randomly. All testing of antibacterial efficacy was

performed using a modification of the ASTM International E1174-

06 method (1). For both the moderate and heavy soil tests, a two-

step testing sequence was used for all products. For the moderate

and heavy soil tests 18 and 12 participants, respectively, tested

each configuration. Each participant completed a baseline cycle, in

which hands were contaminated with E. coli (ATCC 11229) in

moderate soil (chicken broth) for the first study and in heavy soil

(sterile ground beef (31)) in the second study. Samples were

collected for baseline bacterial counts. After the baseline sampling,

participants completed a 30-s nonmedicated soap wash followed

by the product evaluation cycle, which consisted of a contamina-

tion procedure, application of the test product, and subsequent

hand sampling. Baseline and postapplication samples were

evaluated for the presence of E. coli. Each participant was used

for only one test configuration and, on completion of testing,

decontaminated their hands with a 1-min 70% EtOH rinse, air

drying, and a 30-s nonmedicated soap wash.

Preparation of inoculum. A 2-liter flask was filled with

1,000 ml of tryptic soy broth, i.e., 30.0 g of dehydrated tryptic soy

broth medium (BD, Franklin Lakes, NJ) added to 1 liter of

deionized water, heated, and sterilized (final pH 7.3 ¡ 0.20). The

broth was inoculated with 1.0 ml of a 24-h culture of E. coli grown

from a cryogenic stock culture. The flask was incubated for 24 h,

and the suspension was used for the contamination challenge.

Hand contamination procedures. For the moderate soil

study, a 24-h culture of E. coli was suspended in commercially

available chicken broth (Swanson chicken broth, Campbell

Soup Company, Camden, NJ) to a final concentration of 1 |

109 CFU/ml. Three aliquots of 1.5, 1.5, and 2 ml were transferred

into each participant’s cupped hands. Taking care not to drip the

suspension, each aliquot was distributed over the front and back

surfaces of the hands up to the wrists for 20 s; hands were air dried

for 30 s after the first and second aliquots and for 90 s after the

third aliquot. After samples were collected from the hands for

baseline bacterial counts, the hands were washed for 30 s with a

TABLE 1. Test products

Test product Description Abbreviation

GOJO Luxury Foam Handwash Nonantimicrobial hand washing product Nonantimicrobial hand wash

MICRELL Antibacterial Foam Handwash 0.5% Chloroxylenol hand washing product PCMX hand wash

GOJO Antibacterial Plum Foam Handwash 0.3% Triclosan hand washing product Triclosan hand wash

PURELL Instant Hand Sanitizer Foam 62% Ethanol foam ABHR 62% EtOH foam

PURELL Instant Hand Sanitizer Advanced

Formula VF481 70% Ethanol gel ABHR 70% EtOH gel
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nonmedicated soap, and a second cycle of contamination was

performed. After the 90-s drying step, participants applied the

randomly assigned test product.

For the heavy soil study, 5.0-ml aliquots of the challenge

suspension of E. coli was transferred to 4-oz (113-g) portions of

sterile 90% lean ground beef and distributed evenly with gloved

hands to achieve contaminant levels of approximately 5.0 | 108

CFU per portion. Each participant then kneaded the inoculated raw

hamburger for 2 min. Hands were air dried for 90 s and then

sampled for baseline counts. After a 30-s decontamination with

nonmedicated soap, the cycle was repeated, and the test product

was applied.

Bacterial recovery and microbial enumeration. Within

5 min after contamination for baseline evaluation and after product

application, oversized powder-free sterile latex gloves were placed

on each participant’s hands, and 75 ml of sterile stripping

fluid (0.4 g of KH2PO4, 10.1 g of Na2HPO4, and 1.0 g of

isooctylphenoxypolyethoxyethanol in 1 liter of distilled water, pH

adjusted to 7.8) was transferred into each glove. After a 60-s

massage of the hands through the gloves, a 5.0-ml sample of the

rinsate was removed from the glove and diluted in 5.0 ml of

Butterfield’s phosphate buffer solution with product neutralizers.

Each aliquot was serially diluted in neutralizing solution, and

appropriate dilutions were plated in duplicate onto MacConkey

agar plates (50.0 g of dehydrated medium [BD] added to 1 liter of

deionized water, heated, and sterilized; final pH 7.1 ¡ 0.2) and

incubated for 24 to 48 h at 30uC. Colonies were counted and

recorded using the computerized Q-Count plate-counting systems

(Advanced Instruments, Inc., Norwood, MA).

Data analysis and statistical considerations. The estimated

log-transformed number of viable microorganisms recovered from

each hand (the R value) was determined using the formula R ~

log(75 | Ci | 10D | 2), where 75 is the volume (in milliliters) of

stripping solution instilled into each glove, Ci is the arithmetic

average colony count of the two plate at a particular dilution, D is

the dilution factor, and 2 is the neutralization dilution.

Descriptive statistics and confidence intervals were calculated

using the 0.05 level of significance for type I (alpha) error.

Statistical calculations of means and standard deviations were

generated on the log recovery data from baseline samples, post–

product application samples, and the log differences between

baseline and post–product application samples. Product compar-

isons were made using a one-way analysis of variance with post

hoc analysis (Bonferroni’s multiple comparison test) at a ~ 0.05.

Overall design for HNV study. The purpose of the HNV

study was to determine the virucidal activity of various hand

hygiene regimens against HNV. Because routine culture and

infectivity assays of HNV are not possible, HNV surrogates are

routinely used to evaluate the virucidal activity of disinfectants and

antiseptics. MNV, which is a suitable surrogate for HNV (45), was

used in this study. A modification of ASTM International E2011-

09 method for evaluating hygienic hand wash formulations for

virus-eliminating activity using the entire hand (2) was utilized in

this study. The modification involved the use of the glove rinsate

sampling method and a randomized cross-over design. A total of

six participants completed testing on all of the products.

Virus inoculum. Strain MNV-G (Yale University, New

Haven, CT) was confirmed by direct serial dilution and inoculation

onto host cells. Virus stocks were stored in an ultracold freezer

(#260uC). Frozen viral stocks were thawed on the day of test. TheT
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titer of the stock virus was at least 1 | 107 TCID50 (median tissue

culture infective dose) per ml. The organic soil concentration was

adjusted to at least 5% fetal bovine serum of the volume of the

viral suspension.

Hand contamination procedures. Before viral contamina-

tion, participants washed their hands with nonmedicated soap for

1 min, rinsed their hands, and dried their hands with sterile paper

towels. Each participant’s hands were then submerged to the wrists

in a solution of 70% EtOH for 10 s. The solution was distributed

over the entire front and back surfaces of the hands up to the wrists

for 90 s and allowed to air dry until evaporation was complete. The

alcohol submersion procedure was then repeated. The participants’

hands were rinsed with approximately 200 ml of deionized water

and dried with an air blower. After their hands were dry,

participants waited at least 20 min until the next round of viral

contamination and treatment. Each participant’s hands were

contaminated with 1.5 ml of MNV. The virus was rubbed over

the entire surface of both hands for 90 s, not reaching above

the wrists. The hands were dried for approximately 90 s. For

the baseline control, samples for virus recovery were collected

immediately after drying. A decontamination procedure was

completed after the baseline sample collection, and a randomly

assigned product regimen was applied. The decontamination

procedure was repeated after all subsequent treatment rounds.

Samples were collected from the participants’ hands, and the

required controls were evaluated for the amount of MNV capable

of replicating in cell culture.

Elution of virus. Within 5 min after each treatment regimen,

loose-fitting powder-free sterile latex gloves were placed on each

participant’s hands, and 40 ml of recovery medium was transferred

into each glove. After a 60-s massage of the hands through the

gloves, the rinsate was transferred from the glove to a sterile tube,

vortexed, and serially diluted in cell culture medium. Appropriate

dilutions were inoculated onto the host cell culture (RAW 264.7,

ATCC TIB-71) and absorbed for 20 to 30 h at 36 ¡ 2uC with 5%

¡ 1% CO2. The cultures were incubated for another 3 to 6 days at

36 ¡ 2uC with 5% ¡ 1% CO2 to allow for the development of

viral infection.

Calculation of virus titer and reduction. The host cells

were examined microscopically for the presence of infectious

virions. The resulting virus-specific cytopathic effects (CPE) and

test agent–specific cytotoxic effects were scored by examining

both test samples and controls. The presence of residual infectious

virions was scored based on virus-induced CPE. The TCID50 per

milliliter was determined using the Spearman-Karber method (22).

When a sample contained no detectable virus, a statistical analysis

was performed based on the Poisson distribution (20) to determine the

theoretical maximum possible titer for that sample. The log viral

reduction value was calculated by subtracting the log virus units of the

treatment regimen samples from the log baseline units. Descriptive

statistics and confidence intervals were calculated (a ~ 0.05).

Statistical calculations of means and standard deviations were

generated on the log recovery data from baseline samples, post–

product application samples, and the log differences between baseline

and post–product application samples. Test configuration compari-

sons were made using a one-way analysis of variance with post hoc

analysis (Bonferroni’s multiple comparison test) at a ~ 0.05.

RESULTS

Reduction in microbial contamination of moderate-
ly soiled hands. Reductions of E. coli on moderately soiled

hands (chicken broth) ranged from 3.10 log CFU/ml for the

nonantimicrobial hand wash to 5.22 log CFU/ml for the

wash-sanitize regimen with the 0.5% chloroxylenol

(PCMX) hand wash and the 70% EtOH AF gel (Table 3).

Although the differences were not significant, the PCMX

hand wash achieved higher log reductions than did the

nonantimicrobial hand wash for all regimens tested.

Regimens including the 70% EtOH AF gel were superior

to all other configurations (P , 0.001). The reductions for

the majority of subjects were at the limit of detection

(complete kill) for both regimens that included the 70%

EtOH AF gel; therefore, these reductions may actually be

underestimated. Overall, the wash-sanitize regimen was

significantly superior to hand washing alone with one

exception. The PCMX hand wash alone was equivalent in

efficacy to the nonantimicrobial hand wash followed by the

62% EtOH foam.

Reduction in microbial contamination of heavily
soiled hands. The four product configurations tested under

conditions of heavy soil load produced E. coli log reduc-

tions ranging from 3.97 to 4.60 log CFU/ml (Table 4). The

antimicrobial agent in the hand washing product did not

impact efficacy of the regimen; the reductions produced

by the same sanitizer used in combination with the 0.3%

triclosan hand wash or the PCMX hand wash were

equivalent. However, the choice of sanitizer did have a

significant impact on efficacy. All configurations that

included the 70% EtOH AF gel were superior in

TABLE 3. E. coli recovery and reductions in the presence of moderate food soil load

Application procedure Test products

Mean ¡ SD E. coli (log CFU/ml)

Statistical analysisaBaseline recovery Reduction

Wash Nonantimicrobial hand wash 8.58 ¡ 0.46 3.10 ¡ 0.61 A

Wash PCMX hand wash 8.62 ¡ 0.65 3.56 ¡ 0.74 A B

Wash-sanitize Nonantimicrobial hand wash z 62% EtOH foam 8.32 ¡ 0.64 3.81 ¡ 0.89 B C

Wash-sanitize PCMX hand wash z 62% EtOH foam 8.25 ¡ 0.45 4.16 ¡ 0.91 C

Wash-sanitize Nonantimicrobial hand wash z 70% EtOH AF gel 8.49 ¡ 0.42 5.13 ¡ 0.71 D

Wash-sanitize PCMX hand wash z 70% EtOH AF gel 8.57 ¡ 0.53 5.22 ¡ 0.60 D

a Configurations with the same letter are statistically equivalent, and configurations with different letters are statistically different, with each

letter increase (B through D) indicating that a configuration had a significantly higher log reduction.
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performance to configurations that included the 62% EtOH

foam (P , 0.05).

Inactivation of MNV on soiled hands. A third study

was conducted to evaluate four hand hygiene configurations

against MNV, a surrogate for HNV. Hand washing with

the nonantimicrobial hand wash was minimally effective

against MNV, producing a ,2-log reduction (Table 5).

Sanitizing with the 70% EtOH AF gel was significantly

more effective than hand washing for reducing MNV (P ,

0.01). Using a wash-sanitize regimen was more effective

than either hand washing or sanitizing alone (P , 0.05).

The SaniTwice method with the 70% EtOH AF gel was the

most effective regimen, achieving a .4-log reduction of

MNV (P , 0.01).

DISCUSSION

Previous findings suggest that hand hygiene regimens

reduce the risk of transmission of pathogens from the

contaminated hands of food service workers to food (10, 29,
30). The findings from our studies support and extend those

from previous studies by demonstrating that hand hygiene

regimens can be effective even in the presence of high

organic loads and against nonenveloped viruses such as

HNV.

These studies further demonstrate the improved effec-

tiveness of wash-sanitize regimens over hand washing or

sanitizing alone. In the presence of moderate food soil,

the combination of the 70% EtOH AF gel with either a

nonantimicrobial hand wash or an antimicrobial hand

washing product each achieved .5-log reductions of E.
coli. In contrast, hand washing achieved only a ,3.6-log

reduction. In the presence of heavy food soil, the use of

70% EtOH AF gel after the antimicrobial foam hand

washing product in two different configurations achieved a

4.51-log reduction and a 4.60-log reduction, respectively. In

the HNV study, hand washing alone produced a ,2-log

reduction. When used as part of a wash-sanitize regimen

that included the 70% EtOH AF gel a 3.19-log reduction

was achieved. These findings demonstrate that the addition

of a high-efficacy sanitizer to a hand washing regimen

results in a greater reduction of microorganisms. This

finding is consistent with those of others, who reported that

the primary factor influencing final microorganism levels on

the hands is sanitizer use (30).
The current FDA Food Code (42) allows use of ABHRs

only on hands that have been cleaned according to the

recommended hand washing protocol. The Food Code

(section 2-301.16) also severely restricts hand sanitizers by

allowing their use only after a proper hand washing or

where no direct contact with food occurs. The SaniTwice

regimen has previously been shown to be an effective means

for the reduction of bacteria on the hands when soap and

water are unavailable. In the MNV study, use of the

SaniTwice protocol with the 70% EtOH AF gel achieved a

.4-log (.99.99%) reduction of MNV and was the most

effective regimen tested. This combination is significantly

more effective than hand washing or sanitizing alone and

more effective than a wash-sanitize regimen. Therefore,

these data indicate that the SaniTwice regimen is an

effective method for significantly reducing bacteria and

nonenveloped viruses.

In the studies presented here, the configurations that

included the 70% EtOH AF gel consistently provided

superior performance. These findings are consistent with

previous findings that the in vivo activity of ABHRs is not

solely dependent upon alcohol concentration (12, 24, 28). In

a previous study, the 70% EtOH AF gel provided

significantly greater HNV reduction than did other hand

hygiene products that contained .85% ethanol (24).

TABLE 4. E. coli recovery and reductions in the presence of heavy food soil load

Application procedure Test products

Mean ¡ SD E. coli (log CFU/ml)

Statistical analysisaBaseline recovery Reduction

Wash-sanitize PCMX hand wash z 62% EtOH foam 7.50 ¡ 0.19 4.11 ¡ 0.48 A

Wash-sanitize Triclosan hand wash z 62% EtOH foam 7.54 ¡ 0.18 3.97 ¡ 0.45 A

Wash-sanitize PCMX hand wash z 70% EtOH AF gel 7.53 ¡ 0.19 4.60 ¡ 0.52 B

Wash-sanitize Triclosan hand wash z 70% EtOH AF gel 7.46 ¡ 0.19 4.51 ¡ 0.43 B

a Configurations with the same letter are statistically equivalent, and configurations with different letters are statistically different, with a

letter increase (B) indicating that a configuration had a significantly higher log reduction.

TABLE 5. MNV recovery and reductions

Application procedure Test products

Mean ¡ SD MNV (log TCID50/ml)

Statistical analysisaBaseline recovery Reduction

Wash Nonantimicrobial hand wash 6.98 ¡ 0.20 1.79 ¡ 0.29 A

Sanitize 70% EtOH AF gel 2.60 ¡ 0.41 B

Wash-sanitize Nonantimicrobial hand wash z 70% EtOH AF gel 3.19 ¡ 0.31 C

SaniTwice 70% EtOH AF gel 4.04 ¡ 0.33 D

a Configurations with the same letter are statistically equivalent, and configurations with different letters are statistically different, with each

letter increase (B through D) indicating that a configuration had a significantly higher log reduction.
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Similarly, an earlier version of the 70% EtOH AF gel was

more effective than hand hygiene products containing 95%

ethanol and 75% isopropanol (28). Liu et al. (24) suggested

that the additional ingredients in these novel ABHRs (a

synergistic blend of polyquaternium polymer and organic

acid) may work with the ethanol to denature the viral capsid

protein. These comparisons demonstrate the importance of

formulation in product efficacy.

As illustrated in the E. coli study with heavy food soil,

the lower log reductions produced by the regimen including

the PCMX hand wash with the 70% EtOH AF gel reflects

the fact that the raw hamburger was a greater challenge than

was the moderate soil (chicken broth). Despite this

challenge, use of the 70% EtOH AF gel as part of the hand

hygiene regimen probably would provide increased protec-

tion against the transmission of foodborne illness because it

produced at least 0.5-log greater reductions than did washes

paired with a typical hand sanitizer. A wash-sanitize

regimen including a high-efficacy formulation should be

used in high-risk environments in which uncooked meat is

handled in the same vicinity as ready-to-eat foods.

A limitation of our study was that a surrogate virus,

MNV, was utilized. Although MNV has been extensively

studied and is considered an acceptable surrogate for HNV,

the results obtained with this virus may not be an exact

reflection of the actual efficacy of these products against

various HNV strains. Future efforts should focus on

developing routine and repeatable culture-based methods

to quantify infectious HNV. Currently, clinical studies

should focus on improving hand hygiene compliance by

food handlers and on determining the effectiveness of hand

hygiene regimens in food service settings.

This series of studies reveals that wash-sanitize

regimens, particularly those including a well-formulated

ABHR, can be highly efficacious, even in the presence of

high organic loads and against HNV. Consequently, the

inclusion of such formulations as part of a hand hygiene

regimen could be a primary intervention for reducing the

risk of infection transmission in food service facilities.
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ABSTRACT 

Eating in table-service restaurants has been implicated as a risk factor for Escherichia coli O157:H7 infection. To explore 

this association and learn about the prevalence of risky ground beef preparation practices in restaurants, the Environmental Health 

Specialists Network (EHS-Net) assessed ground beef handling policies and practices in restaurants in California, Colorado, 

Connecticut, Georgia, Minnesota, New York, Oregon, and Tennessee. Eligible restaurants prepared and served hamburgers. 

EHS-Net specialists interviewed a restaurant employee with authority over the kitchen (defined as the manager) using a standard 

questionnaire about food safety policies, hamburger preparation policies, and use of irradiated ground beef. Interviews were 

followed by observations of ground beef preparation. Data from 385 restaurants were analyzed: 67% of the restaurants were 

independently owned and 33% were chain restaurants; 75% of the restaurants were sit down, 19% were quick service or fast 

food, and 6% were cafeteria or buffet restaurants. Eighty-one percent of restaurants reported determining doneness of hamburgers 

by one or more subjective measures, and 49% reported that they never measure the final cook temperatures of hamburgers. At 

least two risky ground beef handling practices were observed in 53% of restaurants. Only 1% of restaurants reported purchasing 

irradiated ground beef, and 29% were unfamiliar with irradiated ground beef. Differences in risky ground beef handling policies 

and practices were noted for type of restaurant ownership (independently owned versus chain) and type of food service style (sit 

down versus quick service or fast food). This study revealed the pervasiveness of risky ground beef handling policies and 

practices in restaurants and the need for educational campaigns targeting food workers and managers. These results highlight the 

importance of continued efforts to reduce the prevalence of E. coli O157:H7 in ground beef. 

Foodborne Escherichia coli O157:H7 infections contin

ue to be a significant public health problem in the United 

States, causing an estimated 61,153 illnesses and 20 deaths per 

year (15). Substantial monetary costs are also associated with 

foodborne E. coli O157:H7 infections (5). In numerous 

outbreak investigations and evaluations of sporadic E. coli 
O157:H7 infection cases, consumption of ground beef has 

been identified as a leading cause of infection (1, 4, 10, 14, 18). 
Approximately half of the average American’s food 

budget is spent on meals away from home (3, 19), and the 

National Restaurant Association (13) estimated that restau

rant sales account for approximately 4% of the U.S. gross 

domestic product. More than 80% of Americans report 

eating out at least once per week (9, 17). In 2004, 8.2 billion 

hamburgers were served in commercial food establishments 

in the United States (12). 
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Eating in restaurants is also a risk factor for E. coli 
O157:H7 infection (9, 10, 17, 18). This association between 

infection and restaurants involves two factors: (i) consump

tion of pink hamburgers at the restaurants and (ii) simply 

eating at a sit-down restaurant (i.e., table service) regardless 

of what is eaten there (9, 10). This latter finding may indicate 

a problem with cross-contamination of ready-to-eat (RTE) 

foods from raw ground beef in table-service restaurants (8). 
Our study was conducted to explore the association 

between E. coli O157:H7 infections and eating in 

restaurants. To learn about the prevalence of risky ground 

beef preparation practices in restaurants, we evaluated 

ground beef preparation and cooking policies and practices 

in restaurants that serve hamburgers, focusing on ground 

beef preparation practices that could lead to cross-

contamination of RTE foods from raw ground beef and 

practices that could lead to undercooking of hamburgers 

made from ground beef. Both categories of practices 

(referred to as risky ground beef handling practices) could 

facilitate the transmission of E. coli O157:H7 to restaurant 

patrons. We also examined the association between several 

restaurant characteristics (presence of a certified food 

manager [CFM], restaurant ownership, and restaurant type) 

and ground beef preparation practices. 

mailto:april.bogard@state.mn.us
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MATERIALS AND METHODS 

Sample selection. This study was conducted by the 

Environmental Health Specialists Network (EHS-Net), a network 

of environmental health specialists and epidemiologists focused on 

the investigation of factors contributing to foodborne illness. EHS-

Net is a collaborative project of the Centers for Disease Control 

and Prevention (CDC), the U.S. Food and Drug Administration 

(FDA), the U.S. Department of Agriculture (USDA), and state and 

local health departments (16). At the time this study was 

conducted, the EHS-Net sites were located in California, Colorado, 

Connecticut, Georgia, Minnesota, New York, Oregon, and 

Tennessee. 

At each site, EHS-Net staff selected a convenience sample of 

regulatory jurisdictions (e.g., counties or cities) and obtained a list 

of all known restaurants within those jurisdictions. Each site was 

expected to enroll a minimum of 50 eligible restaurants randomly 

chosen from a list of restaurants in the selected jurisdictions. 

Eligible restaurants were defined as those that prepared and served 

hamburgers or cheeseburgers to customers and that met the EHS-

Net definition of a restaurant (i.e., establishments that prepare and 

serve food or beverages to customers but are not institutions, food 

carts, mobile food units, temporary food stands, supermarkets, 

restaurants in supermarkets, or caterers). Only one restaurant from 

a particular local or national chain was included per site. 

EHS-Net staff contacted the randomly chosen restaurants by 

telephone to ensure they met the eligibility requirements for 

inclusion in the study. When the restaurant was eligible, EHS-Net 

staff read restaurant personnel a short introduction describing the 

purpose of the study and how the collected data would be used. 

EHS-Net staff then arranged a convenient time to conduct an onsite 

interview and observe ground beef preparation. Only English-

speaking managers were interviewed (i.e., when a manager was not 

English speaking, an English-speaking staff member responsible 

for management issues was interviewed instead). 

Data were collected from April 2004 through September 

2004. The study protocol was cleared by the CDC Institutional 

Review Board. Data collection was anonymous; i.e., no data were 

collected that could identify individual restaurants or managers. 

Data collection. Once at the restaurant, EHS-Net staff 

obtained verbal consent from and conducted an interview with 

the owner, manager, chef, or other restaurant employee with 

authority over the kitchen (hereinafter referred to as the manager). 

The interview was designed to assess restaurant characteristics 

(e.g., ownership of the restaurant and approximately how many 

meals served daily) and general food safety practices with 

questions such as ‘‘Does the restaurant have at least one manager 

who is food safety certified?’’; ‘‘Are employees required to report 

diarrhea and/or vomiting illnesses to the manager?’’; and ‘‘Does 

the restaurant have a consumer advisory regarding the risk of 

eating undercooked hamburger or ground beef?’’ Other character

istics assessed included ground beef temperature control practices: 

whether final cook temperatures of hamburgers were measured 

with a thermometer, subjective measures were used to determine 

hamburger doneness (e.g., color of meat), temperatures of fresh 

ground beef were measured, hamburger patties were cooked to 

order or cooked and held for later service, and hamburger patties 

were cooked from a frozen or partially frozen state. Practices 

pertinent to potential cross-contamination were also assessed, e.g., 

whether hamburger was ground in the restaurant or hamburger 

patties were formed in the restaurant. Some practices assessed in 

the interview, such as failing to measure the final cook temperature 

of hamburgers, are considered risky foodborne illness practices. 

Some practices, such as grinding hamburger in the restaurant, 

could increase foodborne illness risk if improperly implemented. 

Because irradiation of ground beef effectively destroys E. coli 
O157:H7 thereby substantially decreasing the risk of illness caused 

by cross-contamination or undercooking (20), the manager 

interview also assessed the restaurants’ use of irradiated ground 

beef. Likert scales were used for responses to some of the questions 

in the interview; managers were asked to answer using the terms 

‘‘always,’’ ‘‘often,’’ ‘‘sometimes,’’ ‘‘rarely,’’ and ‘‘never.’’ 

Interviews were followed by observations of the food 

preparation areas, which were recorded on a form developed by 

EHS-Net. EHS-Net staff assessed temperature control practices 

and practices that could lead to cross-contamination. They also 

assessed whether hamburgers cooked in the restaurant during their 

observation were cooked to the FDA’s recommended temperature 

of 155uF (68.3uC) by measuring the final cook temperature of one 

hamburger with a thermocouple (22, 24). 
At the time temperatures were measured, EHS-Net staff also 

asked the cook or chef how the customer requested the hamburger 

be cooked. EHS-Net staff also assessed the occurrence of the 

following practices that could lead to cross-contamination: lack of 

hand washing between handling of raw ground beef and cooked 

ground beef or other RTE foods, use of the same utensils (without 

washing, rinsing, or sanitizing between uses) or gloved hands (with 

no glove change between uses) on raw ground beef and cooked 

ground beef or other RTE foods, and wiping hands on a wiping 

cloth or apron after handling raw ground beef (without hand 

washing between handling times). 

EHS-Net staff also assessed through observation whether the 

restaurant was a quick-service or fast-food restaurant, where 

customers pay before they eat; a regular sit-down restaurant, where 

customers pay after they eat; or a cafeteria or buffet restaurant, 

where customers get their food themselves (regardless of whether 

they pay before or after they eat). Independently owned restaurants 

were defined as those with only one location; chain restaurants 

were defined as those with more than one location. 

Statistical analysis. Data from each state were entered into a 

Web-based system developed by EHS-Net. EpiInfo 2000 (CDC, 

Atlanta, GA), Excel 2000 (Microsoft, Redmond, WA), and SAS 

version 9.2, (SAS Institute, Cary, NC) were used for data analysis. 

Descriptive statistics on the ground beef preparation practice 

variables were obtained. Bivariate analyses were conducted to 

examine associations between three restaurant characteristics of 

primary interest and ground beef preparation practices. The 

restaurant characteristics of interest included whether the restaurant 

reported having a CFM, type of ownership (independently owned 

versus corporate or franchise chain), and type of food service (sit 

down versus quick service or fast food). 

For both the bivariate and multivariate analyses, questions 

with Likert scale responses were recoded as binary variables by 

combining ‘‘always’’ and ‘‘often’’ into one category and 

combining ‘‘sometimes,’’ ‘‘rarely,’’ and ‘‘never’’ into a second 

category. 

RESULTS 

Restaurant demographics. Of the 2,645 restaurants 

that were contacted, 778 were eligible for the study, and of 

these, 390 (50%) agreed to participate. Because of 

substantial missing data, five restaurants were excluded 

from analyses. Sixty-seven percent (258) of the managers of 

the 385 restaurants included in the study said their 

restaurants were independently owned, and 33% (126) said 

their restaurants were chain restaurants. EHS-Net staff 
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classified 75% (290) of the study restaurants as sit down, 

19% (72) as quick service or fast food, and 6% (23) as 

cafeteria or buffet. Ten percent (37) of study restaurants 

were independently owned, quick service or fast food; 57% 
(205) were independently owned, sit down; 10% (35) were 

chain, quick service or fast food; and 23% (84) were chain, 

sit down. 

Managers reported the number of meals served per day 

at their restaurant, the number of restaurant employees, and 

the number of years they had been working in the food 

service industry. The median number of meals served per 

day in study restaurants was 178 (range, 3 to 7,143), with a 

median of 120 hamburgers (range, 2 to 10,000) served 

weekly. The median number of employees was 16 (range, 1 

to 170), and 65% (252) of interviewed managers reported 

they had been working in the food service industry for 

.15 years. 

Manager interview data on general food safety 
practices. Manager interview data are provided in Table 1. 

Seventy-nine percent of managers said at least one manager 

in their restaurant was a CFM; 17% said this was not the 

case. Seventy-one percent of managers said workers were 

required to tell a manager when they were experiencing 

gastrointestinal illness symptoms; 28% said this was not the 

case. Twenty percent of managers said their restaurants had 

posted a consumer advisory regarding the risk of eating 

undercooked hamburger or ground beef; 77% said this was 

not the case. Sixty-two percent of the posted consumer 

advisories were in states that required a consumer advisory. 

Three states required posting a consumer advisory; 20% (10 

of 50) of the restaurants in New York complied, 24% (12 of 

50) in Georgia complied, and 48% (25 of 52) in Connecticut 

complied. Five states had no requirement for posting a 

consumer advisory; 4% (2 of 46) of the restaurants in 

California, 4% (2 of 52) in Tennessee, 6% (2 of 32) in 

Oregon, 10% (5 of 51) in Colorado, and 23% (12 of 52) in 

Minnesota posted consumer advisories voluntarily. 

Manager interview data on temperature control 
and cross-contamination. A majority (77%) of managers 

said that they did not always (i.e., sometimes, rarely, or 

never) measure the final cook temperature of hamburgers 

with a thermometer (Table 1). A high percentage of 

managers said that they measured the ‘‘doneness’’ of 

hamburgers by methods other than measuring the temper

ature of hamburger: 49% said that they always or often 

checked doneness by the color of the inside of the 

hamburger; 61% said that they always or often checked 

doneness by the external appearance of the hamburger (e.g., 

‘‘the juices run clear’’); and 37% said that they always or 

often checked doneness by the feel or texture of the 

hamburger. Sixty percent (228) of managers said they 

received fresh (i.e., not frozen) ground beef. Of these, 65% 
said they never measured the temperature of fresh ground 

beef upon delivery. Thirty percent of managers said that 

they often or always cooked hamburgers from a frozen or 

partially frozen state. Eight percent of managers said that 

they often or always cooked hamburgers and held them for 

later service. Three percent of managers said that they often 

or always ground hamburger in the restaurant. Twenty-two 

percent said that they often or always formed hamburger 

patties in the restaurant. 

Manager interview data on the use of irradiated 
ground beef. When asked how often their restaurant used 

irradiated ground beef, 29% (110 of 384) of managers 

reported not knowing what irradiated ground beef was. Of 

the remaining 274 managers, 2% (5) said that they had used 

irradiated ground beef (3 said that they always use it; 2 said 

that they sometimes use it), 81% (223 of 274) said that they 

have never used irradiated ground beef, and 17% (46 of 

274) said that they did not know how often they used 

irradiated ground beef. 

Respondents with at least some college education were 

more likely to be familiar with irradiated ground beef than 

were respondents with a high school diploma or less (odds 

ratio [OR], 2.57; 95% confidence interval [CI], 1.51 to 4.36; 

P , 0.001). Managers who said they had never used 

irradiated ground beef were asked a follow-up question: 

‘‘What prevents the restaurant from using irradiated ground 

beef?’’ Managers provided multiple reasons; the most 

common reason was ‘‘I didn’t know I could get it’’ (n ~ 
75, 34%), followed by ‘‘product not available’’ (n ~ 46, 

21%), ‘‘cost’’ (n ~ 35, 16%), ‘‘not acceptable to 

customers’’ (n ~ 30, 13%), ‘‘safety concerns’’ (n ~ 30, 

13%), ‘‘purchasing is a corporate decision’’ (n ~ 28, 13%), 

and ‘‘taste/texture/quality’’ (n ~ 19, 8%). 

Observation data on temperature control practices. 
Data on temperature control practices are provided in 

Table 2. Hamburgers were being cooked in 234 restaurants 

during the EHS-Net staff observations. The median 

temperature of these 234 hamburgers as measured by 

EHS-Net staff was 172uF (77.8uC) (range, 113 to 210uF [45 

to 98.9uC]). 

Twelve percent of the hamburgers were undercooked 

(cooked to ,155uF [68.3uC]). The percentage of under-

cooked hamburgers differed by customer-requested level of 

doneness. For example, 40% of the hamburgers requested as 

medium rare by customers were undercooked, whereas only 

8% of the hamburgers customers requested as well done 

were undercooked. 

Observation data on cross-contamination. Data on 

cross-contamination are provided in Table 3. Ground beef 

burger preparation was occurring in 247 restaurants during 

the EHS-Net staff observations. No hand washing was 

observed between handling raw ground beef and RTE foods 

or cooked ground beef in 62% of restaurants in which bare 

hands were used to handle ground beef. In 37% of 

restaurants, the same utensils (without washing, rinsing, or 

sanitizing between uses) or gloved hands (without changing 

gloves between handling times) were used on raw ground 

beef and RTE foods. In 42% of restaurants, the same 

utensils (without washing, rinsing, or sanitizing between 

uses) or gloved hands (without a glove change between 

handling times) were used on raw ground beef and cooked 
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TABLE 1. Data from manager interviews about general food TABLE 1. Continued 
safety, ground beef temperature control, and practices that could 
lead to cross-contamination 

Interview item n (%)a 

General food safety 

At least one manager was a CFM (certified in 

food safety) 

Yes 304 (79) 

No 66 (17) 

Respondent did not know 15 (4) 

Employees required to report gastrointestinal 

illness to a manager 

Yes 272 (71) 

No 108 (28) 

Respondent did not know 5 (1) 

Displayed consumer advisory regarding the 

risk of eating undercooked animal products 

Yes 76 (20) 

No 295 (77) 

Respondent did not know 12 (3) 

Temperature control 

Measured with thermometer the final cook 

temperature of hamburgers 

Always 46 (12) 

Often 40 (10) 

Sometimes 58 (15) 

Rarely 49 (13) 

Never 190 (49) 

Do not know 2 (1) 

Determined doneness by color (internal 

appearance) 

Always 112 (29) 

Often 78 (20) 

Sometimes 55 (14) 

Rarely 13 (3) 

Never 125 (33) 

Do not know 2 (1) 

Determined doneness by the way it looks 

(external appearance, i.e., ‘‘the juices run 

clear’’) 

Always 151 (39) 

Often 84 (22) 

Sometimes 49 (13) 

Rarely 12 (3) 

Never 88 (23) 

Determined doneness by feel or texture 

Always 85 (22) 

Often 56 (14) 

Sometimes 66 (17) 

Rarely 18 (5) 

Never 157 (41) 

Do not know 3 (1) 

Measured with thermometer the temperature of 

fresh ground beef when delivered to 

restaurantb 

Always 44 (19) 

Often 10 (4) 

Sometimes 13 (6) 

Interview item n (%)a 

Rarely 14 (6) 

Never 147 (65) 

Cooked hamburgers from a frozen or partially 

frozen state 

Always 104 (27) 

Often 11 (3) 

Sometimes 44 (11) 

Rarely 26 (7) 

Never 199 (52) 

Cooked hamburger and held for later service 

Always 23 (6) 

Often 7 (2) 

Sometimes 18 (5) 

Rarely 12 (3) 

Never 324 (84) 

Served hamburgers rare or medium rare upon 

customer request 

Always 180 (47) 

Often 11 (3) 

Sometimes 13 (4) 

Rarely 12 (3) 

Never 165 (43) 

Practices that could lead to cross-contamination 

Grind hamburger in restaurant 

Always 6 (2) 

Often 2 (1) 

Sometimes 9 (2) 

Rarely 9 (2) 

Never 358 (93) 

Formed hamburger patties in restaurant 

Always 81 (21) 

Often 7 (2) 

Sometimes 9 (2) 

Rarely 8 (2) 

Never 279 (73) 

a Study included 385 restaurants; however, those with missing 

responses were excluded from analysis, so percentages were not 

calculated based on N ~ 385 in all cases. 
b Percentages were based on N ~ 228 because only those 

restaurants that received fresh ground beef answered this 

question. 

ground beef. Hands were wiped on wiping cloths or aprons 

after handling raw ground beef (without hand washing 

between handling times) in 40% of restaurants. Two or 

more of these four practices were seen in 53% (132 of 247) 

of the restaurants where practices that could lead to cross-

contamination were observed. 

Restaurant characteristics associated with food 
safety and ground beef preparation practices. In 

bivariate analysis, the presence of a CFM was significantly 

associated with several food safety and ground beef 

preparation practices. Managers in restaurants with a CFM 

said that workers were required to tell a manager when they 

were experiencing gastrointestinal illness symptoms more 
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TABLE 2. Data from cook or chef interview about customer ordering preferences and observational data on temperatures of cooked 
hamburgers in 234 restaurants 

Level of donenessa 
No. (%) of  

customer requests 

Median (range) temp, uF [uC], 

of cooked hamburger b 
No. (%) of undercooked 

hamburgersc 

Medium rare 

Medium 

Medium well 

Well 

Preference not consideredd 

15 (6) 

36 (15) 

68 (29) 

50 (22) 

65 (28) 

158 (113–184) [70 (45–84.4)] 

166 (128–186) [74.4 (53.3–85.6)] 

174 (145–205) [78.9 (62.8–96.1)] 

179 (135–210) [81.7 (57.2–98.9)] 

177 (137–210) [80.6 (58.3–98.9)] 

6 (40) 

10 (28) 

4 (6) 

4 (8) 

5 (7) 

Total 234 (100) 172 (113–210) [77.8 (45–98.9)] 29 (12) 

a Question asked of the chef: ‘‘How did the customer request this hamburger be cooked?’’ 
b Final cook temperature as measured by EHS-Net staff. 
c ‘‘Undercooked’’ was defined as cooked to ,155uF (68.3uC) because the Food Code states that ground beef patty should be cooked to 

155uF for 15 s. 
d Restaurant cooked hamburger to one level of doneness only and disregarded customer-requested level of doneness. 

often than did managers in restaurants without a CFM (222 

of 303 [73%] versus 37 of 63 [59%]; OR, 1.93; 95% CI, 

1.10 to 3.38; P ~ 0.021). Managers in restaurants with a 

CFM reported measuring the final cook temperature of 

hamburgers more often than did managers in restaurants 

without a CFM (79 of 303 [26%] versus 5 of 65 [8%] OR, 

0.24; 95% CI, 0.09 to 0.61; P ~ 0.001) and reported 

serving rare or medium-rare hamburgers upon customer 

TABLE 3. Data on observed practices that could lead to cross-
contamination from ground beef 

Practice n (%)a 

Washed hands between handling raw ground beef and 

cooked ground beef or RTE foods (N ~ 192)b 

Yes 

No 

73 (38) 

119 (62) 

Used same utensils (without washing, rinsing, 

sanitizing) or gloves (without changing) on raw 

ground beef and RTE foods 

Yes 

No 

88 (37) 

152 (63) 

Used same utensils (without washing, rinsing, 

sanitizing) or gloves (without changing) on raw 

ground beef and cooked ground beef 

Yes 

No 

104 (42) 

143 (58) 

Wiped hands on either wiping cloths or aprons after 

handling raw ground beef (without hand 

washing between handling times) 

Yes 

No 

93 (40) 

141 (60) 

a Ground beef preparation was observed in only 247 of the 385 

study restaurants. Those with missing responses were excluded 

from analysis, so percentages were not calculated based on N ~ 
247 in all cases. 

b Percentages were based on N ~ 192 because in 51 restaurants no 

hand contact was observed during ground beef preparation, and 

thus there was no need for hand washing. 

request less often (141 of 301 [47%] versus 42 of 65 [65%]; 

OR, 0.48; 95% CI, 0.28 to 0.84; P ~ 0.009). 

Table 4 provides information regarding the association 

between restaurant ownership type and food safety and 

ground beef preparation practices. Managers in indepen

dently owned restaurants said they had at least one CFM 

and required workers to tell a manager when they were 

experiencing gastrointestinal illness symptoms less often 

than did managers in chain restaurants. Independent 

restaurant managers said they measured the final cook 

temperature of hamburgers less often than did chain 

restaurant managers. Independent restaurant managers said 

they checked doneness of hamburgers by internal color, 

external appearance, and feel or texture more often than did 

chain restaurant managers. Independent restaurant managers 

said they measured the temperature of fresh ground beef 

delivered to the restaurant and cooked hamburgers from a 

frozen or partially frozen state more often than did chain 

restaurant managers. Independent restaurant managers said 

they formed hamburger patties in the restaurant and served 

rare or medium-rare hamburgers upon customer request 

more often than did chain restaurant managers. 

Workers at independent restaurants were observed 

using the same utensils on raw ground beef and cooked 

ground beef products without the utensils being washed, 

rinsed, or sanitized between uses and wiping their hands on 

cloths or aprons after handling raw ground beef without 

hand washing between handling times more often than did 

workers at chain restaurants. A similar association with 

using the same utensils on raw ground beef and RTE foods 

approached statistical significance. 

Table 5 provides information regarding the association 

between restaurant food service type and food safety ground 

beef preparation practices. Managers of sit-down restaurants 

said they served rare or medium-rare hamburgers upon 

customer request and checked doneness of hamburgers by 

feel or texture more often than did managers of quick-

service restaurants. Managers of sit-down restaurants said 

that hamburger patties were cooked from a frozen or 

partially frozen state and that hamburger patties were 
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TABLE 4. Bivariate analysis of food safety and ground beef preparation practices by restaurant ownership type a 

No. (%) of  

independent No. (%) of chain Odds ratio 

Interview item restaurants restaurants (95% CI) P 

General food safety practices 

A minimum of one manager was a certified food manager 190/247 (77) 114/122 (93) 0.23 (0.11–0.51) ,0.001 

Employees required to report gastrointestinal illness to a manager 171/253 (68) 101/126 (80) 0.52 (0.31–0.86) 0.011 

Temperature practices 

Measured with thermometer the final cook temperature of 

hamburgers 43/255 (17) 43/127 (34) 0.40 (0.24–0.65) ,0.001 

Determined doneness by color (internal appearance) 135/255 (53) 55/127 (43) 1.47 (0.96–2.26) 0.076 

Determined doneness by way it looks (external appearance) 164/256 (64) 71/127 (56) 1.41 (0.91–2.17) 0.123 

Determined doneness by feel or texture 107/254 (42) 34/127 (27) 1.99 (1.25–3.17) 0.003 

Determined doneness by color, look, or texture (aggregate variable) 217/257 (84) 94/127 (74) 1.90 (1.13–3.21) 0.015 

Measured with thermometer the temperature of fresh ground 

beef when delivered to restaurant 36/170 (21) 18/57 (32) 0.58 (0.30–1.14) 0.11 

Cooked hamburgers patties from frozen or partially frozen state 66/256 (26) 49/127 (39) 0.55 (0.35–0.87) 0.010 

Cooked hamburger patties and held for later service 9/256 (4) 21/127 (17) 0.18 (0.08–0.41) ,0.001 

Served rare or medium-rare hamburgers upon customer request 141/254 (56) 50/126 (40) 1.90 (1.23–2.93) 0.004 

Practices that could lead to cross-contamination 

Ground hamburger in restaurant 6/256 (2) 2/127 (2) 1.50 (0.30–7.53) 1.000 

Formed hamburger patties in restaurant 77/256 (30) 11/127 (9) 4.54 (2.31–8.90) ,0.001 

Washed hands between handling raw ground beef and cooked 

ground beef or RTE foods 78/127 (61) 41/65 (63) 0.93 (0.50–1.73) 0.823 

Used same utensils (without washing, rinsing, sanitizing) or 

gloves (without changing) on raw ground beef and RTE 

foods 59/143 (41) 29/97 (30) 1.65 (0.95–2.85) 0.074 

Used same utensils (without washing, rinsing, sanitizing) or gloves 

(without changing) on raw ground beef and cooked ground beef 72/150 (48) 32/97 (33) 1.88 (1.10–3.19) 0.020 

Wiped hands on either wiping cloths or aprons after handling 

raw ground beef (without hand washing between) 68/138 (49) 25/96 (26) 2.76 (1.57–4.85) ,0.001 

a Because of missing data from nonresponse, denominators differ among practices. 

cooked and held for later service less often than did 

managers of quick-service restaurants. 

DISCUSSION 

This multistate study of restaurants that serve ham

burgers revealed the pervasiveness of risky ground beef 

preparation practices in restaurants. These findings provide 

a possible explanation for the association between sporadic 

cases of E. coli O157:H7 infection and eating at table-

service restaurants, as observed in a FoodNet case-control 

study (10). Specifically, the high potential for cross-

contamination documented in this study reveals a mecha

nism by which restaurant patrons can acquire E. coli 
O157:H7 regardless of what they eat at the restaurant. The 

potential for undercooking hamburgers as documented in a 

substantial proportion of restaurants reinforces the epidemi

ologic link between sporadic cases of E. coli O157:H7 

infection and eating pink hamburgers in restaurants. 

In this study, differences in risky ground beef handling 

practices were seen by type of restaurant ownership 

(independently owned versus chain) and type of food 

service (sit down versus quick service or fast food). Many of 

the risky policies and practices documented in this study 

were observed in a significantly higher proportion of 

independently owned restaurants than in chain restaurants. 

Sit-down restaurants served rare or medium-rare hamburg

ers upon customer request and their cooks checked the 

doneness of hamburgers by feel or texture more often than 

these practices occurred at quick-service restaurants. 

In a nationwide study conducted between 1990 and 

1992, Slutsker et al. (18) found that eating at a fast food 

restaurant was a risk factor E. coli O157:H7 infection. After 

the large outbreak of E. coli O157:H7 infection in the 

Pacific Northwest in 1992 and 1993 (1), the fast-food 

industry and government regulators implemented significant 

changes to food handling policies and practices in response 

to issues identified during the outbreak investigation. These 

changes included adopting the hazard analysis critical 

control point system, self-inspections, and increased food 

safety training and certification. In case-control studies 

conducted since the Slutsker et al. study (18), no association 

between sporadic cases of E. coli O157:H7 infection and 

quick-service or fast-food restaurants has been found, and 

these types of restaurants have not been an important venue 

for E. coli O157:H7 outbreaks in recent years. In our study, 

a higher number of risky ground beef practices were 

observed and reported in independent restaurants than in 

chain restaurants. The lower level of risky practices in chain 
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TABLE 5. Bivariate analysis of food safety ground beef preparation practices by restaurant service type a 

Interview item 

No. (%) of sit-down 

restaurants 

No. (%) quick-

service restaurants 

Odds ratio 

(95% CI) P 

General food safety practices 

A minimum of one manager was a certified food manager 

Employees required to report gastrointestinal illness to a manager 

232/278 (83) 

203/287 (71) 

53/71 (75) 

52/71 (73) 

1.71 (0.92–3.19) 

0.88 (0.49–1.58) 

0.09 

0.68 

Temperature practices 

Measured with thermometer the final cook temperature of 

hamburgers 

Determined doneness by color (internal appearance) 

Determined doneness by way it looks (external appearance) 

Determined doneness by feel or texture 

Determined doneness by color, look, or texture (aggregate variable) 

Measured with thermometer the temperature of fresh ground 

beef when delivered to restaurant 

Cooked hamburgers patties from frozen or partially frozen state 

Cooked hamburger patties and held for later service 

Served rare or medium-rare hamburgers upon customer request 

61/288 (21) 

141/288 (49) 

177/289 (61) 

117/287 (41) 

237/290 (82) 

42/184 (23) 

58/289 (20) 

4/289 (1) 

172/286 (60) 

21/72 (29) 

38/72 (53) 

43/72 (60) 

16/72 (22) 

57/72 (79) 

9/30 (30) 

44/72 (61) 

20/72 (28) 

15/72 (21) 

0.65 (0.36–1.17) 

0.86 (0.51–1.44) 

1.07 (0.63–1.81) 

2.41 (1.32–4.40) 

1.18 (0.62–2.24) 

0.69 (0.29–1.62) 

0.16 (0.09–0.28) 

0.04 (0.01–0.11) 

5.73 (3.10–10.61) 

0.15 

0.56 

0.81 

0.004 

0.62 

0.39 

,0.001 

,0.001 

,0.001 

Practices that could lead to cross-contamination 

Ground hamburger in restaurant 

Formed hamburger patties in restaurant 

Washed hands between handling raw ground beef and cooked 

ground beef or RTE foods 

Used same utensils (without washing, rinsing, sanitizing) or 

gloves (without changing) on raw ground beef and RTE 

foods 

Used same utensils (without washing, rinsing, sanitizing) or gloves 

(without changing) on raw ground beef and cooked ground beef 

Wiped hands on either wiping cloths or aprons after handling 

raw ground beef (without hand washing between) 

4/289 (1) 

66/289 (23) 

87/146 (60) 

68/175 (39) 

80/180 (44) 

74/172 (43) 

20/72 (28) 

17/72 (24) 

24/35 (69) 

14/50 (28) 

16/52 (31) 

15/49 (31) 

0.04 (0.01–0.11) 

0.96 (0.52–1.76) 

0.68 (0.31–1.48) 

1.63 (0.82–3.25) 

1.80 (0.93–3.48) 

1.71 (0.87–3.37) 

,0.001 

0.89 

0.328 

0.160 

0.078 

0.118 

a Because of missing data from nonresponse, denominators differ among practices. 

restaurants may be the results of better access to resources 

for developing and implementing (or requiring) standard

ized staff food safety training policies. In turn, this access to 

resources and intervention implementation may contribute 

to the reduction of E. coli O157:H7 transmission in chain 

restaurants. 

In this study, a high proportion of restaurant managers 

reported that they always or often used subjective measures 

to determine the doneness of hamburgers and did not 

measure the final temperature of cooked hamburgers. Many 

food workers believe that these subjective measures are both 

an indicator of doneness and a dependable means of 

ensuring food safety. However, in several studies subjective 

measures have been neither a reliable indicator of doneness 

nor a dependable means of ensuring food safety (2, 11, 21). 
Our study documented the extremely limited use of and 

knowledge about irradiated ground beef generally. The 

federal government approved using radiation to reduce 

foodborne pathogens in raw meat and meat products in 2000 

(23) because it effectively destroys E. coli O157:H7 (20). 
Given the findings of our study and previous studies 

associating E. coli O157:H7 infection with eating in table-

service restaurants in the United States, wider use of 

irradiated ground beef in restaurants might result in a 

substantial reduction in the number of E. coli O157:H7 

infections. The use of irradiated ground beef might be a 

more effective means of preventing E. coli O157:H7 

infections in restaurants than would better staff training, 

especially in those restaurants that lack the resources or 

structure to develop and implement standardized policies 

and training programs (6). However, the limited availability 

of irradiated ground beef and its higher cost may be barriers 

to its increased use. 

Risky ground beef temperature practices and practices 

pertinent to potential cross-contamination were reported and 

observed in our study, and restaurant managers reported that 

good general food safety practices often were not followed. 

For example, the presence of a CFM was beneficial in a 

previous study of restaurants that had and had not 

experienced foodborne illness outbreaks (7), and our data 

also revealed fewer risky food safety practices in restaurants 

with a CFM. However, 18% of the restaurants in our study 

had no CFM, and 28% of restaurants did not require food 

workers to report gastrointestinal illness to a manager. Even 

in states with required consumer advisories regarding the 

risk of undercooked animal products, compliance with the 

required advisory was poor. This finding of poor compli

ance with important and even mandated food safety policies 

indicates the need for interventions to improve the levels of 

compliance. 

This study has limitations. First, it was conducted 

9 years ago in 2004; however, no new data on the 
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association between E. coli O157:H7 infections and eating 

in restaurants have been published since then. E. coli 
O157:H7 infections remain a problem, and restaurants 

continue to be a common source of foodborne illness 

outbreaks. Regulations pertaining to restaurant practices in 

the United States have not changed greatly since 2004, and 

it is unlikely that restaurant practices have changed; 

therefore, our results probably are still relevant. Second, 

only one restaurant of any given chain was included per 

state because we assumed that most outlets in a particular 

chain followed the same or similar corporate policies and 

practices. This sampling design resulted in undersampling 

of chain restaurants. The design and low number of 

restaurants in certain categories (i.e., quick-service chain 

restaurants) prevented meaningful evaluation of both 

ownership type and food service style in multivariate 

models. Third, the response rate for this study was only 

50%. Participation in the study was voluntary, and 

restaurants that declined participation may have conducted 

ground beef handling activities differently than restaurants 

that chose to participate. Fourth, we did not collect data on 

whether a restaurant had established ground beef standard 

operating procedures (SOPs). Use of thermometers to 

determine the final cook temperature of ground beef is a 

crucial food safety step. The finding that some managers 

used methods other than thermometers (e.g., color of ground 

beef) to determine the final cook temperature of ground beef 

is concerning. However, measuring the temperature of all 

cooked ground beef is not always necessary. In cases in 

which a restaurant has established SOPs that are tested and 

verified to ensure that these SOPs consistently address food 

safety hazards, the restaurant can rely on those SOPs. Thus, 

restaurants that have developed an SOP that has been tested 

and verified to result in consistent cooking of ground beef to 

the required temperature do not have to measure the 

temperature of all cooked ground beef when using the 

verified procedure. Fifth, food workers may have altered 

their practices because they knew they were being watched 

during the study; therefore, risky food handling practices 

may be more prevalent than what was observed in this 

study. 

In conclusion, this study underscores the need for 

educational campaigns targeting food workers and manag

ers. Training efforts should focus on the importance of 

avoiding cross-contamination, improving hand hygiene, and 

verifying the final cook temperatures of ground beef. 

Independently owned establishments should be a particular 

focus for this education. When food workers and managers 

cannot be adequately trained to follow safe ground beef 

handling practices, the increased use (or mandated use) of 

irradiated ground beef might help mitigate the problem of 

risky food handling practices such as those observed in our 

study. Additional efforts should be made to educate 

restaurant owners that irradiated ground beef, if available, 

is a viable option. Our study also demonstrates the 

importance of continued efforts by the beef processing 

industry and the USDA to continue to reduce the prevalence 

of E. coli O157:H7 in ground beef. 
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Most restaurants and retail food stores rely upon traditional steamers to cook seafood 

products to the required temperature of 145 °F as specified within the U.S. Food and Drug 

Administration (FDA) Food Code (1). The purpose of this study was to evaluate the 

effectiveness of steam heat processing of food within a covered Cambro pan containing water 

with energy generated via microwaves. The study was specifically designed to determine 

adequate heat transfer and time/temperature cooking parameters for seafood products. Five 

experiments were conducted in this study. The first experiment placed 45.0mL of water only in a 

covered Cambro pan, the second experiment placed one 1.5-pound lobster in a covered Cambro 

pan with 45.0mL of water, the third experiment placed one 1.5-pound lobster in an uncovered 

Cambro pan with 45.0mL of water, the fourth experiment placed one 1.5-pound lobster in an 

uncovered Cambro pan with no water added, and the fifth experiment placed 10.0 ounces of 

large shrimp in a covered Cambro pan with 45.0mL of water. The results showed that the internal 

temperature of the lobsters and shrimp were well above the FDA Food Code requirements after 

being steam cooked in the microwave ovens. In all experiments, the sensory quality of the 

seafood covered in Cambro pan with water and microwave-generated energy was excellent. The 

appearance, texture, color, flavor and overall eating quality were equivalent or better than 

traditional steam cooking. In conclusion, cooking seafood in covered Cambro pans with added 

water and using microwaves as the energy source to produce steam is equivalent to cooking 

seafood in conventional steamers. The FDA should make an amendment within the Food Code to 

allow for the steam heating of seafood products to a minimum internal temperature of 145 °F 

using microwave energy as the source.
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INTRODUCTION

Traditional steamers are used in great numbers to cook seafood products. However, there are 

several downsides in using conventional steamers to cook seafood products. The downsides 

involve: high costs of the units, energy expenses, and complicated hookups. The greatest 

problem of using conventional steamers is the difficulty of cleaning and sanitizing the interior 

area. 

A solution to these issues is the use of microwave-generated energy to steam-cook 

seafood products. This method has been developed as early as the late 1990’s as researchers 

found significant benefits on the sensory quality of food from steam-cooking using the 

microwave. Advantages from steam-cooking using the microwave include: quick and complete 

heating of food and elimination of problems associated with the loss of moisture. (2)

There is a substantial difference in the methodology of steam-cooking foods using the 

microwave as opposed to conventional cooking of foods using the microwave. Conventional 

microwave cooking of foods does not produce good tasting and high sensory quality foods 

because of a drying phenomenon caused by evaporation of moisture from the food during 

cooking. (3) The microwave steam cooking apparatus used in Daniel Tsai’s study describes the 

process of cooking food in the microwave using a combination of microwave heat and steam. (2) 

A microwave cooking apparatus can be set up so that the food is cooked by exposure to steam 

heat and thus, the food is cooked by a combination of steam and microwave heat. There are other 

benefits to steam cooking via microwave as opposed to cooking in conventional steamers. Steam 

cooking via microwave has many potential advantages compared to conventional steam cooking 

and one of the biggest advantages is the shorter heating time required to cook the food. (4)
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The regulation will have a significant impact on the use of microwave-generated steam to 

cook seafood. Section 3-401.12 of the 2013 edition of the FDA Food Code requires that raw 

animal foods, including seafood, heated via microwave energy must attain an internal 

temperature of at least 165 °F (1). However, traditional steam heating of seafood products need 

only attain an internal temperature of 145 °F. This study was designed to determine whether 

cooking seafood in covered Cambro pans with added water and using microwaves as the energy 

source to produce steam was equivalent to cooking seafood in traditional-style steamers. If this 

premise is proven true, then it could suggest that the Food Code be amended to allow for the 

steam heating of seafood products to a minimum internal temperature of 145 °F using 

microwave energy as the source.

In this study, microwave-generated energy will be used to steam-cook seafood products 

within Cambro covered pans. This method has many more benefits than cooking with 

conventional steamers. First, the microwave units are portable and don’t require expensive and 

complicated steam and wastewater plumbing hookups. Second, the Cambro pans are available in 

different sizes to economically accommodate the volume of food items being prepared. Third, 

the stainless steel microwave units as well as the Cambro pans are easily cleaned and sanitized. 

Fourth, cooking time is reduced significantly in that a traditional 1.5-pound lobster can be 

steamed to a minimal internal temperature of 145 °F in a total of 4 minutes (2 minutes cooking 

and 2 minutes holding). Fifth, there is a large savings in energy costs using microwaves to 

generate steam as opposed to using conventional steamers.
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MATERIALS AND METHODS

Materials

Four microwave ovens were used in this study, including a Panasonic microwave steamer 

(Sonic steamer, model, 3200 watt, company, state, country), Panasonic Inverter microwave oven 

(model, 1200 watt, company, state, country), Panasonic industrial microwave oven (model, 1200 

watt, company, state, country), and GE microwave oven (GE-JES1451DN1BB, 1100 watt, 

company, state, country). 

The medium-size Cambro pan (12” x 20” x 4”), composed of high density polyethylene, 

was used for all the cooking. Lobsters weighing 1 ¼ - 1 ½ pounds each and large shrimp (10 

oz/12) were used as the examples of seafood typically steamed by traditional methods in food 

establishments. A thermocouple integrated with an 80B-A DMN probe (Fluke model 189 True 

RMS Multimeter thermocouple, company, state) was used to monitor the internal food product 

and steam temperatures.  

Determination of temperature of steam generated by microwave energy

The steam temperature was monitored in all the four microwave ovens over 5 min. Cold 

water (45 ml) was added into a medium-size Cambro pan, which was then covered. The pan was 

put in a microwave oven and heated at full power for 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 min. 

The steam temperature was measured with a thermocouple.  
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Cooking seafood in microwave steamer with three different methods

A lobster (1 ¼ - 1 ½ pounds) was cooked in microwave steamer (Sonic steamer) in three 

different ways: (1) Cambro pan with 45 ml water added and with cover; (2) Cambro pan without 

water added and with cover; and (3) Cambro pan without water and without cover. The first 

method utilized the steam generated by microwave energy to cook the lobsters, where water 

served as a catalyst to create steam. The second and third methods simulated the traditional 

microwave cooking. The lobster was cooked in sonic steamer at full power for 2 min followed by 

2 min standing to obtain temperature equilibrium. The internal temperature of lobster was 

measured at multiple locations, including head (point 1), cervical groove (point 2), cephalothorax 

(point 3), abdomen (point 4), tail (point 5), left claw (point 6), and right claw (point 7) with a 

thermocouple.  

Cooking seafood using steam generated by four different microwave ovens

In addition to microwave steamer, three commonly used models of microwave oven 

(Panasonic Inverter, Panasonic-1200, and GE) were evaluated for their effectiveness in cooking 

seafood using microwave-generated steam. 

A lobster (1 ¼ - 1 ½ pounds) was cooked in a covered Cambro pan with 45 ml water for 2 

min in Sonic steamer and for 4 min in the other three microwave ovens at full power. The cooked 

lobsters stood for another 2 min before temperature measurement or were measured immediately 

after cooking. 

Twelve large shrimp (10 oz/12) were cooked in a covered Cambro pan with 45 ml 

water for 1 min in Sonic steamer and for 3 min in the other three microwave ovens at full power. 

The internal temperature of each shrimp was taken immediately after cooking.
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RESULTS

Generation of steam via microwave energy

In order to evaluate the effectiveness of cooking seafood using microwave-generated 

steam and determine the proper cooking time, we first observed the generation of steam via 

microwave energy and monitored the temperature change of steam over time. A small amount of 

water (45 ml) was added into Cambro pan to serve as a catalyst to create steam upon heating in 

microwave oven. 

As shown in Figure 1, the steam temperature reached 200 ºF within 1 min in Sonic 

steamer, and remained higher than 200 ºF over 5 min. The steam temperature changes in GE and 

Panasonic Inverter microwave ovens share the similar pattern, climbing to 200 ºF within 3 min 

and remaining high over 5 min. The steam produced by Panasonic-1200 hit 180 ºF before 

becoming stable. (Can we provide a possible explanation here for Panasonic-1200?) Above all, 

all the four microwave ovens were able to generate steam well above 170 ºF. This indicated that 

microwave energy can effectively and consistently be utilized to generate steam within the 

covered Cambro pan, which allowed us to further evaluate the cooking effectiveness of the 

steam. Based on these results, we decided to cook lobsters for 2 min in Sonic steamer and 4 min 

in the other three microwave ovens.

Effectiveness of three different methods to cook seafood in microwave steamer
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 In an effort to determine the effectiveness of microwave steamer cooking and optimize 

the cooking condition, we compared three different methods using Sonic steamer, including (1) 

covered pan with water, (2) covered pan without water, and (3) uncovered pan without water. 

The second and third methods simulate the traditional microwave cooking. After 2 min standing, 

the internal temperature of lobster was then determined at 7 locations, from head to tail and both 

claws (Figure 2A). 

As shown in Figure 2A and 2B, the three cooking methods produced significantly 

different results (P value < ?). The internal temperature readings of the lobster cooked by the first 

method (covered pan with water) were all well above 145 ºF (as required by FDA for steamed 

seafood) and very close to each other, with the average of 153.17 ºF and standard deviation of 

6.49 (Figure 2B). The combination of microwave energy with the covered Cambro pan 

containing water generated a “steam environment” similar to traditional steaming. By contrast, 

both of the other two cooking methods resulted in uneven heating, with the standard deviation 

approximately 14 (Figure 2B). More importantly, we observed that the third cooking method 

(open pan without water), which is the traditional microwave cooking, was the least effective 

one. In this condition, the internal temperatures taken at multiple locations of the lobster were 

well below 145 ºF (Figure 2A & 2B), the FDA standard for steamed seafood, and the lobster was 

not well cooked (Figure 2C). On the other hand, although the second cooking method (covered 

pan without water) resulted in higher than 145 ºF internal temperatures, the uneven heating 

produced low quality, e.g., rubbery texture. As shown in Figure 2C, the lobster split into two 

parts due to the difference between high pressure inside and lack of steam outside. 

Therefore, we decided to focus on the first method, which utilized the steam generated by 

microwave energy to cook the lobsters, for the rest of the study.
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Effectiveness of steam cooking of seafood in different microwave ovens

Since we had demonstrated that microwave steamer was effective in cooking lobster 

when a covered Cambro pan with a small amount of water was used, we then investigated other 

microwave ovens as well as optimized cooking condition. The three models we used well 

represented the microwave ovens commonly owned by food establishments.

All the microwave ovens under study produced consistent results, with internal 

temperature readings of lobsters all well above 145 ºF, regardless of the standing time (Figure 3A 

& 3B). Even heating and high sensory quality were observed in all the cooked lobsters. 

Next, we expanded the food products to shrimp. We cooked twelve large shrimp in a 

covered Cambro pan with a small amount of water. Because traditional steaming usually does 

not require standing time and our results in lobsters had shown that standing time is not 

necessary, we measured the internal temperature of shrimp immediately after cooking. As shown 

in Figure 4, all the shrimp reached internal temperature well above 145 ºF, as required by FDA 

for steamed seafood.

Taken together, these results indicate that utilizing microwave energy to generate steam 

for seafood cooking is highly feasible and effective. The internal temperatures of lobsters and 

shrimp all reached FDA requirement for steamed seafood.

Figure 1: steam temperature in four MWOs
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Figure 2A: Mean temperature with standard error sign for different treatments in Sonic 

steamer(with standing)
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Figure 2B. Compare three treatments for using steamer on cooking lobster with 

standing;

The three treatments are significantly different from each other. 
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Figure 2C Lobster picture.

Cover + 45 ml water No cover + no water Cover + no water
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Figure 3A: Lobster with standing: Compare four steamers on the same experiment for 

lobster (mean with 1 standard error) 
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Figure 3B:Lobster no standing : compare 4 steamers on the same experiments. 

Figure 4: Compare 4 steamers on shrimps. (CHOOSE ONE FROM THE two figures)
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Figure 5: two lobster in sonic steamer. (MAYBE DON’T SHOW?)
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ABSTRACT 1 

 Ice receives little to no attention as a possible source of illness, despite evidence that 2 

freezing temperatures do not kill all microorganisms that can potentially cause harm to 3 

consumers.  This study determined the microbiological and chemical quality of ice produced and 4 

bagged on-premises in retail establishments and in self-service vending machines in the state of 5 

Georgia and compared the results with that from ice produced by manufacturing companies 6 

monitored by the International Packaged Ice Association (IPIA).  Two hundred and fifty bags of 7 

packaged ice samples were obtained from retail locations and self-service vending machines, 8 

along with 25 bags of packaged manufactured ice.  Ice samples were melted within 24 h of 9 

collection and HPC SimPlates® were used to detect heterotrophic bacteria present. Colisure® 10 

and Enterolert® assays were used to enumerate coliforms, non-pathogenic E. coli and 11 

enterococci.  Membrane filtration coupled with enrichment was used to detect Salmonella and 12 

Listeria monocytogenes.  Confirmation tests were done for presumptive positive pathogens.  Six 13 

percent of the ice samples bagged at retail sites and from vending machines contained 14 

unsatisfactory levels of heterotrophs compared to the limits set by the IPIA (>500 MPN/100ml).  15 

Twenty-six percent of all samples contained an unsatisfactory level of coliforms (>2.2 MPN/ml), 16 

1% contained nonpathogenic E. coli and 13% contained enterococci (>1.0 MPN/ml).  One 17 

sample tested positive for the presence of Salmonella and another positive for Enterobacter 18 

agglomerans.  The presence of microorganisms at unsatisfactory levels in packaged ice indicates 19 

the need for improved sanitary practices during the manufacturing and packaging of ice at on-20 

premises retail locations and vending machines.   21 

  22 
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Ice is water frozen into the solid state when temperatures drop below 0°C. It has many 23 

purposes dating back centuries ago when people used ice for food preservation.  Ice is often 24 

consumed on its own or mixed with beverages and allowed to melt to cool drinks for 25 

refreshment.  According to the International Packaged Ice Association (IPIA), it is estimated that 26 

a total of 2 billion bags of ice are sold from all retail, wholesale, and vending producers and from 27 

those sales, 800 million bags are attributed to retail producers and 200 million bags are from 28 

vending machine sales (15).  The U.S. Food and Drug Administration (FDA) estimated that each 29 

American buys approximately 4 bags of packaged ice every year, with about 80% of the bags 30 

purchased during the summer months (6).  Overall, the ice industry has increased the production 31 

in the past century.  There are close to 700 commercial ice-making companies in the United 32 

States with approximately 500 of these represented by the IPIA (3, 6).  33 

Ice is defined as a food by the FDA, which regulates packaged ice for interstate 34 

commerce (1, 6).  The Association of Food and Drug Officials (AFDO) have published Good 35 

Manufacturing Practices (GMPs) in order to regulate the sanitary manufacturing of packaged ice 36 

(1).  The GMP regulations state that ice manufacturers must produce, hold, and transport ice in a 37 

clean and sanitary condition, monitor the cleanliness, and hygiene of employees, use properly 38 

cleaned and maintained equipment, and use water that is safe and from a reliable source (1, 6). 39 

All ice manufacturing companies are required to follow these basic GMPs, but are enforced 40 

differently from state to state.  There are little to no specific packaged ice processing regulations 41 

at the state and federal level (19).  The IPIA has published the Packaged Ice Quality Control 42 

Standards (PIQCS) manual which is based on GMPs but is tailored specifically to packaged ice 43 

(14).  The establishment of the PIQCS/PIQCS-Plus Program within the manufacturing company 44 

is required in order to gain membership in the IPIA (14).  Although the development and 45 
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implementation of a Hazard Analysis and Critical Control Point (HACCP) plan is not required 46 

by the FDA, the implementation of a HACCP and HACCP pre-requisites are required by IPIA 47 

(14).    48 

The World Health Organization (WHO) has stated that ice to be consumed or come into 49 

direct contact with food that is to be consumed is expected to be at the same quality and safety 50 

level as drinking water (25).  The Centers for Disease Control and Prevention (CDC) has 51 

reported foodborne illness outbreaks over the past several decades where the cause of the illness 52 

was contaminated ice (2).  The CDC reports there are over 50,000 cases per year of reported 53 

foodborne illnesses where the origin is unknown, but ice is not one of the first food products 54 

investigated, if at all, as the source of the illnesses, even though it is a widely used commodity in 55 

retail establishments (2). 56 

Freezing is a well-known method for food preservation and a crucial step in food 57 

processing, yet the freezing process does not destroy all pathogens present in the food (4, 11, 17).  58 

While their numbers decline, some microorganisms survive freezing and although cells may be 59 

injured, the remaining microorganisms have the ability to recover their viability when ice melts 60 

(4, 17).  Past studies have indicated that the microorganism’s capability to recover after frozen 61 

storage makes ice an ideal vehicle for transmission of pathogenic bacteria and viruses to food 62 

and beverages (4, 17).  Kim and Harrison demonstrated that E. coli O157:H7 can transfer to 63 

lettuce from melted ice made with contaminated water (16).  They concluded that ice is a 64 

possible route for E. coli O157:H7 to lettuce either by direct contact with water from melted 65 

contaminated ice or from contaminated lettuce to uncontaminated lettuce with melted ice being 66 

the vehicle of transmission (16).  The packaging and transportation of food products that are 67 
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typically kept on ice, such as produce and fish, are shown to be at risk for contamination if the 68 

recommended precautions are not observed. 69 

Another misconception is if pathogenic bacteria are present in ice, they can be killed 70 

when the ice is added to beverages of high alcoholic content, with high acidity, and with 71 

carbonation, such as soda (7, 10).  Dickens et al. tested the survival of several bacterial 72 

enteropathogens in ice of popular drinks, including cola, scotch, and tequila (9).  Although 73 

multiple factors could vary the outcome, such as the number and type of organisms present 74 

initially in the water and the length of time frozen, Dickens concluded that none of the organisms 75 

were completely eliminated in the test drinks when contaminated ice was added (9).  There are 76 

concerns about the safety of drinking water and the ice used in beverages, especially when 77 

traveling to foreign locations with a questionable water supply.  78 

Poor quality water or lack of hygiene during the production and handling of water to 79 

produce ice can contribute to the presence of harmful microorganisms (4, 6, 9, 10, 13, 17).  In 80 

addition, ice may be sold commercially that may not be closely or consistently monitored for 81 

proper sanitation and hygienic conditions.  This survey determined the microbiological and 82 

chemical quality of ice produced and bagged on-premises in retail establishments and in self-83 

service vending machines in the state of Georgia and compared the results with that from ice 84 

produced by manufacturing companies that are monitored by the IPIA.    85 

 86 

MATERIALS AND METHODS 87 

Sample Collection - A total of 250 bags of packaged ice were collected in the state of Georgia 88 

between mid-August and October 2012 from retail establishments that produced ice on-premise 89 

and self-service vending machines.  The number of retail samples and vending machine samples 90 
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selected was based on the population density of communities throughout the state (Table 1).  One 91 

hundred and forty-nine samples were collected from retail and convenience stores, and 101 92 

samples were collected from vending machines, with one bag collected per location.  Samples 93 

were collected from retail establishments that were known to produce and package ice on the 94 

location’s premises.  The type of establishments in which these samples were bought from 95 

included gas stations, foodservice franchises, and liquor stores.  The ice was collected in the bags 96 

provided at the locations and closed using their method, such as with a twist tie, metal clip, or 97 

knot.  The original bags were doubled bagged with large, sterile, 5 kg bags (Whirlpak®  Nasco, 98 

Fort Atkinson, WI) in case there were holes in the first packaging to prevent potential cross-99 

contamination. Both bags were numbered with a permanent marker which corresponded with a 100 

number on a datasheet containing information and key identifying points for that particular 101 

sample, including name and type of retail establishment in which the sample was collected, the 102 

address, the type of closure of the bag, and retail labeling on the bag.  Noticeable defects of the 103 

sample or packaging were recorded, and the samples were kept in the collection coolers in a 104 

walk-in refrigerator (4°C) until they were ready to be tested. 105 

Twenty-five bags of packaged ice were collected from 2 different ice manufacturing 106 

companies near Atlanta, Georgia during January 2013.  Both companies are IPIA members. 107 

Thirteen samples were collected from plant A and 12 samples from plant B.  The sample bags 108 

were numbered and the location was recorded on the datasheet.  The samples were kept in the 109 

collection cooler in a walk-in refrigerator (4°C) until they were ready to be tested. Table 2 shows 110 

the distribution of all 275 samples of packaged ice and the area of Georgia in which they were 111 

collected. 112 
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Sample Preparation - The ice was kept in the coolers in a 4°C refrigerator following collection 113 

and sample preparation was completed within 24 h of collecting the sample.  Ice samples were 114 

removed from their original bags and separated into separate bags and containers with 115 

corresponding numbers.  Approximately 1 L (or 1,000 g) of ice was separated into a large, 116 

sterile, 2.6 kg bag (Whirlpak, Nasco) for microbial analysis, and approximately 1 L (or 1,000 g) 117 

was separated into sterilized plastic bottles for chemical analysis.  Excess sample was discarded.  118 

The original bags were kept for recordkeeping. The ice was allowed to melt completely at room 119 

temperature (24°C) before testing. 120 

Microbiological Examination - The heterotrophic plate count (HPC) was enumerated using 121 

SimPlate® for HPC Multi Dose (Idexx Laboratories Inc., Westbrook, ME).  One ml of the 122 

melted ice sample was slowly pipetted onto the center of the SimPlate and 9 ml of the 123 

manufacturer-provided media that was hydrated with 100 ml of sterilized deionized water in its 124 

original bottle, was pipetted onto the center of the plate, on top of the 1 ml sample.  The plate 125 

was covered with its lid and gently swirled to mix and distribute the sample into all the wells.  126 

The plate was tilted forward to drain the excess liquid into the absorbent pad and inverted before 127 

it was incubated at 35°C for 48 h.  After incubation, the plates were observed under a 365 nm 128 

ultraviolet (UV) light and wells that fluoresced were counted.  The total number of positive wells 129 

counted and the most probable number (MPN) table that was specific to the Simplate was used to 130 

determine the MPN of HPC bacteria present in the sample.   131 

Total coliforms and E. coli were enumerated using the Quanti-Tray and the Colisure® 132 

Assay test kit (Idexx Laboratories Inc.).  One hundred ml of the melted ice sample was pipetted 133 

into a sterile media vessel. The contents from the provided Colisure reagent packet were added 134 

and 3-4 drops of an antifoam solution (Idexx Laboratories Inc.) was added to the vessel. Each 135 
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solution was shaken until the large media particles were dispersed.  The sample/reagent mixture 136 

was poured into a Quanti-Tray tray and sealed with the Quanti-Tray Sealer (Idexx Laboratories 137 

Inc.).  The sealed tray was incubated with the wells lying facing down, at 35°C for 24 h.  Results 138 

were read based on the color of the well and if the well fluoresced under a 365 nm UV light.  If 139 

the well was yellow/gold, it was negative for both total coliforms and E. coli.  If the well was 140 

red/magenta, it was positive for total coliforms and if it was red/magenta and fluoresced, it was 141 

positive for E. coli.  The number of positive wells was then referenced to the MPN table specific 142 

to the Quanti-Tray to determine the MPN of total coliforms and/or E. coli in the sample.   143 

Enterococci (Enterococcus faecalis) were enumerated using the Quanti-Tray and the 144 

Enteroelert® Assay test kit (Idexx Laboratories Inc.).  One hundred ml of the melted ice sample 145 

was pipetted into a sterile media vessel.  The contents from the provided Enteroelert® reagent 146 

packet were added and 3-4 drops of an antifoam solution were added to the vessel. Each solution 147 

was shaken until the large media particles were dispersed.  The sample/reagent mixture was 148 

poured into a Quanti-Tray tray and sealed with the Quanti-Tray Sealer.  The sealed tray was 149 

incubated with the wells lying face down at 41°C for 24-48 h.  The presence of enterococci in the 150 

wells was detected by the presence of blue fluorescence under a 365 nm UV light.  The number 151 

of positive wells was referenced to the MPN table specific for the Quanti-Tray to determine the 152 

MPN of enterococci in the sample. 153 

The presence or absence of Salmonella and L. monocytogenes was determined using 154 

membrane filtration and enrichment methods.  One hundred ml of the melted ice sample was 155 

filtered through a 0.45μ MicroFunnel™ Filter Funnel (Pall Life Sciences, Ann Arbor, MI).  156 

Using sterilized tweezers, the filter was separated from the funnel, placed into a stomacher bag 157 
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with 100 ml of universal preenrichment broth (Becton Dickinson and Company, Sparks, MD), 158 

stomached for 1 min, and incubated at 35°C for 24 h.   159 

For the enrichment of Salmonella, 0.1 ml was transferred from the sample in the 160 

preenrichment broth into a tube of Rappaport Vassiliadis (RV) broth (Becton Dickinson), and 1.0 161 

ml was transferred into a tube of tetrathionate (TT) broth (Becton Dickinson); the tubes were 162 

incubated for 24 h at 42°C and 35°C, respectively.  After incubation, portions of each broth were 163 

streaked using a sterilized loop onto separate plates of bismuth sulfite agar (BSA), xylose-lysine-164 

desoxycholate (XLD) agar and Hektoen-Enteric (HE) agar (Becton Dickinson).  The plates were 165 

incubated at 35°C for 24 h.  Presumptive positive colonies were subcultured to triple sugar iron 166 

(TSI) and lysine-iron-agar (LIA) slants (Becton Dickinson) for additional characterization.  For 167 

TSI and LIA slants that had positive reactions typical for Salmonella, an Enterobacteriaceae 168 

Micro-ID® (Thermo Fisher Scientific, Lenexa, KS) was used to confirm the identity of the 169 

Salmonella present.   170 

For L. monocytogenes, a portion of the sample in the preenrichment broth was streaked 171 

onto the selective modified Oxford agar (Becton Dickinson) using a sterilized loop and was 172 

incubated for 24 h at 35°C.  Presumptive positive colonies were subcultured to a chromagar plate 173 

(Becton Dickinson) for selective enrichment, and if the plate was positive with typical L. 174 

monocytogenes colonies, a Micro-ID Listeria (Thermo Fisher Scientific) was used to confirm the 175 

L. monocytogenes identification. 176 

Chemical Analysis – Chemical analysis was only done on samples collected from the retail 177 

establishments and vending machines.  The Hach HQ 440d Benchtop Dual Input, Multi-178 

Parameter Meter (Hach Company, Loveland, CO) was used to determine conductivity, pH, and 179 

the level of nitrate, using the appropriate probes, CDC40101, PHC28101, and ISENO318101, 180 
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respectively.  The manufacturer’s instructions were followed, and the instrument was calibrated 181 

for each probe before each sample period.  Turbidity was determined using the LaMotte 2020 182 

We Turbidity meter (LaMotte Company, Chestertown, MD). The manufacturer’s instructions 183 

were followed, and the instrument was calibrated before each sample period.  The alkalinity of 184 

the water samples was measured using the titration method instructions published in section 185 

2320 of The Standard Methods for the Examination of Water and Wastewater (8).   186 

Statistical Analysis - Statistical analysis was completed on the results from the microbiological 187 

and chemical testing of the packaged ice.  The significance and independence of variables were 188 

determined by using common statistical tests. The analysis of variance (ANOVA) was used to 189 

determine if the relationship between 2 independent variables (i.e., HPC levels and bag closures) 190 

was statistically significant.  Fisher’s exact test and the Chi-square test were both used to 191 

determine if the independent variables were indeed independent of each other.  The likelihood 192 

ratio test and the logistic regression analysis were used to express how many times more likely 193 

the data under one variable will occur than another variable.  194 

 195 

RESULTS AND DISCUSSION 196 

In this study, packaged ice from multiple locations in Georgia was tested for total 197 

heterotrophic bacteria and indicator organisms, as well as Salmonella and Listeria 198 

monocytogenes.  Heterotrophs and indicator organisms are used to evaluate the sanitation and 199 

hygienic conditions of the production areas, the contamination of foods, including ice, and for 200 

the possible presence of pathogens (10, 21).  These organisms all reflect the sanitary quality of 201 

the ice, the ice machine and scoop, the quality of the water the ice is made from, cross-202 

contamination from food contact surfaces, and the hygiene of the staff handling the ice (10, 19, 203 
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21).  The presence of E. coli and enterococci, such as E. faecalis, indicate possible fecal 204 

contamination (10).   205 

The International Packaged Ice Association (IPIA) established limits for these indicator 206 

tests as a quality control measure to keep ice safe for consumers.  These limits state that the 207 

heterotrophic plate count of water should not exceed 500 MPN/ml of water, the total coliform 208 

count should not be greater than 2.2 organisms/100 ml of water using MPN, and fecal coliforms, 209 

E. coli, and enterococci organisms should not be present in any packaged ice sample.  No 210 

pathogenic bacteria, such as Salmonella and Listeria monocytogenes, should be present. 211 

Heterotrophic Plate Count     212 

Heterotrophic bacteria are naturally occurring in water and the contamination level is a 213 

common indicator of the cleanliness and quality of drinking water.  It reflects the general 214 

hygiene of the ice production and handling process (4, 13, 21).  The presence of heterotrophic 215 

bacteria does not necessarily signify a risk for illness because low numbers are normally found in 216 

treated water, but it does give a good indication of sanitary conditions during storage and 217 

handling and the efficiency of water treatments from the water source and manufacturing plant 218 

(5, 7, 23).  According to the WHO, the HPC value is a good indication of effective coagulation, 219 

filtration, and disinfection steps during the water treatment process (23).  In this survey, 178 220 

samples (71%) of all retail and vending machine produced ice contained some level of 221 

heterotrophs, with 16 samples (6.4%) exceeding IPIA’s recommended limits of less than 500 222 

MPN/ml of water (Table 3).  The majority of samples that exceeded the limits were bagged ice 223 

from retail establishments, primarily gas stations.  Chi-square analysis revealed the HPC values 224 

were dependent on the type of ice, whether it is from retail outlets or vending machines (p < 225 

0.0001).  There is also a 3.5 times greater chance the ice purchased from a retail store will have a 226 
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higher HPC value than ice from vending machines, which could be attributed to the increased 227 

handling of ice from workers in a retail store.  The high levels of heterotrophs may indicate 228 

improper personnel hygienic practices of the workers at the retail establishment, cross-229 

contamination, or poor water source.  The ice that was collected from the manufacturing plants 230 

did not have any growth that was above the recommended limit; only 2 samples showed any 231 

growth present in the ice (Table 3).  This result may indicate better hygienic control in an ice 232 

manufacturing facility that follows the more specific guidelines (i.e., GMPs, PIQCS, etc.).  Ice 233 

produced in these facilities is done so with little hands-on exposure from workers and with less 234 

chance for cross-contamination from food-contact surfaces.  The study on the quality of 235 

packaged ice collected in Iowa completed by Moyer et al. (20) included members and 236 

nonmembers of the IPIA in their survey and no samples collected from IPIA accredited 237 

companies exceeded the HPC limit of 500 MPN/ml, supporting the claim of higher-quality ice.        238 

Total Coliforms and E. coli 239 

Coliforms are indicator organisms and are used to evaluate the hygienic conditions, the 240 

possible fecal contamination, and potential presence of pathogens (4, 10).  A total of 64 samples 241 

(25.6%) from retail establishment locations and vending machines exceeded the recommended 242 

limits of total coliforms (less than 2.2MPN/100 mL), with the majority from gas stations (Table 243 

4).  Two samples bought from gas stations also had nonpathogenic E. coli present.  The logistic 244 

regression analysis showed the odds of a retail bag of ice having an unacceptable level of total 245 

coliforms are 1.18 times more than those of a bag from a vending machine. In comparison to past 246 

studies done by Schmidt et al., who tested packaged ice from Florida, Gerokomou et al. who 247 

tested packaged ice from Greece, and Moyer et al., the percentage of unacceptable levels of total 248 

coliforms and E. coli were slightly higher in this study (13, 20, 24).  Although the distribution of 249 
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sample collection varied some among these studies, the results are significant enough to indicate 250 

sanitation problems.  These unacceptable samples could indicate a contaminated water source, 251 

un-sanitized scoops or utensils, unsanitary packaging process or unhygienic staff handling (13, 252 

19, 20).  Unless self-service vending machines are maintained properly and the presence of 253 

insects and animals controlled, there could be a greater chance for contamination.  No coliforms 254 

or E. coli were detected in the ice from manufacturing plants (Table 4), which indicates good 255 

sanitary, hygienic practices may have been in place.  The IPIA members from the study done by 256 

Moyer et al. (20) also showed no positive results during their survey. 257 

Enterococci 258 

Enterococci bacteria, commonly Enterococcus faecalis, can typically be found in human 259 

and animal intestines and can also be an indicator of poor sanitary and hygienic conditions 260 

during the production of ice (18).  Just as with the total coliforms and nonpathogenic E. coli, the 261 

presence of enterococci does not necessarily signify that illness will occur; however, it may 262 

indicate the presence of fecal pathogens that could cause nausea, vomiting, abdominal pain, and 263 

diarrhea (18).  In this survey, 32 samples (12.8%) from retail establishments and vending 264 

machines contained unacceptable levels of enterococci, exceeding the limit of 1.0 MPN/100 mL. 265 

Positive samples were found in both self-service vending machines and retail locations, in 266 

particular gas stations (Table 5).  Based on the likelihood ratio test, the odds of a retail bag of ice 267 

having an unacceptable level of enterococci are 3.3 times more likely than the samples from the 268 

vending machines.  No sample from the ice manufacturing plants tested positive for enterococci. 269 

These results could be contributed to the process involved in the production of ice at the different 270 

types of locations.  Ice from the vending machines and manufacturing plants is less likely to be 271 

handled by employees and come into contact with contaminants.  Again, these results indicate 272 
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that manufactured ice may be produced under more sanitary and controlled conditions than the 273 

packaged ice sold at retail establishments and self-service vending machines.  274 

Salmonella and Other Organisms 275 

Regardless of source, no samples tested positive for L. monocytogenes.  Salmonella was 276 

not detected in the manufactured ice, but one sample from a retail establishment, a foodservice 277 

franchise, tested positive for the presence of Salmonella.  Since only the presence of this 278 

organism was confirmed and the number of cells is unknown, it was not possible to determine 279 

whether or not the consumption of this contaminated ice would have caused illness.  However, 280 

the mere presence still raises concern about the conditions of the location where this sample was 281 

purchased.  The presence of Salmonella demonstrates a more serious level of contamination and 282 

the need for attention and intensive cleaning.   283 

Enterobacter agglomerans was also detected in a sample collected from a self-service 284 

vending machine.  It is a common Enterobacter species with an unknown infectious dose and is 285 

found in the stool of healthy humans (12).  This microorganism can cause acute gastroenteritis 286 

with symptoms including vomiting, nausea, abdominal pain, and diarrhea (12).  The prevalence 287 

of these microorganisms is relatively unknown at the CDC because the symptoms are sometimes 288 

mild and go without complaint (12).  The presence of E. agglomerans is a little more significant 289 

than the presence of the indicator organisms, such as coliforms or heterotrophic bacteria, because 290 

it has been linked to foodborne illness.   291 

Sample Distribution of Retail-Produced and Self-Service Vending Machine Bagged Ice  292 

Table 6 shows the geographic distribution of unacceptable samples collected.  Both the 293 

Southeastern and Southern regions of the state were found to have a high likelihood of poor ice 294 

quality from retail produced and vending machine bagged ice. More than half of the samples of 295 



15 

this type of ice, from these two regions, contained an unacceptable level of coliforms and 296 

enterococci.  Results from the likelihood ratio test indicate that there are higher odds that towns 297 

in the southeast portion of the state will have an unacceptable level of HPC, total coliforms, and 298 

enterococci than the rest of the state, in this particular category of ice (retail produced and 299 

vending machine bagged ice).  The levels of total coliforms are dependent on the location in 300 

which the samples were obtained (p< 0.0001) but the level of HPC and enterococci are not.  301 

The Influence of Type of Bag Closure on the Microbial Quality 302 

All samples that were obtained from manufacturing companies were closed using metal 303 

clips, and as stated in the previous sections, there was little to no microbial growth present. 304 

Therefore, the statistical analysis was only done on on-site- and vending machine-produced ice.  305 

The majority of the samples from vending machines were closed with a twist tie, mainly because 306 

all ice samples from the vending machines had twist ties available at each location, with the 307 

exception of five machines/samples.  More than a quarter of these sample closed with twist ties 308 

had unacceptable levels of coliforms (Table 7).  Two bags were closed with tape and both were 309 

unacceptable for coliforms and one for enterococci.  Although the Fisher Exact test determined 310 

that there was no significant relationship between all microbial variables and bag closures, the 311 

results suggest there is a need for more secure, sanitary methods of closing these bags, such as 312 

mechanically sealing.  The sample where the bag was automatically sealed from the vending 313 

machine had no positive growth for any of the organisms.  A more sanitary, automated method 314 

of closure for packaged ice could result in a better quality bagged ice product.   315 

Chemical Analysis 316 

Included in the IPIA PIQCS program are safety standards for the chemical quality of the 317 

water used to produce packaged ice.  In order to meet the terms for the PIQCS accreditation, 318 
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manufacturers need to follow the current standards set by the Environmental Protection Agency 319 

(EPA) and their National Primary and Secondary Drinking Water Regulations (7, 14).  320 

According to the EPA secondary standards, the recommended acceptable pH level for drinking 321 

water is 6.5-8.5, less than 1.0 nephelolometric unit (NTU) for turbidity, a nitrate level less than 322 

10 mg/L, and an alkalinity level less than 500 mg/L CaCO3 (7).  There are no specific limits set 323 

for the conductivity levels of drinking water.  The results of the chemical analysis done on the 324 

packaged ice collected from retail establishments and self-service vending machines are shown 325 

in Tables 8 and 9.  Of the 250 samples, 95 (38%) samples of the packaged ice fell outside the 326 

acceptable range for pH, with 37 (39%) samples from vending samples and 58 (61%) samples 327 

from retail being unacceptable.  According to the Fischer’s exact test, there is a distinct 328 

relationship between the pH value and the type of ice, for ice produced at a retail establishment 329 

has a higher probability of unacceptable low pH while vending ice tends to have a higher 330 

probability of unacceptable high pH (p-value < 0.0001).  More than half (50.6%) of the samples 331 

from gas stations and from the food service establishments (57.1%) were outside of the 332 

acceptable range of 6.5 to 8.5.  Water with a pH that is too high or too low does not mean it is 333 

unsafe, but does have aesthetic effects on taste and odor.  When a pH is too low, the water is 334 

more acidic and can become corrosive. A bitter or metallic taste can result from copper and lead 335 

being leached from the pipes carrying the water (7).  The level of metal in the water could also 336 

be a potential problem.  A pH that is too high can produce a ‘slippery’ feel to the water and a 337 

soda taste to the consumer due to the high levels of alkaline minerals present (7).  The alkalinity 338 

level is the measure of minerals and the concentration of earth metals present, and is used to 339 

determine the efficiency of water treatments.  No sample exceeded the limit set by the EPA, with 340 

the highest value measured at 127.68 mg/L CaCO3 from a foodservice outlet in northern Atlanta.  341 
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Only 3 samples had turbidity levels that exceeded the recommended level of 1 NTU, 1 sample 342 

being from a vending machine and 2 samples collected from gas stations.  Turbidity is the 343 

measure of the cloudiness of water and is used to show the quality of water and filtration 344 

effectiveness (7).  A higher turbidity level is associated with higher levels of microorganisms 345 

present in the water and there is a higher risk for potential illness if consumed (7).  The sample 346 

with high turbidity collected from the vending machine was also shown to have an unacceptable 347 

level of total coliforms.  However, the two samples with high turbidity levels did not have 348 

significant growth of bacteria showing little correlation between turbidity level and bacterial 349 

growth in this survey.   No samples were measured to have unacceptable levels of nitrates in the 350 

water.   These problems can usually be fixed through proper filtration and consistent testing, 351 

which is required by the IPIA to be PIQCS accredited (7, 14).  352 

 353 

CONCLUSION 354 

Overall, this study indicates a need for more sanitary practices in the packaging of ice on 355 

the premises of retail locations and for cleaner vending machines.  The manufacturing companies 356 

are required to follow the GMPs that were set up by the FDA (1).  Additionally, members of 357 

organizations, like the IPIA, are required to follow not only these GMPs but also the PIQCS 358 

guidelines that incorporate a HACCP program for these companies (14).  Congress directed the 359 

FDA to work to educate manufacturers regarding safe production of ice (19).  The issuance of a 360 

Food Facts sheet informing the public about existing FDA regulations that apply to ice 361 

manufacturers could also be beneficial if applied to locations who insist on making and selling 362 

their own ice.  It is critical to train and educate workers at these locations about appropriate 363 

hygienic practices, the importance of regular cleaning and sanitizing, the risks of transferring 364 
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contaminated water and ice, and prevention techniques they can take to avoid causing any 365 

foodborne illness.  Consumers who purchase ice should also be educated about the risk they take 366 

by purchasing this product and ways they can also prevent cross-contamination in their own 367 

homes. 368 
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Table 1.  Types of ice samples collected from manufacturing companies, retail establishments, 

and self-service vending machines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  # of Samples  % of Total Samples % of Total Retail 

Total Samples  275  100 - 

Manufactured  25  9.8 - 

Vending  101  36.7 - 

Retail 

Gas Stations 

Liquor Stores 

Food Service  

 149 

81 

19 

49 

 54.2 

29.5 

6.9 

17.8 

- 

54.4 

12.8 

32.8 
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Table 2.  Sample distribution of packaged ice purchased from retail establishments with on-site 

production of ice, self-service vending machines, and ice produced in a manufacturing plant. 

 

Regions 

(cities) 
# of Retail (%) # of Vending (%) # of Manufactured (%) Total (%) 

 

Northeast 
(Athens 

Commerce 

Gainesville) 

 

 

19 (12.8) 

 

22 (21.8) 

 

0 (0) 

 

41 (14.9) 

East 
(Augusta) 

 

7 (4.7) 12 (11.9) 0 (0) 19 (6.9) 

Northwest 
(Atlanta 

Marietta 

Alpharetta 

Griffin) 

 

33 (22.0) 15 (14.8) 25 (100) 73 (26.6) 

South 
(Valdosta 

Albany 

Macon) 

 

32 (21.5) 30 (29.7) 0 (0) 62 (22.5) 

Southeast 
(Savannah) 

 

29 (19.5) 12 (11.9) 0 (0) 41 (14.9) 

West 
(Columbus 

LaGrange) 

 

29 (19.5) 10 (9.9) 0 (0) 39 (14.2) 

Total 149 101 25 275 
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Table 3.  Frequency of acceptable and unacceptablea levels of heterotrophic bacteria in retail establishments and self-service vending 

machine produced ice based on the different retail sources. 

 

 
# of Total Samples  

# of Samples within Acceptable 

Limits (%) 

# of Samples within Unacceptable 

Limits (%) 

Manufactured Ice 

 

25 25 (100.0) 0 (0.0) 

Total On-site Samples 

 

250 234 (93.6) 16 (6.4) 

Vending 

 

101 97 (96.0) 4 (4.0) 

Retail 

Gas stations 

Liquor Stores 

Food Service 

149 

81 

19 

49 

137 (91.9) 

72 (88.8) 

18 (94.7) 

47 (95.9) 

12 (8.1) 

9 (11.1) 

1 (5.3) 

2 (4.1) 
a Unacceptable level was based on the IPIA level of >500 MPN/ml of water 
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Table 4.  Acceptable and unacceptablea levels of total coliforms for retail establishments and self-service vending machine produced 

ice based on of the different retail locations. 

 

 
# of Total Samples 

# of Samples within Acceptable 

Limits (%) 

# of Samples within Unacceptable 

Limits (%) 

Manufactured Ice 

 

25 25 (100.0) 0 (0.0) 

Total On-site Samples 

 

250 186 (74.4) 64 (25.6) 

Vending 

 

101 78 (77.2) 23 (22.8) 

Retail 

Gas stations 

Liquor Stores 

Food Service 

149 

81 

19 

49 

108 (72.5) 

55 (67.9) 

16 (84.2) 

37 (75.5) 

41 (27.5) 

26 (32.1) 

3 (15.8) 

12 (24.5) 
a Unacceptable level was based on the IPIA level of >2.2MPN/100 ml of water 
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Table 5.  Acceptable and unacceptablea levels of enterococci for retail establishments and self-service vending machine produced ice 

based on different retail locations. 

 

 
# of Total Samples 

# of Samples within Acceptable 

Limits (%) 

# of Samples within Unacceptable 

Limits (%) 

Manufactured Ice 

 

25 25 (100.0) 0 (0.0) 

Total On-site Samples 

 

250 218 (87.2) 32 (12.8) 

Vending 

 

101 95 (94.1) 6 (5.9) 

Retail 

Gas stations 

Liquor Stores 

Food Service 

149 

81 

19 

49 

123 (82.5) 

65 (80.2) 

15 (78.9) 

43 (87.7) 

26 (17.5) 

16 (19.8) 

4 (21.1) 

6 (12.3) 
a Unacceptable level was based on the IPIA level of >1.0MPN/100 ml of water 
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Table 6.  Number (%) of packaged ice samples exceeding acceptable limitsa collected from retail establishments and self-service 

vending machines in different regions in Georgia. 

 

Regions 
# of Total Samples 

# with unacceptable 

levels of HPC (%) 

# with unacceptable 

levels of Coliforms (%) 

# with unacceptable 

levels of Enterococci (%) 

Northeast 41 2 (12.5) 5 (7.8) 2 (6.3) 

East 19 0 (0.0) 1 (1.6) 1 (3.1) 

Northwest 73 3 (18.8) 3 (4.7) 7 (21.9) 

South 62 0 (0.0) 21 (32.8) 10 (31.2) 

Southeast 41 9 (56.2) 26 (40.6) 5 (15.6) 

West 39 2 (12.5) 8 (12.5) 7 (21.9) 

Total 275 16 (100.0) 64 (100.0) 32 (100.0) 

a Unacceptable level was based on the IPIA level for HPC (>500 MPN/100 ml of water), total coliforms (>2.2 MPN/100 ml of water), 

and enterococci (>1.0 MPN/100 ml of water). 
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Table 7.  Number of samples exceeding the acceptablea limits based on the different type of bag closures provided by retail 

establishments and self-service vending machines for heterotrophic plate count (HPC), total coliforms and enterococci. 

 

Types of Bag 

Closures 
# of Total Samples 

# with unacceptable 

levels of HPC (%) 

# with unacceptable 

levels of Coliforms (%) 

# with unacceptable 

levels of Enterococci (%) 

Knotted 17 1 (6.3) 3 (4.8) 2 (6.5) 

Metal Clip 23 3 (18.7) 3 (4.8) 4 (13.0) 

Nothing Provided 5 0 (0.0) 0 (0.0) 0 (0.0) 

Thread 33 1 (6.3) 6 (9.7) 6 (19.3) 

Twist Ties 169 11 (68.7) 50 (80.7) 19 (61.2) 

Total 247b 16 (100.0) 62 (100.0) 31 (100.0) 
a Unacceptable level was based on the IPIA level for HPC (>500 MPN/100 ml of water), total coliforms (>2.2 MPN/100 ml of water), 

and enterococci (>1.0 MPN/100 ml of water). 
b Three samples were not included in analysis due to insignificant numbers for that type of bag closure.  
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Table 8.  Summary of the pH, turbidity, conductivity, alkalinity and nitrate concentrations for ice 

samples from retail establishments and vending machines. 

 

Variable N Mean Std Dev Minimum Maximum 

pH 250 7.24 1.01 4.65 9.83 

Turbidity 250 0.21 0.33 -0.07 4.40 

Conductivity 250 70.39 75.32 2.33 574.50 

Alkalinity 250 16.94 21.65 1.64 127.68 

Nitrate 250 1.15 0.63 0.02 3.69 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 9.  Chemical analysis of ice collected from retail establishments and self-service vending machines based on limits set by the 

Environmental Protection Agency.a 

 

 pH  Turbidity  Nitrate Concentration 

 # Acceptable 

(%)  

# Unacceptable 

(%) 

 # Acceptable 

(%) 

# Unacceptable 

(%) 

 # Acceptable 

(%) 

# Unacceptable 

(%) 

Total 

 

155 (62.0) 95 (38.0)  247 (98.8) 3 (1.2)  250 (100.0) 0 (0.0) 

Vending 

 

64 (63.4) 37 (36.6)  100 (99.0) 1 (1.0)  101 (100.0) 0 (0.0) 

Retail 

 

Gas Stations 

Liquor Stores 

Food Service 

91 (61.1) 

 

40 (49.4) 

17 (89.5) 

21 (42.8) 

58 (38.9) 

 

41 (50.6) 

2 (10.5) 

28 (57.2) 

 147 (98.7) 

 

79 (97.5) 

18 (100.0) 

49 (100.0) 

2 (1.3) 

 

2 (2.5) 

0 (0.0) 

0 (0.0) 

 149 (100.0) 

 

81 (100.0) 

19 (100.0) 

49 (100.0) 

0 (0.0) 

 

0 (0.0) 

0 (0.0) 

0 (0.0) 
aLimits set by the EPA for pH (6.5-8.5), turbidity (<1.0 NTU), and nitrate concentrations (<10mg/L). 

 

 



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 1 of  13 

Rev: Acceptance Standard:

Portable

  
  

Material/Lighting and Inspection Information Section
2 seasoned, 2 un-seasoned

Date:

ataD droceR - deificepS enoN5

Black
White

X

Surface Conditions:

N/AJob Location: Chattanooga, TN
Customer Job #: PO 59077
ICS WO#: 140132 Drawing Number:

2/18/2014

Inspection Procedure: ICS QOP 9-PT-1

Customer: Lodge Manufacturing

Remarks

Number of Indications - Size                      

Material Type:

Verification on record

Light Meter

 
Post-Intensity (µW/cm²): > 1000 µW/cM2
Post-Intensity (Foot-Candles):

Weld Identification or Part 
Number

C
on

di
tio

n

A
cc

ep
t

Pre-Intensity (µW/cm²):

 
 

 
11F017 Certification #:  

Lighting Type Section

Form c (Water Suspendable)
Form d (Nonaqueous)

Not Used

Method A (Water Washable)
Method B (Post-Emulsifiable Lipophilic)

> 1000 µW/cM2

Pre-Intensity (Foot-Candles):

Method C (Solvent Removable) 
Method D (Post-Emulsifiable Hydrophilic)

Penetrant Type
X
 

Removal Method
Type I (Fluorescent)
Type II (Visible)

Certification #:

Developer Type

Skillet 10SK      B
√
√

A
lig

ne
d

R
ej

ec
t

C
ra

ck

La
p

L.
O

.F
.

Po
ro

si
ty

Se
am

Sl
ag

Type of Discontinuity

D
ia

m
et

er

Le
ng

th

U
nd

er
cu

t

Li
ne

ar

R
ou

nd
ed

Seasoned
Un-seasoned
Un-seasoned

Seasoned
Skillet 10SK      C
Oval LJ05H3    D

Skillet 10SK      A

√
√

1 ≥ 1/16", 2 @ 1/32", 

1@1/8", 1@3/32", 2@1/16", 7@1/32"

1@1/8", 3@1/16", 11@1/32"

1@1/16", 4@1/32"

Diameter:

Sensitivity Level:
(Type I only)

3

Certification #:

X

Lighting Equipment

Fixed

Length: NA

Form a (Dry Powder)
Form b (Water Soluble)

Cal Date:
Serial:
Model:

Cal Due:

Spectroline
1519510 and 1519511

3/20/2013
3/20/2014

Structure: 10" Cast Iron Skillets, 13" Oval
Thickness: Approx 1/8" to 3/16"

X
X

Cast Iron
10" and 13"

David W. Ivey III

ASNT 67926
Certification Number Authorized Inspector

Customer Reviewer

Sketch/Drawing/Location of Discontinuity Images Attached: X Yes No

12 Photos Attached

Note 1    Inspect per QOP 9-PT-1, except use no developer and do not post clean items.  Document size and number of indications.  Send items thru commercial dishwashing 
cycle and re-inspect inside surface with blacklight (do not preclean or use dye for this inspection) and again record size and number of indications observed.

Note 2    Initial inspection revealed all samples have numerous small indications ≤ to 1/64" in diameter.  The unseasoned samples displayed 4-6 times the number of small 
indications as the seasoned samples. (These small indications were too numerous to count.)

ICS Technician (Print) ICS Technician (Sign) Level

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 2 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 3 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 4 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 5 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 6 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 7 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 8 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 9 of  13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 10 of 13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 11 of 13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 12 of 13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132A

Page 13 of 13 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132B

Page 1 of  5 

Rev: Acceptance Standard:

Portable

  
  

Structure: 10" Cast Iron Skillets, 13" Oval
Thickness: Approx 1/8" to 3/16"

X
X

Cast Iron
10" and 13" Length: NA

Form a (Dry Powder)
Form b (Water Soluble)

Cal Date:
Serial:
Model:

Cal Due:

Spectroline
1519510 and 1519511

3/20/2013
3/20/2014

Diameter:

Sensitivity Level:
(Type I only)

3

Certification #:

X

Lighting Equipment

Fixed

1 @ 1/16", 2 @ 1/32", See note 3

2 @ 1/32, See note 3

Reinspection after Wash
Reinspection after Wash

Seasoned
Seasoned

Skillet 10SK      A √
√

A
lig

ne
d

R
ej

ec
t

C
ra

ck

La
p

L.
O

.F
.

Po
ro

si
ty

Se
am

Sl
ag

Type of Discontinuity

D
ia

m
et

er

Le
ng

th

U
nd

er
cu

t

Li
ne

ar

R
ou

nd
ed

Oval LJ05H3    D

Lighting Type Section

Form c (Water Suspendable)
Form d (Nonaqueous)

Not Used

Method A (Water Washable)
Method B (Post-Emulsifiable Lipophilic)

> 1000 µW/cM2

Pre-Intensity (Foot-Candles):

Method C (Solvent Removable) 
Method D (Post-Emulsifiable Hydrophilic)

Penetrant Type
X
 

Removal Method
Type I (Fluorescent)
Type II (Visible)

Certification #:

Developer Type

Pre-Intensity (µW/cm²):

 
 

 
11F017 Certification #:  

Drawing Number:
2/19/2014

Inspection Procedure: ICS QOP 9-PT-1

Customer: Lodge Manufacturing

Remarks

Number of Indications - Size                      

Material Type:

Verification on record

Light Meter

 
Post-Intensity (µW/cm²): > 1000 µW/cM2
Post-Intensity (Foot-Candles):

Weld Identification or Part 
Number

C
on

di
tio

n

A
cc

ep
t

Material/Lighting and Inspection Information Section
2 seasoned, 2 un-seasoned

Date:

ataD droceR - deificepS enoN5

Black
White

X

Surface Conditions:

N/AJob Location: Chattanooga, TN
Customer Job #: PO 59077
ICS WO#: 140132

Sketch/Drawing/Location of Discontinuity Images Attached: X Yes No

4 Photos Attached

Note 1    Inspect per QOP 9-PT-1, except use no developer and do not post clean items.  Document size and number of indications.  Send items thru commercial dishwashing 
cycle and re-inspect inside surface with blacklight (do not preclean or use dye for this inspection) and again record size and number of indications observed.

Note 2    Initial inspection revealed all samples have numerous small indications ≤ to 1/64" in diameter.  The unseasoned samples displayed 4-6 times the number of small 
indications as the seasoned samples. (These small indications were too numerous to count.)

Note 3    Reinspection revealed all samples have many small indications ≤ to 1/64" in diameter, but fewer in number than observed at the initial inspection.

eweiveR remotsuCleveL)ngiS(naicinhceT SCI)tnirP(naicinhceT SCI r

Certification Number Authorized Inspector

David W. Ivey III

ASNT 67926

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132B

Page 2 of  5 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132B

Page 3 of  5 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132B

Page 4 of  5 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132B

Page 5 of  5 

 2815 Belle Arbor Ave Chattanooga, TN 37406
Phone: (423) 493-0097 Fax: (423) 698-1625 Form 6/30/13



Ivey Cooper
SERVICES, LLC

Liquid Penetrant Inspection Report Report Number:140132D

Page 1 of  4 

Rev: Acceptance Standard:

Portable

  
  

Structure: SS Pots 3.4 Qt and 1.9 Qt
Thickness: Approx 1/16"

X
X

Stainless Steel
N/A :htgneL:retemaiD NA

Form a (Dry Powder)
Form b (Water Soluble)

Cal Date:
Serial:
Model:

Cal Due:

Spectroline
1519510 and 1519511

3/20/2013
3/20/2014

Lighting Type Section

Form c (Water Suspendable)
Form d (Nonaqueous)

Sensitivity Level:
(Type I only)

3

Certification #:

X

Lighting Equipment

Fixed

1@1/2", 3@3/32", 2@1/16", 6@1/32"

See Note 2

1 @ 1/2", 2 @ 1/32" See Note 3

See Note 3

√
√

Post Wash Inspection
Post Wash Inspection

R
ou

nd
ed

Pot SS 3.4 Qt
Brushed
Brushed

Brushed
Brushed

Pot SS 1.9 Qt
Pot SS 3.4 Qt

Initial Inspection
Initial Inspection

 
 

11F017

Pot SS 1.9 Qt √
√

A
lig

ne
d

R
ej

ec
t

C
ra

ck

La
p

L.
O

.F
.

Po
ro

si
ty

Se
am

Sl
ag

Type of Discontinuity

D
ia

m
et

er

Le
ng

th

U
nd

er
cu

t

Li
ne

ar

Drawing Number:
2/20/2014

Inspection Procedure: ICS QOP 9-PT-1

Customer: Lodge Manufacturing

Not Used

Method A (Water Washable)
Method B (Post-Emulsifiable Lipophilic)

> 1000 µW/cM2

Pre-Intensity (Foot-Candles):

Method C (Solvent Removable) 
Method D (Post-Emulsifiable Hydrophilic)

Penetrant Type
X
 

Removal Method
Type I (Fluorescent)
Type II (Visible)

Certification #:

Developer Type

Remarks

Number of Indications - Size                      

Material Type:

Verification on record

Light Meter

 
Post-Intensity (µW/cm²): > 1000 µW/cM2
Post-Intensity (Foot-Candles):

Weld Identification or Part 
Number

C
on

di
tio

n

A
cc

ep
t

Certification #:  

Pre-Intensity (µW/cm²):

 

Material/Lighting and Inspection Information Section
Final Brushed Surface

Date:

ataD droceR - deificepS enoN5

Black
White

X

Surface Conditions:

N/AJob Location: Chattanooga, TN
Customer Job #: PO 59077
ICS WO#: 140132

Sketch/Drawing/Location of Discontinuity Images Attached: X Yes No

3 Photos Attached
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From: CWeight@dennys.com
To: Trecia Johnson
Cc: LScaglione@dennys.com; thall@dennys.com
Subject: Re: FW: Maricopa County/Fajita Skillet
Date: Thursday, February 13, 2014 3:19:07 PM
Attachments: Weight_Cindy.vcf

Skillet cleaning procedures.pdf

Hi Trish, 

Here is the information you requested. 

Cindy Weight 
Sr. Manager 
 Brand Protection, Quality and Regulatory Compliance 
cweight@dennys.com 
Cell: 503-481-4979 
Fax: 864:597-6910 

America's diner is always open 

CONFIDENTIALITY NOTICE: This e-mail communication and any attachments may contain proprietary
and privileged information for the use of the designated recipients named above. Any unauthorized
review, use, disclosure or distribution is prohibited. If you are not the intended recipient, please contact
the sender by reply e-mail and destroy all copies of the original message.

From:        Trecia Johnson <tjohnson@lodgemfg.com> 
To:        "thall@dennys.com" <thall@dennys.com>, "CWeight@dennys.com" <CWeight@dennys.com>, "LScaglione@dennys.com"
<LScaglione@dennys.com>, 

Date:        02/13/2014 03:20 PM 
Subject:        FW: Maricopa County/Fajita Skillet 

Good afternoon. My name is Trecia Johnson. I am working with Greg Myers on an FDA
project involving the usage of Cast Iron as a serving utensil.  We would like to identify the
exact commercial cleaning method of serving utensils in your  restaurant. We believe this is a
highly critical aspect to be presented to the FDA committee.   I just wanted to follow up with
you and ask if you would be so kind as to email the cleaning process.  
  

mailto:CWeight@dennys.com
mailto:tmartin@lodgemfg.com
mailto:LScaglione@dennys.com
mailto:thall@dennys.com

BEGIN:VCARD
X-LOTUS-CHARSET:UTF-8
VERSION:3.0
PRODID:-//Lotus Development Corporation//NONSGML Notes 8.5.3//EN_C
FN:Cindy Weight/ARG
N:Weight;Cindy;;;
ADR;TYPE=WORK;TYPE=PREF:Field;;;;;;
TEL;TYPE=WORK:864-597-8800
EMAIL;TYPE=WORK;TYPE=PREF;TYPE=INTERNET:CWeight@dennys.com
ORG:Denny's Inc.;9514
REV:20140130T143928Z
END:VCARD





SKILLET SMALLWARES 
Equipment Required: 
Bus Tub 
Dishmachine 
Products Required: 
Pot and Pan Detergent 
PAM 
Oasis 137 Orange Force 
Skillets 
1. Fill a bus tub in the dish area with liquid pot and pan detergent. 
2. After bussing tables, remove all food from skillet and place in bus tub to 
soak. 
3. This will cool the skillet down as well as make it easier to clean. 
4. Do not soak silverware and skillets together – this may cause silverware to 
rust. 
5. After soaking, remove skillets from bus tub and wash in dish machine. 
6. Allow to air dry completely. 
7. Once dry, service assistants must season skillets to prevent rust. Spray a 
light coat of PAM onto entire surface of skillet.�







Please advise if there is a: 
  
1.      Pre-soak / pre-spray 
2.      Mild scrub as needed 
3.      Followed by Commercial Cleaning  with (Low or High Temperature) Dish Washer 
4.      Air Dry 
5.      Re-oil 
  
Thank you so much, I greatly appreciate your assistance. 
  
  
Trecia Johnson 
Customer Compliance and  Logistics Manager 
Lodge Manufacturing
204 East 5th Street
South Pittsburg, TN 37380
423.837.7181 office 
423.637-2086 cell 
423.837-8279 fax 
tjohnson@lodgemfg.com 
  

 
          

        
Made in the USA 
  
  
  
  
  
  
  
From: Greg Myers 
Sent: Tuesday, January 28, 2014 2:14 PM
To: Trecia Johnson
Subject: FW: Maricopa County/Fajita Skillet 
  
Here is the first email from Denny’s. 
  
Greg Myers 
Lodge Manufacturing 
Divisional Sales Manager 
Foodservice Division 
T: 423 837 7181 
Direct: 423 305 6575 
gmyers@lodgemfg.com 

mailto:lriddle@lodgemfg.com
mailto:gmyers@lodgemfg.com


www.Lodgemfg.com 
  
  
From: CWeight@dennys.com [mailto:CWeight@dennys.com] 
Sent: Friday, January 27, 2012 12:15 PM
To: Greg Myers
Cc: LScaglione@dennys.com; THall@dennys.com
Subject: RE: Maricopa County/Fajita Skillet 
  
Greg, 

Maricopa County, AZ has adopted the Federal 2009 Food Code in it's entirety.  The applicable section
is 4-101.12. which reads: 

Cast Iron, Use, Limitation 
(A) Except as specified in (B) and (C) of this section cast iron may not be used for utensils or food-
contact surfaces of equipment. 

(B) cast iron may be used as a surface for cooking. 

(C) Cast iron may be used in utensils for serving food if the utensils are used only as part of an
uninterrupted process from cooking through service. 

Cindy Weight 
Denny's 
Sr. Manager, Brand Protection, Quality 
cweight@dennys.com 
Cell: 503-481-4979 
Fax: 864:597-6910 
Office: 864-597-8810 ext 65531 

From:        "Greg Myers" <gmyers@lodgemfg.com> 
To:        <THall@dennys.com> 
Cc:        <CWeight@dennys.com>, <LScaglione@dennys.com> 
Date:        01/27/2012 12:59 PM 
Subject:        RE: Maricopa County/Fajita Skillet

Tom, I have a call out to Michelle. I am trying to get a hard copy/language of the code. I have spoken with two
different departments so far trying to access this info. More to come… 
 
Greg Myers 
Lodge Manufacturing 
Divisional Sales Manager 
Foodservice Division 
T: 423 837 7181 

http://www.lodgemfg.com/
mailto:CWeight@dennys.com
mailto:CWeight@dennys.com
mailto:LScaglione@dennys.com
mailto:THall@dennys.com
mailto:cweight@dennys.com
mailto:gmyers@lodgemfg.com
mailto:THall@dennys.com
mailto:CWeight@dennys.com
mailto:LScaglione@dennys.com


Direct: 423 305 6575 
gmyers@lodgemfg.com 
www.Lodgemfg.com 
 
 
From: THall@dennys.com [mailto:THall@dennys.com] 
Sent: Friday, January 27, 2012 11:56 AM
To: Greg Myers
Cc: CWeight@dennys.com; LScaglione@dennys.com
Subject: Maricopa County/Fajita Skillet 
 

Greg,

Thanks for taking my call. I am going to give you Michelle Roemersberger's information on this email
as well.

Michelle Roemersberger, Maricopa County Health Inspector 
602-506-6942
mroemersberger@mail.maricopa.gov

I will contact you on conference call with Maricopa County. 
Tom Hall
Sr. Manager
Quality Assurance
Denny's Brand Protection
317-771-3757
thall@dennys.com

mailto:gmyers@lodgemfg.com
file:////c/www.Lodgemfg.com
mailto:THall@dennys.com
mailto:THall@dennys.com
mailto:CWeight@dennys.com
mailto:LScaglione@dennys.com
mailto:mroemersberger@mail.maricopa.gov
mailto:thall@dennys.com
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From: Tijerina, Robert
To: Trecia Johnson
Subject: RE: Cast Iron
Date: Thursday, February 13, 2014 6:13:17 PM

Yes…with the exception of the oil treatment that should follow.  But, most of our restaurants
are not rubbing the oil into the cast iron, they are just spraying it, with an oil bottle.
 
Robert G. Tijerina
Category Leader, Carlson Restaurants
T: +1 (972) 662-4677 | F: +1 (972) 307-6087 | mailto:rtijerina@carlson.com
4201 Marsh Lane | Carrollton, TX 75007 | U.S.A. | www.carlson.com |
www.tgifridays.com
 

 
From: Trecia Johnson [mailto:tjohnson@lodgemfg.com] 
Sent: Thursday, February 13, 2014 6:00 PM
To: Tijerina, Robert
Subject: RE: Cast Iron
 
Thank you for the feedback.  Would it be correct to say that cast iron is treated the same as the other
dishes as far as cleaning is concerned?
 
 
Trecia Johnson
Customer Compliance and  Logistics Manager 
Lodge Manufacturing
204 East 5th Street
South Pittsburg, TN 37380
423.837.7181 office
423.637-2086 cell
423.837-8279 fax
tjohnson@lodgemfg.com
 

         

      
Made in the USA
 
 
 

mailto:rtijerina@carlson.com
mailto:tmartin@lodgemfg.com
mailto:rtijerina@carlson.com
http://www.carlson.com/
http://www.tgifridays.com/
mailto:lriddle@lodgemfg.com
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From: Tijerina, Robert [mailto:rtijerina@carlson.com] 
Sent: Thursday, February 13, 2014 5:59 PM
To: Trecia Johnson
Subject: RE: Cast Iron
 
They are sprayed off.  Thank you.
 
Robert G. Tijerina
Category Leader, Carlson Restaurants
T: +1 (972) 662-4677 | F: +1 (972) 307-6087 | mailto:rtijerina@carlson.com
4201 Marsh Lane | Carrollton, TX 75007 | U.S.A. | www.carlson.com |
www.tgifridays.com
 

 
From: Trecia Johnson [mailto:tjohnson@lodgemfg.com] 
Sent: Thursday, February 13, 2014 5:56 PM
To: Tijerina, Robert
Subject: RE: Cast Iron
 
Are the dishes pre-soaked, or sprayed off prior to putting in the commercial dishwashers?
 

From: Tijerina, Robert [mailto:rtijerina@carlson.com] 
Sent: Thursday, February 13, 2014 5:54 PM
To: Trecia Johnson
Subject: RE: Cast Iron
 
Trecia – I found out that we do not have a formalized process that our restaurants follow in
caring for our cast-iron griddles.  But, they do wash and sanitize in a high temp dishwasher. 
Some restaurants will spray oil/treat the griddles once washed, but not all of them.
 
Thank you.
Robert G. Tijerina
Category Leader, Carlson Restaurants
T: +1 (972) 662-4677 | F: +1 (972) 307-6087 | mailto:rtijerina@carlson.com
4201 Marsh Lane | Carrollton, TX 75007 | U.S.A. | www.carlson.com |
www.tgifridays.com
 

 
From: Trecia Johnson [mailto:tjohnson@lodgemfg.com] 
Sent: Thursday, February 13, 2014 11:51 AM
To: Tijerina, Robert

mailto:rtijerina@carlson.com
mailto:rtijerina@carlson.com
http://www.carlson.com/
http://www.tgifridays.com/
mailto:tjohnson@lodgemfg.com
mailto:rtijerina@carlson.com
mailto:rtijerina@carlson.com
http://www.carlson.com/
http://www.tgifridays.com/
mailto:tjohnson@lodgemfg.com
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Highlight

tjohnson
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Subject: RE: Cast Iron
 
Good morning.  I just wanted to follow up with you.  Have you been able to confirms the exact
process for commercial cleaning in Friday’s. 
 
Is there a:
 
pre-wash / soak
followed by dishwasher (low or high temperature washer)
air dry
then re-oil
 
We are working on an FDA project involving the usage of Cast Iron as a serving utensil.  This
information would greatly assist. 
 
Thanks again,
 
 
Trecia Johnson
Customer Compliance and  Logistics Manager 
Lodge Manufacturing
204 East 5th Street
South Pittsburg, TN 37380
423.837.7181 office
423.637-2086 cell
423.837-8279 fax
tjohnson@lodgemfg.com
 

         

      
Made in the USA
 
 
 

From: Tijerina, Robert [mailto:rtijerina@carlson.com] 
Sent: Friday, February 07, 2014 5:47 PM
To: Trecia Johnson
Subject: RE: Cast Iron
 
Trecia -  so that I don’t mislead anyone, I’ve requested this info from QA.  I’ll get back to
you.
 
Robert G. Tijerina
Category Leader, Carlson Restaurants
T: +1 (972) 662-4677 | F: +1 (972) 307-6087 | mailto:rtijerina@carlson.com

mailto:lriddle@lodgemfg.com
mailto:rtijerina@carlson.com
mailto:rtijerina@carlson.com


4201 Marsh Lane | Carrollton, TX 75007 | U.S.A. | www.carlson.com |
www.tgifridays.com
 

 
From: Trecia Johnson [mailto:tjohnson@lodgemfg.com] 
Sent: Friday, February 07, 2014 2:19 PM
To: Tijerina, Robert
Subject: FW: Cast Iron
 
Good afternoon, my name is Trecia Johnson.  I work in the Compliance department for Lodge
Manufacturing.  I am working with Greg Myers on the FDA project involving Cast iron as a serving
utensil. Can you confirm the exact process regarding the cleaning of cast iron items.
 
Is there a pre-wash / soak, followed by dishwasher (low or high temperature washer), air dry, then re-
oil?
 
Thank you so much for all of your assistance,
 
 
Trecia Johnson
Customer Compliance and  Logistics Manager 
Lodge Manufacturing
204 East 5th Street
South Pittsburg, TN 37380
423.837.7181 office
423.637-2086 cell
423.837-8279 fax
tjohnson@lodgemfg.com
 

         

      
Made in the USA
 
 
 

From: Greg Myers 
Sent: Friday, January 24, 2014 10:47 AM
To: Trecia Johnson
Subject: FW: Cast Iron
 

http://www.carlson.com/
http://www.tgifridays.com/
mailto:tjohnson@lodgemfg.com
mailto:lriddle@lodgemfg.com


Fridays
 
Greg Myers
Lodge Manufacturing
Divisional Sales Manager
Foodservice Division
T: 423 837 7181
Direct: 423 305 6575
gmyers@lodgemfg.com
www.Lodgemfg.com
 
 

From: Tijerina, Robert [mailto:rtijerina@carlson.com] 
Sent: Monday, January 20, 2014 10:02 PM
To: Greg Myers
Subject: RE: Cast Iron
 
They are running them through dish, Greg.  Thank you.

From: Greg Myers [gmyers@lodgemfg.com]
Sent: Monday, January 20, 2014 11:44 AM
To: Tijerina, Robert
Subject: Cast Iron

Robert, I am working on a FDA project and needed some info. Can you tell how your stores are
washing our cast iron pieces? Are they running them through the dishwasher or cleaning them in a 3
compartment sink?
 
Thank you for your help!
 
Greg Myers
Lodge Manufacturing
Divisional Sales Manager
Foodservice Division
T: 423 837 7181
Direct: 423 305 6575
gmyers@lodgemfg.com
www.Lodgemfg.com
 
 

mailto:gmyers@lodgemfg.com
http://www.lodgemfg.com/
mailto:rtijerina@carlson.com
mailto:gmyers@lodgemfg.com
http://www.lodgemfg.com/


From: Caldera, Amanda
To: Trecia Johnson
Cc: Nystrom, Kix; Greg Myers
Subject: RE: Lodge Cast Iron
Date: Thursday, February 13, 2014 6:23:05 PM

Yes.
 
Amanda Z. Caldera
Senior Purchasing Assistant
The Cheesecake Factory Incorporated
26901 Malibu Hills Road 
Calabasas Hills, CA 91301
(  (818) 871-3000 Ext.3330 
* ACaldera@TheCheesecakeFactory.com
E-Fax: 1-877-554-8332
Nothing will work unless you do.
The portal is your friend!

“This message and any attachments are solely for the intended recipient and may contain confidential or
privileged information. If you are not the intended recipient, any disclosure, copying, use, or distribution of the
information included in this message and any attachments is prohibited. If you have received this
communication in error, please notify us by reply e-mail and immediately and permanently delete this message
and any attachments. Thank you." 

 

From: Trecia Johnson [mailto:tjohnson@lodgemfg.com] 
Sent: Thursday, February 13, 2014 4:20 PM
To: Caldera, Amanda
Cc: Nystrom, Kix; Greg Myers
Subject: RE: Lodge Cast Iron
 
Thank you so much for providing this information. I will advise if the issue we present is accepted by
the FDA committee that meets in May. 
 
Is it accurate to say that with the acceptation of re-oiling the cast iron, that the cast iron piece are
cleaned the same as all other dishes?
 
 
Trecia Johnson
Customer Compliance and  Logistics Manager 
Lodge Manufacturing
204 East 5th Street
South Pittsburg, TN 37380
423.837.7181 office
423.637-2086 cell

mailto:acaldera@thecheesecakefactory.com
mailto:tmartin@lodgemfg.com
mailto:knystrom@thecheesecakefactory.com
mailto:gmyers@lodgemfg.com
http://us.greatrated.com/cheesecake-factory
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423.837-8279 fax
tjohnson@lodgemfg.com
 

         

      
Made in the USA
 
 
 

From: Caldera, Amanda [mailto:acaldera@thecheesecakefactory.com] 
Sent: Thursday, February 13, 2014 6:17 PM
To: Trecia Johnson
Cc: Nystrom, Kix; Greg Myers
Subject: RE: Lodge Cast Iron
 
Hello,
 
Per the Chef the cast iron pieces are:
 

1.       Mild scrub as needed
2.       Commercial Cleaned with High Temperature Hobart dishwasher
3.       Air Dry
4.       Re-oil

 
 
Please lets us know if/when you get your certification.
 
 
Thank you,
Amanda Z. Caldera
Senior Purchasing Assistant
The Cheesecake Factory Incorporated
26901 Malibu Hills Road 
Calabasas Hills, CA 91301
(  (818) 871-3000 Ext.3330 
* ACaldera@TheCheesecakeFactory.com
E-Fax: 1-877-554-8332
Nothing will work unless you do.
The portal is your friend!

mailto:lriddle@lodgemfg.com
mailto:ACaldera@TheCheesecakeFactory.com
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“This message and any attachments are solely for the intended recipient and may contain confidential or
privileged information. If you are not the intended recipient, any disclosure, copying, use, or distribution of the
information included in this message and any attachments is prohibited. If you have received this
communication in error, please notify us by reply e-mail and immediately and permanently delete this message
and any attachments. Thank you."

 

From: Trecia Johnson [mailto:tjohnson@lodgemfg.com] 
Sent: Thursday, February 13, 2014 12:07 PM
To: Caldera, Amanda; Nystrom, Kix
Subject: FW: Lodge Cast Iron
 
Good afternoon, my name is Trecia Johnson.  I work in the Compliance department for Lodge
Manufacturing.  I am working with Greg Myers on the FDA project involving Cast iron as a serving
utensil. Can you confirm the exact process regarding the cleaning of cast iron items.
 
Is there a pre-wash / soak prior to putting dishes in the dishwasher?  If so, can you confirm the
process please:
 
Please confirm or advise if commercial cleaning involves the following process:

1.       Pre-soak / or Pre-Spray
2.        Mild scrub as needed
3.        Commercial Cleaning  with (Low or High Temperature) Dish Washer
4.        Air Dry
5.        Re-oil

 
Thank you so much for all of your assistance,
 
 
Trecia Johnson
Customer Compliance and  Logistics Manager 
Lodge Manufacturing
204 East 5th Street
South Pittsburg, TN 37380
423.837.7181 office
423.637-2086 cell
423.837-8279 fax
tjohnson@lodgemfg.com
 

         

http://us.greatrated.com/cheesecake-factory
mailto:tjohnson@lodgemfg.com
mailto:lriddle@lodgemfg.com


      
Made in the USA
 
 
 
 

From: Greg Myers 
Sent: Friday, January 24, 2014 10:47 AM
To: Trecia Johnson
Subject: FW: Lodge Cast Iron
 
Cheesecake factory
 
Greg Myers
Lodge Manufacturing
Divisional Sales Manager
Foodservice Division
T: 423 837 7181
Direct: 423 305 6575
gmyers@lodgemfg.com
www.Lodgemfg.com
 
 

From: Caldera, Amanda [mailto:acaldera@thecheesecakefactory.com] 
Sent: Monday, January 20, 2014 5:16 PM
To: Greg Myers
Subject: FW: Lodge Cast Iron
 
FYI
 
Amanda Z. Caldera
Senior Purchasing Assistant
The Cheesecake Factory Incorporated
26901 Malibu Hills Road 
Calabasas Hills, CA 91301 
T: (818) 871-3000 Ext.3330 
E-Fax: 1-877-554-8332
E:ACaldera@TheCheesecakeFactory.com
The portal is your friend.  
 

 
"This message and any attachments are solely for the intended recipient and may contain confidential or privileged information. If you
are not the intended recipient, any disclosure, copying, use, or distribution of  the information included in this  message and any
attachments is prohibited. If you have received this  communication in error, please notify us by reply e-mail and immediately and
permanently delete this  message and any attachments. Thank you."

 

mailto:gmyers@lodgemfg.com
http://www.lodgemfg.com/
mailto:acaldera@thecheesecakefactory.com


From: Nystrom, Kix 
Sent: Monday, January 20, 2014 3:07 PM
To: Caldera, Amanda; Chisholm, Ryan
Cc: Howard, Wade
Subject: RE: Lodge Cast Iron
 
Dish machine air dry and re-oil. Kix
 
Kix McGinnis Nystrom
 

Vice President of Kitchen Operations
 

The Cheesecake Factory Restaurants, Inc.
 

Office    818- 871-3077
 

Cell     818- 522-7445
 

Fax     866-743-1783
 

knystrom@thecheesecakefactory.com
The information contained in the transmission maybe confidential and legally privileged.  If the person receiving this
message is not intended recipient, Please advise the sender and delete this transmission and all copies.  Thank you for
your cooperation
 

From: Caldera, Amanda 
Sent: Monday, January 20, 2014 10:02 AM
To: Chisholm, Ryan; Nystrom, Kix
Cc: Howard, Wade
Subject: RE: Lodge Cast Iron
 
Hello,
 
Please advise.
 
Amanda Z. Caldera
Senior Purchasing Assistant
The Cheesecake Factory Incorporated
26901 Malibu Hills Road 
Calabasas Hills, CA 91301 
T: (818) 871-3000 Ext.3330 
E-Fax: 1-877-554-8332
E:ACaldera@TheCheesecakeFactory.com
The portal is your friend.  
 

 
"This message and any attachments are solely for the intended recipient and may contain confidential or privileged information. If you
are not the intended recipient, any disclosure, copying, use, or distribution of  the information included in this  message and any
attachments is prohibited. If you have received this  communication in error, please notify us by reply e-mail and immediately and
permanently delete this  message and any attachments. Thank you."

 
From: Greg Myers [mailto:gmyers@lodgemfg.com] 
Sent: Monday, January 20, 2014 9:48 AM
To: Caldera, Amanda
Subject: Lodge Cast Iron

outbind://5-0000000035a382fe84ff77438a7bac5263cac40a07006d3220447f5dbe4f949a1357d70a7b9700ac7fdeb1c600000acb4ea2a3336347af1af1425499ba4600add2a171790000/knystrom@thecheesecakefactory.com
mailto:gmyers@lodgemfg.com


 
Happy New Year Amanda!
 
I am working on a FDA project and would like to know how your stores are washing the mini cast
iron pieces? Are they running them through the dishwasher or using a three compartment sink?
 
Thank for the feedback!
 
 
Let me know if there is anything I can do for you!
 
Greg Myers
Lodge Manufacturing
Divisional Sales Manager
Foodservice Division
T: 423 837 7181
Direct: 423 305 6575
gmyers@lodgemfg.com
www.Lodgemfg.com
 
 

mailto:gmyers@lodgemfg.com
http://www.lodgemfg.com/


From: Bri Malaspino
To: Sean Bowden
Cc: Trecia Johnson
Subject: Re: Western Sizzlin Skillet Washing Process
Date: Saturday, February 15, 2014 3:10:47 PM

Hi Sean,
Thank you for taking the time to write this detailed description. I very much appreciate your time, as
well as the time your staff gave us.

It was a pleasure to meet part of your team and work with them as they described/demonstrated their
process.
Thanks again.
Bri Malaspino
Creative Manager // Lodge Cast Iron

On Feb 15, 2014, at 3:01 PM, "Sean Bowden" <seanbowden74@gmail.com> wrote:

> Ms. Bri Malaspino,
>
> This is the e-mail that you requested detailing our process for the use of Lodge Cast Iron Platters
which we use for our "Sizzlin Platters".  We keep our platters stacked on a stainless shelf behind our
cooks grill.  When a steak is nearing the end of its cooking, the cook sprays a platter with a generous
coating of non-stick cooking spray "Pam" just on the food contact surface.  The cook then places the
platter on an induction cooktop surface set on the highest setting.  When the platter is hot, they put the
steak on the platter and put the platter on a wooden serving base. The server delivers the platter on
the base and when the customer is done, the server places the cooled platter and base into a bustub. 
The person washing dishes collects the bustubs and separates the dishes.  They spray off the platters
and bases using a prerinse hose, they scrub with abrasive pad only if needed, rack them onto a
standard rack, and then run the dishes through a conveyor dish machine with chemical sanitizer and
drying agent.  The platters and bases are allowed to drain of water after exiting the machine and then
are carried back to the cooks line shelf where they are restacked for the next use.
>
> We also use Melco Cleveland 44125 aluminum alloy plates on a black plastic base for serving steaks. 
The process for these plates and bases is identical to the platters except for one step.  They are not
sprayed with "Pam" or preheated by induction.  They are just kept warm under a standard "Glo-Ray"
Foodwarmer.  The process for serving, cleaning and storing the plates is the same as the platters.
>
> I hope this helps.  If you have any questions or need further clarification, don't hesitate to e-mail or
call the steakhouse at 423-942-5777.
>
> Respectfully,
>
> Sean Bowden
>
> Manager
 
Western Sizzlin Skillet Washing Steps
1.  Pre-Rinse / Spray
2.  Scrub As needed
3.  Low Temperature Dishwasher
4.  Air Dry
5.  Re-oil 

mailto:/O=FIRST ORGANIZATION/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=BMALASPINO
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Cast Iron & Stainless Steel PT Indications - Conversion Chart

Identification Condition Inches mm Type of Discontinuity

Item A Seasoned Cast Iron 1 ≥ 1/16" , 2@1/32" 1 ≥ 1.5875mm ,  2@0.79375mm Rounded 

Item D Seasoned Cast Iron 1 @ 1/16" , 4@1/32" 1@1.5875mm , 4@0.79375mm Rounded 

Item B Unseasoned Cast Iron 1@1/8" , 1@3/32" ,  2@1/16" ,  7@1/32" 1@3.175mm , 1@2.38125mm ,  2@1.5875mm ,  7@0.79375mm Rounded 

Item C Unseasoned Cast Iron 1@1/8" ,  3@1/16" ,  11@1/32" 1@3.175mm , 3@1.5875mm ,  11@0.79375mm Rounded 

Identification Condition Inches mm Type of Discontinuity

Item A Seasoned Cast Iron 1@1/16" , 2@1/32" , multiple ≤ 1/64" 1 ≥ 1.5875mm ,  2@0.79375mm  , multiple ≤ 0.396875mm Rounded 

Item D Seasoned Cast Iron 2@1/32" , multiple ≤ 1/64" 2@0.79375mm , multiple ≤ 0.396875mm Rounded 

Identification Condition Inches mm Type of Discontinuity

SS 1.9 Qt Brushed 1 @ 1/2" , 3@3/32"  ,  2@1/16  ,  6@1/32 1@12.7mm ,  3@2.38125mm  ,  2@1.5875mm  ,  6@0.79375mm Rounded 

SS 3.4 Qt Brushed multiple ≤ 1/64" multiple ≤ 0.396875mm Rounded 

Identification Condition Inches mm Type of Discontinuity

SS 1.9 Qt Brushed 1 @1/2" , 2@1/32"  , multiple ≤ 1/64" 1@12.7mm ,  2@0.79375mm  ,  multiple ≤ 0.396875mm Rounded 

SS 3.4 Qt Brushed multiple ≤ 1/64" multiple ≤ 0.396875mm Rounded 

Dye Penetrant Inspection 

For Welds and Materials per ASME Section VIII, Appendix 8

Indications with major dimensions greater than 1/16" shall be considered relevant 

The following revelevant indications are unacceptable:

      All relevant linear indications 

      Rounded indications greater than 3/16"  (4.8mm)

      Four or more rounded indications in a line separated by 1/16' (1.6mm) or less edge to edge

For evaluation, the maximum dimension of rounded indications shall be considered as its size.

Indications are rejectable as defects if:

a. Individual indications are ≥ 1/8" (3.17mm)

b. Distribution of scattered rounded indication exceed concentration API 1104 (Standard for Welding Pipelines and related facilities)

c. Clustered rounded indications > 1/2" (12.7mm)

d. Combined length of clustered indications > 1/2" in any 12' (304.8mm) weld

e. Any individual indication in a cluster > 1/16" (1.59mm)

Afterwash PT Inspection Indications

IndicationsInitial PT Inspection

Afterwash PT Inspection Indications

PT Inspection Indications



Attachment #12 

The scientific data performed by use of liquid penetrant, has been utilized to show the level of porosity, 

equivalent cleanability, and ability to withstand oxidation.  Liquid penetrant is a type of porosity test used 

to analyze the level of surface flaws.  

All scientific data has been officially signed by the technicians performing the examination.  To view these 

documents please click on the links below. 

 

To view all the attachments: 

https://www.dropbox.com/sh/jebe88disvr5sdu/EtRKk-GgB0 

 

To view attachment #2 only: 

https://www.dropbox.com/sh/5cdicqtedhcvgmb/N1w74F_fNj 

 

To view attachment #3 only: 

https://www.dropbox.com/sh/zjucudtba511ygo/0dpt4tJCYx 

 

To view attachment #4 only: 

https://www.dropbox.com/sh/b2qli2dtz1uvn7q/GsvkRV6Pre 
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ABSTRACT  20 

A potentially hazardous food (PHF) requires time/temperature control to maintain safety. 21 

The US Food and Drug Administration would classify most cheeses as PHF based on pH and aw, 22 

and a product assessment would be required to evaluate safety for >6 h  storage at 21°C. We 23 

tested the ability of 67 market cheeses to support growth of Listeria monocytogenes (LM), 24 

Salmonella spp. (SALM), Escherichia coli O157:H7 (EC), and Staphylococcus aureus (SA) over 25 

15-day storage at 25°C. Hard (Asiago and Cheddar), semi-hard (Colby and Havarti), and soft 26 

cheeses (Mozzarella and Mexican-style) were among types tested, and included some reduced-27 

sodium and reduced-fat types. Single-pathogen cocktails were prepared and individually 28 

inoculated onto cheese slices (~105CFU/g). Cocktails were comprised of 10 strains of LM, six of 29 

SALM, or five of EC or SA. Inoculated slices were vacuum packaged and stored at 25˚C for < 30 

15 days, with surviving inocula enumerated every three days. Salt-in-the-moisture phase 31 

(%SMP), calculated from measured moisture (%) and salt (%), titratable acidity (%), pH, and aw 32 

were measured. Pathogens did not grow on 53 cheeses, while 14 cheeses supported growth of 33 

SA, six of SALM, four of LM, and three of EC. Of the cheeses supporting pathogen growth, all 34 

supported growth of SA, ranging from 0.57 to 3.08 log CFU/g (avg. 1.70 log CFU/g).  Growth of 35 

SALM, LM, and EC ranged from 1.01 to 2.05 log CFU/g (avg. 2.05 log CFU/g), 0.60 to 2.68 log 36 

CFU/g (avg. 1.60 CFU/g), and 0.41 to 2.90 log CFU/g (avg. 1.69 CFU/g), respectively. Cheese 37 

pH and %SMP most affected pathogen growth, with pH having a dominant effect. Pathogen 38 

growth/no-growth varied within some cheese types or lots. Except for Swiss-type cheeses, mold-39 

or bacterial-ripened cheeses, and cheeses made with non-bovine milk where insufficient data 40 

exists, the pathogen growth/no-growth interface could be modeled and boundary conditions 41 

established for safe, extended storage (<25°C) of cheeses based on pH and %SMP. 42 
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INTRODUCTION 43 

Temperature-dependent storage of most cheeses has three major roles – to allow for 44 

curing/ripening of cheeses that contain added or indigenous bacteria and enzymes, to prevent 45 

quality defects, and to control pathogen growth (3). The 2009 US Food and Drug Administration 46 

(FDA) Food Code (40) defines a potentially hazardous food as a food that requires 47 

time/temperature control to limit the growth of pathogenic microorganisms or toxin formation. In 48 

this publication, potentially hazardous foods are also designated as Time/Temperature Control 49 

for Safety (TCS) foods.  This latter designation has been adopted in the 2013 Food Code (45).  In 50 

both versions of the Food Code, foods with a pH of <4.2 and any aw, or aw of <0.88 and any pH 51 

are not considered potentially hazardous. Foods considered potentially hazardous, unless shown 52 

to be safe by a product assessment, fall into one of the following categories:  aw > 0.88 and pH 53 

>5.0, aw >0.90-0.92 and pH >4.6, or aw >0.92 and pH >4.2. The Food Code indicates that TCS 54 

foods must be maintained at <5°C, or, if placed outside refrigeration, can be stored for up to 6 h 55 

at a temperature no greater than 21°C, after which the product must be discarded.  56 

The composition of many cheeses, when evaluated using the Food Code criteria, places 57 

them into the category of TCS foods, thus limiting the ability of retailers to market the cheeses 58 

under room-temperature conditions which could enhance cheese flavor and aroma (12). The 59 

Food Code-mandated time and temperature control may also limit industry flexibility in the 60 

transportation, handling, and storage of cheeses. It has, however, been suggested that the 61 

biochemical changes that occur during cheese ripening create an environment hostile for 62 

pathogen growth, and that time/temperature control of some cheese is primarily needed to 63 

maintain the organoleptic quality of cheese, not to maintain safety (3). Bishop and Smukowski 64 

conducted a thorough review of the literature available up until 2006 and recommended that 65 
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cheeses meeting certain criteria, e.g. cheeses manufactured in the US with pasteurized or heat-66 

treated milk (>63°C for >16 sec), cheeses manufactured following Good Manufacturing 67 

Practices and under the principles of HACCP (Hazard Analysis and Critical Control Points), and 68 

cheeses manufactured meeting standards of identity outlined in 21 CFR (Code of Federal 69 

Regulations) part 133 (43), should be exempted from refrigeration requirements during ripening, 70 

storage, shipping, and display (3). Bishop and Smukowski recommended that the following 71 

cheeses could meet these criteria: Asiago (medium and old), Cheddar, Colby, Feta, Monterey 72 

Jack, Muenster, Parmesan, Pasteurized process, Provolone, Romano, and Swiss/Emmentaler.   73 

In order to establish whether a particular food, e.g. cheese, can be exempted from TCS-74 

requirements, the Food Code allows processors or retailers to conduct a microbial challenge 75 

study in order to assess the ability of a food product to inhibit pathogenic bacterial growth or 76 

inactivate these microorganisms. The Food and Drug Administration (FDA) has outlined 77 

parameters for conducting such challenge studies (44). 78 

When experts consider the major microbiological hazards across the food supply, the risk 79 

of bacterial illness from dairy products such as milk and cheese can be attributed primarily to 80 

Listeria monocytogenes, Yersinia entercolitica, Campylobacter spp., and non-typhoidal 81 

Salmonella spp. (2).  Between 1990 and 2011, there were 105 reported foodborne illness 82 

outbreaks in the US, with over 2000 illnesses, linked to cheese/cheese products in the US (11).  83 

Pathogens linked to these cheese-related outbreaks included Salmonella spp. (37 outbreaks), 84 

Listeria monocytogenes (16 outbreaks), pathogenic Escherichia coli (6 outbreaks), 85 

Staphylococcus aureus (4 outbreaks), Norovirus (21 outbreaks), Campylobacter spp. (9 86 

outbreaks), and Brucella spp. (5 outbreaks) (11). Among the 105 outbreaks, 17 were linked to 87 

cheeses made with pasteurized milk, 30 were linked to cheese made with raw milk, and the 88 
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pasteurization status of cheeses involved in the remaining 58 outbreaks was unspecified. The 89 

pathogenic bacteria primarily responsible for foodborne illness outbreaks linked to cheese 90 

manufactured with pasteurized milk were L. monocytogenes, Salmonella spp., and E. coli 91 

O157:H7.  Cheeses implicated in these outbreaks included process cheese, Mozzarella, and 92 

Mexican-style cheeses (7, 11). The low incidence of S. aureus-linked outbreaks related to cheese 93 

is presumed to be due to the low incidence of this pathogen in pasteurized milk, and the growth 94 

characteristics of this bacterium (21). However, S. aureus is commonly carried by humans and 95 

thus could contaminate cheese during post-pasteurization handling (16).  S. aureus is also the 96 

bacterial pathogen considered to have the highest tolerance to reduced-moisture conditions or 97 

increased salt concentration (22), and therefore could be considered a target pathogen in 98 

determining the safety of cheese contaminated post-processing and stored for extended periods 99 

of time at room temperature. 100 

The goal of this project was to evaluate survival of strains of L. monocytogenes, 101 

Salmonella spp., E. coli O157:H7, and S. aureus on natural market cheeses during extended 102 

storage at 25°C, and to determine the effect of cheese compositional factors such as pH, aw, and 103 

%salt on pathogen survival. Pathogen-survival data from laboratory research and data from 104 

published literature were then combined in order to model the boundary conditions for pathogen 105 

growth / no-growth during storage of cheese at room temperature.   106 

  107 
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MATERIALS AND METHODS 108 

Cheeses. Sixty-seven cheeses were purchased from local retail establishments or 109 

obtained directly from the manufacturer and stored at 4°C. Cheeses studied were Asiago (aged, 110 

young), Brick (2 brands), Cheddar (mild, regular, sharp), Cheddar-Mozzarella, Colby, Colby-111 

Jack, Farmer’s, Feta, Gouda, Gruyere, Havarti (2 brands), Jack (goats’ milk), Monterey Jack, 112 

Muenster (2 brands), Parmesan, Pepper Jack (2 brands), Provolone (mild, regular; 2 brands 113 

sharp), Provolone-Mozzarella, Queso Blanco, Queso Fresco, Queso Quesadilla, String cheese (2 114 

brands), Swiss (Baby, 2 brands; Lacey, regular), reduced-fat cheeses (Cheddar, Colby-Jack, 115 

Provolone) and reduced-sodium cheeses (Colby Jack, Provolone). Where a type of cheese was 116 

tested more than once, tested cheeses were from different brands and/or from different 117 

production dates of the same brand. All cheeses were manufactured in the United States from 118 

pasteurized milk (Table 1, 2).  119 

Proximate analysis. The cheeses tested in this study were characterized by % moisture, 120 

% salt, and aw at the beginning of each trial. Changes in both % titratable acidity (%TA) and pH 121 

were anticipated over time; thus pH was measured on pathogen-inoculated cheeses at every 122 

sampling time (days 0, 3, 6, 9, 12 and 15), and %TA was measured on un-inoculated cheeses on 123 

days 0, 6 and 15. Duplicate trials were performed for each compositional analysis, and average 124 

values were reported.  125 

Moisture (%) was determined using a standard method (4) by drying a representative 3-g 126 

sample at 100°C for 5 h in a vacuum oven maintained at -98kPa throughout the drying process 127 

(M.D.O. Vacuum Oven, Model 3623, Lab-Line Instrument Inc., Melrose Park, IL). Salt (%) was 128 

determined by titration of chloride using the silver titration standard method (4). For each trial, a 129 
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representative 5-g sample was diluted with distilled water 1:20 (w/v) and % chloride was 130 

determined according to the standard method using a Model M926 Chloride Analyzer (Nelson 131 

Jameson, Marshfield, WI). The % chloride content was automatically calculated by the analyzer 132 

and expressed as mg%/liter of sodium chloride, which was converted to % salt by multiplying 133 

the appropriate dilution and conversion factors. Salt (%) and moisture (%) of an individual 134 

cheese sample were used to calculate % salt-in-moisture-phase (%SMP) using Equation 1: 135 

             %SMP = (% salt x 100) / (% salt + % moisture)                              (1) 136 

Water activity (aw) was determined for each cheese at the beginning of each trial using an 137 

AquaLab LITE water activity meter (Decagon Devices Inc., Pullman, WA) according to a 138 

standard method (1). Titratable acidity (%) was monitored during storage (days 0, 6, and 15) 139 

according to a standard method (4). Briefly, for each cheese/trial, one sample (10.0 + 0.5 g) that 140 

had been manually crumbled was automatically blended with 50-ml distilled water and titrated 141 

using a Model DL22 Automatic Titrator  (Mettler Toledo, Schwerzenbach, Switzerland), which 142 

was set to calculate % titratable acidity (%TA) using the molecular weight of lactic acid. To 143 

determine the impact, if any, of the presence of inoculum bacteria or growth of indigenous 144 

bacteria on cheese pH, the surface pH was measured for individual inoculated cheese slices at 145 

each sampling time (days 0, 3, 6, 9, 12, and 15) using an Accumet AB15 pH meter equipped 146 

with a flat surface combination electrode (Fisher Scientific, Itasca, IL).  147 

Inoculum preparation. Ten strains of L. monocytogenes, six strains of Salmonella spp., 148 

five strains of E. coli O157:H7, and five strains of S. aureus, representing a wide variety of 149 

sources and serotypes, were used in this study (Table 3). Stock cultures were maintained at 150 

−20ºC in brain heart infusion broth (BHIB; Difco, Becton Dickinson, Sparks, MD) with 10% 151 
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(wt/vol) added glycerol (Fisher). Fresh working cultures were prepared monthly by thawing 152 

stock cultures and streaking for isolation as follows: L. monocytogenes on Listeria Selective agar 153 

(LSA; Oxoid, Ogdensburg, NY) with added Listeria Selective Supplement (Oxford formulation, 154 

Oxoid), Salmonella and E. coli O157:H7 on modified Levine’s Eosin Methylene Blue agar (m-155 

LEMB), prepared from lactose-free LEMB agar (Difco) with the addition of 10 g/liter D-sorbitol 156 

(Fisher) and 5 g/liter NaCl (Fisher); and S. aureus on Baird-Parker agar (BP; Difco) with added 157 

egg yolk Tellurite enrichment (Difco). Working culture plates were incubated for 24 h at 35°C 158 

for Salmonella spp. and E. coli O157:H7, and 48 h at 35°C for L. monocytogenes and S. aureus, 159 

whereupon all cultures were observed for consistent colony morphology and stored at 4°C for 160 

<40 days. Inoculation cultures were prepared for individual strains by transferring a single 161 

colony of each strain into a separate tube containing 9 ml of Nutrient broth (NB; Difco) for L. 162 

monocytogenes, or BHIB for Salmonella spp., E. coli O157:H7 and S. aureus. Preliminary 163 

cheese challenge studies showed better survival of L. monocytogenes over 15 days at 25°C on 164 

Cheddar and Swiss cheeses when inocula had been grown in NB, while the other three pathogens 165 

survived better on cheeses when inocula had been grown in BHIB (n=2, data not shown). 166 

Following incubation for 20 to 24 h at 35ºC, 1 ml of stationary-phase culture of each strain for a 167 

designated pathogen (108 CFU/ml for L. monocytogenes, and 109 CFU/ml for Salmonella spp., E. 168 

coli O157:H7, and S. aureus) was transferred to a sterile 9-ml tube to produce a single-pathogen, 169 

multi-strain cocktail. Each pathogen cocktail was mixed by vortexing and diluted, as necessary, 170 

to produce a starting inoculum cocktail of 107 CFU/ml. Pathogen levels in the cocktails were 171 

estimated by plating the inocula on brain heart infusion agar (BHIA; Difco) and incubating at 172 

35°C for 24 h.  173 
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Sample inoculation. The working surface of a biosafety cabinet was sterilized with 70% 174 

(v/v) ethanol and covered with aluminum foil prior to cheese inoculation. Cheese slices (approx. 175 

25-30 g, approx 70-80cm2) were placed on the aluminum foil aseptically, six cheese slices per 176 

trial.  An aliquot (0.1ml) of a single-pathogen cocktail (107 CFU/ml) was pipetted onto each of 177 

the six cheese slices. An L-shaped spreader was used to evenly distribute the inoculum over the 178 

surface of the six slices, then samples were left to air-dry under the hood for 15 min to allow 179 

bacterial attachment and evaporation of excess liquid. The aw values of control and air-dried 180 

inoculated samples were not significantly different (n=3; p>0.05; data not shown). Inoculated 181 

cheese slices were folded into half, with the inoculated cheese surfaces facing inward. Folded 182 

cheese samples were weighed, then individually vacuum-packaged in standard retail barrier bags 183 

(B-2175; Cryovac Food Packaging and Food Solutions, Duncan, SC) and stored at 25°C for up 184 

to 15 days. Oxygen transmission rate for the bags was 3-6 cm3/m2 at 40˚F in 24 h. The initial 185 

inoculum level on each cheese slice was ~105 CFU/g.  186 

Sampling and enumeration. Packaged cheese samples were analyzed following 187 

inoculation (time 0) and throughout storage for up to 15 days. Every three days, one cheese slice 188 

per pathogen was removed from incubation, the storage/barrier bag was aseptically opened, and 189 

Butterfield’s phosphate diluent (BPD; Nelson Jameson, Marshfield, WI) was added to create a 190 

1:10 (w/w) dilution. The cheese/diluent mixture was stomached in the bag (AES Smasher, AES 191 

Chemunex, Bruz, France) for 2 min at high speed. Stomached samples were serially diluted in 192 

BPD, and 0.1-ml portions were spread-plated onto LSA, m-LEMB, m-LEMB, and BP for 193 

cheeses inoculated with L. monocytogenes, Salmonella spp., E. coli O157:H7, and S. aureus, 194 

respectively. A preliminary trial confirmed better recovery of Salmonella spp. by plating on m-195 

LEMB rather than on Xylose Lysine Desoxycholate agar (XLD; Difco), and better recovery of E. 196 
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coli O157:H7 by plating on m-LEMB rather than on Sorbitol MacConkey agar (SMAC; Difco). 197 

Inoculated samples were also spread-plated on deMan-Rogosa-Sharpe agar (MRS; Difco) at 0, 6, 198 

and 15 days to monitor changes in lactic acid bacteria (LAB) populations during storage, and to 199 

thereby investigate the impact, if any, of indigenous,  starter, or adjunct bacterial growth on 200 

inoculum survival. The m-LEMB spread-plates were incubated 24 h at 35ºC, LSA and BP plates 201 

48 h at 35ºC, and MRS plates 72 h at 35ºC, after which time counts were recorded for each plate, 202 

with countable plate counts converted to log CFU/g. On m-LEMB, typical colonies of E. coli 203 

O157:H7 appear colorless to pink, while colonies of Salmonella spp. are dark red-black with 204 

metallic green sheen. Colonies of S. aureus are typically shiny black and surrounded with clear 205 

zone on BP agar. L. monocytogenes colonies are normally grey in color surrounded by black halo 206 

on LSA. Data were used to calculate Δlog CFU/g, relative to time 0, over the 15-day storage 207 

period for each pathogen/cheese combination.  208 

Literature data search and selection. To provide additional data to augment our 209 

product assessment, data from published literature were combined with data from this study. In 210 

searching for relevant published studies, keywords including, but not limited to, “pathogen, 211 

survival, cheeses, temperature, pH, salt” were entered into online scientific databases. Reference 212 

lists of publications were also screened for relevant studies with appropriate data. Published 213 

challenge studies that met the following criteria were selected: (i) the inoculated cheeses were 214 

made with pasteurized cow’s milk, (ii) the cheeses were inoculated with at least one of the 215 

pathogens: L. monocytogenes, Salmonella, E. coli O157:H7, or S. aureus, (iii) the pathogen(s) 216 

was inoculated on the finished cheese, and (iv) inoculated cheeses were stored at 20-30˚C. 217 

Studies with surface-ripened, mold-ripened, Swiss, or processed cheeses, or cheese made with 218 

non-bovine milk were excluded. Of 155 studies published between 1959 and 2012 and which 219 
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investigated pathogen behavior in or on cheeses, six published studies met the criteria (14, 24, 220 

25, 33, 34, 39). From each publication, the following information was extracted: type of cheese, 221 

temperature and length of storage, type and number of pathogen strains, composition (all 222 

available information for pH, aw, % moisture, %SMP, % TA) of cheeses and behavior (growth 223 

vs. no-growth) of pathogen(s) (Table 4).  224 

Evaluating compositional characteristics affecting pathogen growth. The relationship 225 

between compositional factors and behavior of pathogens on cheeses was explored. 226 

Compositional factors of cheese: moisture (%), initial pH, %SMP, aw, and initial TA (%), were 227 

paired, i.e. one compositional factor as “x” and one as “y”, and a growth vs. no-growth outcome 228 

was plotted for each cheese as a function of the x and y values to analyze the influences of the 229 

paired compositional factors on pathogen growth.  Values of compositional factors were 230 

normalized to a 100-point scale before plotting as follows: for each compositional factor, the 231 

minimum value of the data set was subtracted from the observed value and the total was divided 232 

by the range of the values and multiplied by 100 to obtain the normalized value, as shown in 233 

Equation 2. 234 

                         Normalized value = [(value – minimum value)/range] x 100                            (2) 235 

In this analysis, a “growth” result was indicated for a cheese when the Δ-log CFU/g for 236 

any cheese/pathogen combination over the 15-day storage period was a positive value that 237 

exceeded the pathogen-specific plating variability: 0.39, 0.41, 0.27, and 0.25 log CFU/g for L. 238 

monocytogenes, Salmonella spp. E. coli O157:H7 and S. aureus, respectively. The growth / no- 239 

growth outcome plot from each pair of compositional factors was inspected and compared with 240 

predictions from a logistic regression equation (SAS 9.2, SAS Institute, Cary, NC). A model at 241 
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P=0.05 based on the variables pH and %SMP was generated according to the method of 242 

McMeekin et al. (29) (Figure 1).  243 

RESULTS AND DISCUSSION 244 

In this study, 67 cheese samples, representing a variety of national brands, were tested for 245 

their ability to support pathogen growth during extended storage at 25°C (Table 1, 2). Cheeses 246 

were manufactured using pasteurized milk in facilities meeting applicable federal and state food 247 

safety regulatory requirements.  Cheeses met a standard of identity, where applicable. Among the 248 

67 cheese samples tested, 52 were duplicate samples of cheeses from different lots/production 249 

dates of the same brand. The majority of cheeses that were tested in this study would be labeled 250 

as ‘hard’ or ‘semi-hard’ cheeses according to FDA classification (43), and were expected to be 251 

safe for extended room-temperature storage due to reduced moisture level and low pH. Trials on 252 

‘soft’ cheeses with higher moisture were also included in this study in order to clarify 253 

compositional differences affecting pathogen growth/no-growth outcomes. Inoculated cheeses 254 

were vacuum packaged to prevent mold growth and moisture loss which could inhibit pathogen 255 

growth. 256 

The FDA, in its guide to microbial challenge testing, notes that it can be important to 257 

evaluate a range of intrinsic factors which can influence the safety of a food during its intended 258 

shelf life (44). Compositional factors in cheese that could influence pathogen behavior were 259 

analyzed: surface pH (Day 0, 3, 6, 9, 12, 15), % moisture, % salt, and aw (Day 0); and % TA 260 

(Day 0, 6, 15).  Change in lactic acid bacteria (LAB) count was determined on Day 0, 6, and 15. 261 

Across all cheese samples, moisture content ranged from a low of 32.07% to a high of 57.64%, 262 

for one lot of Gruyere and Feta cheese, respectively.  Salt content ranged from 0.33% for one lot 263 
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of Lacey Swiss to 3.30% for Queso Blanco. Salt-in-moisture phase (%SMP) was calculated from 264 

% moisture and % salt (Equation 1) with values ranging from 0.73% for one lot of Lacey Swiss 265 

to 7.21% for one lot of Parmesan. Water activity (aw) varied little across the cheese samples 266 

tested, ranging from 0.96 to 0.99, except for Parmesan (average aw=0.93) (Table 1). 267 

Cheese pH measured at the surface, ranged from 4.33 to 6.49 for Feta (average of two 268 

lots) and Queso Fresco, respectively (Table 1, 2) on Day 0. Over the 15-day storage period, 269 

change in pH ranged from -1.44 to +0.53 pH units, for Queso Fresco and Baby Swiss (average of 270 

4 lot), respectively, with most cheeses exhibiting only slight change in pH. To quantify the 271 

amount of organic acid present in each cheese at the beginning of storage and to determine the 272 

effect, if any, of storage on changes in organic acid level, % TA was measured (Table 1, 2). The 273 

%TA across the cheeses tested ranged from 0.26% to 2.83% for Queso Blanco and Feta (average 274 

of 2 lots), respectively, at the beginning of storage. Change in %TA over storage was not clearly 275 

linked with change in pH and bacterial survival (data not shown). Change in LAB count in 276 

cheese samples was estimated during extended storage at 25°C storage (Table 1, 2). LAB count 277 

on Day 0 across the cheeses ranged from 2.00 to 8.08 log CFU/g for one lot of Pepper Jack and 278 

Monterey Jack, respectively. Initial LAB counts on similar cheese samples from different brands, 279 

or different lots of the same brand, could vary widely.  The Day 0 count for LAB on different 280 

lots of Provolone (reduced-fat) (Brand 3) varied by 3.25 log CFU/g between purchase dates. 281 

Similarly, one sample of Provolone (Brand 3) had one of the lowest Day 0 LAB counts, 2.70 log 282 

CFU/g, while another sample of a different brand of Provolone (Brand 4) had one of the highest 283 

initial LAB counts, 7.70 log CFU/g. The Day 0 LAB counts for the two samples of Brand 3 284 

Provolone were 2.70 log CFU/g and 3.78 log CFU/g, and these rose to 5.40 log CFU/g and 7.19 285 

log CFU/g, respectively; equivalent to a Δ-log of 2.70 and 3.41 log CFU/g, respectively. The 286 
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LAB count for the one lot of Brand 4 Provolone increased by one order of magnitude, from 7.70 287 

log CFU/g (Day 0) to 8.70 log CFU/g (Day 15). Throughout the storage period and across all 288 

cheese samples tested, changes in LAB count ranged from -2.92 CFU/g for one lot of Parmesan 289 

to +5.66 log CFU/g for one lot of Pepper Jack (Brand 4). Of the 67 cheese samples tested, LAB 290 

population increased on storage in 47 cheese samples tested. LAB count was relatively constant 291 

(0< Δlog <0.3 log CFU/g) in 7 cheese samples tested, and declined (Δ log > -0.3 log CFU/g) in 292 

13 other cheese samples during storage.  293 

Cheeses were tested for their ability to support growth of L. monocytogenes, Salmonella 294 

spp., E. coli O157:H7, and S. aureus (Table 1, 2). Pathogens did not grow on 53  cheese samples 295 

over the 15 days (Table 1), while 14 cheese samples supported growth of S. aureus, six of 296 

Salmonella, four of L. monocytogenes, and three of E. coli O157:H7 (Table 2). The pattern of 297 

pathogen survival for each cheese lot was consistent over storage except for Queso Quesadilla 298 

(Table 2).  We observed growth of S. aureus (+0.57 log CFU/g) at Day 6 on Queso Quesadilla 299 

however by Day 15 we noted a decrease in pathogen population (overall Δ log =-0.40 log 300 

CFU/g). Of the cheese samples which did support pathogen growth, all supported growth of S. 301 

aureus, ranging from 0.57 to 3.08 log CFU/g (avg. 1.62 log CFU/g across all 14 cheeses).  302 

Growth of L. monocytogenes, Salmonella spp., and E. coli O157:H7, ranged from 0.60 to 2.68 303 

log CFU/g (avg. 1.60 log CFU/g), 1.01 to 3.02 log CFU/g (avg. 2.05 log CFU/g), and 0.41 to 304 

2.90 log CFU/g (avg. 1.69 CFU/g), respectively. Cheese samples which supported growth of S. 305 

aureus included Farmer’s, Gruyere (2 lots), Jack (goat’s milk), Muenster (Brand 6), Provolone 306 

(Brand 3; 2 lots), reduced-sodium Provolone (2 lots), Queso Blanco, Queso Fresco, and 2 brands 307 

of String cheese. The six cheeses that supported growth of Salmonella spp. included: Gruyere (2 308 

lots), Jack (goats’ milk), Muenster (Brand 6), Queso Fresco, and one brand of String cheese 309 



Non-TCS Cheeses, Supporting Document #1, 45 pages total 
 

15 
 

(Brand 14). The four cheeses that supported growth of L. monocytogenes included: Gruyere (one 310 

lot), Queso Blanco, Queso Fresco, one brand of String cheese (Brand 14), and the three cheeses 311 

that supported growth of E. coli O157:H7 included: Muenster (Brand 6), Queso Fresco, and 312 

String (Brand 14).  313 

Among the cheeses which supported pathogen growth at some point during the 15-day 314 

storage period, seven supported only the growth of S. aureus: Farmer’s, Provolone (Brand 3; 2 315 

trials), reduced-sodium Provolone (Brand 6; 2 trials), String cheese (Brand 6) and Queso 316 

Quesadilla (at Day 6 sampling point only) (Table 2).  Three cheeses supported the growth of S. 317 

aureus and one other pathogen: one lot of Gruyere and Jack (goats’ milk) cheese each supported 318 

the growth of S. aureus and Salmonella, while Queso Blanco supported the growth of S. aureus 319 

and L. monocytogenes. Two cheeses supported the growth of three pathogens: one lot of Gruyere 320 

supported the growth of L. monocytogenes, Salmonella spp, and S. aureus, and one lot of 321 

Muenster (Brand 6) supported the growth of Salmonella spp., E. coli O157:H7, and S. aureus 322 

(Table 2). There were two cheeses which supported growth of all four pathogens, Queso Fresco 323 

and one brand of String cheese (Brand 14).    324 

Salmonella spp., L. monocytogenes and E. coli O157:H7 have, in recent years, been 325 

implicated in foodborne illness outbreaks linked to cheeses made with pasteurized milk (7, 11). 326 

S. aureus has not often  been associated with foodborne illness outbreaks linked to cheese, even 327 

though this pathogen is generally linked to foods, like cheese, which are often hand-manipulated 328 

during processing and packaging (8, 42).  We included S. aureus in the study design not only 329 

because of its link to poor sanitation and post-processing contamination but also because it is the 330 

pathogen most likely to grow in or on foods with reduced moisture and/or low aw (21). For 331 

ready-to-eat food products, the FDA has established a zero-tolerance policy for L. 332 
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monocytogenes, Salmonella spp., and E. coli O157:H7, due to the potentially low infectious dose 333 

of E. coli O157:H7 and Salmonella spp, and the high mortality rate (15-30%) associated with L. 334 

monocytogenes infections (41). Although none of these pathogens should be present in finished 335 

cheeses made from pasteurized or heat-treated milk, the composition of a cheese supporting 336 

growth of any of these bacteria during extended room-temperature storage presents an 337 

unacceptable risk. A zero-tolerance policy is not in place for S. aureus in ready-to-eat foods 338 

because staphylococcal food poisoning occurs as a result of ingestion of a  preformed enterotoxin 339 

which is only produced in amounts sufficient to cause illness as a result of extended temperature 340 

abuse and growth of the pathogen to a high concentration (~105 CFU) (30). Thus a cheese with 341 

compositional characteristics allowing growth of S. aureus during storage is also an unacceptable 342 

risk.  For these reasons, growth of four target pathogens:  L. monocytogenes, Salmonella spp., E. 343 

coli O157:H7, and S. aureus, as post-processing contaminants on cheeses was investigated.  344 

Pathogen strains used in this study represented a variety of sources and serotypes (Table 345 

3). The strains of L. monocytogenes and Salmonella spp. had been screened in previous research 346 

in our laboratory to confirm tolerance to salt and pH conditions typical of cheese (13). Strains of 347 

E. coli O157:H7, Salmonella spp., and S. aureus were exposed to acid during inoculum 348 

preparation in BHIB, as a pH drop of ~ 1 unit was observed during overnight incubation. L. 349 

monocytogenes was grown in NB, with no acid production or pH drop during inoculum 350 

preparation. Where it occurred, the slight exposure to acid during inoculum preparation was 351 

unlikely to have led to acid adaptation of strains. Therefore, the key characteristic of strains 352 

selected for use in this study was their human or animal/animal-product origin, making these 353 

strains perhaps representative of organisms to be found in a food processing or handling 354 

environment.   355 
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Growth of L. monocytogenes was observed on four cheese samples: Gruyere, Queso 356 

Blanco, Queso Fresco, and one brand of String cheese (Brand 14) (Table 2), ranging from 0.60 to 357 

2.68 log CFU/g.  Growth of L. monocytogenes on Muenster (Brand 6, 0.17 log CFU/g) and 358 

String (Brand 6, 0.22 log CFU/g) did not exceed the plating variability for the pathogen (0.39 log 359 

CFU/g) and ‘growth’ was not declared. Genigeorgis et al. studied the survival of L. 360 

monocytogenes on 11 different types of market cheeses stored at 30°C (14). Pathogen growth 361 

was observed only on Hispanic-style cheeses: Queso Fresco, Queso Ranchero, and Queso 362 

Panela, and ranged from 0.38 to 3.18 log CFU/g (14). Uhlich et al. observed an increase of more 363 

than 5 log CFU/g of L. monocytogenes on Queso Blanco stored at 25°C for up to 6.25 days (39).  364 

In the present study, we observed growth of L. monocytogenes on one brand of String cheese 365 

(Brand 14) that slightly exceeded the plating variability, i.e. the observed growth of 0.60 log 366 

CFU/g exceeded the plating variability of 0.39 log CFU/g. Genigeorgis et al. (14) did not 367 

observe growth of L. monocytogenes on String cheese, instead noting a drop in L. 368 

monocytogenes population of 2.36 log CFU/g over 9 days at 30°C.  The String cheese that 369 

Genigeorgis et al. tested had similar pH and %SMP values to the cheese sample that we 370 

evaluated, but an unknown level of LAB. The String cheese sample in our study allowing some 371 

growth of pathogen simultaneously supported a dramatic increase in LAB population, from 4.87 372 

log CFU/g at Day 0 to 8.86 log CFU/g by Day 15 (Table 2).  373 

Growth of L. monocytogenes was not observed on 63 samples of cheese tested (Table 1, 374 

2), many of the cheeses which did not support pathogen growth would be classified as ‘hard’ or 375 

‘semi-hard’ cheeses based on FDA classification (43)  and may be suitable for extended room 376 

temperature storage. Shrestha et al. (33) did not observe growth of L. monocytogenes on a range 377 

of Cheddar-type cheeses stored at 21°C for 30 days, with counts of L. monocytogenes dropping 378 
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by < 1.1 log CFU/g during storage. We also observed a slight decrease in the population of L. 379 

monocytogenes on mild, reduced-fat, and sharp Cheddar cheeses during storage at 25° (Table 1). 380 

Pathogen populations decreased from 0.00 to 0.76 log CFU/g across samples and Cheddar 381 

cheese-type tested. Genigeorgis et al. also reported a decrease of L. monocytogenes population 382 

on mild Cheddar cheeses during storage (14). Similarly, Genigeorgis et al. evaluated the growth 383 

of L. monocytogenes on Monterey Jack, Colby, Provolone, Muenster, and Feta cheeses during 384 

storage, and observed a decrease in pathogen population of >1-2 log CFU/g in all cases. In our 385 

study, we noted an average decrease in pathogen population of 0.2 log CFU/g for Colby, 4.74 log 386 

CFU/g for Feta, 1.83 log CFU/g for Monterey Jack, 0.25 log CFU/g for Muenster (Brand 3), and 387 

0.99 log CFU/g for several different types of Provolone (regular, mild, sharp) (Table 1, 2). Two 388 

lots of Provolone (Brand 3) which supported growth of S. aureus did not support the growth of 389 

L. monocytogenes (Table 2). One brand of Muenster (Brand 6) appeared to support a slight 390 

growth of L. monocytogenes during storage (0.17 log CFU/g), but this was found not to exceed 391 

the plating variability associated with this pathogen (0.39 log CFU/g), and thus ‘no growth’ was 392 

declared.  393 

Growth of Salmonella was observed on six cheeses: Gruyere, Jack (goat’s milk), 394 

Muenster (Brand 6), Queso Fresco, and String (Brand 14), ranging from 1.01 to 3.02 log CFU/g 395 

over 15 days. Slight growth of Salmonella was also observed for Brand 6 of String cheese (0.39 396 

log CFu/g) but this was below the plating variability for this pathogen (0.41 log CFU/g), and 397 

therefore counted as ‘no growth.’ Kasrazadeh and Genigeorgis (25) studied the growth of 398 

Salmonella inoculated onto sliced Queso Fresco stored at 20°C. They noted rapid growth, a lag 399 

time of 2.5-3.5 h and a generation time of 1.65-2.17 h, for Salmonella on Queso Fresco. We 400 

observed an increase in Salmonella concentration of 3.02 log CFU/g on Queso Fresco stored at 401 
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25°C over 15 days. This was the highest level of Salmonella growth observed over all 67 cheese 402 

samples tested. 403 

There were 61 cheeses which did not support the growth of Salmonella in this study. 404 

Shrestha et al. (34) examined the survival of Salmonella on a range of Cheddar-type cheeses 405 

stored for up to 30 days at 21°C. Cheddar cheese manufactured to standards of pH and salt was 406 

comminuted, inoculated with Salmonella spp., and stored at 21°C for up to 30 days. Salmonella 407 

spp. counts decreased significantly at 21°C for all cheese-types. We evaluated the survival of 408 

Salmonella spp. on mild, reduced-fat, and sharp Cheddar cheeses and observed average 409 

decreases of 0.3, 1.12, and 1.26 log CFU/g, respectively, for the brands tested. Growth of E. coli 410 

O157:H7 was observed on three cheeses: Muenster (Brand 6), Queso Fresco, and String (Brand 411 

14), ranging from 0.41 log CFU/g (Muenster) to 2.90 log CFU/g (Queso Fresco) over 15 days. 412 

Kasrazadeh and Genigeorgis (24) also observed rapid growth of E. coli O157:H7 on Queso 413 

Fresco stored at 20°C.  There were 64 cheese samples in this study which did not support the 414 

growth of this pathogen. 415 

The survival pattern for pathogens on cheeses was consistent during storage, with the 416 

exception of the survival of S. aureus on Queso Quesadilla which increased by 0.57 log CFU/g 417 

on Day 6 of storage, but decreased by 0.40 log CFU/g relative to the time-zero level by Day 15. 418 

In all other cases, pathogen growth/no-growth was consistent, displaying an increase or decrease 419 

over the 15-day storage period. LAB count increased in 47 of 67 cheeses tested in this study. 420 

With one exception, cheeses which supported pathogen growth also supported LAB growth. 421 

LAB count decreased in Jack (goat’s milk) cheese which supported growth of Salmonella (+2.50 422 

log CFU/g) and S. aureus (+1.62 log CFU/g); otherwise LAB count increased from 1.54 to 4.47 423 

log CFU/g in cheeses which supported pathogen growth. The level of inoculum on each cheese 424 



Non-TCS Cheeses, Supporting Document #1, 45 pages total 
 

20 
 

slice at time 0 averaged 4.7 log CFU/g (n=268). This level allowed for accurate enumeration of 425 

growth or death without reaching the limits of research methodology. This inoculum level could 426 

have placed pathogens at a level to effectively compete with active indigeneous organisms. LAB 427 

count on Day 0 averaged 5.03 log CFU/g for cheeses which supported pathogen growth (n=14, 428 

Table 2). While previous studies have shown that initial inoculum level does not affect the 429 

survivability or growth kinetics of pathogens (6, 26, 46), a higher proportion of S. aureus 430 

compared to LAB may aid in the survival of this particular pathogen (17). Although growth of S. 431 

aureus is reported to be weak when a high load of competitive bacteria, e. g. lactic acid bacteria 432 

(LAB) is present, increasing the proportion of S. aureus to LAB has been shown to aid in 433 

survival of this pathogen (17, 23).  434 

The change in pH on storage among cheeses that supported pathogen growth showed no 435 

clear trend, remaining the same (Δ pH < 0.3 units) in 7 samples, and increasing in 6 samples 436 

(Table 2). Cheese samples that supported pathogen growth had %TA which ranged from 0.26 % 437 

to 1.67 % at the beginning of storage (Table 2); while cheese samples which did not support 438 

pathogen growth had %TA ranging from 0.66% to 2.86% at the beginning of storage (Table 1). 439 

Change in %TA over storage (data not shown) had no apparent relationship with the change of 440 

pH and LAB count. Among cheeses that supported pathogen growth, LAB count increased in all 441 

but one sample (Jack (goats’ milk cheese)), with an increase ranging from 1.54 log CFU/g for 442 

one lot of reduced sodium Provolone to 4.43 log CFU/g for Farmer’s cheese. Correlation 443 

between changes in pH and LAB count in cheeses was weak (r2=0.25).  444 

A total of 53 cheeses did not support the growth of any pathogen tested. These cheeses 445 

were most notably characterized by lower pH; there was little difference in % moisture and 446 

%SMP between these cheeses and those that supported pathogen growth. When cheese samples 447 
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were separated into roughly equal groups by initial pH value: 4.29 - 5.20 (29 cheeses), 5.21 – 448 

5.40 (18 cheeses), and 5.41 – 6.50 (20 cheeses), it was readily apparent that pathogen growth 449 

was better supported on higher pH cheeses. With the exception of Provolone (Brand 3; pH 5.15) 450 

and reduced-sodium Provolone (pH 5.15), cheeses with Day 0 pH ranging from 4.8-5.2 did not 451 

support growth of any pathogens (Table 1). Feta was the most acidic cheese tested (average pH 452 

4.33, n=2 lots), and pathogen viability on this cheese type decreased over time more than for any 453 

other cheese with average reductions of 4.74 log CFU/g for L. monocytogenes, 4.82 log CFU/g 454 

for Salmonella spp., 4.34 log CFU/g for E. coli O157:H7, and 3.84 log CFU/g for S. aureus.  As 455 

pH increased to 5.21 - 5.40, four of 18 cheeses supported growth: Provolone (Brand 3; 1 lot), 456 

reduced-sodium Provolone (1 lot), String cheese (Brand 6) and Queso Quesadilla; all supporting 457 

the growth of S. aureus (average 1.14 log CFU/g across all 3 cheeses), but no other pathogen 458 

(Table 2).  In the pH range 5.41 - 6.50, eight cheeses supported pathogen growth: Jack (goats’ 459 

milk) (pH 5.41), String (Brand 14, pH 5.44), Farmer’s (pH 5.46), Muenster (pH 5.48), Gruyere 460 

(2 lots; pH 5.68; 6.28), Queso Blanco (pH 6.37), and Queso Fresco (pH 6.49). Pathogen growth 461 

on Queso Fresco was the greatest across all cheeses - tested; this was also the cheese with the 462 

highest initial pH. Cheeses with an initial pH >5.46 supported growth of at least one pathogen, 463 

with the exception of Swiss-style cheeses (Baby Swiss, Swiss, Lacey Swiss – pH range 5.50 – 464 

6.02), and one lot of Havarti (pH 5.49) which did not support growth. Optimal pH for growth of 465 

S. aureus is between pH 6.0 and 7.0, with pH 4.0 as the reported minimum for growth (20).  466 

Minimum pH values for growth that have been reported for L. monocytogenes, Salmonella spp., 467 

E. coli O157:H7 are 4.39, 4.20, and 4.40, respectively (20). Only Feta cheese (pH 4.29, 4.38) 468 

was below the reported minimum pH for growth of any of the pathogens tested.  469 
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The average moisture content for cheese samples which supported growth (43.11%) 470 

varied little from moisture content for cheese samples which did not support growth (40.38%) 471 

(Table 1 ,2). An even narrower difference in -average SMP was observed between cheeses which 472 

supported growth (3.76%) and cheeses which did not support growth (3.52%) (Table 1, 2), 473 

however the range of values in each category (growth/no-growth) was much wider, ranging from 474 

0.73 to 7.21 %SMP for cheese samples which did not support growth, and from  2.26 to 6.56 475 

%SMP for cheese samples that did.  The greater growth potential that we observed for S. aureus 476 

on cheeses could be attributed, in part, to the high salt-tolerance of this pathogen. Nunheimer and 477 

Fabian reported that some strains of S. aureus are able to tolerate up to 20% NaCl (31). 478 

Sutherland et al. (36) reported growth of S. aureus in BHIB with pH 4.48 and 8.5% NaCl at 479 

25˚C. Ingham et al. reported greater tolerance of S. aureus than of L. monocytogenes to high salt- 480 

and low aw in meat products stored at 21°C (19).   481 

Where applicable, we tested cheeses from different brands, or from different lots within 482 

the same brand, to allow us to determine lot-to-lot or brand-to-brand variation for a similar type 483 

of cheese. For example, Muenster cheese from two manufacturers was tested; cheese from one 484 

brand (Brand 6, Table 2) supported growth of three pathogens, S. aureus, Salmonella spp., and E. 485 

coli O157:H7 (+0.41 to +1.77 log CFU/g;), while Muenster cheese from a different brand (Brand 486 

3, Table 1) did not support growth of any pathogen (-0.00 to -0.75 log CFU/g). Among ten 487 

Provolone cheeses tested (mild, sharp, regular (3 lots from 2 brands), reduced-fat (2 lots), 488 

reduced-sodium (2 lots), and a Provolone-Mozzarella blend), six cheeses (2 lots of reduced-fat, 489 

regular, sharp, mild, and Provolone-Mozzarella blend) did not support growth of any pathogen 490 

(Table 1). The contribution of pH, %SMP, and other inhibitory compounds present in cheese, 491 

such as metabolites of LAB and the presence of free fatty acids may have varied from lot-to-lot, 492 
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brand-to-brand, and between cheese types, resulting in differences in pathogen growth during 493 

non-refrigerated storage. The effect of these factors on microbial survival has been shown to be 494 

highly dependent on the concentration of inhibitory compound and the species and strain of both 495 

LAB and pathogen (10, 15, 17, 35). The apparent inconsistencies in pathogen growth patterns 496 

observed for cheeses of a similar type supports the assertion that it may be compositional 497 

characteristics, more than cheese type, that determine the likelihood of pathogen growth on a 498 

sample of cheese.  499 

The compositional factors of pH, %SMP, aw, and %TA were paired in all combinations 500 

and a pathogen growth / no-growth outcome for each cheese was plotted as a function of each 501 

pair of factors. Plotting growth / no-growth outcome as a function of pH and %SMP, combined 502 

with logistic regression, created a growth / no-growth interface that could be used to clearly 503 

differentiate cheeses which inhibited pathogen growth from those that allowed pathogen growth 504 

(Figure 1). A similar approach using other pairs of compositional factors was not successful in 505 

generating a clear growth / no-growth interface (data not shown). These results are consistent 506 

with those of Oh et al. who evaluated the effect of compositional factors of low-sodium Cheddar 507 

cheeses on the growth of strains of Salmonella spp., L. monocytogenes, S. aureus, and Shiga 508 

toxin-producing E. coli (STEC). In a model low-sodium Cheddar-cheese extract, STEC survived 509 

significantly better than the other three pathogens. Principal component analysis indicated that 510 

STEC survival was primarily determined by pH, and not by % salt or % lactate (32).   511 

The eight Swiss-style cheese samples tested did not fit the pattern established by data 512 

from the other cheeses tested. These Swiss-style cheeses had the lowest %SMP (0.73-1.87%) of 513 

all cheeses tested, a relatively high pH (5.36-6.02), and a high aw (0.98-0.99). Despite 514 

compositional factors which seem to be permissive for growth, none of the Swiss-style cheeses 515 
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supported pathogen growth. Leyer and Johnson reported poorer survival of Salmonella spp. on 516 

Swiss cheeses than on Cheddar and Mozzarella (27). Swiss-style cheeses are unique among the 517 

types of cheeses that we tested due to the addition of propionic acid bacteria added as an adjunct 518 

culture in cheese manufacture. The added propionic acid bacteria can produce metabolites with 519 

antimicrobial properties, such as propionic acid, acetic acid, and diacetyl (9). Studies have shown 520 

greater antimicrobial properties linked to propionic acid (pKa=4.87) as compared to lactic acid 521 

(pKa=3.86) (37). The results of our study would suggest that target pathogens will not grow on 522 

Swiss-style cheeses during extended storage at 25°C, but the safety of such cheeses should be 523 

evaluated independently from cheeses which are fermented using only lactic acid-producing 524 

bacteria. Similarly, research suggests that the ability of pathogens to grow on bacterial surface-525 

ripened or mold-ripened should be evaluated independently from cheeses manufactured without 526 

these ripening adjuncts. Bacterial surface-ripened and mold-ripened cheeses have added cultures 527 

that are capable of growing and altering the environment for pathogen growth. Growth of added 528 

bacterial and/or mold cultures can result in the production of antimicrobial compounds (e.g. 529 

bacteriocins) which could hinder pathogen growth, but can also lead to lactate metabolism which 530 

can subsequently increase cheese pH and enhance pathogen growth (5). Genigeorgis et al. found 531 

a significant reduction of L. monocytogenes (> -2.36 log CFU/g) when inoculated onto 532 

Limburger, a bacterial surface-ripened cheese (14). While the high pH of Limburger (pH 7.2) 533 

would suggest that this cheese could support pathogen growth,  the growth of smear bacteria 534 

results in extensive lipolysis which produces a high concentration of free fatty acids, which are 535 

compounds known to have antimicrobial activity (35). Goats’ milk cheese may also contain high 536 

levels of free fatty acids.  Woo et al. evaluated the free fatty acid content in a variety of cheeses 537 

and concluded that Blue, Swiss, Limburger, and goats’ milk cheeses contained high 538 
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concentrations of free fatty acids (47). Thus, we conclude that surface-ripened cheeses, mold-539 

ripened cheeses, and non-cow’s milk cheeses, along with Swiss-style cheeses should be 540 

evaluated separately, perhaps by group, and more data gathered in order to assess their suitability 541 

for extended non-refrigerated storage.  542 

Water activity (aw) and pH are the two criteria used in the FDA Food Code to determine 543 

the shelf stability of food products (45).  However, %SMP can be seen as a more appropriate 544 

factor than aw in assessing the likelihood of pathogen survival on cheese. In addition to salt, other 545 

solutes in cheese such as non-protein nitrogen-containing compounds and products released 546 

during proteolysis, could contribute to the reduction of aw, yet these compounds may not play a 547 

role in inhibiting pathogen growth (28). Tapia et al. (38) suggested that the usefulness of 548 

measured aw as an indicator of microbial safety or stability is diminished by the ‘specific solute 549 

effect’; that is that the solute in the food matrix dramatically alters the minimum aw for microbial 550 

growth. Hilderbrand (18) supported %SMP as a more reliable factor than aw in determining 551 

bacterial growth in smoked fish. In addition, %SMP is routinely determined and has historically 552 

been used in the cheese industry as a measure of product quality.  Our search of published 553 

literature indicated that other researchers investigating survival of pathogens as post-processing 554 

contaminants on cheese routinely monitored %SMP (14, 24, 25, 33, 34, 39), while only a few 555 

studies investigating pathogen survival  on cheese considered the impact of product aw (33, 34, 556 

39). Furthermore we identified that pH and %SMP were the two compositional factors which 557 

could be used to clearly differentiate cheeses which supported pathogen growth from those that 558 

inhibited growth (Figure 1), while the compositional factors of pH and aw were not similarly 559 

effective. 560 
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Of the 67 market cheeses studied, 53 did not support the growth of L.  monocytogenes, 561 

Salmonella, E. coli O157:H7, or S. aureus and could safely be kept at < 25°C for an extended 562 

period of time. The risk of pathogen growth for those cheeses which supported growth can be 563 

characterized as follows: S. aureus (growth on 14 of 14 cheeses supporting pathogen growth) >> 564 

Salmonella (growth on 6 of 14) > L. monocytogenes (growth on 4 of 14) > E. coli O157:H7 565 

(growth on 3 of 14). Of several intrinsic compositional factors associated with cheese, i.e. pH, aw, 566 

%SMP, and %TA, cheese pH has the clearest effect on pathogen growth. Laboratory data was 567 

combined with relevant published research in order to expand our product assessment. Pathogen 568 

growth/no-growth outcomes for 82 cheeses, 56 cheeses tested in our laboratory and 26 cheeses 569 

for which published results were available in the literature, were plotted on a graph with axes of 570 

pH and %SMP. Logistic regression analysis generated a P=0.05 boundary line, which indicated a 571 

clear differentiation between cheese compositions (in terms of pH and %SMP) which supported 572 

pathogen growth and those which did not. Data from Swiss-type cheeses, mold-or bacterial-573 

ripened cheeses, or cheeses made with non-bovine milk were excluded from this analysis due to 574 

insufficient data or lack-of-fit. The growth/no-growth interface established by the logistic 575 

regression line clearly shows that many common cheese types, if made from pasteurized cows’ 576 

milk in compliance with US regulatory standards, can safely be considered non-TCS foods. Non-577 

TCS cheeses should be described in terms of pH and %SMP rather than cheese-type or brand, 578 

and would include cheeses with pH/%SMP values more restrictive than any of the following 579 

combinations drawn from Figure 1 (in order of increasing pH): <4.60/>0.24; 4.61-4.70/0.25-580 

0.91; 4.71-4.80/0.92-1.58; 4.81-4.90/1.59-2.24; 4.91-5.00/2.25-2.91; 5.01-5.10/2.92-3.58; 5.11-581 

5.20/3.59-4.25; 5.21-5.30/4.26-4.92; 5.31-5.40/4.93-5.59; 5.41-5.50/5.60-6.26; and 5.51-582 

5.60/6.27-6.93.  More research would be necessary to develop boundary conditions for safe, 583 
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extended room-temperature storage of cheeses not covered in this model, including Swiss-type 584 

cheeses, bacterial surface-ripened or mold-ripened cheeses, cheeses made from non-bovine milk, 585 

or cheeses made from unpasteurized milk.   586 
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Table 1. Composition of natural cheeses that did not support growth of L. monocytogenes, Salmonella spp., E. coli O157:H7, and S. 745 

aureus and pathogen survival (Δlog CFU/g) during   storage for 15-days at 25°C.  746 

Cheesea Brand % 
Moistureb 

% 
Saltc %SMPd  pHf %TAg LAB counth Pathogen survival (Δlog CFU/g)i 

aw
e 0 d 15 d 0 d 0 d 15 d LM SALM EC SA 

Asiago (Young) 1 36.00 1.71 4.53 0.96 5.36 5.21 2.16 7.36 6.87 -2.05 -3.74 -2.12 -1.13 
Asiago (Young) 1 38.63 1.83 4.52 0.96 5.12 5.01 2.82 7.79 7.40 -2.26 -2.12 -0.68 -1.07 
Asiago (Aged) 10 38.84 0.96 2.41 0.97 5.15 4.98 1.78 6.22 7.16 -2.92 -2.79 -3.70 -3.53 
Asiago (Aged) 10 43.30 1.94 4.29 0.97 5.09 5.06 2.02 6.02 6.94 -3.84 -3.63 -1.59 -2.67 

Baby Swiss  5 38.36 0.61 1.57 0.98 5.77 6.28 -j 7.07 7.50 -0.71 -1.38 -1.98 -0.62 
Baby Swiss  5 36.25 0.69 1.87 0.98 5.79 6.32 - 6.94 8.05 -0.67 -0.76 -0.75 -1.15 
Baby Swiss  9 37.21 0.62 1.64 0.99 5.55 6.04 - 7.19 7.72 -1.00 -2.43 -1.27 -0.79 
Baby Swiss  9 35.58 0.65 1.79 0.99 5.71 6.27 - 7.35 7.72 -0.39 -1.45 -0.61 -1.02 

Brick 11 40.39 1.52 3.63 0.96 5.43 4.90 1.29 7.23 7.66 -0.40 -0.71 -0.38 -0.74 
Brick 11 41.21 1.95 4.52 0.97 5.30 4.98 0.90 7.19 7.82 -0.32 -0.70 -0.40 -0.98 
Brick  2 38.28 1.52 3.82 - 5.25 5.37 1.07 6.33 8.08 -0.09 -0.22 -0.42 -0.79 

Cheddar (Mild) 3 37.34 1.57 4.04 0.96 5.09 5.00 1.89 7.41 6.78 -0.70 -0.88 -0.30 -0.43 
Cheddar (Mild) 3 36.59 1.77 4.61 0.97 5.09 5.06 1.44 7.39 6.81 -0.76 -1.00 -0.80 -0.17 

Cheddar (Reduced-Fat) 6 40.26 1.60 3.82 0.97 5.19 5.11 1.15 5.35 6.21 -0.13 -0.65 -0.43 -1.28 
Cheddar (Reduced-Fat) 6 44.00 1.66 3.64 0.98 4.99 5.27 0.90 5.52 5.79 -0.69 -0.57 -0.55 -0.97 

Cheddar (Sharp) 3 36.34 1.78 4.67 0.96 5.27 5.27 1.69 4.30 6.39 -0.35 -0.75 -0.96 -1.19 
Cheddar (Sharp) 3 36.57 1.32 3.48 0.97 5.19 5.28 1.71 4.63 5.84 0.00 -1.03 -0.59 -1.34 

Cheddar-Mozzarella 6 40.09 1.62 3.88 - 5.19 5.33 1.42 6.99 6.24 -0.09 -0.27 -0.31 -0.48 
Colby 4 35.96 1.61 4.28 0.96 5.45 5.61 1.09 5.76 7.39 -0.39 -0.50 -0.21 -0.57 
Colby 4 40.14 1.60 3.83 0.97 5.30 5.47 1.78 5.91 6.38 -0.11 -0.63 -0.24 -0.39 

Colby Jack 5 36.13 1.42 3.78 0.96 5.17 5.10 1.26 7.19 7.19 -0.20 -0.97 -0.80 -0.46 
Colby Jack 5 36.85 1.35 3.53 0.98 5.01 5.40 1.37 7.70 7.38 -0.44 -0.59 -0.08 -0.46 

Colby Jack (Reduced-Fat) 6 43.96 1.64 3.60 0.97 5.29 5.00 1.09 5.79 7.68 0.02 -0.90 -0.76 -1.12 
Colby Jack (Reduced-Fat) 6 46.00 1.76 3.69 0.97 5.08 5.11 1.39 4.52 6.91 -0.56 -0.74 -0.73 -1.05 
Colby Jack (Reduced-Na) 6 36.30 1.26 3.35 0.97 5.11 5.03 1.48 4.52 6.91 -0.17 -0.46 -1.03 -1.09 
Colby Jack (Reduced-Na) 6 36.45 1.13 3.01 0.98 5.09 5.17 0.89 4.12 5.40 -0.69 -0.96 -0.39 -0.64 

Feta 3 57.10 2.35 3.95 0.99 4.29 4.60 2.80 4.80 6.57 -4.58 -4.71 -4.60 -2.93 
Feta 3 57.64 1.72 2.90 0.98 4.38 4.53 2.86 3.30 3.40 -4.89 -4.94 -4.07 -4.74 

Gouda 6 41.15 1.62 3.79 0.97 5.28 5.25 0.88 7.29 7.38 -0.51 -0.32 -0.23 -0.83 
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Gouda 6 41.08 1.39 3.27 0.97 5.30 5.28 1.24 7.40 7.48 -0.44 -0.46 -0.34 -0.79 
Havarti  3 37.79 1.33 3.40 0.97 5.49 5.52 1.08 6.88 7.26 -0.25 -0.61 -0.21 -0.73 
Havarti  3 38.17 1.20 3.05 0.98 5.34 5.59 0.66 6.88 7.20 -0.51 +0.21 k -0.29 +0.01k 
Havarti  6 41.32 1.27 2.98 - 5.11 5.26 1.40 8.28 7.75 -0.16 -0.61 -0.37 -0.70 

Monterey Jack 5 45.10 1.87 3.98 0.98 5.15 5.20 2.41 8.08 8.16 -1.03 -0.91 -0.33 -0.37 
Monterey Jack 5 35.45 1.64 4.42 0.97 5.08 5.11 2.28 8.06 7.98 -2.63 -1.17 -0.91 -0.66 

Muenster  3 42.20 1.63 3.72 0.97 5.20 5.28 1.27 6.90 7.80 -0.49 -0.25 -0.24 0.00 
Muenster  3 41.94 1.75 4.01 0.98 5.29 5.12 0.74 7.11 6.26 -0.10 -0.75 -0.45 -0.46 
Parmesan 8 32.44 2.52 7.21 0.93 5.41 5.36 1.40 6.92 4.00 -0.88 -1.45 -1.25 -0.59 
Parmesan 8 32.70 2.35 6.70 0.92 5.45 5.40 1.48 5.31 7.23 -1.51 -1.66 -1.86 -1.80 

Pepper Jack  4 36.13 1.58 4.19 0.98 5.11 4.76 2.12 2.00 7.66 -0.85 -3.87 -0.81 -1.09 
Pepper Jack  4 38.69 1.60 3.97 0.97 4.93 5.12 1.94 4.69 7.14 -2.86 -3.40 -3.25 -3.58 
Pepper Jack  3 40.42 1.64 3.90 0.97 5.14 5.12 1.53 4.65 7.30 -2.39 -2.32 -2.10 -0.72 
Pepper Jack  3 38.27 1.54 3.87 0.97 5.21 5.15 1.45 8.25 7.39 -0.62 -0.73 -0.35 -0.30 
Provolone  4 42.15 1.38 3.17 - 5.24 4.97 1.81 7.70 8.70 -1.34 -0.97 -0.16 -0.72 

Provolone (Mild) 8 43.05 2.08 4.61 - 5.18 5.22 1.80 5.53 6.70 -0.50 -1.84 -0.57 -0.71 
Provolone (Sharp) 10 40.02 1.72 4.12 - 5.09 5.17 2.20 6.43 7.45 -1.59 -2.83 -1.27 -1.73 

Provolone (Reduced-Fat) 3 48.98 1.43 2.84 0.97 4.97 4.67 1.83 6.95 7.98 -2.80 -2.23 -0.62 -1.55 
Provolone (Reduced-Fat) 3 52.71 1.35 2.50 0.98 4.98 4.94 - 3.70 7.94 -0.56 -0.95 -0.24 -0.97 

Provolone-Mozzarella 6 42.26 1.68 3.82 - 5.38 5.33 1.61 7.67 7.28 -0.25 -0.19 -0.17 -0.68 
Swiss 6 38.57 0.52 1.33 0.98 5.36 5.50 - 5.95 6.59 -1.20 -1.11 -0.73 -2.32 
Swiss 6 36.91 0.64 1.70 0.99 5.50 5.80 - 5.28 6.19 -0.93 -1.30 -0.36 -1.20 

Swiss (Lacey) 5 45.17 0.33 0.73 0.99 6.02 5.87 - 7.00 8.18 -0.43 -1.19 -0.46 -1.02 
Swiss (Lacey) 5 45.92 0.37 0.80 0.99 5.65 5.94 - 7.92 5.70 -1.83 -1.21 -0.31 -1.06 

 747 

a Cheeses were national brands obtained from local retail outlets or directly from manufacturers. Qualifying descriptive information, e.g. ‘mild,’ 748 

‘sharp’ is reproduced where provided on the package. 749 

bMoisture content (%) of cheese sample on Day 0, n=2.  750 

c % salt of cheese sample on Day 0, n=2. 751 

d % salt-in-moisture phase (%SMP) of cheese sample on Day 0. Calculated from % moisture and % salt of the same cheese. 752 
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e Water activity (aw) of cheese sample on Day 0. 753 

 f pH of cheese slice surface on Day 0 and Day 15, n=2. 754 

g % titratable acidity (%TA) of cheese sample on Day 0 and Day 15,  n=2. 755 

h DeMan-Rogosa-Sharpe (MRS) agar count for lactic acid bacteria (LAB) on Day 0 and Day 15 (log CFU/g), n=2. 756 

i Survival of pathogen LM=L. monocytogenes, SALM=Salmonella spp., EC=E. coli O157:H7, and SA=S. aureus. (+) indicates 757 

growth, (-) indicates no-growth. 758 

j not determined. 759 

k Growth of pathogen did not exceed plating variability: 0.39, 0.41, 0.27, 0.25 log CFU/g for L. monocytogenes, Salmonella spp., E. 760 

coli O157:H7and S. aureus, respectively.    761 
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 762 

 
 
 

  
      

Cheesea Brand % 
Moistureb 

% 
Saltc 

% 
SMPd aw

e pHf % TAg LAB 
counth Pathogen survival (Δlog CFU/g)i 

0 d 15 d 0 d 0 d 15 d LM SALM EC SA 
Farmer’s 12 39.85 1.71 4.11 -j 5.46 4.99 1.14 4.63 9.10 -0.41 -0.10 -0.39 +1.48l 

Gruyere 7 34.25 1.01 2.86 0.97 5.68 5.74 1.04 5.70 7.40 +1.01 +1.01 -0.40 +3.08 
Gruyere 7 32.07 1.41 4.21 0.98 6.28 5.78 1.55 5.04 6.70 -0.54 +2.13 -0.67 +2.19 

Jack (goats’ milk) 13 45.20 2.33 4.90 - 5.41 5.24 1.44 7.74 6.88 -0.40 +2.50 -0.62 +1.62 
Muenster  6 41.58 1.21 2.83 - 5.48 5.53 0.66 4.85 7.67 +0.17k +1.65 +0.41 +1.77 
Provolone  3 43.17 1.03 2.33 0.97 5.29 4.78 1.36 2.70 5.40 -1.10 -0.40 -0.88 +0.80 
Provolone  3 44.08 1.58 3.46 0.98 5.15 5.19 1.55 3.78 7.19 -0.40 -0.80 -0.52 +0.81 

Provolone (Reduced-Na) 6 42.93 1.05 2.39 0.98 5.15 4.95 1.24 6.25 7.79 -1.20 -0.31 -0.30 +0.62 
Provolone (Reduced-Na) 6 44.09 1.02 2.26 0.98 5.28 5.12 1.62 5.73 7.39 -0.29 -0.27 -0.63 +1.59 

Queso Blanco 7 47.02 3.30 6.56 0.96 6.37 6.11 0.26 4.38 6.78 +2.68 -1.07 -2.11 +2.57 
Queso Fresco 7 51.19 1.85 3.49 0.98 6.49 5.05 0.31 4.86 8.68 +2.09 +3.02 +2.90 +1.55 

String  14 47.91 1.98 3.97 - 5.44 4.96 1.59 4.87 8.86 +0.60 +2.00 +1.75 +2.39 
String  6 47.07 2.18 4.43 - 5.33 5.02 1.67 4.85 8.65 +0.22k +0.39k -0.38 +1.58 

Queso Quesadilla 7 43.10 2.18 4.81 0.97 5.35 5.39 1.21 4.57 6.29 -0.01 -0.57 -0.48 -0.40m 

 763 

a Cheeses were national brands obtained from local retail outlets or directly from manufacturers. Qualifying descriptive information, 764 

e.g. ‘mild,’ ‘sharp’ is reproduced where provided on the package. 765 

b Moisture content (%) of cheese sample on Day 0, n=2. 766 

c % salt of cheese sample on Day 0, n=2. 767 

d % salt-in-moisture phase (%SMP) of cheese sample on Day 0. Calculated from % moisture and % salt of the same cheese. 768 

e Water activity (aw) of cheese sample on Day 0. 769 

Table 2. Composition of natural cheeses that supported growth of L. monocytogenes, Salmonella spp., E. coli O157:H7, and/or S. aureus and 

pathogen survival (Δ log CFU/g) during storage for 15-days at 25°C. 
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f pH of cheese slice surface on Day 0 and Day 15, n=2. 770 

g % titratable acidity (%TA) of cheese sample on Day 0 and Day 15, n=2. 771 

h DeMan-Rogosa-Sharpe (MRS) agar count for lactic acid bacteria (LAB) on Day 0 and Day 15 (log CFU/g), n=2. 772 

i Survival of pathogen LM=L. monocytogenes, SALM=Salmonella spp., EC=E. coli O157:H7, and SA=S. aureus. (+) indicates 773 
growth, (-) indicates no-growth. 774 

j not determined. 775 

k Growth of pathogen did not exceed plating variability: 0.39, 0.41, 0.27, 0.25 log CFU/g for L. monocytogenes, Salmonella spp., E. 776 
coli O157:H7 and S. aureus, respectively 777 

l Bolded numbers indicate growth beyond the pathogen-plating variability. 778 

m Growth (+ 0.57 log CFU/g) at Day 6 sampling; no net growth over 15-day storage period779 
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Table 3. Pathogen strains used in laboratory cheese challenge studies. 780 

 781 

aStrain designation provided by Collection. 782 

bCollection: FRI = Food Research Institute, University of Wisconsin-Madison, Madison, Wisc.; 783 

ATCC = American Type Culture Collection, Manassas, Va.; FSL = Food Safety Laboratory, Dr. 784 

Katherine Boor, Cornell University, Ithaca, N.Y.; NMDH = New Mexico Department of Health, 785 

Santa Fe, N.M.; VT = Vermont Institute for Artisan Cheese, Dr. D.J. D’Amico, University of 786 

Vermont, Burlington, Vt.; FPL= Food Pathogen Laboratory, Dr. Barbara Ingham, University of 787 

Wisconsin-Madison, Madison, Wisc. 788 

Inoculum Serotype Straina Collectionb Sourcec 

Listeria 
monocytogenes 

4b LM 101 FRI Hard salami 
4b LM 310 FRI Goat cheese 
4b ATCC 43256 ATCC Mexican-style cheese, Calif. (1985 outbreak strain) 
4b ATCC 43257 ATCC Mexican-style cheese, Calif. (1985 outbreak strain) 
4b ATCC 51414 ATCC Raw milk, Massachusetts 
4b ATCC 51776 ATCC Cheese, Belgium 
4b ATCC 51777 ATCC Cheese, Belgium 
4b ATCC 51778 ATCC Cheese, Belgium 
4b Scott A FRI Clinical 
1/2a V7 FRI Raw milk 

Salmonella spp. Cerro FSL R8-370 FSL Bovine 
Typhimurium FSL S5-433 FSL Bovine 
Newport FSL S5-436 FSL Bovine 
Agona FSL S5-517 FSL Human 
Typhimurium FSL S5-536 FSL Human 
Newport FSL S5-639 FSL Human 

Escherichia coli  
O157:H7 

O157:H7 FRIK 22 FRI Unknown 
O157:H7 FRIK 2000 FRI Bovine 
O157:H7 F5854 FRI Cheese curds (1998 outbreak strain) 
O157:H7 039732 NMDH Gouda cheese (2010 outbreak strain) 
O157:H7 CWD EC1 VT Farmstead goat cheese 

Staphylococcus 
aureus 
 
 
 
 
 
 

 I FPL Raw milk 
 J FPL Raw milk 
 FRI 100 FRI Cake 
 FRI 1007 FRI Genoa sausage 
 ATCC 25923 ATCC Clinical 
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c Source provided by Collection. 789 

 790 

 791 

 792 

 793 

 794 

 795 

 796 

 797 

 798 

 799 

 800 

 801 

 802 

 803 

 804 

 805 

 806 
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Table 4. Data from published research selected to augment laboratory product assessment. 807 

a pH values of cheeses at initial sampling point of experiment 808 

Reference Pathogen No. of 
strains Cheese Storage 

(days) 
Temp 
(˚C) pHa %SMPb aw Growth/Deathc 

31 Salmonella 9 Queso Fresco -d 20 6.60 1.64 - LTe:2.5 - 3.5h                          
GT: 1.65 - 2.17 h 

30 E. coli 
O157:H7 2 Queso Fresco - 20 6.60 1.61 - LT: 3 - 3.45 h                            

GT: 2.33 - 2.56 h 

42 L. 
monocytogenes 5 Cheddar 30 21 

5.06 1.70 0.98 -1.11 
5.30 1.80 0.97 -0.48 
5.66 5.00 0.95 -0.14 
5.28 4.80 0.95 -0.96 

43 Salmonella 
spp. 5 Cheddar 30 2 1 

5.06 1.70 0.98 -3.2 
5.30 1.80 0.97 -3.9 
5.66 5.00 0.95 -3.8 
5.28 4.80 0.95 -3.5 

48 L. 
monocytogenes 5 Queso Blanco 6.25 25 6.80 4.53 0.97 > 5.00 

17 L. 
monocytogenes 5 

Queso Fresco 3 30 6.60 6.60 - +0.39 
Queso Fresco 6 30 6.60 4.50 - +0.95 
Queso Fresco 3 30 6.50 6.15 - +0.74 

Queso 
Ranchero 1 30 6.20 4.10 - +2.60 

Queso Panela 3 30 6.20 2.50 - +1.81 
Queso Panela 1 30 6.70 3.95 - +3.18 
Queso Panela 3 30 6.60 3.48 - +0.79 

Cotija 8 30 5.60 9.60 - > -2.00 
Cotija 6 30 5.50 12.50 - > -2.00 

Monterey Jack 4 30 5.00 3.00 - >  -1.40 
Monterey Jack 13 30 5.20 2.72 - > - 2.09 
Mild Cheddar 4 30 4.90 2.60 - > -1.26 
Mild Cheddar 7 30 5.20 4.49 - > -2.09 

Colby 9 30 5.50 4.93 - > -2.36 
String Cheese 9 30 5.50 4.24 - > -2.36 

Provolone 9 30 5.60 4.62 - > -2.36 
Muenster 9 30 5.50 3.80 - > -2.36 

Domestic Feta 4 30 4.30 7.50 - > -2.04 
Domestic Feta 4 30 4.30 2.20 - > -2.04 
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b Certain publications stated %SMP as % brine, which was calculated using the same equation as 809 

in this study (Equation 1). For publications that included both %moisture and % salt, % SMP 810 

was calculated using Equation 1. 811 

c Behavior of pathogen over storage, expressed as ∆log CFU/g or LT/GT.  812 

d Not specified. 813 

e LT: Lag time (h); GT: generation time (h). 814 

  815 

 816 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 

 825 

 826 

 827 

 828 

 829 

  830 
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Figure legend.  831 

Figure 1. Growth (Δ) or No-Growth (x) of Listeria monocytogenes, Salmonella spp.,  832 

Escherichia coli O157:H7, and Staphylococcus aureus on cheeses stored at 20-30˚C based on 833 

cheese pH (Day 0) and %SMP (salt-in-moisture-phase). Data from published research (n=26; 834 

Table 4) and this study (n=55). Solid line represents the growth/no-growth interface (P=0.05). 835 

 836 

 837 

 838 

 839 

 840 

 841 

 842 

 843 

 844 

 845 
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Figure 1. Growth (Δ) or No-Growth (x) of at least one of Listeria monocytogenes, Salmonella 

spp., Escherichia coli O157:H7 or Staphylococcus aureus on cheeses stored at 20-30˚C, with 

each point location indicating the pH (x-axis) and salt-in-moisture-phase (%SMP; y-axis) of the 

cheese at day 0. Growth/No-Growth outcomes are from previously published research (n=26 

trials) and the University of Wisconsin-Madison study (n=55 trials) described in Non-TCS 

Cheeses Supporting Document #1.  Results from four categories of cheese tested in the latter 

study (bacterial surface-ripened, mold-ripened, goats’ milk and Swiss-style cheeses) are not 

shown.  The sloped line depicts the proposed boundary between non-TCS cheeses and TCS 

cheeses, which was developed using logistic regression analysis.  Cheeses with pH and % SMP 

values falling to the left of the TCS boundary line do not support pathogen growth and would be 

considered non-TCS foods, while cheeses with pH and %SMP values falling to the right of line 

would be considered TCS foods unless a product assessment determined otherwise.  Points on 

the boundary line (Ж) represent the boundary pH and %SMP combinations listed below. 
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*Combinations of pH and %SMP to the left of the TCS boundary line include: 

pH not greater than 4.60 and % SMP not less than 0.24   

pH not greater than 4.70 and % SMP not less than 0.91   

pH not greater than 4.80 and % SMP not less than 1.58   

pH not greater than 4.90 and % SMP not less than 2.24 

pH not greater than 5.00 and % SMP not less than 2.91 

pH not greater than 5.10 and % SMP not less than 3.58 

pH not greater than 5.20 and % SMP not less than 4.25 

pH not greater than 5.30 and % SMP not less than 4.92 

pH not greater than 5.40 and % SMP not less than 5.59 

pH not greater than 5.50 and % SMP not less than 6.26 

pH not greater than 5.60 and % SMP not less than 6.93 
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