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Sor far in the class
• Policies for  Consumers: USDA DGA
• Policies for State and Territorial Agencies: CIFOR Guidelines of CDC
• Policies for the Human Food Industry: HACCP and PC Rule of FSMA
• Policies for the Animal Food Industry: PC Rule for Animal Food of FSMA

• Today we discuss:
• FDA Food Code: Retail and Restaurant operations and the food industry
• Produce Safety Rule: Raw agricultural commodities

• Food Code, Exercises 1 and 2
• Exercise 3, Food Safety challenges in the news
• Produce Safety Rule, Exercise 4



Remaining of the Semester
• After today we will have two more classes
• 11/11/2021: Nutrition Facts Labels and GRAS List
• 11/18/2021: Climate Change and Food Safety

• 11/18/2021: Final Paper Due
• 11/18/2021: Take home exam provided to students
• 11/24/2021 (Wed): Final Take Home Exam Due
• 11/29/2021: Grades to be posted

• 11/08/2021: Optional Regional IFT Meeting
• 11/20/2021: Commencement
• 12/2/2021: Annual Competition (virtual)



FDA Food Code
What is food code?

• Known as FDA Food Code, is a publication of Food and Drug Administration

• Provides scientifically sound technical and legal basis for regulating Food 
Service:

• Restaurant industry
• Grocery stores
• Other institutions e.g. nursing homes and campus dinning
• Could be adopted as part of FSMA and HACCP

Other Uses of FDA Food Code:

• State and local agencies use the FDA food code to update their own rules

• Producers (farmers) and processors (food manufacturing) could utilize the 
document for:

• Validation of their operations
• Determining process, sanitation, and allergen controls in their food safety 

plan 



FDA Food Code
What is food code?

• First version introduced 1934
• Has been extensively revised since introduction
• Currently is revised every four years
• Is discussed extensive during Conference for Food Protection
(Conference for Food Protection and International Association for Food 
Protection Conference)
• Newest version released in 2017 (767 pages)

Purpose:
• Safeguarding public health (microbial, physical, and chemical hazards)
• Assuring honestly and avoiding adulteration
• Provide a basis for each state to develop and revise their regulatory document



FDA Food Code
Benefits of Food Code?

• Promotes uniform national standards, reduce complexity, and better ensure 
compliance. 

• Ensures food safety regulations are science- and evidence-based
• Protecting the consumer and the industry from foodborne diseases
• Provides extensive supporting documents and training 
• Allows for standardization of inspections and inspectors
• Reduces complexity and the paperwork burden for industry and government 

alike. 
• State and local agencies usage of FDA interpretations of Food Code reduces 

the work load 
• Reduces industry food safety training costs



FDA Food Code
Adoption in Tennessee Department of Health

Tennessee Department of Health:
Document entitled “Food Service Establishment”
Revised : July 2015 (129 pages), eight sections: 
• 1200-23-01-.01 Definitions 
• 1200-23-01-.02 Management and Personnel 
• 1200-23-01-.03 Food
• 1200-23-01-.04 Equipment, Utensils, and Linens 
• 1200-23-01-.05 Water, Plumbing, and Waste
• 1200-23-01-.06 Physical Facilities
• 1200-23-01-.07 Poisonous or Toxic Materials
• 1200-23-01-.08 Compliance and Enforcement



FDA Food Code
Adoption in Tennessee Department of Agriculture

Tennessee Department of Agriculture:
Document entitled “Retail Food Store Sanitation”
Revised : June 2017 (125 pages), eight sections:
• 0080-04-09-.01 Definitions
• 0080-04-09-.02 Management and Personnel
• 0080-04-09-.03 Food
• 0080-04-09-.04 Equipment, Utensils, and Linens
• 0080-04-09-.05 Water, Plumbing, and Waste
• 0080-04-09-.06 Physical Facilities 
• 0080-04-09-.07 Poisonous or Toxic Materials
• 0080-04-09-.08 Compliance and Enforcement
Both documents similar in content and derived from FDA food code 



FDA Food Code
Adoption in Tennessee Department of Health
1200-23-01-.03 Food 
Food section has several sub-sections for example

Temperature.

• (i) Except as specified in subpart 1.(ii) of this subparagraph, refrigerated,

• time/temperature control for safety food shall be at a temperature of 5°C

• (41°F) or below when received. (P)

• (iii) Raw eggs shall be received in refrigerated equipment that maintains an

• ambient air temperature of 5°C (41°F) or less. (P)

• (iv) Time/temperature control for safety food that is cooked to a temperature

• and for a time specified under 1200-23-01-.03(6)(a)1.- 3. and received hot

• shall be at a temperature of 57°C (135°F) or above. (P)

• (v) A food that is labeled frozen and shipped frozen by a food processing plant

• shall be received frozen. (Pf)

• (vi) Upon receipt, time/temperature control for safety food shall be free of

• evidence of previous temperature abuse.( Pf)

USDA FSIS Danger Zone



FDA Food Code
Adoption in Tennessee Department of Health
1200-23-01-.03 Food 
• Additives. Food may not contain unapproved food additives or additives that

• exceed amounts specified in 21 CFR Parts 170-180 relating to food additives,

• generally recognized as safe or prior sanctioned substances that exceed

• amounts specified in 21 CFR Parts 181-186, substances that exceed amounts

• specified in 9 CFR Subpart C § 424.21(b) Food ingredients and sources of

• radiation, or pesticide residues that exceed provisions specified in 40 CFR Part

• 180 Tolerances and exemptions for pesticide chemical residues in food. (P)

•

• Juice - Commercially Processed: Pre-packaged juice shall:

• (i). Be obtained from a processor with a HACCP system as specified in 21

• CFR Part 120 Hazard Analysis and Critical Control (HACCP) Systems; (Pf)

• and

• (ii). Be obtained pasteurized or otherwise treated to attain a 5 log reduction of

• the most resistant microorganism of public health significance as specified

• in 21 CFR § 120.24 Process Controls. (P)



FDA Food Code
Adoption in Tennessee Department of Agriculture
0080-04-09-.02 Management and Personnel

Supervisor Responsibilities
• 1. Complying with these rules by having no violations of priority items during 

the current inspection; (Pf) 
• 2. Being a certified food protection manager who has shown proficiency of 

required information through passing a test that is part of an accredited 
program; (Pf) or 

• 3. Responding correctly to the inspector’s questions as they relate to the 
specific food operation. The areas of knowledge include: 

• (i) Describing the relationship between the prevention of foodborne disease 
and the personal hygiene of a food employee; (Pf) 

• (ii) Explaining the responsibility of the person in charge for preventing the 
transmission of foodborne disease by a food employee who has a disease or 
medical condition that may cause foodborne disease; (Pf) 

• (iii) Describing the symptoms associated with the diseases that are 
transmissible through food; (Pf) 

• (iv) Explaining the significance of the relationship between maintaining the 
time and temperature of time/temperature control for safety food and the 
prevention of foodborne illness; (Pf) 

• (v) Explaining the hazards involved in the consumption of raw or 
undercooked meat, poultry, eggs, and fish; (Pf)



FDA Food Code
Adoption in Tennessee Department of Agriculture
0080-04-09-.02 Management and Personnel

Example of Employee Responsibilities
• 10. Consumers are notified that clean tableware is to be used when they 

return to self-service areas such as salad bars and buffets as specified 
under 0080-04-09-.03(3)(d)6; (Pf) [S. aureus and other pathogens]

• 11. Except when approval is obtained from the commissioner as specified 
in 0080-04-09-.03(3)(a)1(v), employees are preventing cross-
contamination of ready-to-eat food with bare hands by properly using 
suitable utensils such as deli tissue, spatulas, tongs, single-use gloves, or 
dispensing equipment; (Pf) 

• 12. Employees are properly trained in food safety, including food allergy 
awareness, as it relates to their assigned duties; (Pf) and 

• 6. Employees are properly cooking time/temperature control for safety 
food, being particularly careful in cooking those foods known to cause 
severe foodborne illness and death, such as eggs and comminuted meats, 
through daily oversight of the employees' routine monitoring of the 
cooking temperatures using appropriate temperature measuring devices 
properly scaled and calibrated as specified under 0080-04-09-.04(2)(c) or 
0080-04-09-.04(5)(b); (Pf) 

• 7. Employees are using proper methods to rapidly cool potentially 
time/temperature control for safety foods that are not held hot or are not 
for consumption within four hours, through daily oversight of …



Exercise 1

• What is FDA Food Code and what area of the food industry it targets?

• What are four benefits of FDA Food Code?

• What are the two documents derived from FDA Food Code that mandate the food safety regulatory 
compliance in Tennessee? What are the eight sections of the documents? When was the last time they 
were revised?

• Please name three temperature-related requirements that Tennessean Food Service Establishments 
would need to follow based on “Food Service Establishment” document from Tennessee Department of 
Health.

• Please name five supervisor and employee responsibility that Tennessean Food Service Establishments 
would need to follow based on “Retail Food Store Sanitation” document from Tennessee Department of 
Agriculture?

• According “Food Service Establishment” document from Tennessee Department of Health, what type of 
food additives are permitted in food establishments? What is the required temperature for storing shell 
eggs? What are the requirement for juices that could be sold to customers?



FDA Food Code
The Main Document

Current Burden of Foodborne Diseases:
• 48 million illnesses (1 out 6 individuals)
• 128,000 hospitalizations
• More than 3,000 deaths
• Around 1000 reported outbreak per year
• Economic burden: $10 -$83 billion/year
(Pain and suffering, reduced productivity, and 
medical costs)
Major change in trends from 1970s:
Advances in pasteurization and canning operations 
eliminated food safety concerns such Clostridium 
botulinum [sporadic cases of infant botulism]



Current Significant foodborne pathogens… 

• Leading etiological agents for illnesses: Norovirus (58%), 
Nontyphoidal Salmonella serovars (11%), Clostridium perfringens
(10%), and Campylobacter spp (9%). 

• Leading etiological agents for hospitalization: Nontyphoidal
Salmonella serovars (35%), Norovirus (26%), Campylobacter spp
(15%), and Toxoplasma gondii (8%).

• Leading etiological agents for death: Nontyphoidal Salmonella 
serovars (28%), T. gondii (24%), Listeria monocytogenes (19%), and 
Norovirus (11%).



Signs and Symptoms of Foodborne Diseases

• Mild illness (no medical care sought) 

• Guillain–Barré syndrome (Campylobacter and Salmonella)

• Post-infectious irritable bowel syndrome (Campylobacter and Salmonella)

• Reactive arthritis (Campylobacter and Salmonella)

• Haemolytic uraemic syndrome (E. coli O157) 

• End-stage renal disease (E. coli O157)

• Death

Presenter
Presentation Notes
Say prevention is the key



Significant foodborne pathogens… 
based on Scallan et al., 2015 study

• Disability adjusted life year (DALY). DALY: Loss of life and health due to 
illness

• Non-typhoidal Salmonella (329000)
• Toxoplasma (32700) 
• Campylobacter (22500) 
• Norovirus (9900) 
• Listeria monocytogenes (8800) 
• Clostridium perfringens (4000) 
• Escherichia coli O157 (1200)

62% bacterial agents; 29% parasitic agents; 9% viral agents

Presenter
Presentation Notes
Dr. Jones from Te. Dept of Public Health co-author
Talk about Samonella” Serovars” and E. coli “Serogroups”
Talk about Cyclospora, and national need for foodborne parasitic research among the 75 land-grant institutions



FDA Food Code
Five Major Risk Factors

5 major risk factors for food safety
• Improper holding temperatures
• Inadequate cooking, such as undercooking raw shell eggs, 
• Contaminated equipment 
• Food from unsafe sources 
• Poor personal hygiene 

5 key public health interventions to protect consumer health. 
• Demonstration of knowledge (PC QI and ServeSafe)
• Employee health controls 
• Controlling hands as a vehicle of contamination
• Time and temperature parameters for controlling pathogens
• The consumer advisory



FDA Food Code
Content of the document

• CHAPTER 1: PURPOSE AND DEFINITIONS 
• CHAPTER 2: MANAGEMENT AND PERSONNEL 
• CHAPTER 3: FOOD 
• CHAPTER 4: EQUIPMENT, UTENSILS, AND LINENS 
• CHAPTER 5: WATER, PLUMBING, AND WASTE 
• CHAPTER 6: PHYSICAL FACILITIES 
• CHAPTER 7: POISONOUS OR TOXIC MATERIALS 
• CHAPTER 8: COMPLIANCE AND ENFORCEMENT 

Applying for Variance: Variance Committee if Food Code Requirement is not met:
"Variance" means a written document issued by the REGULATORY AUTHORITY that 
authorizes a modification or waiver of one or more requirements of this Code if, in 
the opinion of the REGULATORY AUTHORITY, a health HAZARD or nuisance will not 
result from the modification or waiver. 



FDA Food Code
CHAPTER 3: FOOD 

• 8 sections discussed in Food Chapter:
• Characteristics
• Sources, specifications, and original containers and records 

(standards of identity)
• Protection from contamination after receiving (storage)
• Destruction of organisms of public health concern 
• Limitation of growth of organisms of public health concern
• Food Identity, presentation, and on-premises labeling 
• Contaminated foods
• Special requirements for highly susceptible populations

We discuss two sections briefly in class…



FDA Food Code
CHAPTER 3: FOOD
Destruction of organisms of public health concern 

Destruction of organisms of public health 
concern
• 3-401 Cooking 
• 3-402 Freezing 
• 3-403 Reheating 
• 3-404 Other Methods



FDA Food Code
CHAPTER 3: FOOD
Destruction of organisms of public health concern 

Destruction of organisms of public health concern: 3-401 Cooking 
• (1) 63oC (145oF) or above for 15 seconds for: 
• (a) Raw EGGS that are broken and prepared in response to a CONSUMER'S order and 

for immediate service, P and 
• (b) Except as specified under Subparagraphs (A)(2) and (A)(3) and ¶ (B), and in ¶ (C) of 

this section, FISH and INTACT MEAT including GAME ANIMALS commercially raised 
for FOOD as specified under Subparagraph 3-201.17(A)(1) and GAME ANIMALS under 
a voluntary inspection program as specified under Subparagraph 3-201.17(A)(2); P 

• (2) 68oC (155oF) for 17 seconds or the temperature specified in the following chart 
that corresponds to the holding time for RATITES, MECHANICALLY TENDERIZED, and 
INJECTED MEATS; the following if they are COMMINUTED: FISH, MEAT, GAME 
ANIMALS commercially raised for FOOD as specified under Subparagraph 3-
201.17(A)(1), and GAME ANIMALS under a voluntary inspection program as specified 
under Subparagraph 3-201.17(A)(2); and raw EGGS that are not prepared as specified 
under Subparagraph (A)(1)(a) of this section: [about 75% meat from carcass in sold as 
nonintact meat, terndloin, T-bone, ribeye, New York strip etc.] [Sterility of center]

• (3) 74oC (165oF) or above for < 1 second (instantaneous) for POULTRY, BALUTS, wild 
GAME ANIMALS as specified under Subparagraphs 3-201.17(A)(3) and (4), stuffed 
FISH, stuffed MEAT, stuffed pasta, stuffed POULTRY, stuffed RATITES, or stuffing 

• (B) Whole MEAT roasts including beef, corned beef, lamb, pork, and cured pork roasts 
such as ham shall be cooked: 



FDA Food Code
CHAPTER 3: FOOD
Destruction of organisms of public health concern 

• Destruction of organisms of public health concern: 3-402 
Freezing 

• 3-402.11 Parasite Destruction. 
• (A) Except as specified in ¶ (B) of this section, before 

service or sale in READY-TO-EAT form, raw, raw-
marinated, partially cooked, or marinated-partially 
cooked FISH shall be: 

• (1) Frozen and stored at a temperature of -20°C (-4°F) or 
below for a minimum of 168 hours (7 days) in a freezer; P 

• (2) Frozen at -35°C (-31°F) or below until solid and stored 
at -35°C (-31°F) or below for a minimum of 15 hours; P or 

• (3) Frozen at -35°C (-31°F) or below until solid and stored 
at -20°C (-4°F) or below for a minimum of 24 hours. P 



FDA Food Code
CHAPTER 3: FOOD
Destruction of organisms of public health concern 

• Destruction of organisms of public health concern:
• 3-403 Reheating 

• (A) Except as specified under ¶¶ (B) and (C) and in ¶ (E) of 
this section, TIME/TEMPERATURE CONTROL FOR SAFETY 
FOOD that is cooked, cooled, and reheated for hot holding 
shall be reheated so that all parts of the FOOD reach a 
temperature of at least 74oC (165oF) for 15 seconds. 

• (C)READY-TO-EAT TIME/TEMPERATURE CONTROL FOR 
SAFETY FOOD that has been commercially processed and 
PACKAGED in a FOOD PROCESSING PLANT that is inspected 
by the REGULATORY AUTHORITY that has jurisdiction over 
the plant, shall be heated to a temperature of at least 
57oC (135oF) when being reheated for hot holding. 



FDA Food Code
CHAPTER 3: FOOD 

• Special requirements for highly susceptible populations

• (A) The following criteria apply to JUICE:

• (1) For the purposes of this paragraph only, children who are age 9 or less and receive FOOD in a 
school, day care setting, or similar facility that provides custodial care are included as HIGHLY 
SUSCEPTIBLE POPULATIONS; 

• (3) UnPACKAGED JUICE that is prepared on the premises for service or sale in a READY-TO-EAT 
form shall be processed under a HACCP PLAN that contains the information specified under §8-
201.14 (C) -(E) and as specified in 21 CFR Part 120 – Hazard Analysis and Critical Control Point 
(HACCP) Systems, Subpart B Pathogen Reduction, 120.24 Process controls. P 

• (B) Pasteurized EGGS or EGG PRODUCTS shall be substituted for raw EGGS in the preparation of: 

•
• (C) The following FOODS may not be served or offered for sale in a READY-TO-EAT form: P 

• (1) Raw animal FOODS such as raw FISH, raw-marinated FISH, raw MOLLUSCAN SHELLFISH, and 
steak tartare, P

• (2) A partially cooked animal FOOD such as lightly cooked FISH, rare MEAT, soft-cooked EGGS that 
are made from raw EGGS, and meringue; and 

• (3) Raw seed sprouts. P 

• (D) FOOD EMPLOYEES may not contact READY-TO-EAT FOOD as specified under ¶¶ 3-301.11(B) 
and (E).P 



Exercise 2

• What is the burden of foodborne pathogens and what is the reason for major 
changes in food safety trends since 1970s?

• What are current significant foodborne pathogens?
• According to FDA food Code what are the 5 major risk factors for food safety 

and what are the 5 recommended public health interventions?
• What is a variance and what is a variance committee?
• Please name three approved time and temperature combinations associated 

with thermal processing of food according to food code.
• Please name three approved time and temperature combinations associated 

with freezing of food to inactivate parasites according to food code.



Exercise 3

• Exercise 3

• Please answer the below questions after reading the news release of Food and Drug Administration 
(November 1, 2018) entitle “Statement from FDA Commissioner Scott Gottlieb, M.D., on findings from the 
romaine lettuce E. coli O157:H7 outbreak investigation and FDA’s efforts to prevent future outbreaks”

• What was the causative agent for the outbreak?

• What was the product involved in the outbreak?

• What was the potential source of contamination?

• What is the main challenge for investigating leafy greens outbreaks?

• What is the FDA response to prevent similar events in future?

Please read the brief article “Two California food companies warned over violations (November 2, 2020)”

• What was the violation in the food companies?



Summary of:
Produce Safety Rule of Food Safety Modernization Act 

Based on Curriculum of Produce Safety Alliance



Food Safety Modernization Act
Produce Rule
FSMA was signed into law on January, 2011
Regulations were supposed to be finalized within one to two years of enactment 
(roughly January 2012 and January 2013)

Revised implementation dates: (all drafts are currently publically available)

• Preventative controls: FSMA §103(a) and(c): August 30, 2015
• Foreign supplier verification program: FSMA §301(a): October 31, 2015
• Accreditation of third party auditors: FSMA §307): October 31, 2015
• Produce safety Rule: FSMA §105(a): October 31, 2015
• Sanitary transportation practices for food and feed: FSMA §111: March 31, 2016
• Intentional adulteration of food: FSMA §106(b): May 31, 2016.



Produce and Preventive Rules and Land-grant 
Institutions
• Standards for the Growing, Harvesting, Packing, and Holding of Produce for 

Human Consumption (Produce Rule): Producers
• Current Good Manufacturing Practice and Hazard Analysis and Risk-Based 

Preventive Controls for Human Food (Preventive Rule): Processors

• Large producers and processors 
• Small and medium size producers and processors
• Very small (hobbyists) producers and processors (local and cottage 

industry)

• Many of small and medium size entrepreneur will require assistance from 
the nations 75 land-grant institution for safe and economical access to 
market.



Produce Rule: Overview

• Regulate “farms,” and “farm-type facilities” 
• Emphasizes on regulating fruits or vegetable to be consumed raw 

(high risk produce) e.g. berries, celeries, most leafy greens, tomatoes, 
peppers, etc.

• Certain vegetables and fruit (low risk produce) are except, those 
requiring preparation as “kill step,” before consumption e.g. 
pumpkins, potatoes, squash, green beans etc.

• Sprouts are subjected to “special rule,” requiring seed treatment, and 
a frequent pathogen testing

• Low and high risk categories have been subject of criticism, and had 
been a moving target throughout the revisions.



Requirements of Produce Rule

• Worker’s training (similar to HACCP pre-requisite program, supervisor and workers)

• Health and hygiene training (similar to HACCP GMP’s)

• Agricultural water (monthly test of sub-surface and weekly test of surface water; 
treatment and monitoring of water source)

• Biological soil amendment of animal origin (treatment, no visible contamination, 
harvest time)

• Domesticated and wild animals (waiting period for grazing during harvest time, 
required fence)

• Equipment, tools, buildings, and facilities (storage, pathogens, and extensive 
documentation)

• Sprout rule (seed treatment and enhanced pathogen testing for irrigation water)



Produce Rule: Implementation and compliance dates

• Implementation date: October 31, 2015
• Compliance date:

• Very small farms ($25*k and below): Exempt

• Small farms ($25k-250K): 4 years

• Medium farms ($250-500K): 3 years

• Large farms ($500k and above): 2 years

Water testing requirements will be effective after additional 2 years.
Effective dates are 60 days after implementation dates
*three-year average revenue; categories are no longer based on number of 
employee, the categories differ in preventive and produce rules. 



Worker Health, Hygiene, 
and Training



Outbreaks Associated with Produce

Presenter
Presentation Notes
This graph highlights the diversity of produce items that have been implicated in foodborne illness outbreaks where the source of the outbreak likely occurred prior to retail or consumer preparation.
Ultimately, contamination can happen to any produce commodity; therefore, preventing contamination is critical for all fruit and vegetable growers. 
For this reason, the FSMA Produce Safety Rule does not target specific commodities, but instead, focuses on the practices which reduce risks. Read more about the FDA’s approach to produce regulation in the “Additional Resource” section below. 

Pie chart notes:
*One outbreak of Cyclospora associated with raspberries in 1997 accounts for 1,012 illnesses, with no information on hospitalizations and deaths. 
** Two outbreaks in 2004 were associated with mesclun lettuce and/or basil. 
*** “Other” includes one outbreak associated with each of the following commodities: celery, hazelnuts, hot peppers, pine nuts, pistachios, snow peas, and squash. The single Salmonella Saintpaul outbreak associated with hot peppers accounts for 1,535 illnesses, 308 hospitalizations, and 2 deaths. 
+ Five outbreaks during this time period were associated with unknown produce; while no specific produce item was identified as the vehicle for these outbreaks, various produce items were found to be epidemiologically associated with illness. 

Other Notes:
These data do not contain information on outbreaks/illnesses where the point of contamination is the retail food setting or home. 
These data do not include illnesses transmitted from person-to-person.
Illness data represent only the number of illnesses reported to CDC, FDA, and state/local health departments in association with an outbreak. These data do not include illnesses that may have occurred but were not reported, sporadic cases of illness, and illnesses not associated with a food vehicle.
Information on outbreaks/illness reported prior to 2004 has been compiled from paper records; information on outbreaks/illnesses since 2004 has been obtained from the CFSAN Outbreak Surveillance Database. 
The outbreaks tracked by FDA are a subset of all the outbreaks tracked by CDC. CDC also tracks outbreaks/illnesses where the point of contamination is the retail food setting or the home. Due to lags in reporting of illnesses, some differences in numerical tallies may exist between FDA and CDC data. 	

Slide Reference:
D'Lima, C., & Vierk, K. (2011). Memorandum to the Record. In: Produce Related Outbreaks and Illnesses. Food and Drug Administration.
Merriweather, S., Cloyd, T.C. & Gubernot, D. (2015). Memorandum to the File — Produce Related Outbreaks and Illnesses 2011–2014. In: Produce Related Outbreaks and Illnesses. Food and Drug Administration.

Additional Resource:
FDA Factsheet. Why doesn’t this rule only target fruits and vegetables that are known to have caused outbreaks of foodborne illness?: http://www.fda.gov/downloads/Food/GuidanceRegulation/FSMA/UCM360758.pdf



Microorganisms of Concern
in Fresh Produce

• Bacteria
• Salmonella, toxigenic E. coli, Shigella, 

Listeria monocytogenes

• Viruses
• Norovirus, Hepatitis A

• Parasites
• Giardia lamblia, Cryptosporidium parvum, 

Cyclospora cayetanensis

Presenter
Presentation Notes
To begin to understand food safety risks, growers should start with understanding what types of microorganisms can contaminate fresh produce.
The biggest food safety hazards in fresh produce are pathogens. A human pathogen is a microorganism capable of causing disease or illness in humans. There are three primary groups of pathogenic microorganisms that are of concern in fresh produce: bacteria, viruses, and parasites. 
This slide provides a few examples of each type of microorganism plus a few names of pathogens you may recognize; however, there are many more pathogens that may cause foodborne illness outbreaks. We will cover each type in detail within the next few slides.
Chemical and physical food safety hazards are much less common and typically are responsible for fewer serious health outcomes. Physical food safety risks may present choking hazards or cause someone to chip a tooth (such as from a pebble from the field in the product). 
Chemical food safety risks (such as improper application of pesticides) are certainly a concern, but are much less common than microbial food safety risks. Many chemical hazards are also controlled by established programs outside of the FSMA Produce Safety Rule, for example through EPA pesticide registration and application requirements.
 
Additional Resource:
FDA Bad Bug Book: http://www.fda.gov/downloads/Food/FoodSafety/FoodborneIllness/FoodborneIllnessFoodbornePathogensNaturalToxins/BadBugBook/UCM297627.pdf



Bacteria

• If conditions are ideal, bacteria can 
multiply once every 20 minutes

• It is unlikely you’ll ever start with 
just ONE bacterium

• Some pathogens can make people sick 
with a dose of 10 cells or less

• What conditions are optimal?
• Food source
• Moisture
• Right temperature

20 min 2

40 min 4

1 hour 8

80 min 16

100 min            32

# of BacteriaTime

2 hours            64

4 hours           4096

6 hours         262,144

8 hours       16,777,216

Presenter
Presentation Notes
This slide is optional. 
Bacteria are single-celled microorganisms that can multiply in environments outside of a host organism as well as inside a host. Most can multiply very quickly, reaching high numbers in a short period of time if they are in the right environment. 
Examples include: E. coli O157:H7, Salmonella, Campylobacter, Listeria monocytogenes, Shigella, and more.
It is unlikely that just ONE bacterial cell will be present. Where there is one, there usually are many – sometimes up into the millions! 
Some pathogens, such as E. coli O157:H7 can cause illness with just 10 cells ingested. Other pathogens require a much higher dose (i.e., ingesting many more cells) to cause illness.  

Example outbreaks caused by pathogenic bacteria: 
2006 E. coli O157:H7 outbreak in spinach: http://www.cdc.gov/mmwr/preview/mmwrhtml/mm55d926a1.htm
2011 Listeria monocytogenes outbreak in cantaloupes: http://www.cdc.gov/listeria/outbreaks/cantaloupes-jensen-farms/index.html
2014 Salmonella outbreak in bean sprouts: http://www.cdc.gov/salmonella/enteritidis-11-14/index.html



BacteriaFood

Water

Time Temperature

pH

Oxygen

Conditions for Bacterial Growth

Presenter
Presentation Notes
This slide is optional. 
Bacteria need food, moisture, and the right range of temperatures to survive and multiply. If growers can control these factors on the farm, they can limit the ability of bacteria to multiply.
Most pathogens are adapted to body temperature, and require the right range of temperatures to multiply; however, some pathogens (such as Listeria moncytogenes) can not only survive, but also multiply at refrigeration temperatures. 
Think about where bacteria might find food (e.g., sugars from broken fruit in a wash tank), water (e.g., washing water), and other ideal growing environments (e.g., hard to clean spaces where water and food collect). 
The acronym FATTOM has been traditionally used to describe ideal conditions for bacterial growth.
Food: Sufficient nutrients are needed to promote growth of bacteria; this can be controlled by proper sanitation.
Acidity: Most pathogens thrive at pH 6.6–7.5, but can grow at slightly acidic conditions (pH 4.5–7.5).
Time: To reduce risks, use cooling and/or move produce quickly out of the field to a covered location. Clean frequently to prevent build-up of bacteria and biofilms.
Temperature: Most pathogens grow best between 41°F (5°C) and 135°F (57°C). Keeping produce cool and maintaining the cold chain will deter or slow pathogen multiplication rates. Some pathogens, such as Listeria monocytogenes, can multiply in cooler temperatures, so maintaining sanitation practices and keeping produce at the proper temperature will reduce risks.
Oxygen: Many pathogens are aerobic, meaning they need oxygen to grow. One exception is Clostridium botulinum (botulism) which does not grow in the presence of oxygen and can be associated with canned foods that do not receive adequate thermal processing. Botulism results from ingesting the botulinum toxin produced by the growth of C. botulinum in the absence of oxygen in canned food products, rather than from traditional infection. Botulism can occur in canned foods but is not likely in raw agricultural commodities since they are exposed to oxygen. Produce in modified atmosphere packaging can deplete oxygen levels that may lead to accelerated decay and growth of spoilage organisms. Food safety challenges with Clostridium botulinum and mushrooms in modified atmosphere packages (sealed packages lacking venting) have occurred (See reference below).
Moisture: Water is essential for pathogen growth. Controlling standing water and making sure the packing environment, food contact surfaces, and produce going into cold storage are kept as dry as possible, will help reduce risks. 

Additional Resource:
Iowa State University Extension and Outreach: Lesson 4 Food Safety —FATTOM: http://www.extension.iastate.edu/foodsafety/Lesson/L4/L4p1.html�
Reference: 
Sugiyama, H., & Yang, K.H. (1975). Growth potential of Clostridium botulinum in fresh mushrooms packaged in semipermeable plastic film. Appl Microbiol, 30(6),  964–969.



Viruses

• Viruses are small particles that multiply 
only in a host, not in the environment 
or on produce

• Contamination most often linked to an ill worker handling fresh 
produce (fecal-oral route) or contaminated water

• It only takes a few virus particles to make someone ill
• Can be very stable in the environment, freeze tolerant
• Prevention is the key to reducing viral contamination
• Limited options for effective sanitizers

coxsackievirus

Presenter
Presentation Notes
Viruses are small particles of nucleic acid that require a host in order to reproduce themselves. 
Viruses are typically spread by people such as food handlers who have not washed their hands before touching produce or food. Examples of viruses associated with fresh produce outbreaks and illnesses include Norovirus and Hepatitis A.
Only a few virus particles are needed to make someone ill and they are very easy to spread through the environment and from person to person. You may be familiar with Norovirus because of its association with cruise ship outbreaks and its ability to spread rapidly in tight quarters. 
Prevention is key to reducing the spread of viruses. Basic handwashing, proper restroom use, and illness reporting can help prevent the spread of viruses. 
Research on the reduction of Norovirus on food contact surfaces is currently limited, making selection of a sanitizer effective on viruses very difficult. Growers should focus on preventing contamination from occurring in the first place. 

Example outbreak: 
2003 Hepatitis A outbreak in green onions: http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5247a5.htm

Additional Resources:
Norovirus Collaborative for Outreach, Research, and Education (NoroCORE): http://norocore.ncsu.edu/
EPA Registered Hospital Disinfectants Effective Against Norovirus: http://www.epa.gov/sites/production/files/2016-10/documents/list_g_norovirus.pdf
Special note: The sanitizers/disinfectants listed in the above resource are not suitable for food contact surfaces, but could be used in other areas, such as restrooms. 
Indirect food additives: adjuvants, production aids, and sanitizers. Subpart B—Substances Utilized To Control the Growth of Microorganisms, 21 C.F.R. Section 178.1010 (2015). http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=178.1010



Parasites

• Parasites are protozoa or intestinal worms that can only 
multiply in a host animal or human

• Commonly transmitted by water
• Can be very stable in the environment; 

often not killed by chemical sanitizers
• Can survive in the body for long

periods of time before ever causing
signs of illness (very long incubation period)

• Giardia, Toxoplasma gondii (often carried by cat): 
Pregnancy

Presenter
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Parasites need a host to multiply, but they can also be very stable in the environment. They can remain viable in the environment for long periods of time and are often transmitted through water contaminated with fecal material. 
Examples of parasites include: Giardia, Toxoplasma gondii (often carried by cat), Cyclospora, and Cryptosporidium.
Some parasites can survive in the body for long periods of time without producing any symptoms.  This makes it difficult to know when, where, and how the individual became infected. Symptoms may also come and go, making parasitic infections difficult to diagnose. 

Example outbreak: 
s2004 Cyclospora in snow peas traced back to Guatemala: http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5337a6.htm



Health Impacts by Pathogen Type

*The total also includes chemical hazards not identified in this table (e.g., a Curcurbitacin toxin outbreak 
associated with squash).

Presenter
Presentation Notes
This slide is intended to highlight two key points: 1) number of outbreaks caused by each type of pathogen and 2) the significant impact they have on the health of the individuals who become ill.
From 1996 to 2014, approximately 172 produce-related reported outbreaks occurred, resulting in 17,156 outbreak-related illnesses, 2,067 hospitalizations and 68 deaths. The total number of outbreaks also includes a single outbreak attributed to Curcurbitacin toxin, a chemical hazard that was linked to the consumption of squash in 2004.
As the previous slides have illustrated, there have been a variety of pathogens which have been associated with produce outbreaks including:
Bacterial pathogens—Escherichia coli (E. coli) O157:H7, non-O157 Shiga toxin-producing E. coli (STECs) (e.g., O145, O111, O104:H4); Salmonella spp.; Listeria monocytogenes (L. monocytogenes); Shigella sonnei. 
Viruses—Hepatitis A, Norovirus.
Parasites—Cryptosporidium parvum; Cyclospora cayetanesis and Giardia lamblia
Though many may experience only minor symptoms, such as diarrhea, nausea, or vomiting, others have more serious symptoms that result in hospitalization, long term health impacts, and even death.		

Slide Reference and data adapted from:
D'Lima, C., & Vierk, K.  (2011). Memorandum to the Record. In: Produce Related Outbreaks and Illnesses. Food and Drug Administration.
Merriweather, S., Cloyd, T.C. & Gubernot, D. (2015). Memorandum to the File—Produce Related Outbreaks and Illnesses 2011–2014. In: Produce Related Outbreaks and Illnesses. Food and Drug Administration.

Additional Resources:
Beuchat, L.R. (1996). Pathogenic microorganisms associated with fresh produce. J Food Prot, 59(2), 204–216. 
Scallan, E., Hoekstra, R.M., Angulo, F.J., Tauxe, R.V., Widdowson, M.A., Roy, S.L., et al. (2011). Foodborne illness acquired in the United States—major pathogens. Emerg Infect Dis, 17(1), 7–15. 
Scallan, E., Griffin, P.M., Angulo, F.J., Tauxe, R.V., & Hoekstra, R.M. (2011). Foodborne illness acquired in the United States—unspecified agents. Emerg Infect Dis, 17(1), 16. 
Sivapalasingam, S., Friedman, C.R., Cohen, L., & Tauxe, R.V. (2004). Fresh produce: a growing cause of outbreaks of foodborne illness in the United States, 1973 through 1997. J Food Prot, 67(10), 2342–2353. 



Contamination Sources

Produce

Humans

Animals Water

Soil

Buildings 
Equipment 

Tools

Presenter
Presentation Notes
On the farm, contamination can come from a number of sources. 
Do growers have these things on their farms (e.g., water, workers, soil, tools, or animals)? Of course they do—which is why every grower needs to understand food safety risks and how to reduce them on the farm.
This course will cover each of these areas and the risks they may pose to the contamination of produce. The next five slides will introduce the risks associated with each of these areas.

Additional Resources:
Beuchat, L.R. (2002). Ecological factors influencing survival and growth of human pathogens on raw fruits and vegetables. Microb Infect, 4(4), 413–423. 
Park, S., Szonyi, B., Gautam, R., et al. (2012). Risk factors for microbial contamination in fruits and vegetables at the pre-harvest level: a systematic review. J Food Prot, 75(11), 2055–2081. 
Strawn, L.K., Fortes, E.D., Bihn, E.A., et al. (2013). Landscape and meteorological factors affecting prevalence of three food-borne pathogens in fruit and vegetable farms. Appl Environ Micro, 79(2), 588–600. 



Worker Health, Hygiene, 
and Training



Workers Are A Food Safety 
Concern Because They…

• Can carry human pathogens
• Shigella, Hepatitis A, Norovirus, 

and others
• Can spread human pathogens

• Harvest and pack with their hands
• Fecal-oral route

• Require training to reduce risks
• Proper handwashing
• How to handle illnesses and injuries

Presenter
Presentation Notes
Each module will begin with assessing risks. This slide outlines risks posed by workers. 
Workers can carry, introduce, and spread contamination to fresh produce while they are working on the farm. 
Human pathogens can be spread through many routes; however, the fecal-oral route is most common. This can happen if a worker does not wash their hands after using the toilet and then handles produce, contaminating it with fecal material.
Pathogens can also spread through saliva and mucus, and contact with other contaminated surfaces. For example, hands may become contaminated while eating, smoking, or sneezing.
Workers must wash their hands at times where hands may have become contaminated. 
Worker training should include how to wash hands and workers should be given opportunities to practice this skill during the training.  
Workers must know what to do if they are ill or injure themselves while working. This reduces the risks of human pathogens, blood, and other bodily fluids contaminating fresh produce, fields, and packinghouses. 
Remember, workers and the training they receive are very important since workers play a key role in farm food safety.

Example outbreak: Hepatitis A in Green Onions
Calvin, L., Avendaño, B., Schwentesius, R. (2004). The economics of food safety: The case of green onions and Hepatitis A outbreaks. Electronic Outlook Report from the Economic Research Service. http://www.ers.usda.gov/publications/vgs/nov04/VGS30501/VGS30501.pdf 
Centers for Disease Control and Prevention (CDC). (2003). Hepatitis A Outbreak Associated with Green Onions at a Restaurant — Monaca, Pennsylvania, 2003. http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5247a5.htm 



Routes of Contamination

Footwear

Feces 
Clothing

Illness & Injury
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Here are some ways that workers can introduce contamination.
Feces (poop) can contaminate produce directly if workers defecate (poop) in the field or if there is a leak in the sewage system.
Workers' hands can also cross-contaminate produce if they do not wash their hands after using the toilet or returning from a break (e.g., after eating or smoking) and then handling produce.
Another example of indirect contamination can occur when workers' clothing is contaminated for example, by animal feces, that can be transmitted to covered produce or food contact surfaces. When working with animals or handling manure, workers may need to use protective outer garments (e.g., aprons or coveralls) to protect their clothing from contamination.
Injuries can result in blood or other bodily fluids contaminating produce, so it is also important to stress worker safety on the farm.
Workers can contaminate tools/equipment if proper hygiene practices are not followed.



Importance of Training Workers

• Fresh fruits and vegetables often receive no additional 
processing (such as cooking), so contamination with a 
pathogen can result in illness when the produce is 
consumed. 

• Workers need to use food safety practices every day 
to reduce produce safety risks

• Food safety practices are learned
so training is key to successful 
implementation

• PSR of FSMA, mandates workers safety, GAP was 
recommendation .

Presenter
Presentation Notes
Fresh fruits and vegetables often do not receive a “kill step” such as processing or cooking before being consumed. Pathogens that contaminate produce can cause foodborne illness if they are consumed. 
Workers are a critical part of any Farm Food Safety Plan because they are responsible for using food safety practices every day while they work.
Food safety practices are learned, so training is key to successful implementation.



Soil Amendments



What Is A Soil Amendment?

• Soil amendments are any chemical, biological, or physical 
materials intentionally added to the soil to improve and 
support plant growth and development

• May reduce soil erosion and sediment runoff
• Many different types of soil amendments are available
• Soil amendments can present 

produce safety risks 
• Assessing risks and implementing 

GAPs can reduce risks

Presenter
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Soil amendments are commonly used in the production of fresh fruits and vegetables. 
The focus of this section is on assessing risk and ways to reduce risks associated with soil amendment use.
The majority of the standards related to soil amendments can be found within Subpart F—Standards Directed to Biological Soil Amendments of Animal Origin and Human Waste § 112.51(a)–§ 112.60(b). 

In this module, the term ‘soil amendments’ is used for brevity, however, there are multiple definitions outlined in the FSMA Produce Safety Rule that are included below in the notes. They will be discussed later in this module.
Soil amendment means any chemical, biological, or physical material (such as elemental fertilizers, stabilized compost, manure, non-fecal animal byproducts, peat moss, perlite, pre-consumer vegetative waste, sewage sludge biosolids, table waste, agricultural tea and yard trimmings) intentionally added to the soil to improve the chemical or physical condition of soil in relation to plant growth or to improve the capacity of the soil to hold water. The term soil amendment also includes growth media that serve as the entire substrate during the growth of covered produce (such as mushrooms and some sprouts) (§ 112.3(c)). 
Biological soil amendment means any soil amendment containing biological materials such as stabilized compost, manure, non-fecal animal byproducts, peat moss, pre-consumer vegetative waste, sewage sludge biosolids, table waste, agricultural tea, or yard trimmings, alone or in combination (§ 112.3(c)). 
Biological soil amendment of animal origin means a biological soil amendment which consists, in whole or in part, of materials of animal origin, such as manure or non-fecal animal byproducts including animal mortalities, or table waste, alone or in combination. The term ‘biological soil amendment of animal origin’ does not include any form of human waste (§ 112.3(c)).



Soil Amendments & 
Food Safety Risks

• Biological soil amendments, 
especially those that include untreated (raw) 
manure, pose significant microbial risks 

• Synthetic (chemical) soil amendments can also 
impact food safety, if not prepared and applied 
properly

• Risks should be assessed when selecting and 
applying all soil amendments on produce fields

§

Presenter
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It is important to consider the types of soil amendments being used on the farm (if any) and understand the risks they may pose to produce. 
In general, the biggest risk is from soil amendments that contain manure or other biological components of animal origin that have not been treated to reduce microbial risks.  
Biological soil amendments may contain biological components of animal origin that are not manure-based (e.g., blood meal, bone meal). Risks associated with these types of amendments will be discussed later in the module. 
§ 112.51(a) defines a treated soil amendment as having been processed to completion to reduce microorganisms of concern in accordance with §§ 112.54(a) and (b) (which references § 112.55 microbial criteria), or in the case of agricultural tea, the biological materials used to make the tea have been processed and the water has no detectable generic E. coli/100 mL water.
§ 112.51(b) defines a biological soil amendment of animal origin as untreated if it:
Has not been processed to completion in accordance with § 112.54, or in the case of agricultural tea, the biological materials used to make the tea have not been so processed or the water used to make the tea is untreated surface water, or the water used to make the tea has detectable generic E. coli in 100 mL of water
Has become contaminated after treatment
Has been recombined with an untreated biological soil amendment of animal origin
Is or contains a component of untreated waste that you know or have reason to believe is contaminated with a hazard or has been associated with foodborne illness
Is an agricultural tea that contains an agricultural tea additive
Agricultural tea additive means a nutrient source (such as molasses, yeast extract, or algal powder) added to agricultural tea to increase microbial biomass (§ 112.3(c)).
Chemical and synthetic soil amendments can also impact food safety, if not prepared and applied properly. The Environmental Protection Agency and Federal Insecticide, Fungicide, and Rodenticide Act regulates the use of chemical and synthetic soil amendments. The preparation of chemical and synthetic soil amendments is also an important factor in mitigating risk.



Assessing the Risks
• What type of soil amendments do you use?

• Raw manure, composted manure, chemical, etc.
• What crops receive soil amendments?

• Fresh produce or agronomic crops
• When do you apply them?

• Days to harvest, time of year
• How do you apply them?

• Incorporated, injected, surface applied
• How much and how often do you apply them? 

• Excessive application can lead to environmental impacts

Presenter
Presentation Notes
Types of soil amendments include raw manure, composted manure, chemical, green waste, and biosolids.
Soil amendment management can reduce food safety risks. This includes assessing risks from the soil amendment being used, selecting low risk crops for application (e.g., agronomic), and reviewing the application method (incorporated, injected, or surface applied) and timing (days to harvest; season of application) to reduce risks. 
For example, if soil amendments are applied to agronomic crops, there is lower risk of direct produce contamination.  
Excessive use of soil amendments can be a problem (i.e., when used as a ‘disposal’ mechanism or when applied beyond crop nutrient demand) and this may affect the safety of agricultural water sources or lead to runoff into produce fields.  
The rule has requirements for application method and application to harvest interval that will be discussed later in the module.
Each of the bullets highlighted in this slide will be discussed in greater detail throughout this module. 



Human Waste & Biosolids
• Human waste is prohibited for use on produce 

crops, unless it meets the EPA regulation for 
biosolids (40 CFR part 503)

• Untreated human waste may contain pathogens, 
heavy metals, or other contaminants

• May not be accepted by produce buyers 
• Management of biosolids not discussed because 

use is infrequent in fresh produce production 
(International travelers?)

§
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§ 112.53 states that you may NOT use untreated human waste, except biosolids used in accordance with the requirements of 40 CFR part 503, subpart D, or equivalent regulatory requirements for growing covered produce.
For most purposes 40 CFR part 503, subpart D, limits application for land growing covered produce to Class A biosolids.
Untreated human waste may contain high levels of human pathogens. 
Biosolids may also contain high levels of heavy metals or other contaminants such as pharmaceuticals.
Some States regulate the metals content of soil amendments, including Class A biosolids.
Management of biosolids is not discussed in detail in this module because its use is infrequent in fruit and vegetable production. 
If using biosolids, review the regulatory sections that apply to ensure biosolids are used properly.

Additional Resource:
Standards for the Use or Disposal of Sewage Sludge, Subpart D—Pathogens and Vector Attraction Reduction, 40 CFR 503 (2015).�http://www.ecfr.gov/cgi-bin/text-idx?SID=cb309f2da2aba12c1d4e50233633c3e1&node=sp40.30.503.d&rgn=div6




Non-Manure Based 
Soil Amendments of Animal Origin

• Should be processed to 
eliminate pathogens or 
must be considered 
untreated biological 
soil amendments of 
animal origin

Bone meal

Blood meal

Feather meal

Fish emulsion

§

Presenter
Presentation Notes
In the FSMA Produce Safety Rule, §§ 112.54(a) and (b) provides treatment processes which are acceptable for biological soil amendments of animal origin used in the growing of covered produce. These options will be covered in greater detail later in the module.  
All biological soil amendments of animal origin, including mortality composting, must meet the microbial standards in §§ 112.55(a) and (b) or must be considered untreated.
The rest of this module will focus on reducing risks associated with biological soil amendments containing animal manure. 

Additional Resources:
Dunkley, C., Cunningham, D., Ritz, C., Dunkley, K., & Hinton, A. (2011). Using mortality compost in vegetable production: A comparison between summer and winter composting and its use in cabbage production. Agric Food Anal Bacteriol, 1, 6–14.
Carter, J., Clark, B., Evanylo, G., Ketchum, A., Peer, B., Saunders, D., Simmerman, G., Smith, C., & Wahlberg, M. (2013). On Farm Mortality Disposal Options for Livestock Producers. Virginia Polytechnic Institute and State University - Virginia Cooperative Extension. https://vtechworks.lib.vt.edu/bitstream/handle/10919/50693/2909–1412.pdf



Pathogens in Animal Manure

• All manures can carry human pathogens
• Some animals tend to be reservoirs for certain 

pathogens (STEC in Cattle, Campylobacter is poultry)
• Many things can affect animals shedding pathogens in 

their manure
• Age
• Husbandary practices
• Diet
• Season
• Environmental conditions

Presenter
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The reason manures present food safety risks is because they can carry and spread human pathogens. Manures especially present a food safety risk to the crop if they are not applied or treated properly. Additional information is provided below, but the key is to know that raw manures represent a microbial risk. 
Different animals tend to be reservoirs for different pathogens, though all animals have the potential to shed pathogens. For example, birds (chickens) often shed Salmonella and Campylobacter and ruminants (cows, sheep) often shed toxigenic E. coli (EHEC/STECs).
There are many factors that contribute to whether an animal will shed human pathogens in their feces including season, diet, rearing practices and age. For example, younger cattle tend to shed more toxin-producing pathogens in their manure than older animals. 

Additional Resources:
Buchko, S.J., Holley, R.A., Olson, W.O., Gannon, V.P.J., & Veira, D.M. (2000). The effect of different grain diets on fecal shedding of Escherichia coli O157:H7 by steers. J Food Prot, 63(11), 1467–1474.
LeJeune, J., & Kauffman, M.D. (2005). Effect of sand and sawdust bedding materials on the fecal prevalence of Escherichia coli O157: H7 in dairy cows. App Environ Micro, 71(1), 326–330.
Doyle, M.P., & Erickson, M.C. (2006). Reducing the Carriage of Foodborne Pathogens in Livestock and Poultry. Poultry Science, 85(6), 960–973.
Langholz, J.A., & Jay-Russell, M.T. (2013). Potential role of wildlife in pathogenic contamination of fresh produce.  Hum Wildl Interact, 7(1), 140–157.




Untreated Soil Amendments
• Untreated biological soil amendments of animal origin are 

considered high risk since they have not been treated to 
reduce or eliminate pathogens 

• All of the following soil amendments would be considered 
untreated: 

• Raw manure
• ‘Aged’ or ‘stacked’ manure
• Untreated manure slurries
• Untreated manure teas
• Agricultural teas with supplemental microbial nutrients 
• Any soil amendment mixed with raw manure

§

Presenter
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As a reminder, § 112.51(b) defines untreated soil amendments. 
Raw manure, aged manure (meaning no specific process, such as composting, has been followed), untreated slurry, agricultural teas from raw manure, and other raw or incompletely treated products (such as untreated bone meal and blood meal) are examples of higher risk soil amendments. 
If a treated soil amendment is mixed with raw manure or incompletely treated manure by accident (or intentionally), or if you have reason to suspect a finished compost has become contaminated, it must be handled as a raw, untreated soil amendment (§ 112.52).
There are treatment options, such as composting or heat treatments, that will reduce food safety risks. The FSMA Produce Safety Rule standards for composting processes will be outlined in the next slides. 

Additional Resources:
Jiang, X., Morgan, J., & Doyle, M.P. (2002). Fate of Escherichia coli O157:H7 in Manure‐Amended Soil. App Environ Micro, 68(5), 2605–2609.
Ingram, D., & Millner, P. (2007). Factors affecting compost tea as a potential source of Escherichia coli and Salmonella on fresh produce. J Food Prot, 70(4), 828–834.
Kim, J., Shepherd, J., Marion, W., & Jiang, X. (2009). Evaluating the Effect of Environmental Factors on Pathogen Regrowth in Compost Extract. Micro Ecology, 58(3), 498–508.



Reducing Soil Amendment Risks

• Selection
• Treatment
• Application Timing 

• Application Methods
• Handling and Storage
• Recordkeeping

Presenter
Presentation Notes
Implementing Good Agricultural Practices (GAPs) on the farm can help reduce risks associated with the use of soil amendments.
GAPs for soil amendments could include:
Selecting soil amendments which have been treated (instead of using raw)
Extending the application to harvest interval 
Assuring application methods do not put adjacent crops at risk (such as from wind drift on a dry day or runoff)
Proper storage to reduce runoff risks into produce fields (§ 112.52)
Handling practices to reduce cross-contamination from soil amendments to equipment and tools (§ 112.52)
Recordkeeping to monitor soil amendment application
Recordkeeping to monitor soil amendment treatment (§ 112.60)




Composting as a Treatment

• Composting is a controlled biological process that 
decomposes organic matter and reduces pathogens

• Temperature is the primary method of pathogen 
reduction for thermophilic composting; however, 
chemical and biological factors also contribute 

• Only a composting process that has been scientifically 
validated ensures pathogen reduction

• Process monitoring and recordkeeping are critical to 
ensuring the compost is adequately treated

§

Presenter
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Composting is defined in § 112.3(c) as a process to produce stabilized compost in which organic material is decomposed by the actions of microorganisms under thermophilic conditions for a designated period of time (e.g., 3 days) at a designated temperature (e.g., 131°F (55°C)), followed by a curing stage under cooler conditions. 
The length of time will depend on management parameters including aeration, turning, cover, feedstock make-up, moisture levels, and many other potential variables at a designated temperature. For example, not less than 131°F (55°C) for 3 days, followed by a curing stage.
§ 112.54 provides more information on the scientific validation of composting. The next slide contains more information about this, but is an optional slide for growers using these types of amendments.
Curing, as defined by § 112.3(c) means the final stage of composting, which is conducted after much of the readily metabolized biological material has been decomposed, at cooler temperatures than those in the thermophilic phase of composting, to further reduce pathogens, promote further decomposition of cellulose and lignin, and stabilize composition. Curing may or may not involve insulation depending on environmental conditions. 
There are many more methods of composting. Examples of thermophilic composting are provided in the FSMA Produce Safety Rule that are designed to meet § 112.55(b). Non-thermophilic methods may be acceptable (e.g., vermicomposting, anaerobic digestion, etc.). Processes must be validated to meet the treatment required (§ 112.55 (a) or (b)) for intended application (§ 112.56). Process monitoring to meet the microbial standard and record keeping are critical to ensuring the compost is adequately treated.

Additional Resources:
Renter, D.G., & Sargeant, J.M. (2002). Enterohemorrhagic Escherichia coli O157:H7 epidemiology and ecology in bovine production environments. Animal Health Research Reviews, 3(02), 83–94.
Weil, J.D., Beelman, R.B., & LaBorde, L.F. (2004). Destruction of Select Human Pathogenic Bacteria in Mushroom Compost During Phase II Pasteurization. Proceedings of the 2004 ISMS/NAMC conference in Miami, Florida, 365–371.
Jiang, X., & Shepherd, M. (2009). The Role of Manure and Compost in Produce Safety. Microbial Safety of Fresh Produce, 143.
Brinton, W.F., Storms, P., & Blewett, T.C. (2009). Occurrence and Levels of Fecal Indicators and Pathogenic Bacteria in Market‐Ready Recycled Organic Matter Composts. J Food Prot, 72(2), 332–339.
Eamens, G.J., Dorahy, C.J., Muirhead, L., Enman, B., Pengelly, P., Barchia, I.M., Gonsalves, J.R., & Cooper, K. (2011). Bacterial survival studies to assess the efficacy of static pile composting and above ground burial for disposal of bovine carcasses. J Appl Micro, 110(6), 1402–1413.



Must use a scientifically valid process:
1. Aerated static composting: aerobic, minimum 

131°F (55°C) for 3 days, followed by curing 
with proper management to ensure elevated 
temperatures throughout all materials

2. Turned composting: aerobic, minimum of 
131°F (55°C) for 15 days, minimum 
5 turnings, followed by curing

3. Other scientifically valid, controlled 
composting processes

Composting Options



Wildlife, Domesticated 
Animals, and Land Use



Animals Are A Produce Safety 
Concern Because They:

• Can carry human pathogens
• e.g., E. coli O157:H7, Salmonella, 

Listeria monocytogenes
• Can spread human pathogens

• By depositing feces in fields
• By spreading fecal contamination as they move

• Are very difficult to control 
• Birds and small animals travel unnoticed
• If fencing is used, even the best fence can be breached
• Complete exclusion is not possible

Presenter
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When assessing risks associated with domesticated and wild animals, it is important to understand that they are a food safety concern because animals can carry human pathogens in their feces and can spread contamination around fields as they move.
Domesticated animals, due to their close proximity to humans as well as other wildlife, are more likely to harbor human pathogens. 
Animals are naturally present in the environment and difficult to control, so complete exclusion is not possible. Knowing this, it is still important to limit their access to fields and work to ensure contaminated produce is not harvested. 
The presence of wildlife and domesticated animals is not an inherent problem, but their presence can pose risks since animals can serve as reservoirs for human pathogens.
In Subpart I, these three provisions § 112.81, § 112.83, and § 112.84 include standards directed to minimize the potential for biological hazards from animal excreta to be deposited by domesticated animals on the farm, by domesticated animals from a nearby area or by wild animals (such as deer and wild swine) on covered produce, or in an area where growers conduct a covered activity on covered produce. 
§ 112.83(a) requires that those subject to the rule take the steps as outlined in §112.83(b) if there is a reasonable probability that grazing animals, working animals, or animal intrusion will contaminate covered produce.
The requirements outlined in § 112.81, § 112.83, and § 112.84 apply when a covered activity takes place in an outdoor area or a partially-enclosed building and when, under the circumstances, there is a reasonable probability that animals will contaminate covered produce (§ 112.81(a)).  
The requirements in § 112.81, § 112.83, and § 112.84 do not apply when the covered activity takes place in a fully-enclosed building. These requirements also do not apply to fish used in aquaculture operations (§ 112.81(b)). Some other requirements in Subpart L related to domesticated animals and pests are covered in Module 6: Postharvest Handling and Sanitation. 

Additional Resources:
Langholz, J., & Jay-Russell M. (2013). Potential role of wildlife in pathogenic contamination of fresh produce. Hum Wildlife Interact, 7(1), 140–157.
Jay, M.T., Cooley, M., Carychao, D., Wiscomb, G.W., Sweitzer, R.A., Crawford‐Miksza, L., Farrar, J.A., Lau, D.K., O'Connell, J., Millington, A., Asmundson, R.V., Atwill, E.R., & Mandrell, R.E. (2007). Escherichia coli O157:H7 in Feral Swine near Spinach Fields and Cattle, Central California Coast. Emerg Infect Dis, 13(12), 1908–1911.



Co-Management: 
Striking a Balance

• Farmers must address food 
safety requirements, but should 
keep the conservation of natural 
resources in mind

• Farmers also have stewardship, aesthetic, and business 
objectives of their own

• Co-management considers both food safety and 
conservation of natural resources

Presenter
Presentation Notes
Produce safety is not the only concern in the farm environment.  Managing natural resources and conservation programs are also important. 
Co-management can be defined as the practices which minimize the risk of fecal contamination and microbiological hazards associated with food production while simultaneously conserving soil, water, air, wildlife and other natural resources.
Co-management provides a way to address complex farm management needs and there are many ways to approach them as mutually beneficial goals.
The FSMA Produce Safety Rule encourages co-management practices, however, they are not mandated in the rule. 

Additional Resource:
Co-Management of Food Safety and Sustainability, University of California, Division of Agriculture and Natural Resources:�http://ucfoodsafety.ucdavis.edu/Preharvest/Co-Management_of_Food_Safety_and_Sustainability/



Agricultural Water



Two Sections on Water

• Part I: Production Water
• Water used in contact with produce 

during growth
• Irrigation, fertigation, foliar sprays, frost 

protection

• Part II: Postharvest Water
• Water used during or after harvest

Presenter
Presentation Notes
This section has two parts since identification of risks and management of microbial water quality are different during production and postharvest activities.  
The FSMA Produce Safety Rule requirements for agricultural water are outlined in Subpart E, § 112.41–112.50.
Water requirements for growing sprouts are included in Subpart E § 112.44(a) and Subpart M of the Produce Safety Rule but are not covered in detail in this module. However, the Sprout Safety Alliance has developed educational materials and a curriculum specifically for sprout producers available at: http://www.iit.edu/ifsh/sprout_safety/
Production water refers to water that meets the definition of agricultural water and is used during growing activities for covered produce, other than sprouts, for the purposes of the Produce Safety Rule (§ 112.44(b)).
Postharvest water encompasses water that meets the definition of agricultural water and is used during and after harvest which can include agricultural water used in the field during harvest as well as during packing or holding activities. 



Higher Risk

Probability of Contamination

Lower Risk

Public Water Supply

Treated

Surface Water

Open to 
Environment

Ground Water

Presenter
Presentation Notes
Production water primarily comes from three sources with different probabilities of contamination by microorganisms associated with feces:  public/municipal drinking water supplies, ground water, and surface water.
Public water supplies, such as municipal drinking water, have their water treated and monitored by the water utility. Water that has been tested to verify that it meets drinking water criteria has lower risk.
Ground water (e.g., well water) is generally less likely than surface water to be contaminated with microorganisms associated with feces. As water filters through layers of soil, clay and rock, the microbial load is reduced before it reaches the ground water aquifer. Because ground water sources can vary widely in terms of aquifer water quality and well construction, ground water is placed in the middle of this diagram. A properly constructed well that is regularly tested and shown to meet microbial criteria can be as safe as public water supplies, but ground water that is subject to contamination by the surface environment can have risks more similar to surface waters. 
As defined in the FSMA Produce Safety Rule (§ 112.3), ground water means the supply of fresh water found beneath the Earth’s surface, usually in aquifers, which supply wells and springs. Ground water does not include any water that meets the definition of surface water.
Surface water includes rivers, streams, lakes, ponds, manmade reservoirs and any other water source that is open to the environment. The quality of water drawn from surface water sources can vary greatly. This is particularly true for surface waters that are subject to contamination events such as water runoff from upstream livestock operations or wastewater discharge. Contamination of surface waters can happen with different frequency: all the time, rarely, or seasonally. Water testing helps growers understand their surface water source and its risks.  
As defined in the FSMA Produce Safety Rule (§ 112.3), surface water means all water open to the atmosphere (rivers, lakes, reservoirs, streams, impoundments, seas, estuaries, etc.) and all springs, wells, or other collectors that are directly influenced by surface water. 
Reclaimed water is often used as a source of irrigation water in dry regions, areas subject to drought, and in other agricultural scenarios. Reclaimed water that has been treated and tested, such as at a wastewater treatment plant, may be used for production water but growers need to be sure the water is safe and of adequate sanitary quality for its intended use and meets numerical GM and STV criteria of the Produce Safety Rule, as applicable. More information about acceptable water quality, and related citations to the Produce Safety Rule, begins on the slide Evaluating Water Quality: Use of Microbial Water Quality Profiles.
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Requirements for Public Water 
Sources

Source Testing Requirement
Public Water 

Supply
Copy of test results or current certificates
of compliance

§

• With appropriate documentation, there is no requirement to 
test water that meets the requirements for public water 
supplies.

Presenter
Presentation Notes
§§ 112.46(a)(1) and (a)(2) state that if water is sourced from a public water supply (such as municipal drinking water), growers subject to the rule do not need to test the water source as long as they have Public Water System results or a current water supply certificate of compliance that the water meets requirements of the Safe Drinking Water Act, or that it is free of detectable generic E. coli in 100 mL of water. 
If municipal drinking water is held in containments open to the environment prior to using it as agricultural water, it is considered equivalent to untreated surface water and then it would need to be surveyed as surface water (see the slide Microbial Water Quality Profile: Survey of Surface Water Sources).
Though not required, it is a good idea to sample and test at the point of use to ensure that there are no impacts from the water distribution system.
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Microbial Water Quality Profile:  
Survey of Ground Water Sources

Source Initial and Annual Testing Requirement

Ground

4 or more times during the growing season 
or over the period of a year
1 or more samples rolled into profile every 
year after initial year

§

• Profile samples must be representative of use and must be 
collected as close in time as practicable to, but before, 
harvest

Presenter
Presentation Notes
Ground water sources of production water, such as wells, must be tested during an initial year and annually thereafter for calculation of the microbial water quality profile. 
Initial year:  4 times throughout the growing season, or over the period of a year (§ 112.46(b)(1)(i)(B)). 
Subsequent years:  1 time during the growing season or over the period of a year (§ 112.46(b)(2)(i)(B)).
§ 112.46(b)(2)(iii) requires that the microbial water quality profile must be updated with annual survey results. Revised GM and STV values must be calculated using the current annual survey data combined with the most recent initial or annual survey data from within the previous four years to make up a rolling data set of at least four samples for untreated ground water sources.
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Microbial Water Quality Profile:  
Survey of Surface Water Sources

§

Source Initial and Annual Testing Requirement

Surface
20 or more times over a period of 2 to 4 years

5 or more samples rolled into profile every year 
after initial survey

• Profile samples must be representative of use and must be 
collected as close in time as practicable to, but before, 
harvest

Presenter
Presentation Notes
For surface water sources:
The survey for surface water sources is more sample-intensive because the quality of surface water is more variable than ground water or public water supplies.
§ 112.46(b)(1)(ii) requires an initial survey to develop a microbial water quality profile to determine whether a water source meets the microbial quality criteria established in § 112.44(b) for the intended use (See slide Water Quality Criteria for Water Used During Growing Activities). 
§ 112.46(b)(1)(i)(A) requires that the initial profile use a minimum of 20 samples taken over at least two years but not more than four years.
§ 112.46(b)(1)(ii) requires that the water samples must be representative of the farm’s use and must be collected as close in time as practicable to, but prior to, harvest.
§ 112.46(b)(2)(i)(A) requires that after establishing the initial microbial water quality profile, 5 or more new samples must be analyzed each year to update the microbial water quality profile, resulting in a rolling data set from within the previous four years that always includes 20 or more samples.�
For surface and ground water sources: 
§ 112.46(b) requires that growers subject to the regulation who use multiple water sources for agricultural water must test each water source to establish the initial profile and collect annual samples to update the profile for each source.
The FSMA Produce Safety Rule requirements stated above are minimum requirements. Collecting staggered samples as additional tests throughout the season may help the grower to get a more detailed representation of the microbial water quality throughout the season and over time to help identify water quality issues. Any additional samples may or may not be suitable for inclusion in the microbial water quality profile data set, depending on whether the sample is representative of use and collected near harvest.
Growers who are not subject to the rule should consider testing their water sources as described above because testing may help them identify produce safety risks that may exist with their water source(s).



Evaluating Water Quality: Use of 
Microbial Water Quality Profiles

• Testing is the only way to quantitatively evaluate 
the microbial quality of the water

• The water quality profile can help you:
• Understand the long-term quality of 

source water
• Understand appropriate uses for each source
• Determine if corrective measures are needed if the 

microbial water quality profile exceeds numerical GM and 
STV criteria in the FSMA Produce Safety Rule

§

Presenter
Presentation Notes
Requirements related to the microbial water quality profile, corrective measures, and numerical GM and STV criteria are discussed in the upcoming slides. The geometric mean (GM) is a log-scale average, the “typical” value.  The statistical threshold value (STV) is a measure of variability, the estimated “high range” value (approximated 90th percentile). Both of these are discussed in the slide Geometric Means and Statistical Threshold Values.
The microbial water quality profile (MWQP) is a long-term management strategy, and for production water, it is not meant to be used for day-to-day management and decision making about whether the water is suitable for a use at that particular time.
§ 112.46(b)(1) requires that growers subject to the rule must establish an initial microbial water quality profile for untreated water sources (surface or ground water) that are applied using a direct water application method during growing. 
It is important to understand that surface water quality can change quickly over time and throughout the season. Water testing only provides an indication of the water quality at the time of sampling and may provide information on long-term sources of fecal contamination that impact the water source. 



Generic E. coli is an Established Indicator

• Generic Escherichia coli
(E. coli) is an indicator of 
fecal contamination

• E. coli is not a direct 
measure of the presence of 
human pathogens

• E. coli is the indicator used 
to measure water quality in 
the FSMA Produce Safety 
Rule 

§

Hepatitis A
A virus

Cryptosporidium
A protozoan

Salmonella
A different bacteria

Total 
coliforms

Fecal 
coliforms

Generic E. coli
Bacteria found 
mostly in feces

Pathogenic E. coli
Found in some feces
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Coliform, a laboratory 
term for typically the 
these genera:
• Citrobacter
• Enterobacter
• Klebsiella
• Escherichia

Presenter
Presentation Notes
Generic E. coli is an indicator of fecal contamination. Generic E. coli has historically been used as an indicator of fecal contamination for several types of water. However, presence of generic E. coli does not always mean that pathogens are present. Similarly, absence does not always mean that pathogens are absent. 
Monitoring for generic E. coli can assess the potential for agricultural water to contain fecal contamination. This is important since feces can carry human pathogens.
Pathogens often found in feces include pathogenic E. coli, Salmonella enterica serotype Typhimurium, Cryptosporidium parvum, hepatitis A, and norovirus.
Detection of generic E. coli indicates possible fecal contamination, and the amount of fecal contamination that is detected provides information to growers on how to best manage water that could present a risk to covered produce. Fecal contamination is a risk factor for the presence of pathogens.
§ 112.44 requires that generic E. coli be used as the indicator of water quality. 

Key Information about the graphic on this slide
Generic E. coli are a type of coliform. Coliforms are bacteria that are found in the environment, soil, and intestines of warm-blooded animals. Total coliforms are sometimes used as indicators in other settings (e.g., drinking water).
Generic E. coli are also fecal coliforms. Fecal coliforms are a type of coliform that are more likely to be associated with human or animal fecal material and are a more accurate indication of the presence of feces than total coliforms. Fecal coliforms are sometimes used as indicators in other settings (e.g., recreational water and livestock water sources).
Generic E. coli is considered to be the most likely species within the fecal and total coliforms to indicate that the water may contain fecal contamination. 

Additional Resources: 
Suslow, T. (2002). Eliminate Fecal Coliforms From Your Vegetable and Fruit Safety Vocabulary. http://ucanr.edu/sites/GAP/newsletters/Eliminate_Fecal_Coliforms41373.pdf
United States Environmental Protection Agency (EPA) 2012 Recreational Water Quality Criteria: http://water.epa.gov/scitech/swguidance/standards/criteria/health/recreation/upload/RWQC2012.pdf
Wade, T. J., Pai, N., Eisenberg, J. N., & Colford Jr, J. M. (2003). Do US Environmental Protection Agency water quality guidelines for recreational waters prevent gastrointestinal illness? A systematic review and meta-analysis. Environmental Health Perspectives, 111(8), 1102.

https://en.wikipedia.org/wiki/Citrobacter
https://en.wikipedia.org/wiki/Enterobacter
https://en.wikipedia.org/wiki/Klebsiella
https://en.wikipedia.org/wiki/Escherichia


Geometric Means and 
Statistical Threshold Values

• Test results must be used to calculate Geometric Means and 
Statistical Threshold Values to compare to water quality 
criteria in the FSMA Produce Safety Rule
o The geometric mean (GM) is a log-scale 

average, the “typical” value
o The statistical threshold value (STV) is a 

measure of variability, the estimated “high 
range” value (approximated 90th percentile)

o In the image to the right, both the GM and
the STV values for the data meet criteria

• Tools will be available to assist in calculating
these values

§

G
M

(Typical value)
STV

(H
igh-range)

Presenter
Presentation Notes
The GM and STV criteria are used to determine compliance and appropriate uses of water, and to manage uses with appropriate corrective measures if necessary, under the FSMA Produce Safety Rule.
The graph on the slide shows 21 generic E. coli results collected over four years (an initial survey). The values were analyzed to calculate the geometric mean (black line) and the statistical threshold value (blue line).  The criteria are included on the plot (dotted lines).  One thing to point out is that there is a high value in the data set (about 650 CFU/100 mL, in year 4). A data set with some values higher than the criteria can still have a GM or STV less than the criteria. See the slide Visualizing Water Quality Trends for information about how tracking down and addressing the reason for that high value can help the grower protect produce safety.
There will be tools provided to make calculating the GM and STV easier. It is important to understand that depending on business size and relevant compliance dates, and the specific water provision, growers will have between January 2018 to January 2022 to come into compliance with the agricultural water requirements.  
Some growers are required to begin building an initial microbial water quality profile by 2018, but the provisions covering the numerical GM and STV criteria and corrective measures do not go into effect until 2020 to 2022 for any grower covered by the Produce Safety Rule.
 
Additional Resource:
Western Center for Food Safety. University of California Davis. Excel Tools to Calculate Geometric Means and Statistical Threshold Values: http://wcfs.ucdavis.edu/
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Corrective Measures
• Three types of corrective measures are allowed if 

the microbial water quality profile does not meet 
water quality criteria:
1. Apply a time interval for microbial die off

i. Between last application and harvest
ii. Between harvest and the end of storage and/or 

removal during activities such as commercial 
washing

2. Re-inspect the water system, identify problems, and 
make necessary changes and confirm effectiveness

3. Treat the water §

Presenter
Presentation Notes
Corrective measures specify requirements outlined in the FSMA Produce Safety Rule when specific numerical criteria are not met. 
§ 112.45(b) requires that if the source microbial water quality profile (MWQP) does not meet numerical GM and STV  criteria (see the slide Water Quality Criteria for Water Used During Growing Activities for details), growers subject to the rule must discontinue use of the water as soon as practicable and no later than the following year unless a corrective measure is implemented. Options for corrective measures include the following:
§ 112.45(b)(1) allows growers to achieve the water quality criteria by applying a time interval for die-off, or a reduction by removal processes.
Apply a time interval between last application and harvest as described in Corrective Measure: Water Application and Timing. Provision 112.45(b)(1)(i)(A) includes a die-off rate of 0.5 log per day, for up to four consecutive days. § 112.45(b)(1)(i)(B) allows use of alternative microbial die-off rates and accompanying maximum time intervals, if scientifically valid.
Apply a time interval between harvest and end of storage. Provision 112.45(b)(1)(ii) allows application of a time interval between harvest and end of storage using a scientifically valid die-off rate. The provision also allows use of appropriate microbial removal rates during activities such as commercial washing.
§ 112.45(b)(2) allows growers to re-inspect the entire affected agricultural water system to the extent it is under the farm’s control, identify any conditions that are reasonably likely to introduce known or reasonably foreseeable hazards into or onto covered produce or food contact surfaces, make necessary changes, and take adequate measures to determine if the changes were effective and adequately ensure that agricultural water meets the applicable microbial quality criteria.
§ 112.45(b)(3) allows growers to treat the water in accordance with § 112.43. See Corrective Measure: Treating Production Water for more information.
As a guide, a 1 log removal or die-off is 90% reduction (10% remaining). A 0.5 log removal or die-off can by approximated as 68% reduction (32% remaining).



§

Microbial Water Quality Profile:  
Surface Water

START:
Establish initial water quality profile

At least 20 samples over 2-4 years

ANNUALLY AFTER START:
Collect at least 5 samples for analysis
Insert annual data into rolling data set

IF YOUR PROFILE DOES NOT MEET GM 
OR STV CRITERIA:

As soon as practicable and no later 
than the following year, discontinue
use of the water unless an allowed 

corrective measure is applied

ALLOWED CORRECTIVE MEASURES:
1. Apply a time interval to allow die-

off (before harvest or end of 
storage) or removal

2. Re-inspect the water system, 
identify problems, and make 
necessary changes

3. Treat the water

IF YOUR WATER CHANGES:
If the water quality profile no longer 
represents the quality of the water 

source, establish a new profile

Presenter
Presentation Notes
This slide is optional.
The microbial water quality profile allows growers to assess the microbial quality of their production water source over time, and make any necessary management decisions to address suitability for intended uses.
The following references to the FSMA Produce Safety Rule are sometimes repetitive with information presented earlier in this module, but they offer a comprehensive overview of the statutory framework developed over the prior slides in this module. The trainer can use this as an effective summary slide covering this aspect of the Produce Safety Rule.�
START:
§ 112.46(b)(1)(i)(A) requires that the surface microbial water quality profile is first created over 2 to 4 years by analyzing at least 20 samples. The GM and STV are calculated for that water source using the initial microbial water quality survey samples. 
ANNUALLY AFTER START:
§§ 112.46(b)(1)(iii) and (b)(2)(i)(A) require that after the profile is developed, at least 5 samples must be taken annually to update the profile. The rolling profile consists of at least 20 samples from within the previous four years. 
Additionally, under § 112.46(b)(2)(ii) samples must continue to be representative of your use of the water and collected as close in time as practicable to, but before, harvest.
§§ 112.46(b)(2)(iii) and (iv) require that the microbial water quality profile is maintained by recalculating the GM and STV annually, and that the revised values be used to modify your water use, as appropriate, by application of corrective measures described below.
IF YOUR WATER CHANGES:
§ 112.46(b)(3) requires that if the grower has reason to believe that the microbial water quality profile no longer represents the quality of water (such as changed land use on adjacent land likely to impact water quality) those subject to the rule must create a new microbial water quality profile with at least 20 samples representing the quality of the water with the changed condition.
IF YOUR PROFILE DOES NOT MEET CRITERIA:
§ 112.45(b) requires that if a water source exceeds the water quality criteria (§ 112.44(b)) growers must discontinue use as soon as practicable and no later than the following year unless corrective measures are used. 
ALLOWED CORRECTIVE MEASURES:
Several corrective measures can allow use of agricultural water that does not meet the GM and STV criteria for production use. 
§ 112.45(b)(1) Achieve the water quality criteria by:
Applying a time interval between application and harvest as described in Corrective Measure: Water Application and Timing. Provision 112.45(b)(1)(i)(A) includes a 0.5 log die-off per day assumption for up to four consecutive days while § 112.45(b)(1)(i)(B) and §§ 112.12(b) and (c) allow use of alternative microbial die-off rates and accompanying maximum time intervals, if scientifically valid.
Applying a time interval between harvest and end of storage.  Provision 112.45(b)(1)(ii) allows application of a time interval between harvest and end of storage using a scientifically valid die-off rate. The provision also allows use of appropriate microbial removal rates during activities such as commercial washing.
§ 112.45(b)(2) Re-inspect the entire affected agricultural water system to the extent  it is under the farm’s control, identify any conditions that are reasonably likely to introduce known or reasonably foreseeable hazards into or onto covered produce or food contact surfaces, make necessary changes, and take adequate measures to determine if the changes were effective and adequately ensure that agricultural water meets the microbial quality criteria. Inspection was described in the slide Inspect Agricultural Water Sources and Water Distributions Systems.
§ 112.45(b)(3) Treat the water in accordance with § 112.43. This option was described in the slide Corrective Measure: Treating Production Water. 



§

Microbial Water Quality Profile:  
Ground Water

START:
Establish initial water quality profile

At least 4 samples over 1 year

ANNUALLY AFTER START:
Collect at least 1 sample for analysis

Insert annual data into rolling data set

IF YOUR PROFILE DOES NOT MEET GM 
OR STV CRITERIA:

As soon as practicable and no later 
than the following year, discontinue
use of the water unless an allowed 

corrective measure is applied

ALLOWED CORRECTIVE MEASURES:
1. Apply a time interval to allow die-

off (before harvest or end of 
storage) or removal

2. Re-inspect the water system, 
identify problems, and make 
necessary changes

3. Treat the water

IF YOUR WATER CHANGES:
If the water quality profile no 

longer represents the quality of the 
water source, establish a new 

profile

Presenter
Presentation Notes
This slide is optional.
This slide is identical to the Surface Microbial Water Quality Profile version, other than the text in green. Some of the relevant provision numbers are different.



Postharvest Water

Presenter
Presentation Notes
This is the second part of the Agricultural Water Module. 
This section will focus on agricultural water uses during and after harvest of the produce crop. 
Postharvest water encompasses water that meets the definition of agricultural water and is used during and after harvest which can include agricultural water used in the field during harvest as well as during packing or holding activities.



Background on Infiltration Risk for 
Susceptible Produce

• Infiltration (internalization) can increase with deeper 
submersion and longer contact time

• Wounded or bruised fruit can have a greater risk of 
infiltration

• Infiltration risks can be higher when the produce is warmer 
than the tank water

Photo shows 
colored dye from 
water moving into 
produce pulp due 
to infiltration. 

Presenter
Presentation Notes
There can be a higher risk of infiltration if the produce is submerged rather than sprayed with water or floated. The longer the produce is in contact with the water, the higher the risk. 
Tomatoes, cantaloupes, mangoes, and apples are commodities commonly considered to be susceptible to infiltration; however, other commodities may be susceptible too. 
Fruit with bruises, wounds, or large stem scars can have a greater risk of infiltration.
If the produce is warmer than the postharvest water, especially in bulk water situations such as dump tanks, cooling of the produce with water may create a vacuum inside and cause water to be taken up into the produce. 
Contact with contaminated water could be problematic, as the produce may be not only contaminated on the outside, but may also become contaminated on the inside by infiltration water. 
Photo note: Blue dye shows movement of water into warm cantaloupe after submersion in cold wash water with dye. 



Water Safety 
Study

Public Health Burden of Waterborne Disease
17 waterborne pathogens cause estimated: (Collier et al., 2021)

601,000 illness; 118,000 hospitalization; 6,630 deaths, 
and cost the economy up to $ 8.77 billions.



Water Safety Study-
Biofilm Formation on Abiotic Surfaces



Key Water Quality Variables

• Quality at start of use
• No detectable generic E.coli in 100 mL

of sample
• pH

• Can impact the effectiveness of antimicrobial treatments
• Temperature

• Must be monitored to minimize potential for infiltration

• Turbidity
• Can be used to manage water change schedule

§

Presenter
Presentation Notes
There are many variables that impact postharvest water quality and management practices.
At the start of use, water must have no detectable generic E. coli in 100 mL water sample (§ 112.44(a)).  
pH, temperature, and turbidity can also impact how water is managed to reduce risks and maintain sanitary water quality. Each of these are discussed in detail in the next three slides. A key point for each is presented on this slide.
The addition of sanitizers can change the pH of the water.  Some sanitizers, such as chlorine, are most effective at specific pH ranges, so growers may need to monitor and alter the water pH to maintain the effectiveness of the sanitizer. More details are provided in the next slide. 
Water temperature can influence the occurrence of infiltration, which may introduce pathogens to the interior of the produce. The FSMA Produce Safety Rule requirements for water temperature (§ 112.48(c)), intended to minimize potential for infiltration, are described in detail in the Temperature slide of this module.
Turbidity can be used as an indicator of when water should be changed and is discussed more in the Turbidity slide of this module.



Choosing an Antimicrobial 
Product, Including Sanitizers

• Chlorine sanitizers are commonly used
• Affordable and available
• Corrosive, highly reactive

• Many non-chlorine chemical options
• Ozone, peroxyacetic acid, hydrogen 

peroxide, etc.
• Organic formulations are available 

• Tsunami, Spectrum, Sanidate, VigorOx 15 F&V, etc.
• Check with organic certifier 

• Must be labeled for use on produce

Presenter
Presentation Notes
There are many different types of sanitizers available to use in postharvest water systems. 
A commonly used sanitizer is chlorine because it is inexpensive, however, it can be corrosive to certain materials such as stainless steel.  
Ozone, peroxyacetic acid, and hydrogen peroxide are other options for postharvest systems.
There are many organic options available. Be sure growers check with their organic certifier before they use a sanitizer to make sure it is acceptable. Synthetic substances allowed for use in organic crop production can be found in 7 C.F.R. § 205.601 (2015).

Additional Resources:
Suslow, T. (1997). Postharvest Chlorination. University of California, Division of Agriculture and Natural Resources.�http://ucfoodsafety.ucdavis.edu/files/26414.pdf
Suslow, T. (2004). Ozone applications for postharvest disinfection of edible horticultural crops. University of California, Division of Agriculture and Natural Resources.�http://anrcatalog.ucdavis.edu/pdf/8133.pdf
Suslow, T. (2006). Making sense of rules governing chlorine contact in postharvest handling of organic produce. University of California, Division of Agriculture and Natural Resources.�http://anrcatalog.ucdavis.edu/pdf/8198.pdf
University of California Davis: Postharvest Technology Yellow Pages:�http://postharvest.ucdavis.edu/yellowpages/?maincat=31



Postharvest Handling 
& Sanitation

Presenter
Presentation Notes
Module 6: Postharvest Handling & Sanitation encompasses practices in the field during harvest, as well as during postharvest handling, packing, and holding activities. 




Zones in the Packinghouse
Help prioritize cleaning and sanitation efforts by 

designating areas or ‘zones’ within the packing area.

Zone 1
(direct food 

contact surface)

Zone 2
(outside surface 

of washer)

Zone 3
(floor)

Zone 4
(outside)

Presenter
Presentation Notes
By defining zones in the packinghouse, growers can target cleaning and sanitation efforts in different areas that may affect fresh produce. 
Zone 1 is any surface that DIRECTLY contacts fresh produce.  
Zone 2 is the area immediately adjacent to Zone 1.  
Zone 3 is the area adjacent to Zone 2.
Zone 4 is any area that could impact the safety of produce, but may be outside the packing or produce handling environment.
Each zone is described in the following slides and can help growers prioritize food safety risks and cleaning schedules for their packing area.




Are Microbial Risks the Only Ones?

• Most of the contamination of fresh produce is caused 
by microorganisms

• e.g., E. coli O157:H7, Salmonella, 
Listeria monocytogenes

• BUT, there are two other types of contamination 
issues to consider

• Chemical risks
• Physical risks

Presenter
Presentation Notes
This curriculum and FSMA Produce Safety Rule are focused primarily on reducing microbial food safety risks; however, there are two other types of food safety risks that exist—chemical and physical risks. 
These two risks are briefly discussed here since some of them may be more common in the packing and storage areas where produce is close to chemical storage (e.g., detergents, sanitizers) and physical hazards in the packing area (e.g., glass from lights and metal parts of equipment). 
Other chemical risks worth mentioning are allergens.  They are not discussed in any detail in this curriculum but are covered in the FSMA Preventive Controls for Human Foods Rule and the Food Safety Preventive Controls Alliance curriculum.
Recordkeeping is just as critical for monitoring that chemical and physical food safety hazards are being controlled. 



Chemical Food Safety Risks

• Chemical hazards include pesticides, detergents, 
sanitizers, and other chemicals used on the farm

• To reduce chemical food safety risks:
– Keep chemicals locked and stored in an area away from 

produce packing and storage areas
– Train workers and develop detailed SOPs for them to follow
– Keep SDS on site in case of an emergency
– Use only food grade lubricants, oils, and chemicals  

according to their labeled use
– Use non-reactive materials that will not leach into produce

Presenter
Presentation Notes
Chemical food safety risks can come from the improper application of pesticides or other chemicals such as detergents and sanitizers that are used on or near produce. 
Be sure to keep chemicals and cleaning supplies in a location away from fresh produce handling areas such as in a locked storage cabinet or separate shed. 
Be sure workers are trained to follow SOPs that clearly define when and how much of the chemicals need to be used to complete the task properly.
Safety Data Sheets (SDS) should be on site or easily accessible in case of a medical emergency. 
Oils and lubricants for equipment should be food grade if they are used anywhere near fresh produce. Always follow the label instructions for application and proper use. 
When using new food contact equipment on the farm, be sure the material is not reactive with any of the sanitizers or chemicals used for cleaning and sanitizing. Heavy metals can leach under certain conditions and end up contaminating produce. 



How to Develop A 
Farm Food Safety Plan



Reasons for a Farm Food Safety Plan

The FSMA Produce Safety Rule does NOT require a written Farm Food 
Safety Plan. However,…

1. Gets you organized and focused on food safety
• Describes risks you have identified and actions to address those risks
• Defines your practices, policies, and SOPs 
• Efficient and effective use of your time and resources by prioritizing 

most important risk reduction steps
2. Best way to be prepared!

• Buyer questions/requirements
• Third party audits
• Food safety regulations

Presenter
Presentation Notes
First, a written food safety plan helps growers get organized and focused on produce safety.  During this training, assessing risk has been discussed.  Once growers assess their risks, writing a plan allows them to outline practices that will reduce the risks.  It is a place to keep their policies and SOPs.  It also helps growers use resources wisely by investing time and money in practices that reduce the biggest risks first.
A Farm Food Safety Plan will also help growers be prepared for buyer questions and third party audits. To have a third party audit, the farm or packinghouse needs a plan. It can also help growers show they are following federal and state regulations.



Step 1: Assessing Risks

• Identify risks that are most likely to occur, noting the 
ones that could happen often 

• Because time and money are limited, prioritize which risks 
to address first

• Review all farm operations to 
identify practices that contribute 
to or increase produce safety risks  

• Review the farm environment and adjacent land
• Focus on microbial, chemical, and physical risks

Presenter
Presentation Notes
The first step is to assess likely risks on each farm by reviewing practices, the farm environment, and adjacent land use to identify things that could introduce or increase food safety risks. 
Identify the practices and conditions that have the greatest impact on produce safety and those that may occur most frequently. 
The last six modules have detailed where risks could exist and steps that can be taken to minimize risks, so growers can use these modules as a resource to help complete a risk assessment for their farm.



Step 2: Develop Practices to 
Reduce Risks

• Develop practices that will reduce identified risks
• Use resources and ask for help if you are not sure!

• Determined what resources are needed
• Human resources (time and/or people)
• Equipment or infrastructure (may require changes/upgrades)
• Disposables (hand soap, paper towels, etc.)

• Create a list of tasks/steps that need to be done
• Designate a person(s) to be in charge of each task

Presenter
Presentation Notes
Once a grower has identified produce safety risks on their farm, they will need to develop practices to reduce risks.  Growers may need to prioritize which ones to address first if they have several risks and also are limited by human and financial resources. 
If growers are having trouble coming up with practices to reduce risks, they should ask for help. They could call their local extension educator or another farmer who has experience. The Produce Safety Alliance website (www.producesafetyalliance.cornell.edu) hosts a list of state collaborators and contact information so that growers can get help locally. There also are many educational websites and publications that are available. 
Growers should identify resources they need to successfully implement produce safety practices including time, people, equipment, and infrastructure.  Making a list is a good way to gather this information and predict the costs associated with implementation.
Growers should designate someone to do each task. This will likely require training so everyone knows what to do and when. 



Step 3: Document and Revise

• Write a plan to guide implementation of practices
• SOPs and policies will outline what needs to be done 

for those who are responsible for completing the task
• Build recordkeeping into the logical flow of activities
• Revise your plan if it is not working or when practices 

change
• Review and update your plan at least annually, or 

whenever practices, personnel, or equipment changes

Presenter
Presentation Notes
Although a written Farm Food Safety Plan is not required by the FSMA Produce Safety Rule, it is highly encouraged. 
Build recordkeeping into food safety practices to document that things are getting done properly and on time. 
A Farm Food Safety Plan is a LIVING document. This means it needs to be updated or changed when practices, workers, or situations change or if things are not working as expected. 
During the production season (especially in the first year after writing the plan) it is a good idea to sit down monthly and review the plan to make sure it is addressing all of the critical areas to minimize produce safety risks according to how the farm is actually functioning. 
Review the plan at least yearly, even if things are going smoothly. 



You have written your plan, your 
practices are in place, records are 
being kept, and delicious, high quality, 
safe produce is being grown and 
packed.

TRACEABILITY

Final Steps
Farm

Buyer

Consumer

Presenter
Presentation Notes
Traceability is the ability to track a product through the food production and distribution system. In the case of fruits and vegetables, this includes back to the field where it was grown and forward to any subsequent handling, storage, and sale. Traceability also means the grower can identify any relevant inputs used during production including the source of soil amendments, fertilizers and any chemicals applied to the crop.
Growers are usually only a part of this production chain system and so are only responsible for a part of the traceability.
In the next few slides, the benefits of traceability for the farm and how to develop a traceability program are discussed.
Traceability is not covered in the FSMA Produce Safety Rule because it will be covered in the future in a separate rule that covers food more broadly.



Steps to Developing a Lot Code

• To begin developing a lot code, growers should 
identify:

• Field locations
• Commodities and varieties 

grown
• A method for indicating

harvest and/or pack date
• Harvest/packing crews

1

2

3

Presenter
Presentation Notes
Field and farm identification can be established using a farm map on which specific areas have been delineated and given a number or other identifier.
Each commodity should have its own identifier and some farms choose to include the variety if they grow multiple types of that commodity (e.g., Roma tomatoes, Early girl tomatoes).
Dates can be written in a variety of ways, such as MM-DD-YY or by using a Julian date (day 1-day 365). Some growers prefer Julian Dates because they are not easily recognized by consumers and allow for a simple 3 digit date. 
If only a few people work on the farm, then identifying harvest or packing crews is not essential since the grower knows everyone who works on the farm. Identifying harvest and packing crews is more critical for farms who employ large numbers of workers if there is a problem with the produce, or an outbreak associated with pathogens that are spread by humans, such as Hepatitis A. If growers are already keeping track of crews/workers for piece rate pay, they may be able to use that system in their traceability system. 



Traceability Example

Farm Location: 10 
(Rose Farm)
Block: 01
Fruit Type: 01 (Apples)
Variety: 05 (Empire)
Harvest Date: 284 
(Julian date)

Presenter
Presentation Notes
This slide is optional. 
This is just one example of how a grower may choose to create a lot number for their product. 
A point of discussion:
Is anything missing from this label?
This label does not have the farm name, city, and state.  This is critical information to have available. It may have traveled with the invoice or other information associated with this product. 



Exercise 4

• In one paragraph, please explain why Produce Safety 
Rule of Food Safety Modernization Act is important.

• In your opinion, what component of the rule is most 
important and why? 

• In your opinion, what component of the rule is most 
difficult to implement and why?
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