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Learners’ Objectives

Participants will be able to:

• Recognize that water used in the production of fresh 

fruits and vegetables can be a source of pathogen 

contamination and dissemination.

• Recognize fertilizer and animals in production areas 

as potential sources of contamination.

• Recognize harvest worker hygiene as one of the top 

three sources of contamination.

• Recognize potential sources of contamination during 

the harvest operation.
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Topics

• Water Use

• Fertilization

• Animal Hazards

• Worker Hygiene

• Harvest Operations
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Water Use
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Learner Goal

Recognize that water used in the production of fresh fruits and vegetables can 

be a source of pathogen contamination and dissemination.

Topics to Be Covered
• Surface water as a source of contamination

• Well water - pesticide residues

• Public water systems

• Irrigation practices - overhead versus drip/flood

• Water and livestock (runoff)

• Pesticide application

• Frost protection

• Testing (frequency)  (See Module 5) 

Water Use
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Principle 4:

Whenever water comes in 

contact with produce, its quality 

dictates the potential for 

contamination. Minimize the 

potential of microbial 

contamination from water used 

with fresh fruits and 

vegetables.

FDA Guidance



7

Water
• Agricultural water

– Irrigation 

–Pesticide or nutrient 

sprays

• Processing water

– Dump, wash, rinse, cool

• Water quality management

– Sanitation practices

– Microbial testing

FDA Guidance



8

Sources of Contamination

#1 Source = Water

Anytime water comes in contact with 

fresh produce, its quality determines the 

potential for pathogen contamination 

since water may carry different types of 

microorganisms.

Courtesy of FDA
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Irrigation Practices

• Surface water may contain pathogens 

and parasites of humans.

• Well (ground) water is less likely to 

harbor pathogens, depending on depth, 

but may contain pesticide residues or 

heavy metals.

• Water sources should be tested for 

generic E. coli and chemicals.
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Irrigation Practices

• Overhead irrigation is more likely to spread 

contamination to above-ground plant parts 

than root-zone irrigation (furrow or drip).

• Consider proximity of water source to livestock 

(water runoff).

– Maintain separation in distance and 

topography.

• Maintain records of safe irrigation practices.
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Pathogens in Water

Water can be a source of and vehicle for 
biological hazards such as: 

• Escherichia coli

• Salmonella spp. 

• Vibrio cholerae

• Shigella spp. 

• Cryptosporidium parvum

• Giardia lamblia

• Cyclospora cayetanensis

• Toxoplasma gondii

• Norwalk virus

• Hepatitis A
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Water Testing

• Research is needed relating to the 

quality and risks of field irrigation water.

• Fecal coliform is only partially useful as 

an indicator.  Testing for generic E. coli

is recommended.

• Remember that very low bacterial 

counts of E. coli O157:H7 will cause 

disease. Courtesy of Cornell University
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Water Source Will Determine the 

Possible Frequency of Testing

Source Possible Water Testing Frequency

Municipal/District water 

system 

Test annually and keep records from the

municipality/district water system (monthly,

quarterly or annual report).

Closed system, under the 

ground or covered tank

One annual test at the beginning of season.

Uncovered well, open 

canal, water reservoir, 

collection pond

Every month during the production season.
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• Water destined for agricultural 

production can easily get 

contaminated with human and/or 

animal feces by direct or indirect 

routes.

• Keep animals and children out of 

fields and processing facilities and

provide workers with properly 

constructed restrooms or sanitary 

mobile units.

Courtesy of FDA

Protect Water
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Fertilization
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Learner Goal 

The learner will recognize fertilizer as a potential 
source of contamination.

Topics to Be Covered

• Organic versus inorganic

• Organic fertilizer handling (See Module 3)

• Chemigation as a source of contamination

• Application method

Fertilization
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Principle 5:

Practices using animal 

manure or municipal biosolid 

wastes should be managed 

closely to minimize the 

potential for microbial 

contamination of fresh 

produce.

FDA Guidance
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Fertilization Practices

• Inorganic fertilizers originate from 

synthetic chemicals, so pathogenic 

bacteria are not likely to be present.

• Incompletely composted manure may 

contain pathogenic bacteria.

– Use only well-composted manure.

• Maintain records of safe fertilization 

practices.
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Proper Manure Management is 

a Key to Reducing Risks

Manure

• Water quality

• Worker and field 
sanitation

• Postharvest 
handling

• Transportation
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Pathogens Most Often 

Associated with Manure

• E. coli 0157:H7

• Salmonella
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Survival of Human Pathogens 

in Raw Manure

• Pathogens have been reported to survive in 
raw manure for one year or longer. 

• No one knows precisely how long manure-
borne pathogens survive after application to 
fields. 

• Where it is not possible to maximize the 
time between application and harvest, raw 
manure should not be used.
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Production Practices to Reduce 

Risks Related to Use of Raw Manure

• Use Best Management Practices 

(BMPs) to reduce contamination:
– Proper storage

– Incorporate

– Target time of application

– Target crop

– Proper and thorough composting 

– Keep records 
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Animal Hazards



24

Learner Goal

Recognize animals in production areas as a potential 
source of contamination.

Topics to Be Covered

• Animal feces in field as a source of contamination

• Animals spreading contamination from/to soil and water

• What pathogens animals carry

• Birds as a source of contamination

• Animal exclusion practices for the field—fencing, scare 

crows, cannons, water guns

Animal Hazards
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Principle 3:

Fresh produce can become 

microbiologically 

contaminated at any point 

along the farm-to-table food 

chain. The major source of 

microbial contamination with 

fresh produce is human or 

animal feces.

FDA Guidance



26

Animal Hazards

• Animal feces are a main source for 

pathogenic organisms.

• Since animals are in contact with soil, manure 

and water, they can easily pick up 

contaminants from these sources.

• Some pathogenic bacteria commonly found 

on animals include Salmonella, 

Staphylococcus and Streptococcus.

• Maintain records of pest control program.

Courtesy of FDA
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Proximity of Animals
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Control Sources of 

Rodent and Bird Contamination
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Cleaning Considerations for 

Surrounding Areas

• Keep grass and weeds short to avoid 

the presence of rats, reptiles and other 

pests. 

• Keep all areas free of garbage. 

• Remove all unnecessary equipment—

old and broken equipment can provide 

protection for rats and insects.
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Keeping Animals Out

• Place rodent traps around the perimeter of 

buildings and monitor them daily.

• Electronic insect repellants or traps can be 

used inside buildings.

• Dead or trapped animals such as birds, 

insects, rats, etc. should be disposed of 

promptly to avoid attracting other animals. 

The proper disposal procedures are to bury 

or incinerate the animal.
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Courtesy of Royal Pest Management

Rats with Wings?
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Worker Hygiene
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Learner Goal
Recognize harvest worker hygiene as the number one 

source of contamination.

.

Topics to Be Covered

• Infected employees can contaminate produce.

• Hand-washing facilities and proper training.

• See Module 2.

• Precautions and practices to prevent 

contamination:  gloves, aprons, hairnets.

Worker Hygiene
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Personal Health and Hygiene

• The major source of human pathogens 

are worker’s hands, so the single most 

effective public health measure to 

prevent disease is proper hand 

washing.
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Employee Sanitary Facilities

• Number, condition and positioning of 
field toilets

• Should not be cleaned in field

• Hand-washing stations readily available



Tomato Harvest

36



What’s Wrong?
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What Else Is Wrong?
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Good Example
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Toilet Paper in the Woods
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Sanitary Facilities Disposal

• Use caution when servicing portable 

toilets; do not dispose of sewage in the 

field.

• Plan for the containment and treatment 

of any effluent in the event of a leak.
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What’s Wrong?
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Break Time!
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Mmmm – Tastes Good!
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Good Intentions
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Proper Hand Washing Is the Best 

Method of Reducing Contamination

Probably the #1 

source of food-

borne illness is 

unsanitary worker 

conditions.



Workers Showing Symptoms 

or Injury

• Supervisors should put workers showing 

symptoms of illness on tasks that do not 

involve direct contact with produce.

• Workers with injuries that may come in contact 

with produce should be given tasks not 

involving direct contact with produce.

• Employees should be encouraged to report 

illness and injury to their supervisors.
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Harvest Operations
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Learner Goal 

Recognize potential sources of contamination during the 
harvest operation.

Topics to Be Covered
• Soil contact with produce, totes, bins, boxes, workers’ hands, 

harvesters

• Mechanical injury/damage by  workers, equipment

• Do not field wash produce; do not pre-cool using nonpotable 

water

• Avoid animal contamination following harvest

• Sanitizing totes, harvest equipment, etc.

• Packing container storage:  clean, dry place - not in fields

• Field identification system for produce containers (traceback)

Harvest Operations
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• Harvest 
Containers

• Field Equipment 

• Field Packing

• Bins

Field Work
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Field Harvesting
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Courtesy of 

Jeff Brecht

Strawberry Harvest Cart
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Recognize and Eliminate 

Sources of Contamination

• In the field

• At harvest

• In the packinghouse

• In refrigerated storage rooms
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Field Hazards

• Field Hazards include contact with:

– Soil

– Fertilizers

– Water

– Workers

– Harvesting equipment

– Animals, birds and insects

Courtesy of FDA
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Harvest Sanitation

• Avoid contact between fruits, vegetables, bins, 
etc. and soil.

• Avoid bruises or cuts to fruits or vegetables 
that may allow internal contamination.

• Don’t use open-water sources for field 
washing.

• Provide restrooms and hand-washing stations.

• Clean and sanitize bins and harvest equipment 
after each use.
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Field Conditions 
May Increase 
Risks



Summary
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Resources
• Guide to Minimize Microbial Food Safety Hazards for Fresh Fruit 

and Vegetables,  USDA 1998.

• 2002 NCSU-Series of Good Agricultural Practices for the 

Production and Handling of: Guides.

• Commodity Specific Food Safety Guidelines for the Production 

and Harvest of Lettuce and Leafy Greens, May 24, 2007.

• USDA Good Agricultural Practices and Good Handling Practices. 

• Audit Verification Checklist, USDA.

• Chlorine Use In Produce Packing Lines, University of Florida 

IRREC 1999-9.

• Testing/Monitoring/Sanitation Equipment and Supplies, Fresh 

Produce GAPs/GMPs Workshop UGA 2004.

• Fresh Produce Food Safety Training Program for the Southeast, 

University of Florida, 2001.
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