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Learning Objectives

• The learner needs to become familiar 

with:

– potential sources of contamination (current 

and prior) of water used for irrigation and 

processing

– best management practices for preventing 

contamination and protecting water quality 

on the farm. 
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Learning Objectives (cont’d)

• The learner needs to become familiar 

and conversant with water-quality 

guidelines (microbial, chemical and 

physical characteristics) for irrigation 

and processing fruits and vegetables.
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Learning Objectives (cont’d)

• The learner needs to know:

– the proper practices for monitoring 

water quality and disinfecting water 

used in irrigation 

– and the proper practices for 

processing on the farm.
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Topics 

• Introduction

• GAPs considerations

• Water uses on the farm

• Irrigation management practices

• Water quality pre- and post-harvest
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Good Agricultural Practices

• Good Agricultural Practices (GAPs) are 

the basic environmental and operational 

conditions, and the growing and 

harvesting practices, necessary to 

produce safe and wholesome fruits and 

vegetables.
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Main Mechanisms for 

Contamination of Fresh 

Produce
Water quality is the number one factor 

in the contamination of fresh produce.

Water that comes in contact with fresh 

produce may carry a number of different 

microorganisms, depending on its 

quality.

Courtesy of FDA
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Key GAPs Considerations

• Identify water sources, and be aware of 

possible pathogen contamination.

• Water can reach produce through a 

variety of means, including water or 

wind flow, workers, vehicles or 

equipment.
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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, Toxisplasma gondii, the 

Norwalk virus and Hepatitis A.
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Contamination

• The most common source of 

contamination of water is human or 

animal feces.
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Water Best Practices

• Prepare a water system description.

• Perform a sanitary survey prior to use of 

water in agricultural operations. 

• Use irrigation water and water in harvest 

operations that is of appropriate microbial 

quality for its intended use.

• Test water as close to the point-of-use as 

practical.

• Retain documentation of test results.
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Water Uses

• Irrigation

• Application of agricultural chemicals

• Frost protection

• Postharvest handling processes
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Irrigation
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Multiple Water Needs

for Strawberry Crop

• Frost 

protection

14



Pesticide Application

• Crops can become directly 

contaminated with pesticides if 

improperly applied.

• Crops can become directly 

contaminated with pathogens if water 

used to mix pesticides is contaminated.
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Manure Storage

• Raw manure should not be placed or 

stored where runoff from the storage 

location is likely to contaminate water 

sources.
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Runoff

• Runoff from fields 
containing livestock 
manure can 
contaminate surface 
water with pathogens 
as well as with 
nutrients.

• Algal blooms are a 
symptom of a potential 
problem.
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Keep Grazing Animals 30 Feet 

from Water Source
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Livestock Concerns

• Exclude animals 

from surface 

water sources as 

well as from 

drainages to 

those sources.
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Fencing and Buffers



Agricultural Water

• Usually, water for agricultural uses comes 
from:

– Surface sources such as ponds, rivers, streams, 

irrigation ditches and canals

– Wells (open or capped)

– Municipal water systems 

Courtesy of FDA
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Water for Agricultural Use:  

Surface Sources

• Surface sources 

such as ponds, 

rivers, streams and 

ponds.
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Water for Agricultural Use:

Wells

• Ground water 

from wells (open 

or capped)
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Well Integrity

• Casing should extend 12 to 24 inches 

above the ground.

• The outside of the well casing should be 

grouted to a depth of at least 25 feet.

• Casing should be surrounded by a 

concrete pad.
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General Wellhead Protection

• Do not mix pesticides or other 
agricultural chemicals in close proximity 
to the well.

• Do not apply untreated manure within 
100 feet of wellhead. 

• Inspect wells annually. 

• Use backflow prevention fittings.

• Retire abandoned or unused wells.
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Water for Agricultural Use:  

Municipal Water

• Municipal 

water 

systems
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Sprinkler Irrigation 
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Drip Irrigation
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Checklist for Irrigation

• Evaluate irrigation water storage 

conditions and the means of reducing, 

controlling or eliminating potential 

contamination.

• For surface water sources, consider the 

impact of storm events on water quality.
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Checklist for Irrigation (cont’d)

• Evaluate irrigation methods for their 

potential to introduce, support or 

promote the growth of human 

pathogens.
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Checklist for Irrigation (cont’d)

• Use procedures for storing irrigation 

pipes and drip tape that reduce potential 

pest infestations.

• For spraying and mixing pesticides and 

for frost protection, use water that has 

quality equal to the water used for direct 

or indirect application to edible portions 

of lettuce and other leafy greens.
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Checklist for Irrigation (cont’d)

• When waters from various sources are 

combined, consider the potential for 

pathogen growth.

• Water sources should be tested for 

generic E. coli.
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Chlorination Unit
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Water Can Easily Become 

Contaminated With Human and/or 

Animal Feces

To protect water sources:

• Provide field workers with 
properly constructed and 
maintained restrooms or 
sanitary mobile units.

• Remind workers to wash 
hands frequently!
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Testing Water

• Municipal water supplies are regulated 
and are required to be potable.

• Private well water may or may not be 
potable, and growers have the 
responsibility for testing.

• Surface water is subject to various 
uncontrollable influences and should be 
considered non-potable.
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Microbiological Testing 

Considerations for Agricultural 

Water

• Microbiological testing is used to track safety, 

not for daily monitoring activities.

• Records become very important in the event 

of a microbiological outbreak investigation.

• Document the frequency and results of each 

water test for comparison purposes. Changes 

may help identify problems.
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Irrigation Water Sampling 

Frequency Recommendations

• Sample within 60 days before beginning 
seasonal irrigation program.

• Additional samples (to achieve means) shall 
be collected at intervals of no less than 18 
hours. 

• Sample monthly.  Or sample every 30 days.

• If samples exceed limits, STOP irrigation, 
start remediation.
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Indicator Organisms

• Total coliform

• Fecal coliform

• Generic E. coli
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Water-Quality Considerations 

for Pre-harvest Irrigation

• Where edible portions of the crop ARE 
NOT contacted by water:

– Generic E.coli sample parameter 

• Acceptance Criteria: Less than or equal 
to 126 MPN/100mL (geometric mean of 
five samples)

• Acceptance Criteria: Less than or equal 
to 576 MPN/100mL (for any single 
sample)
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Water Quality Considerations 

for Preharvest Irrigation (cont’d)

• Where edible portions of the crop ARE
contacted by water
– Generic E.coli sample parameter 

• Acceptance Criteria: Less than or equal 
to 126 MPN/100mL (rolling geometric 
mean n=5)

• Acceptance Criteria: Less than or equal 
to 235 MPN/100mL (for any single 
sample)
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Remedial Actions

• Discontinue use for foliar and direct contact 
with the edible portion of the plant 
applications until it returns to compliance.

• Conduct a sanitary survey of water source 
and distribution system. 

• Eliminate any identified contamination 
source(s).

• For wells, perform a sanitary survey and/or 
treat.
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Remedial Actions (cont’d)

• Retest the water as close to the source as 

possible and at the same sampling point after 

conducting the sanitary survey and/or taking 

remedial actions.

• Test daily for five days, approximately 24 

hours apart, at the point closest to use.

• If any of the next five samples is >235 

MPN/100mL, repeat sanitary survey and/or 

remedial action.
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Remedial Actions (cont’d)

• A more aggressive sampling program (i.e., 

sampling once per week instead of once per 

month) shall be instituted if an explanation for 

the contamination is not readily apparent.

• Do not use water from that water system, in a 

manner that directly contacts edible portions 

of the crop, until the water can meet the 

outlined acceptance criteria for this use.
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Exemptions

• For wells and municipal water sources, 

if generic E. coli are below detection 

limits for five consecutive samples, the 

sampling frequency may be decreased 

to once every six months and the 

requirements for 60 and 30 days 

sampling are waived.
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Collecting Water Samples
• A sterile sample bottle 

should be used for 
collecting samples. 

• When collecting samples 
from the distribution system, 
allow the system to run for 1 
to 3 minutes before the 
sample is taken.

• Do not rinse sample bottles 
prior to taking samples.  
This may introduce residual 
chlorine into the bottle and 
kill bacteria.

Photo: Courtesy of FDA
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Collecting Pond Water Samples

• Sub-sample from several locations around 
the pond about 1 to 2 feet below the surface.  

• Invert the sample container until the desired 
sampling depth is reached.   

• Do not collect debris floating on the surface 
or scrape the sides or bottom of the pond 
while sampling. 

• Take samples at least 6 feet from the side of 
the pond.  
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Collecting Surface Water Samples

• Use a collection container on the end of a 
pole or by wading into the stream and dipping 
the sterilized sample container into the 
stream.  

• Remove the cap once it is below the surface 
or plunge the sample container quickly below 
the surface to prevent collection of surface 
scum.  

• Leave 1 to 2 inches of headspace in the 
collection bottle to allow for mixing.
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Delivering Water Samples

• The sample should be delivered to the 

laboratory as soon as possible, and no 

longer than 24 hours after its collection.

• Samples should be kept on ice during 

transportation.

• Check with specific lab for any 

additional protocols.

Courtesy of FDA

51



Flooded Fields
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Adulterated Produce

• FDA considers any crop that has come 

into contact with floodwater to be an 

“adulterated” commodity that cannot be 

sold for human consumption.
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Best Practices for Flooded Fields

• Do not harvest within 30 feet of the flooding 
(to prevent cross contamination).

• Plan for a 60-day time interval before re-
planting, providing soil has sufficient time to 
dry out after flooding.

• Shorten the waiting period to 30 days if soil 
testing indicates concentrations of pathogens 
are lower than recommended standards for 
processed compost.
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Postharvest Water Quality
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Best Practices for Washing 

Produce

• Check available chlorine levels often or 

use automated monitoring systems.

• Use chlorine or other labeled 

disinfectant in wash water. 

• Change water at least daily, or more 

frequently when dirty.

• Monitor water quality and record results.
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Best Practices for Washing 

Produce (cont’d)

• Keep dump tank water ≤ 10o F  cooler 

than produce.

• Wash, rinse, and sanitize belts and 

conveyers regularly.
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A single error at a critical control point is capable of 

magnifying problems in sanitation or hygiene management.

Postharvest Water Use
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Wash Water Quality

Wash water must be potable and properly chlorinated to 
keep it safe. Testing procedures must be implemented 
to insure the proper chlorination levels are consistently 
maintained in the water.
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Agents Used to Sanitize Fruits 

and Vegetables
• Chlorine

• Chlorine dioxide

• Bromine and iodine

• Hydrogen peroxide

• Peroxyacetic acid 

• Electrolyzed water

• Ozone

• UV-C illumination
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Acceptance Criteria 

• Water in direct contact with produce 

should meet EPA  MCLG microbial 

drinking water quality standards.

– Generic E. coli negative test or below 

detection limit

• If not, remediation is needed (disinfect).

– >1 ppm free chlorine (pH 6.5-7.5) or ≥ 650 
mV ORP (pH 6.5-7.5)

– Other approved water treatments for 
human pathogen removal (EPA labeled)
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Wash Water and General 

Chlorine Recommendations

• Maintain available chlorine levels between 100 to 

150 parts per million.

• Maintain pH between 6.5 and 7.5.

• Drain tanks often (e.g., daily) and refill with clean 

water.

• Use self-cleaning screens in dump tanks to 

remove large debris and organic matter.
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Chlorination of Wash Water

Crop

Chlorine Strength 

(available chlorine), 

ppm Process

Bell Peppers 300-400/150-200 Dump Tank/Sprayer belt

Melons 100-150 Dump Tank/Sprayer

Lettuce, cabbage, leafy 

greens

100-150 Sprayer belt / 

Hydrocooler

Potatoes 200-300/100-200 Flume/Sprayer belt

Tomatoes

Source: Post-harvest Chlorination , Trevor Suslow UC Davis
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Monitor Process 

Water

• Dump or soak tanks.

• Washing lines.

Photo: William C. Hurst, University of 
Georgia
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Monitor Process Water (cont’d)
• Hydrocoolers.

– Infiltration into the 
commodity may be an 
issue.

Photo: William C. Hurst, 
University of Georgia
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Monitor Process Water (cont’d)

• Top ice and liquid-ice injection

– Ice makers

Photos: William C. Hurst, University of Georgia
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Maintain Records

Date

Free Chlorine pH
Operator 

InitialsTime Time Time Time Time Time

Packing Line: Tomato grading line

Specific Location: Water in dump tank

Control Limits: Available Chlorine = 100-150 ppm / pH = 6.5-7.5

Verified by: _______________________
Tomato Line Supervisor
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Monitoring Options

• Test Strips 

– Make sure available or “free” chlorine 

measured.

• Colorimetric kits

• If sample dilution is required, dilute with 

distilled water.

• Electronic Sensors

– (Oxidation Reduction Potential, ORP, pH)
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Resources

• Commodity Specific Food Safety 

Guidelines for the Production and 

Harvest of Lettuce and Leafy Greens. 

October 16, 2007.

http://www.wga.com/LinkClick.aspx?link=Doc

umentLibrary%2f10+16+07+Leafy+Greens+G

uidance+Clean.pdf&tabid=250&mid=1576
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Resources

• Guide to Minimize Microbial Food 

Safety Hazards of Fresh-cut Fruits and 

Vegetables. February, 2008. 

http://www.cfsan.fda.gov/~dms/prodgui3.html 
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Resources

• National GAPs Program, Cornell 

University: “Food Safety Begins on the 

Farm: A Grower’s Self-Assessment of 

Food Safety Risks” 
http://www.gaps.cornell.edu/FSBFEng.html 
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Resources

• University of California, Davis. “Good 

Agricultural Practices: A Self-Audit for 

Growers and Handlers.” 
http://ucce.ucdavis.edu/files/filelibrary/5453/4

362.pdf 
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Resources

• USDA. April, 2007. “Good Agricultural 

Practices and Good Handling Practices 

Audit Verification Program.” Agricultural 

Marketing Service, Fruit and Vegetable 

Programs, Fresh Products Branch. 
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