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Topics
• Sanitizer chemistry
• Regulatory aspects

– Water change schedule
– Organic build up
– Infiltration

• Effectiveness 
– Prevention of cross-contamination
– Imperfect ‘cleaning’

• EPA Labels
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Chemistries



4producesafetyalliance.cornell.edu/

Chemistries
In wash water
• Oxidizers like hypochlorite, peroxide
• Organic acids like lactic acid
On food contact surfaces
• Can be the same as in wash water
• Quaternary ammoniums like sodium dodecylbenzene

sulfonate
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Sodium Hypochlorite Chemistry
• HOCl is the active form; -OCl has no effectiveness

– Above pH ~7.5, little in active form
– Below pH ~5, unacceptable risk of poisonous Cl2
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Peroxyacetic Acid Chemistry
• Supplied as a corrosive mixture with an irritating, 

vinegar-like smell

• The hydrogen peroxide breaks down to water and 
oxygen, driving the equation to the right with only 
acetic acid and oxygen as end products

Source: J. Fisher, 1993. Cleaning Procedures in the Factory/ Types of Disinfectant
In Encyclopaedia of Food Science, Food Technology, and Food Nutrition

+ +
Peroxyacetic acid
Peractic acid

Water Acetic acid Hydrogen peroxide



8producesafetyalliance.cornell.edu/

Quaternary Ammonium Chemistry

Source: J. Fisher, 1993. Cleaning Procedures in the Factory/ Types of Disinfectant
In Encyclopaedia of Food Science, Food Technology, and Food Nutrition

• Non-oxidizing activity, disrupt membranes
– Less effective against spores, non–enveloped virus

• May be inhibited by hardness
• Most active at neutral pH

– Range 3.0-10

• Generalized structure
– One Nitrogen
– Four organic chains
– One halide or sulfate
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Regulatory Aspects



10producesafetyalliance.cornell.edu/

Model Food Code
• Washing or cooling is NOT required for produce that 

is a raw agricultural commodity (RAC)
– Model food code 2017 requires sanitizing food contact 

surfaces but does not require washing produce unless it is 
offered in READY-TO-EAT form

– RAC are not subject to Time/Temperature controls
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FSMA Produce Safety Rule: 
Postharvest Water
§112.48 What measures must I take for water that I use during 
harvest, packing, and holding activities for covered produce?
(a) You must manage the water as necessary, including by establishing and following water-change schedules for re-circulated 
water, to maintain its safety and adequate sanitary quality and minimize the potential for contamination of covered produce and 
food contact surfaces with known or reasonably foreseeable hazards (for example, hazards that may be introduced into the water 
from soil adhering to the covered produce).
(b) You must visually monitor the quality of water that you use during harvest, packing, and holding activities for covered produce 
(for example, water used for washing covered produce in dump tanks, flumes, or wash tanks, and water used for cooling covered
produce in hydrocoolers) for buildup of organic material (such as soil and plant debris).
(c) You must maintain and monitor the temperature of water at a temperature that is appropriate for the commodity and 
operation (considering the time and depth of submersion) and is adequate to minimize the potential for infiltration of 
microorganisms of public health significance into covered produce.

§112.45 What measures must I take if my agricultural water 
does not meet the requirements of §112.41 or §112.44?
(1) Apply a time interval(s) (in days) and/or a (calculated) log reduction by:
(ii) Applying a time interval between harvest and end of storage using an appropriate microbial die-off rate between harvest and
end of storage, and/or applying a (calculated) log reduction using appropriate microbial removal rates during activities such as
commercial washing, to meet the microbial quality criteria in §112.44(b) (or any alternative microbial criteria, if applicable), and 
any accompanying maximum time interval or log reduction, provided you have adequate supporting scientific data and 
information;
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FSMA Produce Safety Rule
§112.48 What measures must I take for water that I use during 
harvest, packing, and holding activities for covered produce?
(a) You must manage the water as necessary, including by establishing and following water-change schedules for re-circulated 
water, to maintain its safety and adequate sanitary quality and minimize the potential for contamination of covered produce and 
food contact surfaces with known or reasonably foreseeable hazards (for example, hazards that may be introduced into the water 
from soil adhering to the covered produce).
(b) You must visually monitor the quality of water that you use during harvest, packing, and holding activities for covered produce 
(for example, water used for washing covered produce in dump tanks, flumes, or wash tanks, and water used for cooling covered
produce in hydrocoolers) for buildup of organic material (such as soil and plant debris).
(c) You must maintain and monitor the temperature of water at a temperature that is appropriate for the commodity and 
operation (considering the time and depth of submersion) and is adequate to minimize the potential for infiltration of 
microorganisms of public health significance into covered produce.

§112.45 What measures must I take if my agricultural water 
does not meet the requirements of §112.41 or §112.44?
(1) Apply a time interval(s) (in days) and/or a (calculated) log reduction by:
(ii) Applying a time interval between harvest and end of storage using an appropriate microbial die-off rate between harvest and
end of storage, and/or applying a (calculated) log reduction using appropriate microbial removal rates during activities such as
commercial washing, to meet the microbial quality criteria in §112.44(b) (or any alternative microbial criteria, if applicable), and 
any accompanying maximum time interval or log reduction, provided you have adequate supporting scientific data and 
information;

Compliance Dates Extended
• Not required for farms selling less than about $27K produce
• Compliance date January 2024 for farms selling <$250K produce
• Compliance date January 2023 for farms selling <$500K produce
• Compliance date January 2022 for farms selling >$500K produce

All provisions in 112.41 through 112.50 related to Agricultural Water, 
other than sprouts, are under re-evaluation by FDA and may be 
modified before compliance dates
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Specific Elements in PSR
§112.48 What measures must I take for water that I use during 
harvest, packing, and holding activities for covered produce?
(a) You must manage the water as necessary, including by establishing and 
following water-change schedules for re-circulated water, to maintain 
its safety and adequate sanitary quality and minimize the potential for 
contamination of covered produce and food contact surfaces ....

(b) You must visually monitor the quality of water that you use during 
harvest, packing, and holding activities for covered produce … for buildup of 
organic material (such as soil and plant debris).

(c) You must maintain and monitor the temperature of water at a 
temperature that is appropriate for the commodity and operation (considering the 
time and depth of submersion) and is adequate to minimize the potential for 
infiltration of microorganisms of public health significance into covered produce.
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Water Change Schedule
• Required under Produce Safety Rule for recirculated 

water
• A good idea for batch/dunk tank water
• Many strategies, but little data about pathogens to 

support an evidence- or risk-based schedule
– Time (every shift, every day, weekly)
– Volume (every X number of loads)
– Chemical monitoring (when active ingredient fluctuates)
– Visual monitoring (e.g., turbidity)
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Build up of Organic Material
• Buildup of organic material can affect sanitizer 

effectiveness, especially hypochlorite (bleach)
• Organic material adds turbidity to water

– Lettuce ‘latex’
– Other oozes
– Shows up as chemical

oxygen demand (COD)

Luo et al., 2014 Chapter 7 in 
Global Safety of Fresh Produce. 
pp 103-111
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Measuring Turbidity
• Cheap way:  Eyeball how dirty the water is

– Hard to write into an SOP

• Pricey way:  Buy a turbidometer
• Useful way:  DIY Secchi turbidity measurement SOP

Tocco 2016 Michigan State Extension AFSM043-01
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Temperature and Infiltration
• Excerpt from a Joint Institute for Food Safety and 

Applied Nutrition (JIFSAN) presentation

Source: Postharvest Biology and Technology. 2016. 118:159-174  
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Effectiveness Data
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Effectiveness of Washing
• Pilot scale wash processes, with and without 

sanitizer and detergent, show a wide range (about 1-
2 log) effectiveness
– Recommended to prevent cross-contamination
– Not recommended to decontaminate product because 

harborage areas and biofilms limit effectiveness
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Sodium Hypochlorite Data
• Commodities:  Iceberg lettuce
• Sanitizer:  Sodium hypochlorite (bleach; 50 ppm)
• Other treatments: With and without acidification (pH 

7.85 or to 6.5 with citrate/T-128), organic load 
(macerated lettuce)

• Target organisms:  E. coli O157:H7
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Sodium Hypochlorite
Davidson et al., 2014 
JFP 77:1669-1681

Note that some pathogen always remains.  There are no “greater than” results

~4 to 5-log reduction in water
1 to 2 log reduction on product
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Peroxyacetic Acid (PAA) Data
• Commodity:  Iceberg lettuce
• Sanitizer:  Peroxyacetic acid (and mixes; 50 ppm)
• Other treatments: With and without organic load 

(macerated lettuce)
• Target organisms:  E. coli O157:H7
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Peroxyacetic Acid (PAA) Davidson et al., 2017 
Int. J. Food Micro. 
248:22-31

Note that some pathogen always remains.  There are no “greater than” results

~5-log reduction in water
1-2 log reduction on product
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EPA Labels
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What and Where
• The Federal Insecticide, Fungicide, and Rodenticide 

Act (FIFRA) requires registration of pesticides 
(including ‘antimicrobial pesticides’)

• The EPA label, under FIFRA, must be followed
• The PSA Sanitizer spreadsheet is one place to gain 

access to labels
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Marketing Claims, Active Ingredients

• Marketing Claims
• Bleach type sanitizer

Example Label:  Zep
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Directions for Use
• General statements

Example Label:  Zep
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Directions for Use
• Use-specific statements

Example Label:  Zep
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Worker safety
• FIFRA requirements

Example Label:  Zep
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Storage and Disposal
• Also FIFRA requirements

Example Label:  Zep
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Conclusions
• Washing produce can introduce hazards to the safety 

of produce
• Produce Safety Rule will impose requirements

– Farms must maintain quality of water during use
– Farms must reduce risk of infiltration

• Postharvest cooling/washing has risks and benefits for 
produce shelf life and overall safety
– Disinfection is not possible (some pathogens always remain; 

no study shows, e.g.,  5-log removal)

• The EPA label is a source of scientific and regulatory 
information
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