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Take-home messages
• There is a strong need for well organized and goal driven environmental 

monitoring programs that validate and verify pathogen control strategies  
• Regulatory requirements typically focus on environmental monitoring programs 

as verification tools
• Environmental monitoring programs can be used and designed to provide for 

validation and verification of overall food safety plans, pathogen specific 
control strategies as well as specific food safety plan components (e.g., 
SSOPs, Master sanitation schedule)

• Efforts to validate overall food safety plans as well as specific food safety plan 
components (e.g., SSOPs for specific pieces of equipment) are essential and can 
help to reduce risk of large recalls

• Consider compartmentalizing your EMP activities by goals, for example into 
(i) validation; (ii) verification, and (iii) risk assessment
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Validation and Verification Procedures

Determines the validity of the Food Safety/HACCP/Listeria control plan and 
verifies that the system is operating according to the plan. 

Verification Validation



Validation and Verification Example: Pasteurization

Verification Validation
Scientific data that 72 C for 15 sec 
provides a >5 log reduction of 
vegetative pathogens of concern

Continuous recording of 
temperature and time



Verification and Validation in Food Safety

• Traditionally validation and verification are mainly 
conducted for critical control points

• Increased recognition that both verification and 
validation are important for prerequisite programs and 
other food safety measures that would not be 
considered CCPs (e.g., sanitation)



The current reality

• Most environmental monitoring programs fragmented and lack defined 
purpose

• ATP testing is “owned” by different groups than micro and pathogen testing
• Environmental monitoring programs are 60% verification, 30% risk assessments, 

and 10% validation, but noone really knows which is which
• Testing is a combination of

• Testing we have always done (but no one remembers why)
• Testing that is required by regulations/auditing schemes/customers
• Testing that we think is needed



Seek & Destroy
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Intro to different tests/test targets used in 
environmental sampling plans

• Basic environmental monitoring program will typically use (i) ATP testing, (ii) 
indicator and/or index organisms, and (iii) pathogen testing to verify 
cleaning, sanitation, sanitary equipment design, and overall microbial 
pathogen control strategies 

• Not all are essential, for example an EMP in facility where L. monocytogenes is the 
main concern may not do any pathogen testing (meaning no L. mono testing), but 
may focus on testing for index organisms (meaning Listeria species)  

• Allergen tests are also used in environmental sampling (e.g., to verify allergen 
controls)



Summary
• ATP testing: rapid test for presence of organic material

• determines relative cleanliness of the surface
• Can be used to verify cleaning, but not sanitation

• Indicator organisms: commonly defined as markers whose presence 
relates to the general microbiological condition of the food or 
environment (i.e., hygienic quality) (e.g., coliforms, Enterobacteriaceae, 
SPC) 

• Negative tests for indicators do not necessarily indicate absence of 
pathogens

• Index organisms: commonly defined as markers whose presence 
relates to the possible occurrence of ecologically similar pathogens 
(e.g., Listeria spp.)

• Pathogen testing: Salmonella, Listeria, and Cronobacter as key targets
• Other tests: includes tests targeting spoilage organisms or allergens



ATP
Luciferin/luciferase

+

ATP is an 
excellent 
hygiene 
indicator Typically at least 1,000 

bacterial cells would be 
required to trigger a 
positive ATP test 
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Introduction of ATP

Over the same time 
period… coliform 
compliance levels 

increased

Coliform compliance 
increased from ~94% 

to ~99%



Tools other than ATP for validating and 
verifying cleaning





Index and indicator organisms

Indicator microorganism

Marker whose presence relates to the 
general microbiological condition of the 
food or environment (i.e., hygienic 
quality).

Strawn et al., 2013



• Coliforms
• (non-pathogenic) E. coli 
• Enterobacteriaceae (EB)

o Taxonomic Family
o Used widely throughout Europe in lieu of coliforms
o Encompasses most “Traditional” coliform genera

• Total Gram-negatives
o Encompasses all coliform and EB genera
o Includes genera outside of the EB group

• Aerobic plate counts (APC)/Total plate counts (TPC)

Examples of indicator organisms



The Gram-negative indicator organism 
world

Gram-negative Bacteria

Enterobacteriaceae

Coliform

E. coli

STEC

O157:H7

Aeromonas spp.



Index microorganism
Marker whose presence relates to the 
possible occurrence of ecologically 
similar pathogen(s).

Strawn et al., 2013

Many food microbiologists argue that there are no “real” good index organisms; 
possible exception may be Listeria species

Index and indicator organisms



Listeria: more than L. monocytogenes

• The genus Listeria includes:
• Human and animal pathogens: L. monocytogenes and L. 

ivanovii
• Non-pathogenic species:  L. innocua, L. seeligeri, L. 

welshimeri, and the divergent L. grayi
• A number of new non-pathogenic species described since 

2010 (e.g., L. marthii, L. rocourtiae, L. weihenstephanensis, L. 
fleischmannii, L. floridensis, L. aquatica, L. cornellensis, L. 
riparia, L. grandensis, L. booriae, L. newyorkensis) 

• Listeria spp. can be used as “indicator” or “index” 
organisms that reveal conditions where L. monocytogenes 
could reside



Other tests

• Yeasts and mold
• Specific groups of organisms (such as lactics)
• Allergens
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Case study: Validation of SSOPs for 
new equipment



How do we develop a validated SSOP for a (new) piece 
of equipment

• Perform regular standardized cleaning and sanitation
• Assemble equipment and do normal start-up
• Stop before product is put onto equipment
• Disassemble to normal daily level and test with ATP, total plate 

count (TPC)/aerobic plate count (APC) and pathogen test
• Disassemble to the extent possible and test with ATP, total plate 

count (TPC)/aerobic plate count (APC) and pathogen test  
• If all samples are negative/below threshold that indicates that 

SSOP assures effective cleaning and sanitation. 



Validation procedure





What else could be validated by 
Environmental Monitoring?



What else could be validated by 
Environmental Monitoring?

• Sanitary equipment design
• Sanitary facility design
• Master Sanitation schedules/PIC/PEC
• Preventive maintenance (PM), including PM intervals
• Hygienic zoning
• GMPs
• Run time
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FSMA and environmental monitoring

• Purpose 
• Verify the effectiveness of sanitation programs
• Verify that hygienic zoning is working to:

• Protect product from cross-contamination or recontamination
• Prevent microbial harborage

• Understand “normal” environmental conditions vs. something 
has changed or something unusual is going on

• Not a specific preventive control, though records are required 
for a food safety plan

• Must be tailored to each facility
• May include pathogens or indicator organisms
• A useful program diligently tries to find the organism

Adapted from Food Safety Preventive Controls Alliance



Verification and environmental monitoring

• Main goal of routine Environmental Monitoring (Martin’s 
opinion):

• Verify that validated pathogen control strategies are consistently 
implemented

• While a comprehensive environmental monitoring program is a 
key verification strategy, other tools can and should be part of 
the verification

• Visual observation as example



Controlled 
Traffic 
Patterns

GMP’s
Clean Dry 
Uncracked 
Floors

Sanitary 
Design 
Equip & 
Building

Effective 
Sanitation 
Procedures

Listeria Control
(Environmental pathogen and spoilage control)=

++ ++

Listeria Equation
(Environmental pathogen and spoilage equation)



Some general points

• Consider separating “non-verification” applications of 
environmental monitoring programs from verification

• Separate records
• Map sampling sites and activities to goals 
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How often to test/perform activities that are 
part of verification?

• Can range from daily/multiple times a day to weekly or maybe even monthly 
(in very small operations)

• Sites are typically pre-determined, but may be randomly rotated so that not 
all sites are sampled every times

• Sampling sites sampled on a given day often are a combination of “fixed” sites 
and randomly selected sites

• For example, only 50 of 400 predetermined sites may be sampled every time
• Sampling frequency and sample numbers should be determined through a 

“risk-based” approach
• Almost noone knows how to develop/use a “risk-based” approach

• Long term: Consider moving to more real time and near real time 
verifications activities



When to test?

• Depends on what one tries to validate or verify
• For verification of Listeria control strategies typically during processing 

(at least 3 to 4 h after start of processing)
• Most guidance documents specify something along these lines

• For verification/validation of cleaning: after cleaning
• For verification/validation of sanitation: after sanitation
• For verification/validation of “mid shift clean-up”: before and after 

mid-shift clean ups
• For verification/validation of run times: time series

• Every day or randomly selected days
• Use random number generator rather than a convenient sampling plan 

(which may lead sampling on “un-busy” days)



Other sampling consideration 

• Must select samples to find positives
• Subtleties of sampling are much more important with environmental 

samples as compared to finished product samples
• Less samples can be more

• Less samples may allow for more time to correctly collect samples





How to collect samples

• Sterile sampling techniques (sponges with 
gloves or handles)

• Typically use sponge for pathogen sampling 
• rarely use swabs, only for very difficult to reach 

areas (and ATP etc.)



Next steps – in-plant brainstorming and 
training
• Develop validation SOP

• Identify programs that need validation and prioritize
• Select one program to design validation plan and draft initial validation SOP

• Develop facility wide verification plan
• Move beyond testing

• Develop Root Cause Analysis (RCA) procedures



Group 1: Group 2: Group 3 Group 4:

Programs that 
need validation 
(in order of 
priority)

1. PEC
2. MSS

1. Daily Sanitation + 
PEC

2. Runtime

General cleaning
Sanitation
Runtimes
PMs and CIL
PEC

1. Daily cleaning 
sanitation

2. GMPs and 
operational 
sanitation

3. Hygenic zoning

High level 
validation 
strategy

2. MSS: swabs 
before and after. Air 
testing

4. Frequency of PM. Track 
equipment down time. 
Swab gaskets 

1.ATP, APC, Listeria. 
disassembly
2. Swab before and 
after: APC, maybe 
Listeria

High level 
verification 
strategy

Sell to 
management
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