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Produce Safety is Complex 

• Today’s Update
– Inputs

• Water quality
• Soil & Soil amendments

– Practices
• Cleaning and Sanitation
• Worker health and 

hygiene (Cyclospora)



Ongoing Outbreaks 
• Salmonella outbreak linked to alfalfa sprouts: >15 illnesses, 2 hospitalizations in 3 

states (12/10/2022- present in SD, OK, NE)
• Listeria monocytogenes in enoki mushrooms (2 illness and 2 hospitalizations in NV 

and MI) from 11/17/2022- present

25 FDA investigated outbreaks in 2022



Closed Outbreak Investigations
• Strawberries and hepatitis A virus  (outbreak 

investigation ended 8/14, 19 cases, 13 hospitalizations, 
4 states)

• Lettuce and E. coli O157:H7: Wendy’s Romaine lettuce 
on sandwiches, but not confirmed by the CDC, 109 
illnesses, 52 hospitalizations, across 6 states (MI, IN, 
OH, KY, PA, NY)

• Cyclospora and unknown commodities resulted in 
>127 illness in July and August

• 4 outbreaks associated with packaged salads and 
spinach in 2021



Agricultural inputs

• Almost any input into the fresh produce production environment (pre- and post-
harvest) can be a source of contamination

• To reduce the risk of contamination, must identify potential hazards that may be 
associated with these inputs

• Seeds, Plants, Irrigation Water, Soil Amendments, Crop Treatments, Wash Water, 
Packaging, Cleaning and Sanitation Chemicals 

• Animal Intrusion



Hazard vs Risk 

• Hazard: A biological, chemical, or physical agent in, or condition of, food with the 
potential to cause and adverse health effect.1

• Risk: A function of the probability of an adverse health effect and the severity of 
that effect, consequential to a hazard(s) in food.1

– The likelihood of the occurrence and the magnitude of the consequences of 
exposure to a hazard on human health.2

1CodexAlimentarius Commission. Procedural Manual, 24th edition at http://www.codexalimentarius.org/
2Initiation and Conduct of All “Major” Risk Assessments within a Risk Analysis Framework. A Report by the CFSAN Risk Analysis 
Working Group. 2002.

No such thing 
as zero risk

http://www.codexalimentarius.org/


Hazard vs. Risk 
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Hazard vs. Risk 
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Water and Water Quality
• Contamination risk is higher if water is 

applied to the edible portion of the crop 
and immediately before harvest (e.g. 
overhead irrigation)

• Risk is reduced is irrigation water does not 
contact the edible portion of the crop (e.g. 
trickle irrigation)

• Risk is greater for water that is recycled or 
not adequately treated or stored



Water Testing for E. coli 

• Presence of generic E. coli in water usually 
indicates recent fecal contamination
– E. coli is an indicator organism 
– Risk of presence of pathogens

• While testing may not be prescribed under 
the Produce Safety Rule, it is still useful to 
understand the microbiological quality of 
your water 



CONSERVE GRAPH 

410 cful/100mL

126 cful/100mL



Agricultural Water Assessment 
Factor Description 

Agricultural water system(s) The location and nature of the water source; The type of water distribution 
system; The degree to which the system is protected from possible sources of 
contamination

Agricultural water practices The type of application method; 
The time interval between the last direct application of agricultural water and 
harvest of the covered produce

Crop characteristics Susceptibility of the produce to surface adhesion or internalization of hazards

Environmental conditions Frequency of heavy rain or extreme weather events that may impact the 
agricultural water system – such as by stirring sediments that may contain human 
pathogens - or that may impact or damage produce. Damage can increase the 
susceptibility of produce to contamination.
Air temperatures
Sun (UV) exposure

Other relevant factors Including, if applicable, results of testing that could inform the assessment

https://agwaterassessment.fda.gov/





Postharvest Wash Water 
Water must have no detectable generic E. coli per 100 mL sample.
Farms may choose to include a sanitizer in wash water. 

What about post-harvest water?



Before we leave water…



Before we leave water…

The FDA investigators’ observations and the analysis of approximately 300 product, 
water, and environmental subsamples collected during the investigation provide 
insights on how the pathogen may have first been introduced into the operation and 
factors that may have allowed the movement and growth of the pathogen within the 
establishment. 



• Protection of Raw Materials: media stored outside without adequate 
protection

• Growing Pond Water: active production pond was positive for Salmonella; no 
method to ensure adequate water treatment (peroxyacetic acid)

• Design and Maintenance of Operation: did not exclude leaves in contact with 
pond water; condensate on overhead chiller

• Cooling and Cold Holding of Post-harvest Product: no temperature detection 
or way to verify cooling

• Nearby Stormwater Retention Pond: 25 ft from CEA structure positive for 
Salmonella outbreak strain

• Sanitary Pre- and Post-harvest Environments: did not adequately document 
cleaning and sanitizing of equipment, tools, etc. 



Soil Amendments 





Year
Total 

Rainfall (in.)

Mean duration (days) 
to observe a 4 log CFU 
decline in soils 

% of cucumbers 
where E. coli was 

recovered

2018 24.9 77 + 30 98% (n=160)
2019 12.6 56 + 21 35% (n=180)

Examine the influence 
of extrinsic and 
intrinsic factors of soil 
on E. coli survival and 
transfer to cucumbers

E. coli survival in soils is affected by a combination of amendment type, rainfall
pattern, and soil moisture content.



Adjacent Land Use?!



Adjacent Land Use?
What about near by animals?

• Location, Location, Location

• Pathogen transport during rain or irrigation
– Complex interactions: rainfall intensity, droplet size, soil type, splash range, plant 

height and canopy architecture
– Splash transfer of soil particles and Salmonella from soil onto crops(Lee et al., 2019)

• Salmonella detected for 8-10 days after inoculation in soil and on produce
• Salmonella detected in splash water at heights of up to 80 cm
• Soil moisture conditions may affect the transfer potential of Salmonella



Establishing No 
Harvest Buffer Zones

Mature ‘Magenta’ lettuce

Results indicate that, following 
rain, for both fresh and stale fecal 
deposits, E. coli dispersed to 
lettuce at high levels up to 30 cm, 
dropped off after 60 cm and 
tapered off at about the 1 m mark. 



PRACTICES
(SANITATION & WORKER HEALTH)



Food Safety in a Packinghouse Cooler

Listeria 
monocytogenes



Clean First and Then Sanitize

biology.binghamton.edu/davies/research.htm

You don’t want 
Bacterial 
Biofilms

http://biology.binghamton.edu/davies/research.htm


Cleaning and Sanitizing

Dry 
Cleaning



Proper Hand Washing 
and Use of a Hand 
Sanitizer

Worker
Health 

And
Hygiene



Cyclospora is not a bacterium

• It is a protozoan parasite
• Unlike bacteria, protozoa can not grow outside a host
• Transmitted by mature oocysts

There are still numerous remaining questions, 
challenges, and work needed to better 
understand and manage this pathogen.

Difficult to study without an animal or        
cell-culture laboratory model.

Cyclospora cayetanensis oocyst 
(8-10 µm)



Cyclospora cayetanensis oocyst 
(8-10 µm)

Cyclosporiasis
• Cyclospora cayetanensis infects the human intestine
• Spread by people ingesting contaminated produce or water
• Cyclospora needs time (typically at least 1-2 weeks) after 

being passed in feces to become infectious for another 
person
– Sporulated oocysts are infectious
– So it is unlikely that Cyclospora is passed directly from 

one person to another
• Time from ingestion to illness ranges ~2-14 days



Life Cycle



Clinical Detection



The future of testing and detection?
Not yet feasible or widely available
Many tests are under development

Focus on molecular diagnostics and testing platforms

Focus on People!

Education and Training
Open Communication



• Train employees in their native language.
• Train farm workers on how to properly use only toilet facilities provided by the farm, 

including the sanitary disposal of toilet paper inside the toilet. 
• Train farm workers on the importance of proper handwashing. 
• Train farm workers on the criticality of not working with specific symptoms which could 

indicate an illness.
• Ensure there is supervisory oversight for farm worker health/hygiene/sanitation.   
• Ensure field workers’ own tools are properly cleaned and sanitized before and after the 

workday.
• Cleaning and maintenance of portable toilets should be done away from the growing 

environment.
• Develop a plan to manage and dispose of leakages or spills of human waste to prevent 

contamination as well as for flooding events.
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