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Practices mostly commonly changed as a 
result of participating in a PPS workshop. 
• Handling / cleaning of harvest containers 

(90%) 
• Employee training in produce safety (80%) 
• Expanded produce safety plan (75%) 
• Installed hand washing station (60%) 
• Improved record keeping (55%) 
• Switched to triple rinsing (40%) 

 



“Why a workshop on 
food safety?” 



Salmonella 

Norovirus / 
Norwalk-like virus 

Presenter
Presentation Notes
Foodborne illness can be caused by bacteria, viruses, parasites, natural toxins and environmental contaminants, which can be either chemical in nature such as pesticides, or physical such as bits of broken glass. Of the microbes, viruses are the most frequent offender, but bacteria receive more attention because of their tendency to cause more severe disease. Illness caused by environmental contaminants is often not recognized due to difficulty in diagnosis.  



Salmonella 

Norovirus / 
Norwalk-like virus 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Presenter
Presentation Notes
In this workshop we will mostly focus on microbial (viruses, bacteria, parasties) contamination of food. Pathogens are microbes that make people sick. Microbes are microscopic, not visible to the human eye, unlike produce that is contaminated with a plant pathogen, produce contaminated with human pathogens can look just as good as uncontaminated produce. Since we can’t tell if produce is contaminated by looking at it, prevention of on-farm contamination is critical.  



Thinking like a microbe. 
• Moisture 
• pH 
• Nutrients 
• Temperature 

– 40⁰-141⁰ = happy 
microbes 

– Listeria is an 
exception 

• Time 
 

 

Listeria in tissue. Photo courtesy of CDC.  
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Clean coolers



Growth of Salmonella at 
various temperatures 

N
um

be
r o

f S
al

m
on

el
la

 c
el

ls
 

Slide data courtesy of Penn. State University 



Annual Burden of Foodborne Illness in the 
US: CDC Estimates 

 
3,000  

Deaths 

128,000 
Hospitalizations 

48 Million Foodborne Illness  
(1 in 6 Americans) 

Presenter
Presentation Notes
It is estimated that about 1 in 6 people experience some type of foodborne illness each year. Most people recover on their own without complication, but a relatively small percentage of people develop complication requiring hospitalization. About 3,000 people die from foodborne illness annually. By comparison in 2009 about 34,000 people died in fatal car crashes. If you consider the frequency of eating (several types of food 3 times a day for most of us) your chances of getting sick from a particular food are low. However, most foodborne illness is preventable, and a single breach in food safety can result in multiple illnesses.



“Why is food safety 
suddenly such a big 
deal?” 



Outbreaks: Then & Now 
• Then 

– Local outbreaks 
– Gross contamination 
– Mostly animal 

products 
• Now 

– Multi-state outbreaks 
– Enhanced recognition 
– Additional food 

vehicles recognized 

 

Presenter
Presentation Notes
Historically outbreaks were local and resulted from gross mishandling of food. Most typically, contaminated products were animal in origin or had been contaminated by human hands. The source of contaminated food was more easily identified, such as a church supper and the outbreak investigation took place at the local level. Nowadays, outbreaks are often multi-state investigations due to our complex distribution system. There is enhances recognition of cases at both the local and national level due to advances the laboratory and information sharing between and among state health departments and the Centers for Disease Control and Prevention. As a result of enhanced recognition and other factors that we’ll go into on the next slides, produce is becoming increasingly recognized as the contaminated food item.



Number of Produce-Associated  
Outbreaks  

• More people eating raw produce: 24% 
increase in produce consumption 1970-
1997 

• More virulent pathogens: E. coli 
0157:H7 
 

 
 

Source: Wesley Kline, PhD Rutgers Cooperative Extension of 
Cumberland County, 2009 

 

Why Produce-Related Food Borne 
Illnesses Increasing? 

Presenter
Presentation Notes
FB illnesses increasing (more people eating raw produce, no kill step; more people living longer with compromised immune systems; centralized distribution systems means produce from one farm can make people in multiple states sick
Just because small farm does not mean people not getting sick
with few exceptions takes most pathogens 2-7 days for person to develop symptoms –how many of you remember what you ate 4 days ago? Then have to do to Dr. & Dr has to culture stools….So only ID outbreaks when have a lot of people getting sick, majority of population, immune systems will deal with it, & will not get sick enough to go to Dr.  means too small to show up on CDC’s radar (rat image)
New Virulent pathogens evolving: 0157:H7
People most likely to get ill: seniors, pregnant women, children under 5 & people with cancer, diabetes, compromised immune systems
FSMA passed in 2011 – apply food safety regulations to produce, just as meat and dairy have had hygiene & sanitation standards for decades
Increase in outbreaks means buyers are concerned about liability – looking for some assurance from growers that they are knowledgeable about and are following basic hygiene and sanitation practices, such as:
Testing water for E.coli (indicates fecal matter in water not nec. pathogens)
Place for workers to wash hands 
Triple washing fresh produce (esp. anything that could go in a salad or be eaten raw) 






Presenter
Presentation Notes
More processing and packaging
Centralized production and distribution
Long-distance transport 
= good environments for pathogen reproduction



Trends in public health 
• Changing Microbes 

– Microbes mix and mutate 
– Low numbers of 

microbes needed to 
cause disease 

• Changing 
demographics 
– Aging population  
– More people with 

compromised immune 
systems 

 
 

 

Presenter
Presentation Notes
Public health trends that make foodborne illness an increasing threat. 
First we have changing microbes. Bacteria are very adaptable and capable of exchanging DNA in order to adapt to changing environments. This is what we saw in the sprouts outbreak of E. coli in Germany. This bacteria, had characteristics to two other types of E. coli bacteria, one of human origin and one of animal origin.  
Second, we have changing demographics. There are more people living with conditions and or medical treatments that compromise the immune system, making them more susceptible to infection, including FBI. We also have people living longer and our population is aging. The extremes of age are most vulnerable to FBI, along with pregnant women. Last, as the number of produce outbreaks has increased, we also see that the outbreaks are larger and thus more people are affected. This is, in part, due to our food distribution system, but also due to better detection methods. 



“If someone got sick from food from 
my farm I would know it.” 
 



Yes and no…. 
Yes… 
• You probably have a 

relationship with many of 
the people who eat your 
food, or at least they 
know where to find you! 

No… 
• Most people blame the 

meal they consumed 
immediately prior to 
getting sick 
– Only the case with toxins 

and environmental 
contaminants 

– Typically takes days to 
weeks for illness to develop 

• Many cases of foodborne 
illness go unrecognized 

Presenter
Presentation Notes
On the one hand, yes. You likely have a relationship with many of the people who eat the food you grow, so they could let you know if they thought they got sick from food from your farm. On the other hand, most people blame the meal they consumed immediately prior to getting sick. In reality, this is almost never the case except for food that is contaminated with toxins or environmental contaminants. Pathogens, the bacteria, viruses, and parasites that can make people sick take days to weeks to develop illness. By then most people have eaten dozens of other meals. It typically takes an epidemiologic investigation involving multiple ill persons to pinpoint the culprit food.  As we’ll see in the next slide, most cases of foodborne illness, particularly mild illness, goes unrecognized.



Necessary steps for outbreak recognition 
 

Outbreak  

Laboratory test 
isolates a 
pathogen 

Laboratory test ordered 

Seek medical attention 

Develop illness 

Eat contaminated food 

Presenter
Presentation Notes
Of those who eat contaminated food, a certain percentage will become ill, which depends on numerous factors such as a person’s immune system, the offending microbe, and environmental conditions under which the produce was handled and stored. Of those who develop illness, some will seek medical attention, again, largely depending on the person’s immune system and the offending microbe. Of those seeking medical attention, only some will have a diagnostic test. This can be dependent on factors such as the person’s willingness to collect stool and their insurance status. Of those samples submitted for testing, only some will yield a positive result. This can depend on the timing of stool collection and sample handling. Most outbreaks are recognized through multiple positive laboratory tests. Occasionally, outbreaks are recognized based on symptoms experience by a group of people with obvious similar exposures (e.g., a wedding reception). 



“Food safety is only a concern for big                 
agriculture” 



Yes and no… 
Yes… 
• Products are co-mingled 

and processed (such as 
ready-to-eat) increasing 
the potential for cross 
contamination 

• Longer storage and 
transportation increase 
the opportunity for 
improper handling 

• Outbreaks usually large 

No… 
• Basic on-farm good 

agricultural practices 
apply to all farms 
regardless of size 

Presenter
Presentation Notes
On the one hand, yes, big agriculture has several features that increase the likelihood of large-scale outbreaks. In particular, the additional processing required for ready-to-eat produce (e.g., bagged lettuce) and co-mingling of produce in packing and processing facilities increases the likelihood for cross-contamination on a potentially large scale. Longer storage and transportation time increase the chances of improper handling somewhere along the line, potentially giving microbes the opportunity to multiply. On the other hand, microbes are everywhere and are present on small farms as well as large scale ones, there are some basic on-farm good agricultural practices that apply to all farms, regardless of size or scope. For example, because pathogens can be transferred by human hands, worker hand hygiene is critically important.

Larger outbreak increases risk of someone being seriously ill or a death. Attract of attention of media, lawyers, retailers. Affects sales. 



Everyone from Farm to Fork is 
Responsible for Food Safety 

Field (Plant, 
Grow, Harvest) 

Processing 
(Wash, 
Pack) 

Transport Retail Preparation 

Points Most Susceptible to Contamination 

For produce eaten fresh, there is no 
microbe-killing (heat) step. (i.e., no 
opportunity for corrective action). 

Presenter
Presentation Notes
If you consider the farm to fork continuum, there are 3 major areas where produce are most susceptible to contamination. The first is field contamination due to water, compost, soil amendments, wildlife and hands. The second is in the food processing area via washing, packing, hands, contact surface, or processing. There is where cross contamination is most likely to occur. The third point along the continuum is at the final step of preparation in the kitchen. Contamination can occur from hands or cross contamination with other food. Inadequate cooking (for meat) and storage can also result in a foodborne illness. With produce eaten fresh, there is no microbe-killing heat step that you have with meat, eggs, and types of produce that are generally eaten cooked (e.g., butternut squash). I also want to point out that human hands are a potential source of contamination throughout the continuum. 
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We’re here to 
help you with 

your food 
safety plan! 



5 Routes of Microbial 
Contamination 

• Agricultural water  
• Biological soil amendments of animal 

origin  
• Worker health and hygiene  
• Equipment, tools, buildings and 

sanitation  
• Domesticated and wild animals  

 



It’s all about poop! 
 

• Animal & human 
– Soil 
– Water 
– Contact surfaces 
– Hands 
 

Presenter
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Cultivation: Contamination Sources 
• Soil 

– Amendments (manure)  
– Prior contamination 
– Weather conditions (flooding) 

• Water 
– Irrigation, applications 

• Animals 
– Wildlife or domestic 

• Humans 
– Workers and visitors 

 

Presenter
Presentation Notes
Starting in the field, there are several ways in which growing or mature produce can become contaminated. Prevention in this state is critical to the overall food quality and safety, because once pathogens have become attached to the surface of a fruit or vegetable,  it is difficult, if not impossible, to decontaminate down the line. Produce contaminated in the field can also cross contaminate other “clean” produce during washing, processing, and storage steps – that is the reason why we triple rinse or add sanitizer to wash water – not to get pathogens that have already attached to a piece of produce off, but to dilute or de-activate pathogens to reduce the chances for cross-contamination.

Emphasize that we will go over best practices – not everyone is at the same place and different practices apply to different farms. This is just to give you an idea of some things that might apply to you. 



Land History: Any contamination? 
• Prior use of  land 

– Agricultural 
– Non-agricultural (e.g. 

dump site) 
 

• Potential 
contaminants 
– Persistent chemicals 
– Carcass & manure  



Cultivation: Soil Amendments 
Best Practices 
• Locate animals, manure 

and manure-based 
compost downslope or in 
a depression 

• Use berms & buffer strips 
to protect crops from run-
off  

• Manure-based compost 
should heat to at least 
131⁰F for at least 3 days 

 



Best Practices 
• Monitor composting 

process, temperature and 
turning 

• Allow 120 days between 
application of raw manure 
or presence of livestock 
and harvest 

• Watch out for 
recontamination! 

Cultivation: Soil Amendments 



Cultivation: Flooding 

Best Practices 
• Know areas on farm 

prone to flooding 
• Plant lower risk crops in 

areas prone to flooding 
– e.g. corn, not lettuce 
– Inedible cash crops 

• Construct berms and 
other physical barriers 
between water source 
and crop land  

Presenter
Presentation Notes
ANOTHER BULLET HERE?



Cultivation: Water 
Best Practices 

• Keep livestock away from 
irrigation water sources 
 

• Know your water quality: 
Regular Water testing 
– Water quality should be 

appropriate for use 

 



Water, water, everywhere….. 
• Used for multiple on-

farm purposes 
– Quality must match use 

• Common source of 
microbial contamination 
– Promotes growth 
– Cross contamination 

• Necessary for on-farm 
hygiene 
– Produce and people! 



Taking a Water Sample 
• Follow lab instructions 

(amount, timing, etc) 
• Sample on low flow day 

(surface water) 
– Under conditions in which 

you would normally irrigate 
– Not after heavy rain  

• Sampling 
– Potable water: tap 
– Surface water: pump valve 

or from body of water  



Water Testing: Frequency 
Type of Water Source Testing Recommendation 
Municipal / Public Not required 

Well Water  
(drilled, dug, driven point 
wells) 

1 time/yr 
Beginning of season 

Surface  
(ponds, rivers, streams, 
lakes, springs) 

At least 3 times per year** 
• Start of the season 
• At peak use 
• Prior to harvest 



Water Testing: Interpreting 
Results 
Water Use Tests  Standards 
Pre-harvest: Irrigation, frost 
protection, chemical or fertilizer 
application 

E. coli  235 CFU / 100 ml 
* 

Potable water for drinking, hand 
washing, crop washing & 
rinsing, and post-harvest 
applications 

Total 
coliform 

0 CFU / 100 ml  

E. coli 0 CFU / 100 ml  

Nitrate 10 mg/L (NO3-N)  

*Above 235 CFU / 100ml, consider the following 
steps: 
• Repeat testing 
• Modify practices (call Extension to consult) 



Cultivation: Irrigation 

Best Practice 
• Drip Irrigation 

Not as safe 
• Overhead spray 



Modifying Practices Based on 
Water Tests 

• Alter irrigation methods 
– Drip or drip under plastic 
– Trench Furrow 
– Overhead 

• Consider type of crop  
– Lettuce vs. corn 

• Maximize drying time between irrigation and harvest 

 



Cultivation: Wildlife and 
Domestic Animals 

 Best Practices 
• Cover or fence crops 
• Use deterrents 

– Owl eyes, pie pans, etc 

• Hunting & traps 
• Avoid harvesting produce 

near animal feces 
• Restrict domestic animals 

from fields (including U-
pick) and production 
areas 



Cultivation: Minimizing Animal 
Contamination and Crop Damage 



E. Coli 0157:H7 in Strawberries 
• Distributed to roadside 

stands and farmers 
markets 

• Outbreak: 15 ill, 7 
hospitalized, 1 death 

• Environmental samples 
found E. coli identical to 
outbreak strain  

• Deer suspected as 
source of contamination 

Presenter
Presentation Notes
Explain Pulse Gel



Harvest: Keep it Clean! 
Best Practices 

• Keep harvest containers 
off the ground 
 
 

• Avoid stacking soiled 
harvest containers on top 
of clean containers & 
produce 
 



Harvest: Keep it cool! 
Best Practices 

• Harvest early 
• Cover outdoor wash / 

pack areas for shade 
• Cool to remove field 

heat, then keep cool 



Harvest: Containers & Equipment 
Best Practices 

 • Clean and/or sanitize 
harvest containers 
regularly 

• Stack and store 
containers in covered 
area 

• Maintain container of 
bleach solution to sterilize 
hand tools 



Post-harvest: Washing 
Best Practices 

• Use potable water only 
for washing 

• Change water often 
• Double or triple rinse 

greens  
• Add sanitizer* 

– Monitor pH & disinfectant levels 
– Adjust as needed 

Reduced 
Microbial Load = 
longer shelf life + 
safer produce 

 

Presenter
Presentation Notes
Consider adding disinfectant to reduce fungi, extend shelf life, and reduce food borne illness pathogens
If used, chlorine ( 100 – 150 ppm ) or disinfectant levels are monitored to maintain appropriate pH for disinfectant (6.5 – 7.5) 




Post-harvest: Surfaces 
Best Practices 
• Non-porous surfaces 
• Screens and/or mesh 
• Regular schedules for 

cleaning and sanitizing 
work surfaces and 
equipment 

• Well-drained, cleanable 
floors 
 

 



Post-harvest: Storage 
Best Practices 

• Store produce at optimal 
temperature for product 
– Monitor temp daily 

• Avoid condensate  
– Dripping coolers 
– Avoid wet over dry goods 

• Minimize time between 
harvest and sale (72 hrs) 
– First in, first out policy 

• Wash cooler walls & floor 
regularly or as needed 

 



Post-harvest: Pests Control 
Best Practices 
• Maintain a pest control 

program in processing 
and storage area 
– Keep grounds around 

food storage areas 
mowed & free of debris 

– Empty trash often 
– Locate compost away 

from stored produce 
– Remember to check the 

traps!  

 



Old Barn Considerations 

Presenter
Presentation Notes
Typical Issues and Costs with Old Barns:
Ceilings: old paint flaking, cobwebs
Poor drainage: Standing water 
Hard to clean surfaces
Fieldstone walls
Not triple rinsing
Coolers hard to clean
Old wells – w/ cracks won’t pass Health Dept standards







Transporting Produce 
Best Practices 

• Clean or sanitize 
transport vehicles 
especially after 
transporting: 
– Livestock 
– Meat 
– Manure or compost 
– Chemicals 

• Cover produce during 
transport 



Listeria in Cantaloupe 
• Outbreak 

– 146 ill, 29 deaths, 1 
miscarriage from 28 
states 

• Environmental 
Assessment 
– Listeria found on fruit, 

processing line, packing 
area and cold storage 

Presenter
Presentation Notes
This outbreak is striking in that the majority of the illnesses were also hospitalized and there is a high fatality rate. While Listeria causes very mild infection in immunocompetent people, not in the extremes of age, it can cause very serious infection in the young, old, and in pregnant women. There were several miscarraiges associated with this outbreak. Listeria had never been reported in cantaloupe, a fruit with multiple susceptibilites to foodborne illness such as a netted rind which really is not cleanable. 

FDA identified the following factors as those that most likely contributed to the introduction, spread, and growth of Listeria monocytogenes in the cantaloupes:
Introduction:
There could have been low level sporadic Listeria monocytogenes in the field where the cantaloupe were grown, which could have been introduced into the packing facility
A truck used to haul culled cantaloupe to a cattle operation was parked adjacent to the packing facility and could have introduced contamination into the facility
Spread:
The packing facility’s design allowed water to pool on the floor near equipment and employee walkways
The packing facility floor was constructed in a manner that made it difficult to clean
The packing equipment was not easily cleaned and sanitized; washing and drying equipment used for cantaloupe packing was previously used for postharvest handling of another raw agricultural commodity
Growth:
There was no pre-cooling step to remove field heat from the cantaloupes before cold storage. As the cantaloupes cooled there may have been condensation that promoted the growth of Listeria monocytogenes




Listeria in Cantaloupe (cont.) 
• Introduction 

– Field, truck, used equipment 
• Spread  

– Pooled water on floor near 
equipment and walkways 

– Facility and equipment not 
easily cleaned 

• Growth 
– No pre-cooling step before cold 

storage  condensation 



Traceability: One step forward, one step back 

Presenter
Presentation Notes
Farmers need to be able to do one-step forward, one step back
For most of your clients that will mean simply identifying the field crop came from, and the wholesale customer or distributor to whom it was sold  (this does not apply to farmstand, farmers market or CSA sales)

Minimum: growers will need to have some kind of system where they can identify:
One step back
Field crop came from
Who may have picked it
Date packed
One step forward: where it went once it left the farm (distributor, restaurant, store)

Can do with very simple, inexpensive system: Invoices where farmer keeps info on hard copies of invoice, (or tags on apple bins) & can correlate that with harvest logs

Also expensive bar-code based software systems:  Foodlogic

In between: quickbooks and spreadsheets



Tracking Produce 
Best Practices 

• Label containers for 
wholesale buyers 
– Farm name 
– Farm address / phone 
– Date of harvest / sale 
– Lot / field number 

• Use of invoices combined 
with harvest log 
– Ability to trace lot / box of 

produce to harvest date and 
field 

Pre-printed labels with farm name, address & phone 

Label gun for pack codes 



Recordkeeping for Produce Safety 
Best Practices 

• Water Tests 
• Dates of raw manure 

application or livestock 
rotations 

• Compost  
– Temp, turning 

• Cleaning schedules 
• Cooler temp monitoring 
• Harvest / packing logs 
• Wholesale invoices 

 



Employee training 



Humans hands are always a 
potential source of contamination 

Presenter
Presentation Notes
Insert photo of sick worker? First aid kit (I have a bunch)



Hepatitis A in Green Onions 
• 2003 outbreak in PA 

– 601 patients 
– 124 hospitalizations 
– 3 deaths 
– 13/69 workers ill 

• Grown in Mexico 
– Nucleic acid sequence 

identical and similar to 
Hepatitis A among 
travelers to Mexico 

Presenter
Presentation Notes
Article at http://www.nejm.org/doi/full/10.1056/NEJMoa050855#t=articleDiscussion




Worker Health and Hygiene 
• Accessible toilet and 

hand-washing facilities 
– In field or accessible by 

vehicle 
• First aid 

– Multiple accessible first- 
aid kits 

– Gloves over bandages 



Worker Health and Hygiene 
• Encourage proper 

hand washing 
– Running water 

• Cold is ok 

– Soap  
• Liquid or bar 
• Antimicrobial soap not 

necessary 

– Single use paper 
towels 

– Signs 
 Printable poster available at: 

http://www.uvm.edu/~susagctr/?Page=gapresources.html 



Worker Health and Hygiene 
Sneeze in progress 
showing a plume of 

salivary droplets – yuck! 
Worker Health 
• Establish sick policy 
• Find non-food contact 

work if: 
– Gastrointestinal symptoms: 

nausea, vomiting, diarrhea 
– Jaundice (yellowing of eyes 

and skin) 
– Fever 
– Respiratory symptoms if 

unable to contain 
secretions Photo courtesy of CDC.  

 



Visitors (CSAs, U-Picks) 
• Request no dogs in production or packing areas 
• Post informational signs as needed 
• Encourage visitors to wash hands after touching live-

stock and before handling produce 

 



Want more info? 

Presenter
Presentation Notes
Tons of information on UVM Extension Center for Sustainable Agriculture’s website under Produce Safety Program



 Extension Cost Tool 

Presenter
Presentation Notes
Spreadsheet you can use to estimate costs associated with your produce safety needs



That’s it folks! 
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