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QUESTION:QUESTION:

What are the only What are the only twotwo
things in life that money things in life that money 
cancan’’t buy?t buy?



ANSWER:ANSWER:

1.  True love1.  True love
2.  Home2.  Home--grown tomatoesgrown tomatoes

https://www.totallytomato.com/ttsite/ttsiteviewproduct.aspx?ProductID=8246
https://www.totallytomato.com/ttsite/ttsiteviewproduct.aspx?ProductID=8381
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OUTLINEOUTLINE
Background Background 
References for farm References for farm 
investigationsinvestigations
Four sources of particular Four sources of particular 
concernconcern
Farm and packinghouse Farm and packinghouse 
findingsfindings
SummarySummary



SummarySummary
We donWe don’’t know exactly how t know exactly how 
contamination occurscontamination occurs
Have foundHave found Salmonella Salmonella species in species in 
the environment on the farmthe environment on the farm
Growers and packers donGrowers and packers don’’t t 
always follow always follow GAPsGAPs and and GMPsGMPs
Research is neededResearch is needed



Characteristics of Produce Characteristics of Produce 
Outbreaks, Including Tomatoes Outbreaks, Including Tomatoes 
Widely dispersed, individual patientWidely dispersed, individual patient--
cases in many states  cases in many states  
Low attack rates, epidemiology is Low attack rates, epidemiology is 
tedioustedious
TracebacksTracebacks are difficult due to are difficult due to 
complexity of the supply chaincomplexity of the supply chain
Intermittent, lowIntermittent, low--level contaminationlevel contamination
Implicated produce is rarely still Implicated produce is rarely still 
available, the crop is no longer in the available, the crop is no longer in the 
fieldfield



One more One more 
characteristiccharacteristic……GeographyGeography

Association with specific geographicalAssociation with specific geographical
locations and growing seasons wherelocations and growing seasons where
there have been multiple outbreaksthere have been multiple outbreaks

•• Escherichia coliEscherichia coli
Lettuce/Spinach Lettuce/Spinach 
California  California  
Fall cropFall crop

•• SalmonellaSalmonella speciesspecies
Tomatoes Tomatoes 
Eastern United StatesEastern United States
•• Late Spring Late Spring –– FloridaFlorida
•• Summer and Fall Summer and Fall -- VirginiaVirginia
•• Winter Winter -- FloridaFlorida



Staked Tomatoes in the FieldStaked Tomatoes in the Field



Bush Tomatoes in the FieldBush Tomatoes in the Field
CaliforniaCalifornia--stylestyle



FDAFDA Guide to Produce Farm Guide to Produce Farm 
InvestigationsInvestigations

On the web at:On the web at:
http://http://www.cfsan.fda.gov/~dms/prodques.htmlwww.cfsan.fda.gov/~dms/prodques.html



Contamination SourcesContamination Sources
Four Sources of Particular Four Sources of Particular 
ConcernConcern

•• SoilSoil
•• WaterWater
•• Domestic and Wild AnimalsDomestic and Wild Animals
•• Farm WorkersFarm Workers



Soils
What’s in the soil?

How does it drain?

Contact with the plant/fruit?



Weather



Tomato plants at the end of rows dwarfed 
by standing water from heavy rains and or 

poor drainage



Drainage Ditch



DeDe--WateringWatering



Water line in a “dry ditch”

Drought Conditions



Collecting a water sample in a 
drainage ditch



Attractants During DroughtAttractants During Drought

Dew dropsDew drops



Microbial Quality of WaterMicrobial Quality of Water

WELLS PONDS

CROP SPRAY WASH

IRRIGATION



Wells



Hose to fill spray tank ; potential cross-connection

Fill line to the pond 25 ft away

Well

Crop chemicals mixed in 
sprayer tank

Pond re-charge well set-up



Drain / overflow pipe

Fill pipe from well

Potential cross-connection



Re-charge well 10 ft from pond

Fill hose to sprayer tank

Fill line to pond



Ponds











Crop SpraysCrop Sprays



Source water for sprayersSource water for sprayers

Surface water - ponds

Pump from pond to fill sprayer

Well water and hose to fill sprayer



Coupling for the hose to fill a sprayer tank

Irrigation pipeline from a pond



Close-up of a portable pump used 
to fill sprayer tanks from a pond



Close-up of a Roma tomato. Note dried 
residue on surface possibly from rain, 

dew or crop spray. Some chemicals can 
be sprayed up to 1 day before harvest.



Potential Sources of ContaminationPotential Sources of Contamination



Close-up of standing water in a 
drainage ditch



Alligators in drainage ditches   





Drainage Ditch Tomatoes

Proximity to the Environment



Tomato field close to 
drainage ditch



Drainage ditch with very little 
standing water

Cattle pasture



End of a tomato row in close proximity to a 
drainage ditch

Ditch

Tomatoes

Swale across the road

Cattle pasture



Break in the electric fence in the drainage ditch 
allows wild pigs access to both tomato fields and 
the cattle ranch.

Ditch



A place where wild pigs rooted in a 
dry ditch

Wild pig tracks

Tomato field



Environmental sample Salmonella serotype isolated Comments

Anuran S. Mississippi

Anuran S. Aqua

Anuran S. Saintpaul

Anuran S. Gaminara

Lizard S. Newport

Feces S. Gaminara

Feces S. Manhattan

Ditch water S. Manhattan

Ditch water S. Newport

Ditch water S. Hartford

Ditch water S. Braenderup Different PFGE 

Ditch water S. Java

Ditch water S. Florida

Ditch water S. Miami

Ditch water S. Anatum Different PFGE

Ditch water S. Tallahassee

Ditch water S. Group D untyped Different PFGE

Sand filter media S. Iverness

Example of environmental sample results



HarvestingHarvesting





Sampling tomatoes and flowers



Tomatoes leaving the dump tank. Note 
plant debris in water.



Heavy Organic Load in the Heavy Organic Load in the 
Dump TankDump Tank







BirdsBirds



Chill to Improve Slicing (33Chill to Improve Slicing (33--3535°°F)F)



SummarySummary
DonDon’’t know exactly how contamination occurst know exactly how contamination occurs
Salmonella Salmonella species in the environment on the species in the environment on the 
farmfarm
Growers / packers donGrowers / packers don’’t always follow t always follow GAPsGAPs / / 
GMPsGMPs
Research is neededResearch is needed
FDA is committed to improving produce safetyFDA is committed to improving produce safety
Improving produce safety requires collaboration Improving produce safety requires collaboration 
and cooperation between Federal, State, and and cooperation between Federal, State, and 
Local Governments, Academia, Industry, Trade Local Governments, Academia, Industry, Trade 
Associations, and ConsumersAssociations, and Consumers



Thank you!Thank you!
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