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Water Melon Harvest and Packing

Cabbage Packing
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Sweet Corn Packing

Potato Packing
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Hand Packing – Smaller Scale

Field Picking
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Farm Market – Retail Sales

Farm Market - Retail
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Farmers Markets

U-Pick
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 UD Extension

 Agriculture Agents

 FCS Agents

 DSU Extension

 FVGAD

 DDA also cooperating

Planning Group

 Classroom Session – Thursday, March 11, 6-9 PM, UD Carvel REC, Georgetown

 Microbial Risks

 Good Agricultural Practices Basics

 Good Handling Practices Basics

 Record Keeping

 Preparing for Audits

 Hands On-Session - Thursday, March 18, 6-9 PM, UD Carvel REC, Georgetown

 Good Agricultural Practices in the Field

 Good Handling Practices in the Packing House

 Worker Training

 Write Your Produce Food Safety Plan

 Farm 

 Packing House

Training Sessions – March11 and 18
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Self Assessments

 We will provide self assessment materials to all those 

that attend trainings and any others requesting.  Will 

send materials to all FVGAD members.

 We will offer to do mock audits on any produce 

farm in the state during the year to assess current 

practices and offer recommendations

Mock Audits
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 We are offering to do training on produce safety 

and worker hygiene to your labor force during the 

year.  In English or Spanish.

Worker Training

 Those that complete this voluntary program will 

receive certification through the DDA

Voluntary Certification
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GAP/GHP Training For Wholesale Produce 

Growers and Produce Industry Professionals

Good Agricultural Practice for Produce 

Food Safety – Main Educational Areas

 Importance of Produce Food Safety for Growers

 Produce Contaminants

 Produce of Most Concern

 Good Agricultural Practices (Production)

 Water Safety

 Manure, Compost, and Biosolid Use

 Worker Hygiene and Personal Practices

 Field Sanitation

 Good Handling Practices (Packing and Distribution)

 Packing Area, Sales Area, and Transport Sanitation

 Worker Hygiene and Personal Practices

 Developing  and Implementing a Farm Food Safety Plan

 GAP Audits 
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Where the Industry is Going?

 http://www.youtube.com/watch?v=zTdAmTLMHmA

Importance of Produce Food Safety –

Human Impacts

 Human impacts of produce 
associated food borne 
illnesses

 Numerous outbreaks

 Almost every year

 Thousands affected over last 
10 years

 Several deaths

 Human face

 Elderly & young most at risk

 Grandparents, children

 Parents afraid

 Loss of loved ones

“Nobody knows exactly how 
many [Salmonella] cases 
result from eating animal 
products versus produce 
such as tomatoes or 
peppers, but salmonella-
related illnesses, which can 
cause vomiting, severe 
abdominal pain and 
diarrhea, can be deadly 
to infants, the elderly and 
immune-compromised 
persons.”

http://www.youtube.com/watch?v=zTdAmTLMHmA
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Tomatoes Suspected But Peppers 

Confirmed in 2008

 http://www.youtube.c

om/watch?v=NyZXbB

Gbr7Q

http://www.youtube.com/watch?v=NyZXbBGbr7Q
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Maki D. N Engl J Med 2009;10.1056/NEJMp0806575

Salmonella Infections in Two Nationwide Outbreaks in 2008-2009

Salmonella in Peppers Last Year

Cases Infected with the Outbreak 

Strain of Salmonella Saintpaul



6/16/2016

15

Leafy Greens

 2002, E. coli O157:H7 – pre-washed lettuce, 50+ ill, 
one with permanent kidney damage

 2003, E. coli O157:H7 – pre-washed lettuce, 40 ill, 
dozens hospitalized 

 2004, E. coli O157:H7 – pre-washed spinach, 13 ill 
and 2 dead

 2005, E. coli O157:H7 – bagged pre-washed lettuce, 
30 ill including children

 2006, E. coli O157:H7 – bagged pre-washed 
spinach, 192 ill, 98 hospitalized, 3 deaths

 2006, E. coli O157:H7 – Taco Bell, possibly lettuce, 
71 cases

30

2006 Spinach Outbreak

 199 persons infected with 
outbreak strain of E. coli 
O157:H7 from 26 states. 

 102 (51%) hospitalized. 

 31 (16%) developed 
hemolytic-uremic 
syndrome (HUS).

 Four confirmed deaths.

 Outbreak strain isolated 
from 13 bags in 10 States.

 11 bags with lot-codes for 
a single day’s production.

“…a number of conditions were 

observed that may have provided 

opportunities for the spread of 

pathogens, if [they] arrived on 

incoming spinach.” CalFERT Report, 

at 3 (March 2007).
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the most dangerous 

product in the United States?

“In fact, contaminated food 

products caused more deaths each 

year than the combined totals of all 

15,000 products regulated by the 

U.S. Consumer Product Safety 

Commission; these products caused 

only 3,700 deaths in 1996.”

See Buzby, et al. Product Liability and Microbial Foodborne Illness (2001)

ERS Agricultural Economic Report No. 799.

FOOD:

32

THE COST OF FOODBORNE ILLNESS

 Estimated 76 million cases of foodborne

illness each year

 325,000 hospitalizations, and over 

5,000 deaths.

 UNKNOWN AGENTS account  for 81% 

of illnesses and hospitalizations, and at 

least 64% of total deaths.  
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Importance of Produce Food Safety –

Industry Impacts 
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Produce Associated Outbreaks Affect 

Business – Berries 

Strawberry industry  - $50 million Loss 

mistakenly indicated as the source of outbreak

Odwalla shareholder value dropped approximately 

41% ($12.4 million) in six months after outbreak

36

An Example: Fresh Spinach

“With the fall 2006 outbreak, all spinach growers suffered from 

decreased consumer demand for their product, even though only one 

grower’s spinach was contaminated.”
See L. Calvin, Outbreak Linked to Spinach Forces Reassessment of Food Safety Practices, 

Amber Waves, June 2007,
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2006 Spinach Outbreak Economic Effects 

on California Agriculture

 E. coli 0157:H7 linked to spinach produced in 
California.  Shipping was halted by US FDA in early 
September, 2006.

 California industry lost $100 million. 

 Lawsuits will likely magnify these losses.

 Fruit and vegetable shippers of other fresh 
commodities were affected in the USA. 

 Many chain-store buyers now require farmers to 
pass third-party GAPs audits.

38

Economic Costs to Growers:

~ On November 14, 2003, price of green onions 

peaked at $18.30 per box.

~  On November 20, FDA announced hepatitis-

contaminated onions came from Mexico.

~  Next day, price of green onions declined to $12.43.

~  One week later, price was at $7.23 per box.*

And thus the mad-scramble for GAP-audits began.
*  Figures from L. Calvin, The Economics of  Food Safety: The 

Case of Green Onions and Hepatitis A Outbreaks, 

USDA/ERS Report, VGS-305-01, 12/04.
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GAPs costs for fresh strawberries

 

Small u-picks Florida California

Average farm size: 4.8 acres 30 acres 47 acres

Season length: 1 month 5 months 11 months

GAP Total cost Cost per 

acre

Total cost Cost per 

acre

Total cost Cost 

per 

acre

1. Toilet and handwashing 

facilities

$220.00 $46.00 $3,375.00 $113.00 $5,288.00

*

$113.0

0

2. Hygiene Training 60.00 12.00 691.00 23.00 1,056.00 22.00

3. Packing shed or cooling pad 

sanitation and single use trays for 

u-picks

402.00 83.00 534.00 18.00 1,138.00 24.00

4. Monitoring irrigation water 32.00 7.00 149.00 5.00 149.00 3.00

5. Developing a crisis 

management plan

670.00 140.00 750.00 25.00 750.00 16.00

Total $1,384.00 $288.00 $5,499.00 $184.00 $3,093.00 $66.00

* Dropped from total since this cost is already included in the cost of production estimates from California 

Importance of Produce Food Safety

Legal Issues 

 Legal issues

 Criminal

 Intentional contamination

 Civil – Product Liability for 
Unintentional 
Contamination

 Strict liability – product is 
unsafe

 Negligence

 Breach of Warranty

 Expressed

 Implied

 Awards

 Compensatory

 Punitive
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Lawsuits – Could They Reach You?

 http://www.youtube.c

om/watch?v=csZgx7G

dyYI

42

Civil Litigation - How it works
(by Bill Marler)

• Strict Liability - it is your 

fault - period

• The only defense is 

prevention

• Wishful thinking 

does not help

• If you manufacture a 

product that causes 

someone to be sick you are 

going to pay

http://www.youtube.com/watch?v=csZgx7GdyYI
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House: Food Safety Enhancement Act (HR 2749)

 Requires preventive food safety plans

 Risk-based inspections

 $500 registration fee per facility

 Pilot traceability studies, followed by 

mandatory programs

 Fruit/vegetable risk-based production 

standards; update GAPs

 Mandatory recall authority for FDA

 Broad records access

 New import requirements

Copyright PMA 2009

43

Senate: Food Safety Modernization Act (S. 510)

 Expanded records access

 Preventive food safety plans

 Commodity-specific product standards

 Sanitary transportation

 Pilot traceability programs, then 

mandatory programs

 Mandatory recall authority for FDA

 Additional requirements for imports

 Accreditation of labs, 3rd party auditors

Copyright PMA 2009

44
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Federal Food Safety Efforts

 GAPs: FDA to revise

 National Leafy Greens Marketing Agreement: USDA considering

 Reportable food registry: Now the law

 Traceability: FDA/USDA pursuing 

 Implementation of food safety legislation

 Senate must pass bill

 Conference committee must marry House and Senate 
versions

 President signs

 Agencies go to work
Copyright PMA 2009
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FDA Seeking Input

 By the end of 2010, FDA will issue a proposed rule to establish 

safety standards for the production and packing of fresh produce.

 Goal- reduce the risk of illness associated with fresh produce.

 Seeking input before rule is developed

 They want expertise and on-the-ground knowledge of those who 

grow, harvest and pack fresh produce.

 New Federal docket where you can leave your comments

Copyright PMA 2009

46

http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
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FDA Seeking Input

 The easiest way to get to the docket is to enter the docket number. 

 On the Regulations.gov home page, enter the following in the “Keyword” 
field: FDA-2010-N-0085 

 This will take you directly to the docket, “Preventive Controls for Fresh 
Produce: Request for Comments” 

 In the far right of the screen under Actions, click on “Submit a Comment” 
A page will come up asking for some information about you or your 
organization. 

 You can then type your comment directly into the field provided and/or 
you can attach any related documents to your comment. 

 Press “Submit”.

 You will be able to view your comment and comments others have 
submitted. 

Copyright PMA 2009

47

Product Liability – Are You Covered?

 Check your contracts

 Who handles liability?

 Is liability passed on?

 Check any sales 
agreements 

 Is liability passed on?

 Check any distributor or 
retailer policies in 
regards to suppliers?

 Check insurance policies

http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
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Importance of Produce Food Safety -

Public Perception 

 Consumers perspective

 Importance of food safety 

to consumers

 Consumers perception of 

food safety and produce 

growers

Consumer Concerns

What are your greatest concerns?

US economy > food safety > Iraq 

war > global warming > immigration

- Center for Food Integrity 2008
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Consumer Confidence?
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Educational Area II. Produce 

Contaminants

 Provide information on 

the different 

contaminants of 

produce

 Approach

 Slides

 Handouts

 Show microbial cultures 

from produce

Who is the enemy?

Plant pathogen – a 
microorganism known to 
cause diseases or lesions 
in plant tissues.

Human or animal pathogen
– a microorganism known 
to cause illness to humans 
or animals.
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Why is food safety such an issue in 

2009?

 Emerging pathogens

 More susceptible population

 Complacency about hygiene

 More global trade

 More fast paced society

 Improved detection

Pathogens associated with fresh produce

Between 1990 and 1998 - 55 outbreaks were 

tied to fresh fruits/vegetables

Between 1999 and 2002 - 97 outbreaks were 

tied to fresh fruits/vegetables
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Contamination of Surface of Produce

 Soil

 Water

 Manure

 Sewage 

 Air

 Humans

 Animals

Fresh Produce Associated with 

Foodborne Outbreaks

 Apple cider

 Alfalfa sprouts

 Radish sprouts

 Lettuce

 Melons

 Cabbage

 Raspberries

 Basil

 Strawberries

 Spinach

 Tomatoes

 Peppers
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Recalls and Outbreaks Associated with Produce

 E. coli O157:H7 - Iceberg lettuce, spinach, 
radish, sprouts, apple cider/juice

 Salmonella spp. - Tomatoes, bean sprouts, sliced 
watermelon, sliced cantaloupe, coleslaw & 
onions, alfalfa sprouts, root vegetables, juice

 L. monocytogenes - Cabbage

 Cryptosporidium - Apple cider

 Cyclospora – Raspberries

 Hepatitis A virus - Iceberg lettuce, raspberries, 
strawberries

“I can always wash the produce before I 

eat it or sell it”

 Preliminary studies indicate that once the fruit 

is contaminated the pathogens are difficult to 

remove

 Prevent contamination

 Control multiplication
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Where can pathogens be found?

 In soils…

 Listeria monocytogenes

 Bacillus cereus

 Clostridium botulinum

 Clostridium perfringens

 In human and animal 

gut…

 Salmonella species

 E. coli O157:H7

 Shigella species

 Campylobacter jejuni

 Viruses and parasites

Microorganisms That Cause Foodborne 

Illness

 Bacteria  

 Single-celled organisms 
that live independently.

 Parasites 

 Intestinal worms or 
microscopic protozoa 
that live in a host animal 
or human.

 Viruses

 Small particles that can 
only replicate in a host.



6/16/2016

32

Pathogens of Most Concern on 

Fresh Produce

 Bacteria

 Salmonella

 Escherichia coli

 Yersinia entercolitica

 Shigella

 Campylobacter

 Staphylococcus aureus

 Bacillus cereus

 Clostridium species

 Vibrio species

 Parasites/Protozoa

(Giardia, Entamoeba, 
Toxoplasma, Sarccystis, 
Isopora, Cryptosporidium, 
Eimeria, Cyclospora)

 Viruses (Hepatitis A, Norwalk)

Vibrio species

Bacteria

VEGETATIVE

 Active cells

 Food eating

 Waste eliminating

 Multiply

SPORES

 Inactive cells

 Survive adverse 

conditions

 Don’t multiply

http://microbewiki.kenyon.edu/index.php/Image:96524K.jpg
http://microbewiki.kenyon.edu/index.php/Image:96524K.jpg
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A Little Microbiology

 In the right environment, bacteria replicate ~

every 20 minutes.

 A head of lettuce has 1 bacteria on it.

 How long will it take to multiply to 100 cells?

140 minutes / 2 hrs & 20 min 

An infective dose of E.coli O157: H7 
could be as few as 10 cells.

Control of Bacterial Growth

 Food

 Acidity 

 Temperature

 Time

 Oxygen

 Moisture

FATTOM
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E. coli O157:H7

 Naturally exists in 
animals without 
symptoms
 cattle, deer, sheep, dogs, 

cats, birds, other animals

 Can 
contaminate/grow on 
fresh produce:
 fresh cut cantaloupe
 watermelon cubes
 shredded lettuce
 spinach
 sliced cucumbers

Salmonella species

 Isolated from many 
types of raw fruits 
and vegetables – not 
a frequent event.

 Outbreaks linked to:

 tomatoes

 bean sprouts

 melons

 unpasteurized orange 
juice and

 apple juice
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Parasites

 Considerably larger than bacteria

 Organisms that live in another organism

 Only able to grow in host, but may be passed 

from one host to another by a non-host source

 Relative newcomers to the food safety scene

 May be waterborne

 Little known about ways to control

Viruses

 Smaller than bacteria

 More heat resistant than bacteria

 Unable to reproduce outside living cell

 Are host specific

 Enter the body though very specific sites 

 Require only a few viral particles for illness

 Foodborne viral illness ONLY occurs when food is 

contaminated with human feces or urine 
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Viruses

Good handwashing is essential to 

eliminating foodborne illness due to 

viruses.
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Produce of Most Concern

 Food safety risks associated 
with different types of 
produce 
 Raw = high, Cooked or 

processed = low

 Soil contact = High, no soil 
contact = low

 Touched a lot = high, limited 
handling = low

 Consumed whole = high,  
Peeled/shelled = low

 Overhead irrigated = high, 
drip irrigated = low

Why Are These Higher Risk Produce Types?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

High Risk or Low Risk?
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High Risk or Low Risk?

Leafy Greens, a Particular Risk?
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Good Agricultural Practices

 What is a Good 
Agricultural Practice

 Key areas in applying 
Good Agricultural 
Practices

 Water safety

 Manure and biosolids

 Worker hygiene and 
personal practices

 Field sanitation

Tracebacks have identified 
four areas where 
outbreaks have originated

 Water

 Workers

 Wildlife

 Waste

We call these “The Four W’s”

Standards are being 
developed to control each 
of these sources

Good Agricultural Practices

What are GAPs/GHPs?

Good Agricultural 
Practices (GAPs) and 
Good Handling Practices 
(GHPs)are sanitary 
procedures used during 
crop production, 
harvesting, packing and 
shipping to prevent or 
minimize produce 
contamination with 
human pathogens.

Employee Hygiene

Post-harvest Handling

Irrigation
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Good Agricultural Practices

Water Safety

 Microbial contamination

 Natural/wildlife

 Farm animals/manure

 Sewage/human

 Chemical contamination

 Pesticides

 Other chemicals

 How water contaminates produce

 Irrigation

 Wash water

 Spray water

 Water Testing

 Water Treatment
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Terminology

 Potable - (clean) water – free of all objectionable
material, including pathogens, tastes, odors, colors, 
toxins, radioactive material, organisms, oils, gases, 
etc.

 Fresh – non-salt or sea water

 Pollution – anything that makes it Non-Potable

 Sewage – the community waste or garbage that 
mother nature and we dump onto sewers or land

Typical Water Quality Standards

 Drinking Water

 No coliforms contamination 

acceptable

 Recreational water

 200 fecal coliforms /100 ml

 Fish and wildlife habitat

 5000 fecal coliforms/100 ml

http://www.pbase.com/paularino/image/68815646
http://www.pbase.com/paularino/image/68815646
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“Fresh Tomato Guidelines”

Specified Standards for Water

 Standards specified for irrigation water

US beach swimming requirements

123 cfu/100 ml E. coli

 Standards specified for water contacting crop

US drinking water requirements

Zero cfu/100 ml fecal coliforms or E. Coli

Bacteria Disease/ infection Symptoms 

Aeromonas Enteritis Very thin, blood- and mucus-
containing diarrhea 

Campylobacter jejuni Campilobacteriose Flue, diarrhea, head- and 
stomachaches, fever, cramps 
and nausea 

Escherichia coli Urinary tract infections, 
neonatal meningitis, intestinal 
disease 

Watery diarrhea, headaches, 
fever, homiletic uremia, kidney 
damage 

Plesiomonas shigelloides Plesiomonas-infection Nausea, stomachaches and 
watery diarrhea, sometimes 
fevers, headaches and vomiting 

Typhus Typhoid fever Fevers 

Salmonella 
Salmonellosis Sickness, intestinal cramps, 

vomiting, diarrhea and 
sometimes light fevers 

Streptococcus (Gastro) intestinal disease Stomach aches, diarrhea and 
fevers, sometimes vomiting 

Vibrio El Tor (freshwater) (Light form of) Cholera Heavy diarrhea 

Bacteria Found In Surface Water



6/16/2016

50

Microrganism Disease Symptoms

Amoeba Amoebic 
dysentery 

Severe diarrhea, headache, 
abdominal pain, chills, fever; if 
not treated can cause liver 
abscess, bowel perforation and 
death 

Cryptospor
-idium
parvum

Cryptosporid
iosis 

Feeling of sickness, watery 
diarrhea, vomiting, lack of 
appetite 

Giardia Giardiasis Diarrhea, abdominal cramps, 
flatulence, belching, fatigue 

Toxoplas
m gondii

Toxoplasmos
is 

Flu, swelling of lymph glands
With pregnant women subtle 
abortion and brain infections 

Protozoa Found in Surface Water

Agricultural Water

 Identify source and 
distribution of water used

 Be aware of current and 
historical use of land

 Review existing practices 
and conditions to identify 
potential sources of 
contamination.

 Maintain wells in good 
working condition

 How are you applying 
the water? Minimize 
contact of edible  portion 
of fresh produce with 
contaminated irrigation 
water. 
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Characteristics of well water

 Can become 
contaminated by 
floods or heavy rains;

 Location too close to 
cesspools, septic tanks, 
agricultural sites, 
manure storage areas, 
or drainage fields 
may result in 
contamination

 Cracked or improperly 
sealed well casings or 
liners may cause 
contamination

 Requires annual 
monitoring

 Laboratory analysis 
for indicator microbes 
(eg. coliforms)

Characteristics of surface water

 Ponds, lakes, rivers, 

streams, ditches

 Highest potential for 

contamination

 Safety can vary 

greatly over short 

periods of time
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Bacterial-Indicator Organisms

Common Groups

 Coliforms

 Total coliforms

 Fecal coliforms

 Escherichia coli

 Streptococci

 fecal streptococci

 enterococci

 Spore Formers

 Clostridium perfringens

Indicator Organisms

 General coliforms –
indicate water in contact with 
plant or animal life (universally 
present)

 Fecal coliforms – mammal 
or bird feces in water

 Enterococcus bacteria (type 
of  fecal streptococci)– feces from 
warm blooded animals in water

http://www.denniskunkel.com/
http://www.denniskunkel.com/
http://www.denniskunkel.com/
http://www.denniskunkel.com/
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Viral Sources of Waterborne Disease

 Hepatitis A: inflammation and 
necrosis of liver

 Norwalk-type virus: acute 
gastroenteritis

 Rotaviruses: acute gastroenteritis, 
especially in children

 Enteroviruses: many types affect 
intestines and upper respiratory 
tract

 Reoviruses: infects intestines and 
upper respiratory tract

New and Emerging Diseases:

The most prevalent foodborne illness was 

only recently identified

Giardia

S. aureus

C. perfringens

Salmonella

Campylobacter

Norwalk-like virus

0 4,000,000 8,000,000
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UPDATE ON WATER SAMPLING 2008

Wesley Kline

Agricultural Agent

Rutgers Cooperative Extension of  Cumberland County

Water Carries Pathogens

 E. coli 0157:H7 viewed primarily as a water-borne 

pathogen.

 Many outbreaks associated with recreational water.

 Salmonella, Giardia and Cyclospora outbreaks on produce caused 

by contaminated water.
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Water Testing

 Water sources must be tested

 Irrigation, spray and wash water 

 Surface water is not acceptable in the packing shed

 Schedule for testing

 Municipal water – acquire test results annually

 Well water – Twice a year

 Beginning of season and at peak use

 Surface water – Three times a year

 Beginning of season, peak use and near harvest

Materials and Methods

 Two 100 ml water samples were collected on a 

weekly basis from July 8 to August 18.

 Five locations

1. 1. River

 2. Spring fed pond

 3. Dam in river 

 4. Spring fed pond

 5. Pond from a runoff area
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Fecal Coliform - 200 CFU/100 ml

E. coli

Geometric mean of 5 samples - <126 CFU/100 ml 

with no sample over 235 CFU/100ml

Non foliar contact - <576 CFU/100 ml

Standards For Irrigation Water

Date River Spring 
Fed Pond

Dam in 
River

Spring 
Fed Pond

Pond 
From 
Runoff

7/21

E. Coli

Fecal

0

70

0

5

0

110

0

0

0

0

7/28

E. Coli

Fecal

30

730

0

95

15

75

0

0

65

1,850

8/4

E. Coli

Fecal

CG

125

0

0

25

10

0

215

>200

305

8/11

E. Coli

Fecal

>1,000

>1,000

390

380

1,000

1,000

0

20

190

190

8/18

E. Coli

Fecal

90

115

5

0

5

5

0

0

420

410
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 Only one location (spring fed pond - 4) had no 

pathogen levels above the thresholds used in this study.

 The runoff location had levels above threshold for all 

dates except the first sampling date.

 The fourth (August 11) sampling date had thresholds 

above thresholds for all locations except the spring fed 

pond.

 This was the result of heavy rains the day prior to sampling.

 Additional sampling over time and locations is required 

to obtain reliable data.

Conclusion

Phytophthora-tolerance screening
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Total coliform

Fecal Coliform

E. coli

Thermotolerant

Coliform

Suslow, 2002

What Can Growers Do?

 Switch to well water

 Drip irrigate

 Try not to use surface irrigation for as long as 

possible after heavy rain

 Spring fed ponds with no runoff into the pond is the 

most acceptable surface water source

 Growers should be sampling for both fecal coliform

and E. coli to develop baseline data for their water 

sources.
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Technology Comparison

Technology Pros Cons

UV 

Good disinfectant No residual disinfection

No added Chemicals Need relatively clear water (filtration)

Field-adaptability?

Ozone

Good disinfectant Off-gases if not under pressure

“people-friendly”
Subject to organic matter 
(indiscriminate).  Need to measure 
ORP

Field Adaptability?

Chlorine
Good disinfectant Can be hard on system parts

Cheap Some forms have limited shelf life

Cu Ionization No “chemicals” per se
Unknown broad-spectrum 
disinfection capabilities

Chlorination of Water

The most commonly 

used sanitizer!

 Shock Chlorination (50-

100 ppm, contact of at least 
6 hours)

 Continuous Chlorination –
for recurring bacterial 
contamination problems – a 
measurable amount of free 
residual chlorine
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Material and injector costs, Chlorine

Cl2 $0.27/acre-inch per ppm

Sodium Hypochlorite $0.48/acre-inch per ppm

Calcium Hypochlorite $0.56/acre-inch per ppm

Each Needs an Injection System - $500-$4,000 
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Monitoring Oxidizing 

Disinfectants

Chlorine test strips for “free chlorine”

Oxidation-Reduction Potential (ORP) probes – must 

calibrate
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E. Coli Levels in Irrigation Pond
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Chlorinator Summary

 Easy to install - no electrical required

 Easy to use - chlorinates when the pump runs

 Simple “swimming pool” test kit

 Easy to maintain low concentration

 Chlorinator ~ $1,800

 Operating cost: 

~$0.10 per 1000 gallons

Conclusion

 E. coli levels are above acceptable levels for 

irrigation under certain environmental conditions

 Chlorine (calcium hypochlorite) will reduce E. coli to 

acceptable levels for irrigation

 The system tested is grower friendly
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Bottom Line

 Test your water as  required 
and anytime you suspect a 
problem

 Work with your Health 
Department 

 Seek advise on interpreting 
the results – what do they 
mean?

 If you question the results, 
resample and retest

Chemical Contamination

 Pesticide spills

 Irrigation water 

contamination

 Disconnect between fill 

water and sprayers 

 Pesticide storage 

away from fields

 No off label 

applications
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Good Agricultural Practices – Manure, Compost, 

and Biosolid Use and Contamination of Produce

 Proper use of manures, 
composts, and biosolids
with produce production
 Waiting periods and 

applications

 Application methods

 Storage and cross 
contamination

 Proper composting

 Avoid fecal contamination 
of fields
 Domestic and wild animals

 Humans

Proper Manure Use

 Raw manure should be applied 

and incorporated into the soil at 

least 120 days prior to harvest of 

a produce crop

 Raw manure may be applied to a 

field the year perennial fruits are 

planted but not during years when 

harvested

 Properly composted manure can 

be applied at any time

 Time between manure application 

and harvest is always maximized.
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Manure Storage

 Manure must be stored 

where it will not 

contaminate growing 

areas.

 Temporary field 

storage areas must not 

contaminate growing 

areas

Composting Manure

 Compost must achieve a 
high temperature 
(131°to 160°F) for at 
least 5 days to eliminate 
pathogens

 Compost must be stored 
in a way to minimize risk 
of leaching, runoff, wind 
movement and possible 
recontamination by wild 
animals  or compost is 
immediately applied to 
fields.
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Case Study – Spinach

Case Study - Spinach
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Case Study - Spinach

Case Study - Spinach
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Case Study = Spinach

Animal and Pest Control

Courtesy of Trevor Suslow
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Adjacent Use of Land

“Are there animals close by?”
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Keep Animals Out!

Good Agricultural Practices – Worker hygiene 

and personal practices in the field

 Worker hygiene in the 

field

 Hand washing

 Use of toilets and port-a-

potties

 Fecal contamination

 Cuts

 Reporting illnesses
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Personal Hygiene on the Farm

Worker Health and Hygiene

 In 2003, at 21 of 24 farms 
surveyed, worker health 
and hygiene were the 
major hazards to produce 
safety.

 Inadequate hand washing 
was the most frequent  
hazard noted.

 Inadequate hygiene 
training ranked #2, 
followed by unsanitary 
worker facilities.

0
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Inadequate handwashing

Poor hygiene training

Unsan. worker facilities

Unexp. absences

Comm. disease

J. Guzewich, Food Protection Mtg. 2003



6/16/2016

74

Courtesy Dr. Jim Rushing

Proper hand-washing is the best          

method of reducing contamination

The #1 source of food borne 

illness is unsanitary worker conditions

Manure = Fecal Matter = Microbes

 Human or animal: DO EVERYTHING you can to keep 

manure off produce.

 Preventing contamination is the goal.  
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Field Worker’s Hands – a major source of 

human pathogens

Methods of Infecting Produce

 Fecal material

 Open lesions, boils, 

sores, infected wounds

 Personal illness

Staph infection



6/16/2016

76

Why wear gloves?

Bandages

 Bandage on finger, 
no glove

 Cover bandage with 
waterproof glove
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Handwashing Key to Prevention

 Handwashing cleans off dirt

 Must have warm water

 Good lathering soap

 Enough water to rinse properly

 Reduces pathogens on the hands

 Single use paper towels to dry 

hands

 Reduces GI illness ~ 80%

Let’s Practice
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Remember: Proper Facilities 

Reduce Risk

Easy Access
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Your Role in the  Operation Is Important

 When do you need to wash 
your hands?

 What can you do to reduce 
pathogens on  your 
equipment/tools/ harvest 
boxes/sacks?

 What can you do to protect 
your clothing and shoes/boots 
from pathogens?

 What can you do to reduce 
the reproduction of 
pathogens?

Promote Cleanliness at U Pick

 Invite customers to wash their hands prior to 

entering the fields.

 Provide clean and convenient restrooms for 

customer use.

 Supply soap, clean water, and 

single-use towels for hand washing.
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Keeping Food Safe

It’s in Your Hands

• Clean clothing and gloves 
• Showering, bathing everyday
• Wearing  hairnet or hat
• Protective clothing if applicable should be 

clean – aprons, gloves, etc.
• Tools, knives, cutters cleaned each day
• Baskets and bins should be cleaned every 

day
• Keep hands and equipment clean
• Enforce proper use of facilities
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• Teach workers about food 
safety and their role in 
preventing microbial 
contamination of fresh fruits 
and vegetables.

Train, Train, Train!

Good Agricultural Practices

Field Sanitation 

 Proper field sanitation

 Harvest procedures

 Minimize soil contamination

 Minimize hand contamination

 Harvest tool/equipment  

sanitation

 Harvest container sanitation

 Transport equipment 

sanitation

 Cull piles
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Harvest 

Considerations 1

 Clean & sanitize the following 
prior to use and during harvest 
on a schedule

 Harvest containers

 Baskets, totes, bins, crates

 Harvest tools

 Knives, clippers

 Harvest equipment/implements

 Wagons, trucks

 Harvest aids

 Mechanical harvesters

 Temporary harvest storage 
facilities

 Use harvest equipment 
appropriately to prevent 
contamination

 Leaks – fuel, oil, grease

 Produce damage

 Glass, metal, other contaminants

Harvest Considerations 2

 Reduce/Eliminate Soil 
Contact

 Don’t stand in bins

 Limit basket/bin 
contact with soil

 Remove soil from 
bottoms of 
bins/baskets

 Clean and sanitize 
bins/baskets prior to 
returning to field
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Harvest 

Considerations 3

 Worker hygiene during 
harvest
 Hand washing or

 Proper glove use

 Don’t harvest damaged or 
contaminated produce
 bruised or dropped fruit 

 animal or bird feces 
present 

 feeding marks

 Insect damage or frass

 Picking conditions
 As dry as possible

 As little field heat as 
possible

 Remove quickly from field

 Avoid dust in transport

Field Container Sanitation

Clean harvest containers and tools daily.
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Harvest Containers & Tools
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Field Packing
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Cull Piles/Waste

Field Washing of Produce
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Educational Area V. Good Handling Practices –

Packing Facility and Transport Sanitation 

 Packing facility sanitation

 Packing area sanitation

 Equipment

 Facilities

 Water

 Wash

 Cooling

 Pest management

 Handling rejects/culls

 Transport sanitation

 Temperature monitoring

Packing Facility Sanitation

and Worker Hygiene

Sanitation is about 
attention to details.

Employees

Equipment Harvesting bins

Foaming/rinsing
packing line
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Arrival at Packing Facility

Protect 
harvested 
product from 
animals and 
animal feces

Image courtesy of Trevor Suslow

Packing Facility Grounds

Is waste removed 

frequently from the  

packing shed? 

Is stagnant water 

controlled?
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Bird Nesting = A Problem

Why is packing line sanitation 

important?

 To prevent human 

pathogen 

contamination of 

product by …

E. coli O157:H7

Listeria 

monocytogenes

Salmonella
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Salmonella Recovery from Conveyor Belt Surfaces at Different 

Humidity and Temperature
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Salmonella Recovery from Wood Surfaces
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What’s wrong on this packing line?
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What happens at break time?

Water Safety

Washing

CoolingIcing

Water is critical 

to all phases of 

produce 

handling!
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Water

 Water sources must be tested

 Irrigation, spray and wash water 

 Surface water is not acceptable in the packing shed

 Schedule for testing

 Municipal water – acquire test results annually

 Well water – Twice a year

 Beginning of season and at peak use

 Surface water – Three times a year

 Beginning of season, peak use and near harvest
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Wash Water Temperature – Tomato Example

 Pathogens such as Salmonella 
can enter produce such as 
tomatoes under certain 
temperature conditions related 
to the produce and the wash 
water. 

 The temperature of the wash 
water should be 10 degrees F 
warmer than the tomato 
temperature to prevent 
infiltration. 

 Cold water causes air cells in the 
tomato to contract and create a 
vacuum drawing water into the 
tomato. 

Washing Won’t Completely Solve the Problem

And Sometimes Makes it Worse

Biological Hazards Hide on the Surface

Some Commodities Cannot be Washed
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Cantaloupe Infiltration Study

 170 cantaloupes - internal temperature 36°C

 Immersed in ice water bath with dye to simulate 

hydrocooling

 Removed from bath after fruit pulp temperature 

reached 4-5°C (3.5 hours)

 Sliced and checked for dye infiltration

Laboratory Study
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UFL Cantaloupe Dye 
Infiltration Research

Could Be Bacteria
Courtesy Dr. Jerry Bartz

Dye buildup on canker

(rind blemish)
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No Magic Bullet

JFP vol65 p18-23
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Produce Washing… Some Additional Worries

 We can sanitize the water but 
not the product.

 Bacteria can hide in biofilms.

 Internalization of pathogens 
can occur.

 Bacteria can replicate in 
produce.

Washing Produce Does Not Eliminate 

Bacterial Hazards

Cabbage leaves

Before washing  2,000,000 cfu / gram

After washing    200,000 cfu / gram

(Frazier and Westhoff, 1991).

Water wash reduced bacteria by 90%.  

Sanitizing requires a six-log reduction.
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Washing Produce Does Not Eliminate 

Bacterial Hazards

When human pathogens 

are placed on produce 

they exude a protective 

matrix called a ‘biofilm’. 

Once protected by this 

biofilm, it is much more 

difficult to wash, or kill 

bacteria with sanitizers. A Biofilm from Pseudomonas protects 

Salmonella

Salmonella

P. syringae

On-Farm Packing Facility Water Issues

In a 2004 survey 
of 36 on-farm 
produce packing 
operations, 
inadequate 
chlorination was the 
predominant 
problem. 
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Inadequate chlorination

Hydrocooler issues

Storage tank issues

Ice Cross connections

Courtesy Jack Guzewich, USDA/CFSAN 2004
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Wash Water Quality

Wash water must be properly chlorinated to keep it safe. 
Testing procedures must be implemented to insure the proper 
chlorination levels are consistently maintained in the water.

Factors Affecting Chlorine’s 

Effectiveness

 Water pH

 Chlorine concentration

 Contact time

 Organic Matter

 Water temperature

 Stage of pathogen growth
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Effects of pH on Chlorine

pH
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HOCL OCL

Quality Control Tools

“Free” chlorine test kit
pH meter
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Chlorine/pH Daily Monitoring

Date

Free Chlorine pH
Operator 

InitialsTime Time Time Time Time Time

Packing Line: Tomato grading line

Specific Location: Water in dump tank

Control Limits: Free Chlorine = 100-150 ppm/ pH = 6.5-7.5

Verified by: _______________________

Tomato Line Supervisor

Transportation – Field and Market

Inspect the Truck

Cleanliness

Proper Temperature

Loading Pattern

Worker Hygiene
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Other Issues

 Soil should be removed from 
produce and bins while in 
the field. 

 Bins should be cleaned and 
sanitized prior to returning 
to field.

 All lighting fixtures in the 
packing area are screened 
to contain glass if light bulbs 
should break.

 Packing box and crate 
storage areas need be clean 
and pest free.

 Backflow devices are 
installed separating dump 
and flume tanks from the 
water source at each point 
of use.

 Only food grade 
approved and labeled oils 
or lubricants are used in 
the packing facility.

 Packing areas should be 
set up to reduce bruises or 
cuts of produce

Educational Area V. Good Handling Practices –

Worker hygiene and personal practices

 Worker hygiene in the 

packing area

 Hand washing

 Use of toilets

 Fecal contamination

 Cuts

 Reporting illnesses
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E. coli in Produce from Poor Worker 

Hygiene

Employee Awareness
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Is his mind on safety?

Handling Smocks, Aprons & Gloves
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Is this a cultural problem?

 No! It’s an education issue.

How do adults learn best?

Method of  

Teaching

How much information is recalled?

3 hours later 3 days later

Lecture 70% 10%

Lecture + 

Demonstration
85% 65%
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Effective communication is critical in employee 

sanitation training

What 

microbial 

load do 

YOU carry?

Unwashed gloves

Unwashed hands Hands washed &
dipped in sanitizer

Gloves washed &
dipped in sanitizer
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Worker Protection Safety (WPS)

 Combine employee hygiene training 

with EPA-mandated WPS (chemical 

safety) at the beginning of each 

harvest season

 Keep records of who attended what 

training and when, to document this 

training to an auditor.

Food Safety at Fifer Orchards, Inc.
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Food Safety at Fifer Orchards, Inc.

Some practical points from Fifer Orchards 

Packing Operation

 Water Test

 Thermometers in cold 
storage – calibrate 
with ice water

 Rodent trap layout

 Rodent check records

 Food and Drink –
away from harvest 
and packaging

 Tool Room – keep 

loose metal objects 

and junk away from 

packing

 Trash Cans- covered

 Chlorine test strips

 Brooms

 Clipboards

Food Safety at Fifer Orchards, Inc.

More practical points to remember

from Fifer’s

 Blood Spill Kit

 First Aid Kit

 Do not have empty 

soda or food wrappers 

around

 Break area for your 

workers to eat

 Enclose areas to keep 

rodents out.

 Bird exclusion

 Bathrooms

 Towels, wash hand 

signs, soap, sheet to 

document

 Field wash sinks

Get your sanitary 

company to stock 

them

 Covered lights

 Training materials
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Food Safety at Fifer Orchards, Inc.

Food Safety at Fifer Orchards, Inc.
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Food Safety at Fifer Orchards, Inc.

Food Safety at Fifer Orchards, Inc.
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Food Safety at Fifer Orchards, Inc.

Farm Markets, Farmers Markets

 Treat as packing or 

handling facility

 Clean containers

 Container reuse

 Bags

 Personal hygiene

 Clean display cases

 Minimize handling
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Farmers Markets

•Follow GHP’s

Samples 

 Produce used for samples 
is always washed in 
potable, cool water prior 
to preparation.

 Everyone preparing 
samples or serving 
samples is trained to 
properly wash their hands 
and use clean sanitized 
utensils. 

 Clean, disposable gloves 
are worn

 All utensils used for cutting 
samples including the cutting 
surface and knives, are 
washed, rinsed, and sanitized 
prior to use.

 Cut samples are stored in 
food grade containers and 
kept on ice or in a cool ice 
chest at or below 41°F until 
they are served.

 Single service items such as 
toothpicks or plastic utensils 
are provided for customers 
who choose to taste the 
samples.
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Samples

Packing for Market
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U-Pick

 Toilets and handwashing
facilities are readily 
available for customer use

 Signs clearly mark toilet 
locations and request 
customers wash their hands 
after using the toilet, prior 
to entering fields, and 
before eating.

 Wild animals are excluded 
as much as possible.

 Clean picking containers

 Pesticide reentry intervals 
critical

 Signs display instructions 
for proper hand washing.  

 Hand sanitizing stations 
near u-pick area

 Customers are asked to 
wash or sanitize hands 
before picking.

 Mulch used between rows 
is clean straw, that has not 
been used previously as 
animal bedding.

 Pets, including farm 
animals, are excluded

U-Pick
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Educational Area VI. Developing  and Implementing 

a Farm Food Safety Plan 

 Develop a farm food 

safety plan

 Plan goals

 Plan contents

 Plan examples

 Required records



6/16/2016

119



6/16/2016

120



6/16/2016

121



6/16/2016

122



6/16/2016

123



6/16/2016

124



6/16/2016

125



6/16/2016

126



6/16/2016

127



6/16/2016

128



6/16/2016

129

Forms - Field

Forms – Packing Shed
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Writing and Implementing the Plan

 Identify physical 

changes and costs

 Know what type 

of audit

 See sample plans 

that meet audit 

requirements

• Write GAP

• Write GHP

• Make up charts and 

documents

• According to the 

audit requirements

• Gather signs and 

training materials

Food Safety at Fifer Orchards, Inc.

Daily, Weekly, Monthly and Yearly Logs

 Wash water logs

 Chlorine and temperature

 Daily Inspection and 
Sanitation Logs

 Check lists of floors, packing 
line, trash cans, bath rooms, 
rodent stations, etc.

 Cold Storage Logs

 Monitoring Temperature

 Employee Education Log

 Shipping Carrier Logs

 Cleanliness of trucks

 NUOCA Logs

 Unusual Occurrence and 
Corrective Action Logs

 Harvest Operations 
Checklist

 Bathrooms in field

 Delivery Receiving Logs

 Verification of Gauges 
Logs
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Food Safety at Fifer Orchards, Inc.

CHARTS – Comments from Fifer’s

 Document and Log Almost EVERYTHING!

 You should have dozens of charts to mark off to show 

that you did what you did.

 Food Safety Inspectors will spend much/most of 

their time looking at your paperwork and records.

Food Safety at Fifer Orchards, Inc.
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Food Safety at Fifer Orchards, Inc.

Educational Area VII.  GAP and GHP Third Party 

Audits

 Educate about third 
party audit program

 Why audits are needed

 Wholesale buyers

 Government buyers

 Who does the audit

 Private companies

 USDA

 What happens in an audit

 Announced

 unannounced

 Keys to passing an audit
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What is the USDA GAP & GHP Audit 

Program?

• Established at industry request

– Retailers began requiring suppliers to meet FDA’s

GAP & GHP, and Good Manufacturing Practices 

(GMP).  

• Voluntary, competitively priced user fee 

• Verifies participant’s efforts to minimize microbial 

hazards in fresh fruits and vegetables

GAP & GHP Audit Program

• USDA’s Audit program is based 
on established scientific 
principles and utilizes the Food 
Drug Administration’s (FDA) 
guidance document

• Published in October 1998



6/16/2016

134

 Fresh Cut Fruits & Vegetables

 Lettuce & Leafy Greens

 Melons

 Fresh Tomatoes

 To obtain copies of FDA guidance documents:

http://www.fda.gov

Additional FDA Guidance Documents

 USDA works closely with:

 Other USDA Programs such as the Agricultural Research 
Service

 Academia; specifically the National Good Agricultural 
Practices Program based at Cornell University

http://www.gaps.cornell.edu

 Association of Fruit and Vegetable Inspection and 
Standardization Agencies (AFVISA)

 Association of Food and Drug Officials (AFDO)

GAP & GHP Audit Program

http://www.fda.gov/
http://www.gaps.cornell.edu/
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At the request of individual commodity groups, 

commodity specific audit checklists have been 

developed for use based on established industry best 

practices.

 Leafy Greens

 Tomatoes

 Mushrooms

GAP & GHP Program

GAP & GHP Program

 USDA GAP & GHP audits are a requirement for all 

fresh fruit and vegetable purchases by the USDA, 

AMS, Commodity Procurement Branch.  These 

purchases typically go into the domestic feeding 

programs such as the school lunch program.
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GAP & GHP Program

 Program covers entire production chain “farm to fork” 

and is broken down into 6 sections or “scopes”.

 Optional food defense scope.

General Questions

Mandatory component of all audits

Covers employee & visitor hygienic practices

Training of employees

Sanitation of farm/facility
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Good Agricultural Practices Scopes

Part 1 - Farm Review

Water 

Manure

 Animal/Wildlife 

 Land Use 

Good Agricultural Practices Scopes

Part 2 - Field Harvest and Field Packing

 Field Sanitation

 Field Harvesting and Transportation
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Good Handling Practices Scopes

 Part 3 - House Packing Facility

 Water use

 Packing Line Operation

 General Sanitation

Part 4 - Storage and Transportation
 Containers and Pallets

 Pest Control

 Temperature Control

 Transportation/Loading

Good Handling Practices Scopes
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Good Handling Practices Scopes

 Part 6 Wholesale Distribution Center/Terminal 

Warehouses

Traceback

 Part 5 Traceback

 Part 6a Traceback for 
Wholesale Distribution Center

 Track produce containers from the 
farm, to the packer, distributor, 
and retailer 

 Should indicate date of harvest, 
farm identification, and who 
handled the produce
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Prerequisites

 Must have implemented a food safety program 

(Question G-1).

 Must have a designated person(s) to oversee 

implementation of program (Question G-2).

On Farm Food 

Safety Manual

Passing Score

 Must achieve a minimum passing score of 80% for 

each scope audited in order to “pass” the audit.

 Five automatic unsatisfactory conditions

 Immediate food safety risk is present when product is grown, 

processed, packed, or held under conditions that promote or 

cause the product to become contaminated
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Program Requirements

 Agreement between auditee and USDA

 Allows for unannounced verification visits

 Outlines expectations for each party

 Must be signed before audits can commence

Program Requirements

 Unannounced verification visit. 

 1 announced yearly audit as close to beginning of 

season as practical.

 At least 1 unannounced verification visit performed 

sometime during the remainder of 12 month cycle.
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Program Requirements

 Corrective Actions

 Any audit that does not meet minimum score or has an 

automatic unsatisfactory must file corrective action 

report before being re-audited.

 Short term 

 Root cause

Website

http://www.ams.usda.gov/gapghp 

•Program information

•Current audit checklist and 

score sheet

•Specific audit specifications
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Website

Website shows farms & facilities that have successfully passed       

an audit.   It is broken down by state and commodity.

Website

Downloadable .pdf files for each commodity/state showing 

individual farm/facilities and the audit scopes.
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Website Posting

 Auditee must pass all scopes requested in order to 
be posted to USDA website.  

 Any auditee which does not meet a passing score 
on an unannounced verification visit will be removed 
from the website until corrective actions are taken 
and re-audited.

Requesting an Audit

Contact your local USDA or state inspection 

office

Delaware Dept. of Agriculture

302-698-4544 

USDA Fresh Products Branch in 

Washington DC

(800) 560-7956
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TRACEBACK

Production Harvest Transport

Transport

Pack

Process

StorageDistribution

Consumer

Traceback is critical for food 

security and food safety
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Jalapeño

Cilantro A

Cilantro B

Green

Onion A

Green 

Onion B

Green 

Onion C

Roma 

A

Roma 

B

Cooler
Shipper

Dry 

packaging

Cooler/Shipper 

Processor

Consolidator

Repacker

Packer

Shipper

Onion

A&B

Packer 

Shipper

Ingredient

Supplier

• Spices

• Lime Juice

Fresh Salsa

Processor

Foodservice

Distributor

Consumer

Distribution

Independent

Outlets

Specialty Chain

Foodservice DC

Chain 

Retail DC

Retail 

Deli’s

Restaurant

PRIMARY SUPPLIERS

SECONDARY  SUPPLIERS

Regional Distribution

Positive Lot Identification, Tracking, and Traceback
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The GS1 standards

 Used in 145 countries worldwide, by more than 2 

million companies in over 25 industries

 Already used by every retail operation using a UPC 

on packaged goods

( 01)  90614141000415 ( 3202)  000712

ORANGES

Valencia 10 - 4 LB BAGS

CASE label

(01) 10614141000415 (10) 022208ABC 
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What is being asked of industry

1. Brand owners get GS1 Company Prefix: Q1 2009

2. Brand Owners assign 14-digit GTINs to all case 

configurations: Q1 2009

3. Brand Owners provide and maintain their GTINs (and 

corresponding data) to their buyers: Q3 2009

4. Case packers provide human-readable information 

on each case (GTIN and Lot #): Q3 2010
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