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WEBINAR LOGISTICS

• Everyone is muted.

• Questions will be addressed during the Q&A session at the 
end of the presentation.

• This presentation is being recorded.

• The recording/slides will be available to WG members only.

• Adjourn (60 minutes).

• There will be 3 important survey questions at the conclusion 
of this webinar.  Your responses will be appreciated.

WEBINAR LOGISTICS
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Please take a minute to answer the following two 
questions

Presenter Quick Poll
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• Primary production is probably the main concern in terms of introduction of 

microbial hazards

• Postharvest practices provide many opportunities for amplification of microbial 

hazards

Review papers have summarized the likely source of contamination of fresh produce 

(Uyttendaele et al., 2015; Allende and Monaghan, 2015) 

Risks Linked to Irrigation Water in Leafy Green Production

Why 
Water Treatment?



Guidance document on addressing microbiological risks in fresh fruits and 
vegetables at primary production through good hygiene

Why 
Water Treatment?



Risks Linked to Irrigation Water in Leafy Green Production

Type of sample Amount Positives
Salmonella - STEC

Produce 1379 23 (1.7%)

Water 950 54 (5.7%)

Soil 1186 16 (1.3%)

Fertilizers 54 2 (3.7%)

Contact surface 72 0 (0%)

Seeds 18 0 (0%)

Why 
Water Treatment?
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Why 
Water Treatment?

• Water Sources (e.g. wells, canals, reservoirs…)

• The recommended microbiological threshold values 

• Suitability for agricultural purposes (e.g. intended use…), 

• Frequency of monitoring

• Corrective actions

Frequently Asked Questions



Why 
Water Treatment?

P. Truchado et al. / Water Research 128 (2018) 226-233

Tombini Decol et al., / Food Microbiology 65 (2017) 105-113

Water Sources

N= 250 N= 180

Risks Linked to Irrigation Water in Leafy Green Production



Why 
Water Treatment?

The E. coli level of 2.35 log cfu/100 mL was 
identified as a cut-off. 

• For the samples with levels of E. coli under 
2.35 log cfu/100 mL there was a 90% 
probability that the samples were not 
contaminated with pathogenic microorganism. 

• Almost three quarters of samples 
contaminated with E. coli at levels above 2.24 
cfu/100 mL were also contaminated with 
pathogenic microorganisms.

A classification tree analysis was used to determine the cut-off level of E. coli with the smallest 
misclassification error.

The recommended microbiological threshold values 

Risks Linked to Irrigation Water in Leafy Green Production

P. Truchado et al. / Water Research 128 (2018) 226-233



Why 
Water Treatment?

Suitability for Agricultural Purposes 

Risks Linked to Irrigation Water in Leafy Green Production

Tombini Decol et al., / Food Microbiology 65 (2017) 105-113



Why 
Water Treatment?

Frequency of Sampling

Risks Linked to Irrigation Water in Leafy Green Production

Water reservoirs
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Why 
Water Treatment?

Corrective Actions

Risks Linked to Irrigation Water in Leafy Green Production
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Why 
Water Treatment?

Good Practices

Assessment of the Water Source

Assessment of the Water System

Assessment of Where it is Applied

Assessment of How it is Applied

Are Corrective
Actions Needed?



Why 
Water Treatment?

It can be asume that is not suitable 
and then water treatment is needed



4. Which irrigation systems do you apply: 
 

□ Flood irrigation 
 

□ Furrow flood 
irrigation  

 

□ Sprinkler  □ Spray irrigation 
 

 
 
 

 

    

□ Manual irrigation □ Drip irrigation □ Sprinkler in green 
house 

□ Hydroponic 

    
□ Others, specify: 

 
If different irrigation systems are used depending on the crop, please specify type of irrigation system 
and crop: 

 
 
 
 
 

 

Why 
Water Treatment?

Classification of Water Sources

….Where it can be used

….When it can be used

….How it can be used



“A risk assessment should be carried out considering the source and the intended use of agricultural water 

(e.g. irrigation system, FFV characteristics, intended use of FFV…), defining the suitability for agricultural 

purposes, the recommended microbiological threshold values and the frequency of monitoring “. 

Why 
Water Treatment?
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Why 
Water Treatment?



Overhead irrigation Type B water <21 days before harvest….. 

must be treated” 

Why 
Water Treatment?



Why 
Water Treatment?

Target Microorganisms

Total coliforms are 

often used to 

validate 

performance of 

treatment and the 

quality of the final 

water source. 



Water must be treated 

Why 
Water Treatment?



Why 
Water Treatment?

Liquid Chemical Injection

© Jim Monaghan (Harper Adams University, UK)

Sodium Hypochlorite
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Liquid Chemical Injection

Chlorine Dioxide



Why 
Water Treatment?

Liquid Chemical Injection
Chlorine Dioxide

Practical Demonstration in Commercial Open Field – 

Surface water

• Baby Spinach

• Two production sites: 0.5 Ha – 0.8 Ha, 150–200 L ClO2/growing cycle

• Two repetitions: Jan // Mar

• Evaluation of E. coli and pathogenic microorganisms:                  
Natural contamination from the soil and irrigation water

• Changes in natural microbiota

• Presence of disinfection by products: Chlorates

Chlorates: inhibition of thyroid iodine uptake in healthy adults causing 
problems in young children with low iodine intake



Why 
Water Treatment?

Liquid Chemical Injection
Chlorine Dioxide

Practical demonstration in Green House – 

Reclaimed water

• Pigmented baby lettuce 

• Three growing cycles: July // October // November

• Evaluation of E. coli and pathogenic microorganisms:     
Natural contamination from the soil and irrigation water

• Presence of disinfection by products: Chlorates



Why 
Water Treatment?

Growing cycle (days)
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Monitorization of the Disinfection Treatment

Open field Greenhouse

Residual ClO2 dose in irrigation water below recommended limit of 0.25 ppm

Liquid Chemical Injection
Chlorine Dioxide



Growing cycle (days)
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Why 
Water Treatment?

Liquid Chemical Injection
Chlorine Dioxide



Why 
Water Treatment?

Liquid Chemical Injection
Chlorine Dioxide

Growing cycle (days)
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Presence of disinfection by-products



Why 
Water Treatment?

Liquid Chemical Injection
Electrolyzed Water

Presence of disinfection by-products

http://www.envirolyte.com/waste-water-treatment.html
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Why 
Water Treatment?

Liquid Chemical Injection
Electrolyzed Water



Why 
Water Treatment?

Tablet Systems
Calcium hypochlorite

http://www.accu-tab.com/



• UV-C

Why 
Water Treatment?

Physical Treatments
UV-C



Why 
Water Treatment?

Physical Treatments
UV-C
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Why 
Water Treatment?

Physical Treatments
Ultrasound

CONTROL CHLORINE US 20 US 40 US 20 WW

0

20000

40000

60000

80000

0

1

2

3

0

1

2

3

a

bb
b

A
lg

ae

a

b b
b

0

1

2

3

Control Chlorine US 20 US 40

Treatments

a

b

b

b

Control Chlorine US 20 US 40

Treatments

a

b

c

b

E
. c

ol
i (

L
og

 C
FU

/ 1
00

m
l)

A B

C D

a

T
ot

al
 c

ol
ifo

rm
s 

(L
og

 C
FU

/ 1
00

m
l)

E
nt

er
oc

oc
ci

 (L
og

 C
FU

/ 1
00

m
l)

To
ta

l c
ol

ifo
rm

s (
Lo

g 
cf

u/
10

0m
l) 

E.
 C

ol
i  

(L
og

 cf
u/

10
0m

l) 

Enterococci (Log cfu/100m
l) 

Algae (units / m
L) 



Why 
Water Treatment?

Water Treatments
Monitorization of 

critical parameters
Validation of 
treatments

Selection of 
sensors for 
monitoring 

Verification the 
performance of 

the system

Elaboration of 
SOPs

1 2 3 4 5

Washing and Disinfection
Guidelines

• Monitoring of operational parameters are part of the agricultural water treatment 

system to control the process and to apply corrective actions if monitoring indicated 

non-compliance 
• Verification asks whether the system is being implemented according to the SOP. It is the 

process of confirming the truth, accuracy, or validity of your agricultural water treatment 
system. 

• Validation is conducted to demonstrate that a process, when operated within established 
limits, produces a product of consistent and specified quality with a high degree of   assurance.



Why 
Water Treatment?

Assessment of a Water Treatment

Sampling Frequency:

This is a one-time seasonal sampling event conducted for each irrigation

system during one irrigation event occurring before the 21-day-to-

scheduled-harvest-period begins.

Collect the three (3)-100 mL samples no closer than 20 minutes apart. (Also 

conduct this assessment after any material modifications to Type A

overhead irrigation systems.)



Why 
Water Treatment?

Monitorization of a Water Treatment



Why 
Water Treatment?

Case Study: Sodium hypochlorite

Several parameters affect the efficacy of the treatment

• Free chlorine concentration
• Turbidity
• Organic matter
• Total suspended solids
• pH
• Flow rates

Washed produce (kg)
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Why 
Water Treatment?

Case Study: Sodium hypochlorite

Several parameter affect the efficacy of the treatment
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Why 
Water Treatment?

Case Study: Sodium hypochlorite

Water Treatment Management Performance

Time (minutes)
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Why 
Water Treatment?

Case Study: Sodium hypochlorite

Water Treatment Management Performance

Verification: Confirmation that the system and the 

SOPs are performing correctly. 



Why 
Water Treatment?

Monitorization of a Water Treatment

Washed produce (kg)
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Why 
Water Treatment?

Monitorization of a Water Treatment
ORP: Oxidation Reduction Potential



Why 
Water Treatment?

Monitorization of a Water Treatment
ORP: Oxidation Reduction Potential

Oxidation reduction potential (ORP)



Why 
Water Treatment?

Monitorization of a Water Treatment

Growing cycle (days)
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Why 
Water Treatment?

Conclusions

Good Practices

Assessment of the Water Source

Assessment of the Water System

Assessment of Where it is Applied

Assessment of How it is Applied

Are Corrective
Actions Needed?
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Q&A Session

Questions or Comments?

Contact WG’s Science & Tech at:

wgscitech@wga.com

or

Sonia Salas
AVP Food Safety, Science & Technology

Email: ssalas@wga.com
Phone: (949) 885-2251

Q&A Session

mailto:wgscitech@wga.com
mailto:ssalas@wga.com
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