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¿Son las frutas y hortalizas
seguras?
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¿Por qué controlar los 
riesgos microbiológicos?

Pseudomonas syringae on a leaf surface. Image by J. Kremer and Sheng Yang He
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Pero…
¿Qué sabemos sobre los 
riesgos microbiológicos?

https://www.nestle.com/
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AUTORIDAD EUROPEA DE SEGURIDAD ALIMENTARIA

Los agentes causales han sido
Salmonella (23.1%), 
pathogenic E. coli (0%) and 
viruses (25.6%).

Full opinion available at: http://www.efsa.europa.eu/en/efsajournal/doc/3025.pdf

¿Qué sabemos sobre los 
riesgos microbiológicos?
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Clasificación de los riesgos

Risk Ranking
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Cuál es el riesgo higiénico 
de los cultivos?

Tipo de cultivo
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Cuál es el riesgo higiénico 
de los cultivos?

Prácticas Agrícolas
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Cuáles son los factores de 
riesgo más relevantes?

Producción Primaria
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Factores de Riesgo Prod Prim

©Nestlé

Cuáles son los factores de 
riesgo más relevantes?
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Evidencias científicas sobre 
los factores de riesgo

Agua de Riego3. Agua
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de las explotaciones 

Agua de Riego3. Agua
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Evidencias científicas sobre 
los factores de riesgo

Evidencias relevantes para la clasificación del riesgo 

de las explotaciones 

Regresión logística que determinar la probabilidad de detectar 
Salmonella en distintas Fuentes de Agua

Agua de Riego3. Agua
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Aguas Regeneradas

https://www.indiamart.com/

https://www.governmenteuropa.eu/ May 2018

https://www.governmenteuropa.eu/
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Reclaimed Water

https://www.indiamart.com/

Trevor Suslow
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Reclaimed Water

https://www.indiamart.com/ https://sciencetrends.com/ Septiembre 2018

https://sciencetrends.com/
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Evidencias científicas sobre 
los factores de riesgo
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https://www.iagua.es/

European Commission
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Junio 2019
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Evidencias científicas sobre 
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Agua de Riego3. Agua
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ISO
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ISO

Part 1. General aspects
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https://www.indiamart.com/ http://h2orizon.es/

European Commission
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https://www.indiamart.com/

European Commission

Plan de Gestión de Reutilización 
del Agua
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https://www.indiamart.com/

European Commission

Plan de Gestión de Reutilización del Agua
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Plan de Gestión de Reutilización del Agua

ANEXO II: Gestión de Riesgos

Descripción del sistema de reutilización

Identificación de los peligros potenciales

Identificación riesgos sobre el entorno, las poblaciones y los individuos

Realizar una evaluación de riesgos que contemple a la vez los riesgos 
medioambientales y los riesgos para la salud humana y animal

Si necesario medidas más estrictas que las establecidas en el Anexo I

Medidas preventivas

Asegurar un sistema adecuado de sistemas de control y procedimientos

Asegurar un sistema de control ambiental que detecte cualquier efecto negativo

Asegurar un sistema apropiado para la gestión de incidentes y emergencias

https://www.indiamart.com/

Risk Assessment
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Risk Assessment

RISK  
ASSESSMENT

Hazard identification

Hazard characterization

Exposure assessment

Risk characterization

https://sciencefiles.org/
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https://sciencefiles.org/

Hazard Identification

Pseudomonas syringae on a leaf surface. Image by J. Kremer and Sheng Yang He

Risk Assessment

Hazard identification is part of the process used to evaluate if any 

particular situation, item, thing, etc. may have the potential to cause harm
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Hazard Characterization

Risk Assessment

Hazard characterization is a description of the relationship between levels of 

a pathogen consumed (dose) and the probability of subsequent development 

and severity of illness or other adverse health outcome (response).

https://slideplayer.com/

https://sciencefiles.org/
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Exposure Assessment

Risk Assessment

Exposure assessment is the process of estimating or measuring the magnitude, 

frequency and duration of exposure to an agent, along with the number and 

characteristics of the population exposed. 

It describes the sources, pathways, routes, and the uncertainties in the 

assessment.

https://sciencefiles.org/
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Research Project

Quantitative Microbial Risks Assessment Associated to the 
Use of Reclaimed Water for Irrigation

WWTP

Inlet

WWTP

Outlet
Reservoir

WWTP
Irrigation Crop

A B C1 D E

Reservoir

Grower

C2
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• E. coli Cultivable vs E. coli Molecular

• PMA (live vs death)

Bacteriophages – Fecal contamination

• Concentracion

• Infectivity

E. coli spp. – Fecal contamination

• Low prevalence of pathogens

Needs data on Prevalence and Concentration

Rely on indicator MicroorganismsResearch Project



© Ana Allende

Quantitative Microbial Risks Assessment Associated to the 
Use of Reclaimed Water for Irrigation

Case studies:

 Tertiary treatments WWTP: UV-C vs Chlorine
 Irrigation systems: Drip, furrow and overhead

Research Project
A: WWTP Inlet

B: WWTP Outlet

D: Irrigation

C1: Reservoir WWTP C2: Reservoir Grower

E: Crop

Mix with other
water sources
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Research Project

Quantitative Microbial Risks Assessment Associated to the 
Use of Reclaimed Water for Irrigation

Performance of WWTPs in the Region of Murcia (2017 – 2019)

WWTP

Inlet

WWTP

Outlet
Reservoir

WWTP
Irrigation Crop

A B C1 D E

Reservoir

Grower

C2

A: WWTP Inlet

B: WWTP Outlet

D: Irrigation

C1: Reservoir WWTP C2: Reservoir Grower

E: Crop

n=545/570
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Research Project

A: WWTP Inlet

B: WWTP Outlet

D: Irrigation

C1: Reservoir WWTP C2: Reservoir Grower

E: Crop

Reclaimed 
water 
quality 
class 

Indicative 
technology 

target 

Quality requirements  

E. coli 

(cfu/100 
ml) 

BOD5 

(mg/l) 

 

TSS 

(mg/l) 

Turbidity 

(NTU) 

Other 

A Secondary 
treatment, 
filtration, 

and 
disinfection 

≤10 

or below 
detection 

limit 

≤10 ≤10 ≤5 Legionella spp.: 
<1,000 cfu/l where 
there is risk of 
aerosolization in 
greenhouses 

 

 

Intestinal nematodes 
(helminth eggs): ≤1 
egg/l for irrigation of 
pastures or forage 

 

B Secondary 
treatment, 

and 
disinfection 

≤100 

According to 
Council 

Directive 

91/271/EEC
1
 

((Annex I, 
Table 1) 

According to 
Directive 

91/271/EEC 

((Annex I, 
Table 1) 

- 

C Secondary 
treatment, 

and 
disinfection 

≤1,000 - 

D Secondary 
treatment, 

and 
disinfection 

≤10,000 - 

 

                                                 
1 Council Directive 91/271/EEC of 21 May 1991 concerning urban waste water treatment (OJ L 135, 

30.5.1991, p. 40). 
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Evidencias científicas sobre 
los factores de riesgo
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Research Project

Quantitative Microbial Risks Assessment Associated to the 
Use of Reclaimed Water for Irrigation

A: WWTP Inlet

B: WWTP Outlet

A: WWTP Inlet

B: WWTP Outlet

D: Irrigation

C1: Reservoir WWTP C2: Reservoir Grower

E: Crop

Col 1: 100.0000 
Col 1: 18.5000 
Col 1: 0.6000 

Negative (273/335; 81.5%)

Positive (62/335; 18.5%)

Inlet WWTP = 18.0% (60/335)
Outlet WWTP = 0.5% (2/335) 

FOODBORNE PATHOGENS: Pathogenic bacteria

Rest of the samples (273) were negative
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Risk Assessment

RISK  
ASSESSMENT

Hazard identification

Hazard characterization

Exposure assessment

Risk characterization

https://sciencefiles.org/
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Quantiative Exposure Assessment

Risk Assessment

https://sciencefiles.org/

Monte Carlo simulations are used to model the probability of different outcomes 

in a process that cannot easily be predicted due to the intervention of random 

variables. 

A Bayesian network: is a probabilistic graphical model (a type of statistical 

model) that represents a set of variables and their conditional dependencies via a 

directed acyclic graph (DAG).

In collaboration with 
- Pablo S. Fernández Escámez
- Alberto Garre
- Jose Alberto Egea
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Mathematical approach

https://www.europeanmedical-group.com/omnipresent/

N1 N2 N3 N5 N6

Known

Estimated

N4

Outcome of presence/absence test

Microbial concentration
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Esquema Campo de Cartagena

A: Entrada EDAR

B: Salida EDAR

E: Salida Boca de Riego

C: Salida Embalse EDAR

D: Salida Embalse Agricultor

F: Material vegetal
G: Suelo

Research Project

Prevalence / Concentration
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Mathematical approach

https://www.europeanmedical-group.com/omnipresent/

What-if scenarios

Probability estimates

Alternative hypothesis
(e.g. high precipitation)

Network update

Preliminary Results & Outlook
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Mathematical approach

https://www.europeanmedical-group.com/omnipresent/

Preliminary Results & Outlook

Simulations & What-if scenarios
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Programa de Control 
Oficial

GOBIERNO

de

CANTABRIA
CENTRO DE ESTUDIOS DE LA 

ADMINISTRACIÓN AUTONOMICA DE 
CANTABRIA (C.E.A.R.C.)
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Reglamento 178/2002: Análisis de riesgo, principio de cautela, transparencia, 
comunicación, responsabilidad y trazabilidad
Reglamento 852/2004: Artículo 4. Requisitos generales y específicos en materia de higiene 
Reglamento 853/2004: Normas específicas de higiene de los alimentos de origen animal 
Reglamento 852/2004: Artículo 5. Sistema de análisis de peligros y puntos de control crítico 

Fundamento Jurídico del SGSA

SISTEMAS DE GESTIÓN DE LA SEGURIDAD ALIMENTARIA
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Programa de Control 
Oficial

https://www.mapa.gob.es/

GOBIERNO

de

CANTABRIA
CENTRO DE ESTUDIOS DE LA 

ADMINISTRACIÓN AUTONOMICA DE 
CANTABRIA (C.E.A.R.C.)
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Cuáles son los factores de 
riesgo más relevantes?

Produción Primaria
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