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Abstract:
The guidelines of GAP, private standards of GLOBALG.A.P. and other legal requirements are used by
agribusinesses to develop their food safety management systems. These are needed to minimalize the
chance for microbial and/or chemical hazards during the primary production. This study sets up the most
important and relevant microbial and chemical hazards which can arise during the primary production.
Next to this, the sources of the hazards and ways to prevent these are discussed. Furthermore, it is known
that control measures have to be taken to minimalize the chance for fresh produce contamination. This
research shows in which extent control measures, like GAP guidelines, are applied in practice. The results
of this research are that not all guidelines are followed and that there is a higher prevalence of chemical
contaminants in open field conditions compared to greenhouse production.
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1.0 INTRODUCTION
1.1 PROBLEM BACKGROUND
Nowadays, fresh fruits and vegetables are more recognized as a source of foodborne outbreaks than
before (Lynch et al., 2009). Worldwide several foodborne outbreaks have occurred due to contaminated
fresh produce (Table 1). More recent, there was one of the most severe foodborne outbreaks in Germany
in 2011. This outbreak was caused by Escherichia coli O157:H7(EHEC) and was considered as a tragedy
because of the burden of disease and the economic consequences (Altmann et al., 2011). The increase in
reported outbreaks might be the result of new trends. People want more fresh products, more ready-toeat vegetables, less processed produce and also a whole year round production (Bigliardi et al., 2013). As
a consequence, exportation of fresh products from other countries occurs where the climate allows the
growth of the specific fresh products all year. This exportation makes the distribution more widespread.
Also, people like to have convenience food nowadays, which means that extra processing steps are needed
to cut the vegetables for example. The additional transportation and storage steps in the supply chain
cause extra risks. The use of unsafe water, contaminated soil, feces of animals, handling of products and
poor transportation conditions are all possible causes of safety hazards in the production chain (Saranraj
et al., 2012). At last, people are more aware of the chemical and microbiological hazards. Together with an
improved methodology, the awareness causes more attention to the fresh produce and hazards are
detected more often (Harris, 2010).
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Table 1. Recent foodborne outbreaks on global scale (Lynch et al., 2009)

Table 1. Selected recent multinational foodborne outbreaks due to contaminated produce items [3, 6, 7, 9–11]
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standard covers all stages of the production, from pre-harvest activities like soil management to postharvest activities like packing. The most important difference is the fact that GAPs are guidelines and
voluntary, while the GLOBALG.A.P. is a standard against which companies can get audited to obtain a
certificate. Nowadays, nearly all food companies only accept fresh products produced according to the
GLOBALG.A.P. standards (GLOBALG.A.P, http://www.globalgap.org/uk_en/for-producers/crops/FV/).

1.2 DEMARCATION OF THE RESEARCH PROJECT
The research is demarcated to a type of vegetable that is frequently eaten raw, the leafy vegetables (e.g.
lettuce, spinach). Because the growth conditions are determining factors for the potential hazards and
risks, it is important to include these growth conditions. Growth in greenhouses will be compared with the
growth of leafy vegetables on open fields. These two conditions are chosen because the methods differ
and in this way it can be concluded whether there are different safety risks to take into account for both
conditions. For these various conditions the major microbial (E. coli, Salmonella, Listeria, Norovirus,
Hepatitis A and Aspergillus flavus) and chemical hazards (pesticides, heavy metals, and sanitizers) will be
discussed, where these hazards occur in the supply chain and how these hazards can be controlled. The
focus will be on the primary production and some basic processing (washing, slicing, packaging) that
occur on the farm.

1.3 RESEARCH AIM
First, the aim of the research is to get insight in the major microbial and chemical hazards and possible
control measures in fresh leafy vegetables produced under greenhouse and open field conditions. After
this, the goal is to compare the preventive measurements of the literature with the practical reality at the
farm.
Research questions:
1.
2.
3.
4.
5.

Which are the major microbial hazards for leafy vegetables?
Which are the major chemical hazards for leafy vegetables?
What are the standard contamination routes?
What measures can farmers take to prevent, minimize or remove microbial and chemical
hazards?
What measures are taken in practice to prevent these hazards?

1.4

RESEARCH APPROACH

The research consists of literature study and farmer interviews about the control measures they apply to
prevent contamination. These control measures will be derived from the GAP guidelines.
The literature study will be provided using articles from Scopus and Google Scholar. The articles of Scopus
are accessible through the Wageningen University and Research online library. Also, use of the EFSA
(European Food Safety Authority) database will provide information. The literature found, will be used to
give information to provide a clear overview of the possible hazards and risks during the primary
production chain of leafy vegetables.
The farmers will be interviewed according to an online survey. The survey will be about which microbial
and chemical hazards the farmers most often experience and what measures they take to prevent these
hazards. In the end, the obtained results will be compared between open field and greenhouse conditions
to see whether there are significant differences.
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2.0 THEORY
2.1 MAJOR MICROBIAL HAZARDS FOR LEAFY VEGETABLES
Leafy vegetables are an important part of a healthy diet (Baranowske, 2011). Consumption of vegetables
and fruits is known to reduce the risk of cancer and other illnesses (Block et al., 1992). Despite the
positive health effects of vegetables, there is an increasing awareness of its microbial and chemical food
safety risks (Lynch et al., 2009). In Europe in 2009 and 2010, respectively 4.4% and 10% of the foodborne
outbreaks were caused by consumption of fresh produce (EFSA/ECDC, 2012). There are several reasons
proposed for this increase. The increase can be due to an improved surveillance. But another reason might
be that governmental health agency campaigns are promoting consumption of fresh produce more and
more. The promotion resulted in an increase (32%) of consumption for vegetables and fruits over a time
Pathogens
Produce
intervalinofFresh
15 yearsand
in theFresh-Cut
USA (1982-1997).
Table 2 gives an overview of the increase in consumption of
raw fruits and vegetables (USDA, 1999).
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Table III-2—Per capita (kg) consumption of raw fruits and
Table 2. Consumption
raw fruits
and vegetables
in theTree
USA per
capita
(kg) (USDA, 1999)
vegetables
in theof U.S.
Source:
Fruit and
Nut
Situation
and Outlook Report (USDA 1999)
Year

Fruits

Vegetables

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

38.7
41.0
40.2
39.3
42.1
44.1
44.1
43.7
41.6
40.7
44.5
45.3
45.6
44.4
44.8
46.7

52.9
50.9
55.8
57.5
57.0
60.1
61.5
64.7
60.9
60.9
64.2
66.4
69.6
67.7
70.8
74.4

Besides the increase of consumption, also the growth of international trade increases the risk of food
safety. Because of an increase in this trade, border control will become more important to assure the
safety of products. At the moment, the European Commission is performing risk analyses, which will lead
ways necessary for foodborne illness to occur. Although raw proto an isincrease
of border
of imports from prior
certain
(Havelaar et al., 2010; Lineback et al.,
duce
often spoiled
by control
other microorganisms
to origins
detection
2009).
of toxin, one should not rely on this fact to prevent the develop-

ment of disease (for example, botulism).
A wide variety of bacteria, viruses, and parasites have been
linked to outbreaks of illness associated with fresh produce (Table
O1 to O10). Although these microorganisms are physiologically
diverse, they share some common features (Table III-3). Foodborne pathogens that are frequently associated with fresh produce originate, for the most part, from enteric environments—that
is, they are found in the intestinal tract and fecal material of humans or animals. Exceptions include C. botulinum, which is usually isolated from soils, water and decaying plant or animal material, and Listeria monocytogenes, which can be readily isolated
from human and animal feces, as well as from many other environments including soil, agricultural irrigation sources, decaying
plant residue on equipment or bins, cull piles, packing sheds and
food processing facilities.
Produce can become contaminated with microbial pathogens
by a wide variety of mechanisms. Contamination leading to foodborne illness has occurred during production, harvest, processing, and transporting, as well as in retail and foodservice
estab6
lishments and in the home kitchen (Table III-4). Contamination at
any point in the food handling chain can be exacerbated by improper handling and storage of produce prior to consumption
(Table 10). The point of contamination is important because con-
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Figure 1. Number of reported outbreaks caused by pathogens in leafy vegetables in the USA (CDC, 2016)

Figure 1 shows the number of leafy vegetable outbreaks, which occurred over a period of 16 years (20002015) in the USA (CDC, 2016). From figure 1 it can be derived that there is a small decrease in reported
outbreaks in the USA caused by microbial pathogens on leafy vegetables. The last five years in figure 1
counts a total of 104 outbreaks. This amount is a remarkable difference compared with the first five years,
which had a total of 123 outbreaks (15.4% decrease). In total there were 360 outbreaks, 9038 illnesses,
644 hospitalizations (7.1%) and 12 deaths (0.1%) caused by the microbial pathogens on leafy vegetables
during this period. Although there is a significant decrease in outbreaks, the fluctuation over the years is
too big to notice a holding decrease in yearly outbreaks. The fluctuation indicates that the microbial
pathogens are not yet under control.
Table 3. Notifications to the European commission RASFF system for ‘fruits and vegetables’ and ‘herbs and spices’ during
the period 2008-2010 and 2011 (Boxstael et al., 2013).
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One of the reasons why experts classify bacterial pathogens and viruses as the most significant hazards is
because of the severity of outbreaks. A high number of cases with more severe symptoms are the result
and from an economic point of view a loss of sales and trust (Boxstael et al., 2013).
The microbial pathogens are varied and therefore hard to control. Pathogens include bacteria, parasites,
viruses, and fungi. Sources and conditions that affect pathogenic microorganisms during preharvest are
the following: soil, irrigation water, inadequately composted manure, air, animals (wild and domestic),
humans and water in general.
Pathogens have adverse health effects on the human body. The source of contamination and the microbial
food safety hazards differ for different types of crops, production systems, and practices. Even the same
crops can vary in microbial food safety hazards because of variation in practices and production systems
(FAO/WHO, 2008b; Fan et al., 2009; Sapers et al., 2009; Warriner et al., 2009). The risk of contamination
and infection of animals and humans depend on the prevalence, incidence, and magnitude of the
pathogens (FAO, 2008).
Animals can directly or indirectly contaminate leafy vegetables with pathogenic bacteria. These pathogens
are often not harmful to the animals, and so they act as transport units. Pathogens that can occur and
causes most foodborne diseases using animals are E. coli O157:H7, Salmonella, and Listeria (Moncrief and
Bloom, 2005). Beside these pathogens, also viruses like the Norovirus and hepatitis A will be discussed
further because of its prevalence.
The CDC (Centers for Disease Control and Prevention) is a cooperative institute in partnership with FDA
(Food and Drug Administration) and USDA’s Food Safety and Inspection Services. The CDC strives to
provide the link between illnesses and the food safety systems of government agencies and food
producers. The information they offer is very useful for this research, but it is limited to the USA.

2.1.1 E. COLI
Most E. coli strains are harmless; however, some are pathogenic and cause diarrheal diseases. Because of
this pathogenic characteristic and lack of knowledge, two severe outbreaks occurred in 1982 of
enterohaemorrhagic E. coli strains (EHEC). They found out for the first time that this strain of E. coli was
pathogenic for humans. Although more kinds of food associated with E. coli O157:H7, most outbreaks
occurred with consumption of undercooked or raw food of bovine origin. Besides this, E. coli also related
to vegetables, which are contaminated by feces. The contamination can happen by direct contact or by
indirect contact with cross-contaminated products. Also, contact between persons and waterborne
transmission were causing outbreaks in the past. The consequences of an infection of E. coli can be mildly
but also very severe. When “normal” people get infected, the symptoms will restrict to some mild
diarrhea. Some people can get more severe symptoms. These occur in small numbers, but especially
young children and the elderly are the victims of this. The symptoms can lead to HUS (hemolytic uremic
syndrome), and this might potentially lead to kidney failure. For children, HUS might even lead to coma
and sometimes death (Lawley, 2013). In figure 2 and Table 4 an overview is given of reported outbreaks
caused by E. coli on leafy vegetables in the United States of America.
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Figure 2. Number of reported outbreaks caused by E.coli in leafy vegetables in the USA (CDC, 2016)

In total there were 58 reported E.coli outbreaks in the USA over this period of 16 years. These 58
outbreaks caused 1495 illnesses of which 450 ended in hospitals (30.1%). The numbers indicate that the
symptoms of E.coli are relatively severe. The outbreaks caused nine deaths (CDC, 2016).
Table 4. Recent foodborne outbreaks caused by E. coli in the USA (CDC, 2017)

Product

Year

Alfalfa sprouts

2016

Celery

2015

Raw clover sprouts

2014

Ready-to-eat salads

2013

Spinach

2012

Spring mix blend

2012

Clover sprouts

2011

Romaine lettuce

2011

Shredded romaine lettuce

2010

Fresh spinach

2006

Besides the USA also in other global areas foodborne outbreaks occur. In 2011, one of the most severe
foodborne outbreaks occurred. This E. coli infection (EHEC) caused only in Germany already 48 deaths.
Furthermore, the pathogen was distributed to 16 countries in Europe and North America and caused 4075
infection cases (WHO, 2011).
Summarizing, E.coli is a pathogenic bacteria, which causes most outbreaks. The symptoms vary and can
become very severe with death as the outcome. However, these severe symptoms occur in general only on
people with a low immune system. Still, there should be more attention for the bacteria, and preventive
measurements have to be taken to minimize the casualty.
9

2.1.2 L. MONOCYTOGENES
L. monocytogenes can be present in a lot of organisms and surfaces. We as humans also have these
pathogens present in our intestines, but in there they are harmless. L. monocytogenes can also be present
in soils to which sewage is applied. Vegetables and plants, which grow on these soils can uptake the
pathogens and become contaminated. In the past, outbreaks of perinatal listeriosis occurred. This
infection is rare and primarily occurs in people with a low immune system like newborn infants or the
elderly. Table 5 gives an overview of the recent outbreaks in the USA. The symptoms are fever, diarrhea,
headache, etc., but for pregnant women, the symptoms are more severe. An infection in a pregnant woman
can cause premature labor, spontaneous abortion, or stillbirth (Jackson et al., 2010). In the time of the
perinatal listeriosis outbreak (1979), they did not directly link the pathogen L. monocytogenes to the cause
of infection. However, they knew that the consumption of raw vegetables was the cause for several of
these listeriosis infections.
Table 5. Recent foodborne outbreaks caused by L. monocytogenes in the USA (CDC, 2017)

Product

Year

Packaged salads

2015

Bean sprouts

2014

From research, it appears that L. monocytogenes can grow well on cabbage juice stored at 5℃ (Beuchat
and Brackett, 1990). Incubation of a salad containing L. monocytogenes for four days at 4℃ resulted in a
two-fold increase in the population. These results indicate that the pathogen is psychrotrophic, which
means that the pathogen can grow at low temperatures, and also adds an extra risk concerning the
preservation of chilled conditions.
In the USA, any ready-to-eat product considers being unacceptable when L. monocytogenes is present. A
strict policy is the consequent of this. Table 4, indicates that this strict policy has worked. There are only
two outbreaks reported during 16 years in the USA. However, these two outbreaks caused severe
illnesses. The two outbreaks caused 24 illnesses of which 22 people hospitalized, which is 91.7% of the
cases. Of those people, three people died (12.5%) (CDC, 2017).
The US Food and Drug Administration (FDA) published in 2008 a draft in which they propose that the
policy should loosen up. They state that 100 cells/ gram present should be allowed in frozen and
refrigerated ready-to-eat food products because these conditions do not support the expansion of Listeria.
The European Union allows 100 cells/ gram at the end of the shelf life of the product. An exception to this
European Union regulation is that this does not count for infants or particular medical patients. From
these different regulations and policies, it is clear that there is a different approach concerning the
presence of L. monocytogenes in various countries (Lawley, 2013).
In short, L. monocytogenes is reasonably under control regarding the number of outbreaks. However, the
infection L. monocytogenes cause is very severe. A high number of the ill people got hospitalized, and also
a relatively high number of these victims died. So the preventive measurements are tolerable, but the
treatment of the infection is insufficient. More research has to be done about the treatments of these
infections.
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2.1.3 SALMONELLA
Salmonella has a lot of different strains, but only two of those are recognized as pathogenic. These are S.
enterica and S. bongori. For this study, only the enterica species is important because this is the species
that causes the foodborne diseases. Typical contaminated foods are vegetables. Animals come in contact
with vegetables or consume them and become infected as well. People with a low immune system like
young children or elderly only need a small amount of these pathogenic cells to become ill. While the other
people need a much higher amount of cells (CDC, 2017). Besides the condition of the intake organisms,
also the food in which the pathogen is present is of importance. If the food has a high-fat content, less
pathogenic cells are needed to cause illness. This is because the fat protect the cells probably against the
acid of the stomach. Salmonella has evolved to live in the GI tract of animals. In this way, the primary
source of contamination will be from the feces of these animals. Birds, reptiles, and rodents can all carry
this pathogen without becoming ill and will contaminate the soil and water. These will on their turn
contaminate the fruits and vegetables that harvest on these soils. Especially leafy vegetables, which do not
always need processing steps are vulnerable vegetables and can cause infections. In the USA 44 outbreaks
occurred during the period 2000 to 2015. Of these 44 outbreaks, 1846 people got sick, and 145 people
hospitalized (7.9%) (CDC, 2017). This indicates that the symptoms were not that severe. Of these victims
one died, who was probably old or very young because of a weak immune system.
Table 6. Recent foodborne outbreaks caused by Salmonella in the USA (CDC, 2017)

Product

Year

Alfalfa sprouts

2016

Alfalfa sprouts

2015

Bean sprouts

2014

Alfalfa and spicy sprouts

2011

Alfalfa sprouts

2011

Alfalfa sprouts

2010

Alfalfa sprouts

2009

Raw produce

2008

Because Salmonella is one of the best-known pathogens, people are often conscious of the dangers. For
Salmonella, there are codes and practices for food commodities concerning measures that control the
pathogen. These codes and practices apply in many countries around the world. The major code is that
there should be zero viable Salmonella present in products, but in many countries, there are more specific
regulations for associated products. The European Union covers Salmonella for a broad set of products
with regulations. Especially, the products that have no process steps with the standard pasteurization, like
most leafy vegetables. There are also already special labels for e.g. eggs that are not treated to inactivate
the pathogen and products that count for vulnerable people (Lawley, 2013).
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Figure 3. Number of reported outbreaks caused by Salmonella in leafy vegetables in the USA (CDC, 2017)

Summarized, Salmonella is a very well-known pathogen, which is positive. It means sufficient warnings
have been published and people got aware of the consequences. Still, there is a considerable amount of
victims. The main reason for this has probably to do with bad handling practices at the supermarket or
consumers’ home. This, because there is a zero-tolerance policy of viable pathogens, which means that
there could only be contamination after the strict control in food production systems. Moreover,
Salmonella is present on a lot of surfaces and organisms, which make it easy to cross-contaminate other
fresh produce.

2.1.4 NOROVIRUS
Norovirus is different from the previous mentioned pathogenic bacteria. Where pathogens can develop
outside an organism or living cell, Norovirus is dependent on a living cell or organism (Koonin et al.,
2006). The most common cause for infection with the Norovirus is by person-to-person contact. However,
ingestion of contaminated water and food are also important transmission routes (Lawley, 2013).
Infection by the Norovirus can cause gastroenteritis, which means that your stomach and intestines are
inflamed and irritated. The results are diarrhea, vomiting, stomach pain, headache, etc. (CDC, 2016). The
source of the virus is the feces or vomit of humans. In other animals, the virus appears to be absent. In the
past, large outbreaks occurred. The causes were inadequate processing steps by which the product
became infected during preparation. This infection caused a quick and widespread distribution of the
virus (Lawley, 2013). Examples of products that were involved in these outbreaks are salads, raspberries
but also raw or slightly cooked shellfish. Contaminated water was in these cases the major cause of further
contamination.
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Figure 4. Number of reported outbreaks caused by Norovirus in leafy vegetables in the USA (CDC, 2017)

In short, Norovirus is very hard to detect when in small numbers present. The difficult detection implies a
risk because there are only ten virus particles needed to cause infection. For this reason it important to
reduce the possibilities for the virus to spread more widely. Food processors can decrease this risk by
using clean water and following strict hygiene control measures. When workers get infected by the virus,
they are not allowed to come back to work for 48-72 hours (Lawley, 2013). This measure is done to
prevent that the worker will contaminate the product. From figure 4 it can be seen that over the years, a
slight decrease occurs. The decrease has probably to do with the fact that the preventive measurements
are well applied. In the EU and USA there are not yet specific legislations concerning the level of
Noroviruses in fresh leafy vegetables, actually in any food at all (Lawley, 2013). This indicates that the
control over Norovirus can still improve. When legislations are formed and followed, fewer outbreaks
might occur.

2.1.5 HEPATITIS A
Hepatitis A is also an important hazardous virus for fresh produce. The contamination of vegetables and
other fresh produce can occur during the growth and processing. Contaminated fertilizers and wastewaters are the cause of this contamination in the primary stage. Later on during the processing, people
can be the source of contamination. This human contamination may only occur if they do not follow the
hygienic norms and got infected (Badawy et al., 1990; Dalton et al., 1996). The more steps and people are
involved, the higher the chance for contamination of the virus. Studies show that hepatitis A can survive
for several hours on the human hands and several days on surfaces indoors. Also on fresh produce, the
virus will stay infectious for several days. Because these products are often raw, it forms a danger (Sattar
et al., 2000). Symptoms of the hepatitis A virus are often unrecognized or misplaced with another disease.
Symptoms like fatigue, fever, nausea and appetite loss cannot indicate a Hepatitis A infection. More
specific symptoms are yellowing of the skin and eyes, or the change in color of urine (WHO, 2016).
In developing countries poor sanitary and hygienic conditions are present. Most children (90%) in there
have an infection with the virus hepatitis A before the age of 10. Those infected children often have
unnoticed symptoms. Symptomatic diseases and outbreaks are rare in these countries because the older
children and adults are already immune (Jacobsen and Wiersma, 2010).
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In 1988, Shanghai was the victim of an outbreak. Contaminated food and water affected about 300,000
people (Halliday et al., 1991). This outbreak did not result in deaths, but it can lead to significant economic
and social consequences. It can take months before people recover.
In short, the virus hepatitis A is a widely distributed virus, but not severe one. Still, the people who got
infected experience adverse health effects and it can hinder their work. In that way, it can have negative
consequences for the economy. You can imagine when 300,000 people get sick; it will not be without
consequences, so the virus has to be under control.

2.1.6 ASPERGILLUS FLAVUS (AFLATOXIN)
Aspergillus flavus is a pathogenic fungus. The fungi itself is not pathogenic, but it can produce aflatoxin.
Aflatoxins are poisonous and cancer-causing chemicals. It is found that aflatoxin can accumulate through
the animal feed to the products of animals like milk, eggs, and meat (Iqbal et al., 2014). There are different
types of aflatoxins. The one is more severe than the other. The most toxic type of aflatoxin is B1. This type
of toxin enters the body by ingestion which is common for aflatoxins. Besides this, B1 can also enter the
body through permeating the skin (Boonen et al., 2012). Especially the weaker persons; children and
elderly are vulnerable. Although, adults with a higher tolerance to exposure are also at risk. Chronic
exposure to aflatoxin can result in a delayed growth and development (for children), liver damage, and
liver cancer (Abbas, 2005). High-level exposure to aflatoxin will have other consequences; the liver can
fail and possibly result in a coma (Bourgeois, 1971).
Fungi grow in soil or decaying vegetation, especially when storage is inadequate. The molds can grow and
colonize. In this way, the fungi can contaminate food before harvest or during storage. High moisture
content and high temperatures are favorable conditions for Aspergillus growth. When the conditions are
favorable for the fungi, Aspergillus will produce aflatoxin. Farmers that grow crops organic will not use
fungicides. The organic way can increase the chance of contamination with aflatoxins (Tosun, 2013).
In 2004, there was a severe outbreak of aflatoxin produced by the fungi Aspergillus flavus in Kenya. An
acute poisoning occurred with 317 victims of which 123 deaths are confirmed (Probst et al., 2004). This
outbreak indicates the danger of the toxic product of Aspergillus flavus.
From previous mentioned microbial hazards, it can be a conclusion that still too many microbial
outbreaks occur. Each year too many cases occur which could have been prevented by good practices.
Table 7 shows an overview of the most recent microbial problems. The actions mentioned are generalized.
“Information for attention” means that the authorities were informed or physical/chemical treatments
were applied. The action “alert” indicates that consumers have to return the product, or the producer has
to organize a withdrawal of the market. It means that the hazard notification was too late.
Table 7. Serious microbial problems in leafy vegetables from recent years in Europe (RASFF, 2017)

Pathogen
Salmonella

Product
Betel leaves

Year
2017

Baby spinach

2017

Salmonella

Country
UK, imported from
India
Denmark, imported
from Italy
Netherlands

Red beet sprouts

2017

E. coli

Finland

Rucola

2016

Salmonella

Finland, imported
from
China
via
Netherlands
Italy
Netherlands

Mung bean sprouts

2016

Rucola
Bean sprouts

2016
2016

Norovirus

Campylobacter spp.
E. coli
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Action
Border
rejection
Information for
attention
Information for
attention
Information for
attention
Alert
Alert
Information for
attention

Norovirus

Lettuce

2016

Alert

Vine leaves

2015

Salmonella

Denmark, imported
from France
UK, imported from
Laos, via Vietnam
India

Betel leaves

2015

E. coli

Netherlands

Sprouted beans

2015

L. monocytogenes
Salmonella

Sweden
Norway, imported
from Italy
Norway, imported
from
Italy,
via
Denmark
Denmark
Netherlands,
imported
from
Thailand
Sweden, imported
from Spain
Sweden, imported
from Italy
Italy

Vegetable mix
Rucola

2015
2014

Rucola

2014

Information
attention
Border
rejection
Information
attention
Alert
Information
attention
Information
attention

Mixed baby leaves
Water spinach

2014
2014

Alert
Information for
attention

Rucola

2013

Baby spinach and
rucola mix
Iceberg lettuce

2013

Information for
attention
Alert

Norway, imported
from Sri Lanka
Denmark, imported
from Italy
Denmark, imported
from Germany
Germany, imported
from
the
Netherlands
and
Italy
Slovenia, imported
from Italy

Spinach

2013

Radicchio lettuce

2013

Lollo
bionda
lettuce
Alfalfa sprouts

2013

Rucola

2012

Salmonella and E. coli

Salmonella
Campylobacter
Salmonella
Salmonella
Salmonella
Hepatitis A
Salmonella
Salmonella
Salmonella
Listeria
Salmonella
E. coli

and

2013

2012

Information
attention
Information
attention
Information
attention
Information
attention
Information
attention

of

for

for
for

for
for
for
for
for

Information for
attention

2.2 MAJOR CHEMICAL HAZARDS FOR LEAFY VEGETABLES
During the growth, crops get in touch with several chemical contaminants. This can be functional and
desired like pesticides and insecticides, but it can also be undesired like the heavy metals. Desired or
undesired, eventually it is favorable to minimize the chemical content of the often raw consumed
vegetable (Buchauer, 1973).

2.2.1 HEAVY METALS
Heavy metals can accumulate in the environment, which makes it relevant for fresh produce. In this way,
contamination of fresh produce can occur through the soil, water, nutrient solutions or even through the
air. Water can evaporate because of heat and in this way; heavy metals can come in the air and
contaminate vegetables during rainfall (Smith et al., 1995). The absorption of heavy metals in soil is
influenced by the pH of the soil, the organic matter content and the interaction of other metals present
(Street et al., 1977; Jaakkola and Ylaranta, 1976; Francis and Rush, 1973; Cary, 1981). In most cases, heavy
metals are considered as toxic. However, some heavy metals are only toxic when taken in excess or certain
forms. Still, the heavy metal intake can better be prevented. The widespread distribution in the
environment combined with the toxicity properties make these heavy metals very dangerous. Arsenic,
cadmium, mercury, and lead are the greatest cause to harm, because of their extensive use (Baird and
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Cann, 2012). These elements can bind to enzymes via thiol groups and in this way regulate metabolic
reactions. This can cause death (Baird and Cann, 2012). Moreover, arsenic is known to be a carcinogenic
compound, cadmium causes bone diseases, and mercury and lead can damage the nervous system. These
consequences can occur especially when the exposure to heavy metals is chronic (Baird and Cann, 2012).
It is hard to decrease the level of heavy metals because they are abundantly present and can accumulate
through the production chain. Also, process and other equipment can contribute to contamination of the
food chain with heavy metals. The detrimental impacts of heavy metals only become apparent when an
organism consumes a contaminated product for a long time. Because of that, appropriate precautions
should be taken to monitor and prevent long-term contact (Sharma et al., 2009).

2.2.2 PESTICIDES
Pesticides are considered to be chemical mutagens and applied to facilitate the production of fresh
produce (Bolognesi and Morasso, 2000). Residues of pesticides can remain on the fresh produce.
Examples of pesticides are DDT, diazinon, parathion, and carbofuran. They are considered as hazards
because of the acute and chronic health effects they can cause (Bolognesi and Morasso, 2000). A summary
of the acute and chronic health effects is given in Table 8, 9 and 10.
Table 8. Acute and subacute effects of pesticide poisoning (Dennis and Weisenburger, 1993)

Acute intoxication:
Systemic symptoms, including muscle tremors, twitching and weakness, anorexia, nausea, vomiting,
bronchoconstriction, hypersecretion, miosis, blurred vision, headache, impaired cognition, seizures, coma.
Intermediate syndrome (1 to 4 days later):
Respiratory paralysis and failure, proximal muscle weakness.
Delayed distal polyneuropathy (2 to 5 weeks later):
Irreversible weakness, ataxia, paralysis.
The chronic neurologic symptoms, mentioned in table 9, are introduced after long-term exposure to
pesticides. The symptoms can vary from mild complaints to severe consequences.
Table 9. Chronic neurologic effects of pesticide poisoning (Dennis and Weisenburger, 1993)

Lethargy, fatigue, headache, hyperirritability, dizziness, muscle tremor, twitching, jerks, weakness,
paralysis, paresthesia, polyneuropathy, incoordination, ataxia, visual disturbances, abnormal
electroencephalograph, central nervous system impairment, cognitive deficits, loss of memory,
forgetfulness, confusion, altered sleep, slurred speech, impaired motor skills, altered behavior,
nervousness, agitation, psychiatric symptoms, depression, anxiety, Parkinsonian-like syndrome.
Some of the pesticides have the characteristic to be carcinogenic. Chlorine-based pesticides is one of these.
That is one of the reasons why chlorine-based pesticides should not be used, and alternatives have to be
found.
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Table 10. Types of cancer associated with specific pesticides exposures (Dennis and Weisenburger, 1993)

Cancer
Soft tissue sarcoma and lymphoma
Non-Hodgkin’s lymphoma

Pesticides
Phenoxyacetic acid herbicides (2,4-D, 2,4,5-T), DDT
Organophosphate and organochloride insecticides,
fumigants
Chlorophenols, animal insecticides
Dichlorvos, crotoxyphos, famphur, methoxychlor,
pyrethrins, DDT, chlordane, heptachlor, lindane,
ethylene oxide
Organochlorine insecticides (DDT), arsenicals
Triazines

Soft tissue sarcoma
Leukemia
Lung carcinoma
Ovarian carcinoma

In China, there was a case in which people got intoxicated by pesticides. The pesticides were applied in the
wrong dosage on vegetables, and it affected multiple people (Deng et al., 2003; Li, 2002). Farmers are
often aware of the consequences and dangers of pesticides but are still applying it because of ignorance or
economic benefits (Wilson, 2000). Table 11 gives an overview of the most recent problems caused by
chemicals in Europe according to the RASFF (Rapid Alert System for Food and Feed).
Table 11. Serious chemical problems in leafy vegetables from recent years in Europe (RASFF, 2017)

Chemical residue
Flusilazole
Fluopyram
Carbofuran
Chlorpyrifos,
dimethoate,
imidacloprid,
flutriafol
and
omethoate
Prothiofos,
carbofuran
and
triazophos
Deltamethrin
Hexaflumuron,
cyromazine,
carbofuran,
diafenthiuron,
chlorfenapyr,
chlorfluazuron and
dinotefuran
Dimethoate
Dimethoate
and
fluazifop-P-butyl
Prochloraz
Oxamyl
Nitrate,
carbendazim,
chlorfenapyr,
chlorfluazuron

Country
Spain,
imported
from China
Belgium
Czech
Republic,
imported
from
Thailand
Cyprus, imported
from Israel

Product
Cabbage

Year
2017

Action
Border rejection

Lettuce Lollo rossa
Celery

2017
2016

Alert
Information
attention

Rucola

2016

Information
attention

for

Switzerland,
imported
from
Thailand
Netherlands

Chinese cabbage

2016

Information
attention

for

Lettuce

2016

for

Switzerland,
imported
from
Vietnam

Leafmustard

2015

Information
attention
Information
attention

Belgium
Belgium

Green celery
Savoy cabbage

2015
2015

Alert
Alert

Netherlands,
imported
from
China
Netherlands

Baby choy sum

2015

Information
attention

for

Iceberg lettuce

2015

for

Switzerland,
imported
from
Vietnam

Kale

2015

Information
attention
Information
attention
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for

for

for

Lambda
cyhalothrin
Methiocarb
Iprodione
Bifenthrin
Chlorpyrifos
carbofuran

and

Cadmium
Carbofuran
Acetamiprid
dicrotophos

and

Traziophos
Pirimicarb
and
pymetrozine
Deltamethrin

Germany.
Imported
from
Italy
Belgium
Czech
Republic,
imported
from
Poland
Finland, imported
from Kenya via the
Netherlands
Germany,
imported from Sri
Lanka
Luxembourg,
imported
from
Belgium
Switzerland,
imported
from
Cambodia
Switzerland,
imported
from
Cambodia
Finland, imported
from India
Netherlands

Lettuce

2015

Information
attention

for

Curly endive
Lettuce

2015
2014

Alert
Information
attention

Rucola

2014

Information
attention

for

Spinach

2014

Information
attention

for

Spinach

2014

Information
attention

for

Celery leaves

2013

Information
attention

for

Young kale

2013

Information
attention

for

Spinach

2013

Border rejection

Lettuce

2012

Alert

Netherlands

Lettuce

2012

Information
attention

for

for

It would be ideal if the pesticides were lethal to the target group and not to the non-target group.
However, this is not the case, so the advantages have to be weighed against the disadvantages for use.
The main benefit of pesticides is the gain in production. The losses of diseases and insect pests are
reduced which results in a higher yield with also better quality. Moreover, there will be considerable
economic losses without pesticide use (Webster et al., 1999). Also, the use of insecticides is one of the
most efficient ways against malaria, which would otherwise result in an estimated 5000 deaths each day
(Ross, 2005). But, pesticides also have downsides like health and environment issues. Direct contact with
pesticides can result in severe symptoms (Table 7,8 and 9). However, when the pesticide is applied on the
fresh produce, it undergoes transformations by which metabolites are produced that are not toxic to both
humans and environment (Kole et al., 1999). Still, from an ethics point of view, it's hard to use chemicals
that affect besides the target group also non-target groups, like humans.
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2.2.3 SANITIZERS
Sanitizers are seen as potential chemical contaminants because of its possible adverse effects on the
environment. The chemical compounds are mixed with water and used to wash fresh-cut produce to
reduce the chance for cross-contamination (Hoorfar, 2014). The adverse effects of sanitizers only occur
after washing, when residual chemicals remain on the fresh produce. In several countries, the use of
several sanitizers is forbidden. For example, West-European countries like Germany, Belgium, and the
Netherlands do not allow chlorine-based sanitizers. Still, they can import fresh produce from other
countries where the use of these sanitizers is authorized (Hoorfar, 2014). So, control measures still have
to be taken to monitor the presence of residual sanitizer compounds. In Table 12, the most used sanitizers
are mentioned together with some specific characteristics.
Table 12. Comparison of commonly used sanitizer types (Harrison et al., 2012)

Chlorine

Iodophors

Corrosive

Corrosive

Irritating to
skin
Effective
at
neutral pH
Effective
at
acid pH
Effective
at
alkaline pH
Loss
of
effectiveness
in
presence
organic
material
Loss
of
effectiveness
in
water
hardness
Residual
antimicrobial
activity
Stability
of
use solution
Maximum
level
permitted by
FDA on food
contact
surfaces
without rinse

Irritating

Slightly
corrosive
Not irritating

Yes
Yes,
but
unstable
Yes, less than
at neutral pH
Yes

Depends
type
Yes

Quarternary
ammonium
compounds
Noncorrosive
Not irritating

on

In most cases
In some cases

Acid anionic

Peroxyacetic
acid

Slightly
corrosive
Slightly
irritating
No

Slightly
corrosive
Non irritating

Yes

Yes

No

In most cases

Yes, below 3.03.5
No

Moderately

Moderately

Moderately

Partially

No

Slightly

Yes

Slightly

Slightly

None

Moderate

Yes

Yes

None

Rapidly
dissipates
200 ppm

Slowly
dissipates
25 ppm

Stable

Stable

200 ppm

Varied

Slowly
dissipates
100-200 ppm

Less effective

Chlorine is one of the most used sanitizers because it is very efficient and effective. However, chlorinebased sanitizers also have adverse effects concerning the environment. For example, chlorine irritates the
skin, and it is the most corrosive type mentioned in Table 12. Most of the sanitizing alternatives of fresh
produce accentuate the adverse effects of chlorine. However according to Table 12, the use of chlorinebased sanitizers are the most effective and efficient sanitizers when applied adequately (Gil et al., 2009). It
shows none residual antimicrobial activity, and it is effective with all pH conditions. This makes it very
favorable to use chlorine over the other sanitizers.
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2.3 MAIN CONTAMINATION ROUTES
Several causes can result in contamination of fresh produce. Contamination can occur due to
environmental (e.g. animals, water) distributors, or because of wrong handling of humans. These handling
errors can happen during all steps of the production chain. During these steps, contamination can occur
from a lack of hygiene or by contaminated people. Most consumers wash their fresh produce before
consumption. However, washing doesn’t eliminate the pathogens. At best 1-3 log reduction can be
expected under commercial conditions, regardless of antimicrobial used (Harris, 2010).
One of the most common contamination routes for microbial pathogens is water. The main reason for this
is by the infiltration of faeces in water sources. Water is an essential need for all fresh produce to grow.
When microbial pathogens can infiltrate in the products, they can form a danger. It is found that the
fruit/vegetable pulp must be less than 9°C warmer than the water temperature applied, to prevent
infiltration (López-Velasco et al., 2012). Moreover, a problem of water contamination is that it
contaminates a lot of vegetables at the same moment by irrigation. The result will be losses of the fresh
produce.

Risk posed by pathogens in food of non-animal origin: Part 1

Raw Product
FIELD PRODUCTION

HARVEST

Fresh-cut produce

FIELD CORED
COOLING

COOLING

VALUE ADDED
PROCESSING

TRANSPORTATION

COLD STORAGE

TRANSPORTATION

DISTRIBUTION CENTER
5. General
supplychain
chainsflow
for leafy
(FDA,(Adapted
2009A) from (FDA, 2009a)).
Figure 4:Figure
General
supply
for vegetables
leafy greens

2.3.4.

Nuts: pistachio

Pistachios are grown in bushy, deciduous trees with one or several trunks and are usually mechanically
harvested. The most relevant agricultural practices for pistachio nuts involve irrigation and harvest.
The most common irrigation method uses micro-irrigation technology including drip and microsprinklers. There are also some areas that use flood irrigated or irrigation using solid-set low angle
sprinklers to prevent contact between irrigation water and nuts or foliage. The tree is vigorously
shaken and the falling nuts are collected on canvas-covered catch frames. Usually, harvest workers do
not handle the nuts during this entire process. Due to the shaking process, nuts sometimes fly beyond
the frames and the shell will come into contact with the soil, which presents a risk of contamination.
The nuts are transported in bottom dump trailers to the processing facility where they are dehulled and
dried. When harvested, the nuts are commonly about 30% moisture (CPRB, 2009). Microbial
contamination is unlikely due to growing and harvesting practices as well as the common practice of
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roasting.
Food safety risks in minimally processed dry products like almonds, pistachios, and peanuts are
different from high moisture foods. Therefore, the most likely sources of contamination by foodborne

Surfaces of fresh produce can attract bacteria. One surface is more susceptible than the other surface. It is
found that E. coli O157:H7, L. monocytogenes, and Salmonella are found more often in cut edges of lettuce
(Takeuchi et al., 2000). This indicates that fresh-cut produce is more susceptible to pathogen proliferation
than intact fresh produce. This means that farmers who include the cutting process step should be more
aware of the safety risks. A possible solution can be that treated fresh produce will be isolated or
separated from the untreated produce.
In figure 5, it can be seen that an independent production chain is designed for fresh-cut produce, to
prevent
cross-contamination
with
the
raw
product.

Figure 6. Possible contamination routes of microbial pathogens (Beuchat, 1996)

The contamination routes of microbial pathogens are illustrated in figure 6. As can be seen from this
figure, the start of the cycle is with the humans and animals. These organisms excrete feces, which is the
largest source of most microbial pathogens. From this, it can be distributed very rapid over a long distance
with the help of insects, birds, water and other potential distributors. To prevent further contamination, it
is important to have control measures for each potential distributor.

Figure 7. Production activities involved in the production processes of fresh produce (EFSA, 2013)
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In figure 7, the production activities can be seen involved in the fresh produce. Although the production
activities can vary, these are the activities that are most often present. Each step has its potential risks and
control
measures.

Figure 8. Potential risk factors on the farm (EFSA, 2013)

The potential risk factors mentioned in figure 4 include the following:
1. Field history and adjacent land use. Previous and present usage of the growing area and adjoining sites
could represent a source of microbial contamination (FDA, 2009c).
2. Animal control. The presence of domestic or wild animals to the production area or water sources used
for the production (EC/SCF, 2002; FAO/WHO, 2008).
3. Water. Water can contain microbial contaminants that may negatively affect the safety of the fresh
produce (EC/SCF, 2002).
4. Field management. This includes the field sanitation and sanitary facilities.
5. Production and harvest practices. All inputs involved in the production, like chemical fertilizers,
compost, manures, pesticides and other chemicals can influence the risk of microbial contamination.
Reduction of contact between the soil and the crop might reduce the transfer of microorganisms (Selma et
al., 2012).
6. Equipment and containers can be sources for microbial hazards although they are handled properly.
7. Authorized sanitizing agents used to disinfect the fresh produce or materials can reduce crosscontamination. Cross-contamination can be avoided by using water that has the same quality as potable
water with added sanitizer.
8. Worker health and hygiene. Personnel and other people are sources of microbial hazards, especially
when hygienic and sanitary facilities are not sufficiently available.
9. Storage and distribution. Any area that is used in the production process and insufficient maintained
cleanly can represent a microbial hazard.
When the sources of microbial contamination are evaluated, it is important to take into account that the
application of mechanical harvesting increases. This might increase the opportunity for surface contact
exposure, which can also increase the potential to introduce human pathogens (WGA, 2012).
Contamination can occur in each production step of the system. For that reason, it is important to work
hygienic and to separate processed and raw products from each other. With this, unnecessary crosscontamination can be prevented.

2.3.1 CONTAMINATION ROUTES OF CHEMICAL HAZARDS DURING CULTIVATION
Chemical contaminants can be already present in soil or have been added by humans. First, the already
present chemical contaminants will be discussed. These are the heavy metals. When a farm is located near
a city or factory, waste streams are often present. These waste streams distribute through the
environment and get mixed with water, taken up by soil or animals get contaminated with it. These are
potential ways to which the crop can get contaminated with it. The accumulation characteristic of heavy
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metals facilitates this. So, when it is present in the soil, vegetables will take it up with their roots. Another
contamination route is by rainfall. When heavy metals are present in the soil, the moisture in the soil can
evaporate. The heavy metal particles then come in the air along with the moisture and can contaminate
the vegetables during rainfall (Buchauer, 1973; Zurera et al., 1987).
The second chemical contaminant, which humans add to increase the crop yield are pesticides. Pesticides
are added to optimize the quality, size, and appearance of the fresh produce. These chemical contaminants
meet their goals, but they also have consequences on a lot of other aspects. People, animals, soil and other
greens are co-participant to the consequences of pesticides. The distribution of pesticides can occur on
numerous ways, which includes by consumption or through soil and water.
Third, also contributed by humans, are sanitizers. These are needed to wash off and disinfect the fresh
produce before it gets eaten raw. However, sanitizers with the element chlorine present should be
avoided, because of its negative health effects. In some West-European countries chlorine-based sanitizers
are already forbidden, but in other parts of the world, it is still used because of its efficient function. To
prevent contamination of sanitizers it is important to check where the fresh produce originates from and
whether sanitizers, especially chlorine-based, are applied or not. When they apply these sanitizers, import
from these countries should be reduced.

2.4

MEASURES FARMERS CAN TAKE TO PREVENT , MINIMIZE OR REMOVE
MICROBIAL AND CHEMICAL HAZARDS ?

Contamination of leafy vegetables is extra dangerous for human health due to a lack of inactivation steps
before consumption. For example, initial contamination during the harvest stage, without any inactivation
steps, can cause a threat to consumers’ health (EFSA, 2013). However, the conditions for the growth and
production of toxins of microbial hazards are a major factor in developing or preventing the microbial
hazards. The pH, temperature, water activity and time of storage have a significant effect on the survival
and growth of microbial hazards in foods (EFSA, 2013). These conditions can still be influenced, but it is
limited because of product characteristics that could change.
Foodborne pathogens that are present on fresh produce can compete for the available nutrients (LopezVelasco et al., 2012; Nguyen-The and Carlin, 2000). In this way, they can outcompete each other until a
species dominates. There are also other methods, which influence the microbial hazards. According to a
research of (Wood et al., 2010), UV radiation has a significant effect on enteric bacteria. Also, the
combination of heat and light intensity has an effect on the survival of E. coli O157 in lettuce (Ottoson
et al., 2011). Another step to reduce Salmonella spp. and Listeria monocytogenes is to reduce the relative
humidity before harvesting (Brandl and Mandrell, 2002; Dreux et al., 2007).
Besides measures to reduce the microbial and chemical hazards, there are also measures to prevent these
hazards. The safety of fresh produce can be ensured by the application of good agricultural practices
(GAP). Also, application of good hygienic practices (GHP) and the certification of FSMS (Food Safety
Management Systems) are strategies to ensure the safety of fresh produce (Boxstael et al., 2013). The
applicability of the GAP and GHP are recognized (Beuchat and Ryu, 1997). Multiple (voluntary) private
standards (e.g. GlobalGAP) and guidelines derive their information from these practices to assure a safe,
fresh produce. Nowadays, retailers often demand certification (e.g. GlobalGAP) as a license to their supply
and trade. For the well-known bacterial pathogens (e.g. E. coli) standard methods are available, while for
other microbial hazards like the viruses only recently detection methods are described. Moreover, these
detection methods are not yet applied in all surveillance programs in all countries (Baert et al., 2011).
The GAPs and GHPs are a set of principles, which can be executed differently. There is a lot of room for
self-regulation (Caduff and Bernauer, 2006). This own interpretation will be more directed by GlobalGAP
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imposed by the retailers. The primary production of fresh produce is especially vulnerable. The people,
environment, irrigation water, manure, surroundings, wildlife, etc. (FAO, 2008b; Berger et al., 2010) are
all sources of contaminants. Moreover, fresh produce is often consumed raw, so there is a limited
possibility to apply intervention.
Microbial contamination cannot be washed off (Lynch et al., 2008). Besides, once a vegetable product is
contaminated, there are so far no points in the chain in which microbiological hazards can be abated
(Tauxe et al., 1997). This means prevention is the only strategy. There are documents available, which use
the information currently known, but they do not include prescriptive regulations and reduction steps.
Prevention of fresh produce against microbial hazards can be improved on five areas:
1. The quality of water. Water used for irrigation, post-harvest or processing should be treated with
drinking-water standards. The expense of water treatment may be a challenge for the most agricultural
production areas, but water is one of the most critical safety issues concerning contamination of fresh
produce.
2. Protection against fecal contamination. Fresh produce can get easily in direct or indirect contact
with the feces of animals or human. Especially, when a cutting step is added to the produce, contamination
can get distributed widely.
3. Washing and sanitizing of fresh produce. At the moment washing and sanitizing agents are used to
reduce the level of pathogens on the surface of the fresh produce. However, better methods have to be
developed by which also the pathogens inside the plants can be reduced. Irradiation might be a good
solution for this, but people are anxious for this method.
4. Storage and supply chain management. Storage of fresh cut produce should be in the refrigerator.
This reduces the amplification of bacteria on the cut surfaces.
5. Personal hygiene of workers. Infected people are the main source of contamination of fresh produce
with Norovirus and hepatitis A. Also, they can be a source for Salmonella contamination (Lynch et al.,
2009).
From research, it is already proven that oxidation of drinking water and wastewater is very effective to
purify the water and remove residual pesticides (Wu et al., 2007). This oxidation was done by an ozone
solution. Application of oxidation might be one of the possible alternatives for sanitizers like chlorine.
However, the use of e.g. chlorine keeps the color of the fresh produce more natural. A slight brown
coloring occurs on lettuce when the product is treated with ozone (Wei et al., 2007). Still, it might in the
future prevent consumption of chemical contaminated vegetables and replace the use of sanitizers.

2.4.1 GAP
GAPs are together with GMP (Good Manufacturing Practices) a set of principles, regulations (in the USA)
and recommendations that can be applied to the production, processing, and transport of food. These
guidelines are made to address human health care, increase environment protection and the
improvement of worker conditions (FAO, 2007). Panels of industry members, academics, and scientists,
have developed the GAPs. They represent the best practices available and are flexible enough to evolve as
science improves. The primary targets of the GAPs are water, inputs, wildlife and worker hygiene.
GAPs are beneficial to the farmers because it adds extra value to their products. This makes it easier to
access the market for farmers. The production, in general, will be more environment-friendly, which
makes it more sustainable and favorable.
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Table 13. GAPs metrics (FAO, 2007)

Concern
Sanitary facilities and worker training

Improvements
• Improve worker and consumer conditions
• Enhance the agricultural welfare
• Improve food security
• Healthy food, not contaminated and of
higher quality to improve nutrition and
food consumption
• No contamination of water and soils
• Rational handling of agro-chemicals
• Concern about biodiversity
• Animal care improved
• Adequate feeding
• Irrigation water should be tested and
treated.
• Accurate site selection

Food safety

Environment

Animal welfare
Water and water testing

One of the improvements mentioned in Table 13 is that accurate site selection is an improvement of the
water-use concern. An example of this was the infection in 2006. There were 81 cases of E. coli O157
infection divided into three states of the USA. The outbreak strain was isolated from two environmental
samples from two dairy farms near a lettuce-growing area. The cause of this infection was because the
irrigation water of the lettuce was cross-linked to the dairy wastewater. The farm irrigation system that
used the contaminated water on its lettuce did not have any backflow prevention devices. So it could not
be ensured that water was irrigated without contaminated material (FDA, 2006; Iwamoto, 2007). This
example gives an indication of how important an accurate site selection is.
Good Agricultural Practices can be implemented in several ways. For different sections, different
guidelines are prepared. The appendix provides a more elaborate overview of these guidelines divided
into their sections. Another advantage of following the GAP guidelines is a better control and overview of
their production. Information must be registered, so the farmers are getting more knowledge about their
fields. Moreover, production can be handled more efficient, product quality can be improved, and
problems can be identified and located more easily. The registration of information must be stored for at
least three years.

2.4.2 GLOBALG.A.P.
GLOBALG.A.P. standards are private standards which cover all stages of production. They support farmers
to apply Good Agricultural Practices. The GLOBALG.A.P. aims at ensuring transparency throughout the
whole production and supply chain. At the moment they already have over 150,000 producers in more
than 120 countries that are certified. For fruit and vegetables the following demands are covered by the
standards: Food safety, traceability, quality assurance, workers’ health and safety, site management, soil
management, fertilizer application management, integrated pest management, plant protection products
management and water management. When these standards are executed sufficiently, the product will be
sold as a GLOBALG.A.P. certified product (GLOBALG.A.P., 2016)
The first thing a farmer should do to get the GLOBALG.A.P. standard is to develop a risk assessment. This
has to be done to have knowledge of the potential risk points (FAO, 2008). After this the farmer has to
consider the location of the farm and whether it can cause a hazard. Because there is an increasing
demand for fresh produce, more land is needed. This causes that lands are cultivated close to urban zones
or close to other used areas like livestock production. This location increases the chance for
contamination. Direct or indirect contact can occur between the fresh produce and the animals (Brandl,
2006). Animals are known to spread contaminants very fast and over a great area. Problems will develop,
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and preventive measures are needed. To keep animals out of the harvest area, different methods can be
applied:
- Maintain a clean environment to limit rodent habitat.
- Bait animals by feeding them in forests to distract them from agricultural areas.
- Physical barriers
- Using distress machines which will produce a noise or call (predator call) to repel the wildlife
Also the use of natural predators is mentioned. These will create competition between the target and
added animal, but this can also get out of control, so this might not be the best solution (FAO, 2008).
In the past they thought that the control of crops was only important at the time of harvest. But after
research it was noted that young leaves are more vulnerable to bacterial contamination and had a higher
population level, than the older leaves. This indicates that control measures are important from the
beginning and should not be deferred in the harvest period (FAO, 2008).
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3.0 MATERIALS AND METHODS
Two different interviews were held to obtain the desired knowledge. First the expert interview was held
which was done to complete the microbial and chemical overview. The other interview was done to see
which preventive and control measures are applied in practice by farmers. The control measures are
conducted from the GAP guidelines. The selected farmers cultivate leafy vegetables and are from the
Netherlands. To compare the results of production in greenhouse and open field conditions, both types of
farmers are surveyed.

3.1 EXPERT INTERVIEW
The expert interview was held by a personal discussion. First, a small explanation about the study was
given of which she already had knowledge because of her PhD about the disinfection of leafy greens. After
the short introduction, the microbial and the chemical overview was handed over to her to see if she had
any additional information about the hazards or control measures. Because her expertise is more about
disinfections, she had more knowledge about the chemical hazards than over the microbial hazards.
Because of the discussion, information could be added about the potential sources, contamination routes
and control measures taken for leafy vegetables. Also, a comment is placed in the microbial hazard
overview concerning the fungus Aspergillus flavus and its product aflatoxin. Because according to the
expert, this fungus can be seen as a microbial hazard because it is a fungus. And it can be seen as a
chemical hazard because of its product, aflatoxin, which is a chemical metabolite and causes the negative
effects.

3.2 FARMER INTERVIEW
The farmer interview is done according an online survey via Google Forms. For this online survey, 16
farmers were contacted of which 8 produces leafy vegetables in greenhouses and 8 in open field
conditions. Contact with the farmers was obtained by contacting members of the National leafy vegetable
commission in the Netherlands. After this, their contacts could be used to contact more leafy vegetable
producing farmers. The focus of this survey was on the application of the proposed GAP guidelines in
practice. Both production conditions are examined, to see whether there is a significant difference in the
control measures taken between both conditions. The farmers were able to fill in the survey via a link sent
to them through the mail.
In the survey, first a small introduction was given about the study. The survey focuses on the control
measures taken at each step of the primary production chain. The order of the survey was as followed:
seed selection, growing, harvesting, field pack & storage and eventually (when applied) base processing.
The questions were in a closed question form by which they could choose between “microbial hazards”,
“chemical hazards” or “neither”. The farmers had to fill in whether they apply a certain control measure
for microbial purposes, chemical purposes or neither of them. Eventually, a conclusion can be made about
whether the farmers in the Netherlands follow the GAP guidelines to control their fresh produce.
Also, the microbial and chemical hazard overviews were provided to the farmers via the mail and they
could give their experience-based opinion. The information obtained got applied and adapted in the
overviews.
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4.0 RESULTS AND DISCUSSION
4.1 ANALYSIS OF DIFFERENCES BETWEEN MICROBIAL AND CHEMICAL HAZARDS
The literature research and the information obtained by the expert and farmers made it possible to form
the microbial and chemical hazard overviews (figure 9 and 10). By using these overviews, the microbial
and chemical hazards can be compared with each other in the different stages of the primary production
chain at the farm. The overview could also be used to see immediately which control measures should be
included in a certain cultivation step. The farmers had the chance to give additional information about the
microbial and chemical hazard overview. One of the farmers gave the information that between the seed
selection and growing phase, an additional breeding step should be included, which is done by special
breeding companies. Within this additional breeding step, chemical hazards can occur. Microbial
contamination can also take place via the substrate that is used to germinate the seed, and via transport.
During the transport, the breeding companies often use storage boxes which rotate between the
companies. Because of the rotation of the storage boxes, the chance for contamination is very high during
the transportation step. The farmers make sure that the boxes are disinfected before usage, in order to
decrease the chance of contamination.
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Figure 9. Microbial hazards in leafy vegetables
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Figure 10. Chemical hazards in leafy vegetables
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4.2 MEASURES THAT ARE ACTUALLY TAKEN IN PRACTICE TO PREVENT THE
HAZARDS
In this research multiple farmers received an email to fill in the survey to cooperate to this research. In
total there were 7 of the 16 farmers that responded. Of these farmers, 3 produce leafy vegetables in open
field conditions (FO) and 4 produce leafy vegetables in greenhouse conditions (FG).
Table 14 shows that a significant part of the farmers do not check the background or the presence of
undesired residues. However, a similar part of the farmers purchases only from certified seed companies
or checks the certificates of their suppliers. From these two results it can be assumed that most farmers
believe that the safety of the seeds is sufficient to work with, when their suppliers are certified. According
to the majority, an extra safety check is not necessary. Next to this, there is a greater focus on the chemical
safety than on the microbiological safety. This could have something to do with the fact that certain
chemical applications are illegal in the Netherlands or that several chemical residues are more difficult to
remove than most microbiological contaminants. During the seed selection/ production, there is no
significant difference between open soil and greenhouse production control measures taken by the
farmers.
Table 14. Results farmer interviews focused on the seed selection/production phase

Seed selection/production
FO1
External control of supply for
bacteria, virusses, residues of
sanitizers etc by sending a sample
to a research lab
Microbiological
Chemical
Neither
x

FO2

FO3

FG1

FG2

x

x

x

x

FG3

FG4

x
x

Control of supplier by e.g.
checking the historical background
Microbiological
Chemical
Neither
Purchase only from a certified
seed company
Microbiological
Chemical
Neither
Control of the certificates of the
supplier
Microbiological
Chemical
Neither

x
x
x

x

x

x
x

x
x

x

x

x
x

x

x

x

x
x

x
x

x

x
x
x

x
x

Table 15 shows that farmer FG1 is the only one who does not control its water quality frequently. This can
pose an extra risk for the fresh produce of this farmer, because water is seen as the most important
distributor for microbial and chemical contaminations. When there is no control for the water quality, the
chance for fresh produce contamination is likely to increase.
Another remarkable result is the fact that the farmers in the greenhouses control their equipment much
more for residues than the open field farmers do. A reason for this result could be that the production of
leafy vegetables in greenhouses is more controlled. The open field farmers do not see an important danger
in these residues.
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TABLE 15 Results farmer interviews focused on the growth phase

Growth
Manure management: handling
the manure in a sustainable way
and store the manure correctly
Microbiological
Chemical
Neither
The manure is prepared at a
proper distance from the crops
Microbiological
Chemical
Neither
Fertilizer management: using
proper dosage and having a
special storage place for fertilizers
Microbiological
Chemical
Neither
Soil management: prevent
erosion, variation in crops
Microbiological
Chemical
Neither
Water quality control: e.g. do you
control your water for microorganisms and/or heavy metals
each year?
Microbiological
Chemical
Neither
Water quality control for irrigation
purposes: use of hygienic water
and in proper quantities for
irrigation purposes
Microbiological
Chemical
Neither
Control for residues on equipment
used
Microbiological
Chemical
Neither
Pesticide management:
registration of pesticides used and
use of proper dosage
Microbiological
Chemical
Neither

FO1

FO2

FO3

FG1

FG2

FG3

x

x
x

x
x

x
x

x

x

FG4

x

x

x
x

x
x

x

x

x

x

x

x
x

x
x

x
x

x
x

x

x

x

x
x

x

x
x

x
x
x

x

x
x

x
x

x
x

x

x
x

x
x

x
x

x

x
x

x
x

x
x

x
x

x

x

x
x

x
x

x

x

x

x

x
x

x
x
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x

x

x
x

x

x

In table 16, it can be seen that all farmers apply fertilizers and that these are mainly used for chemical
purposes. Another reason to apply fertilizers is for microbial contaminants. Also, two out of seven farmers
do not control their personal hygiene. This can give an increased chance of viruses, like Hepatitis A and
Norovirus, to be present unnoticed. There is no significant difference between control measures taken in
open field and greenhouse production.
Table 16. Results farmer interviews focused on the harvesting phase

Harvesting
Manure management: handling
the manure in a sustainable way
and store the manure correctly
Microbiological
Chemical
Neither
Fertilizer management: using
proper dosage and having a
special storage place for fertilizers
Microbiological
Chemical
Neither
Control for residues on equipment
used
Microbiological
Chemical
Neither
Control of personal hygiene: your
employees have followed a course
(or something similar) about the
importance of hygiene at the
primary production and apply this
knowledge
Microbiological
Chemical
Neither

FO1

FO2

FO3

FG1

FG2

FG3

x

x
x

x
x

x

x

x
x

FG4

x

x

x
x

x
x

x

x
x

x

x

x

x

x
x

x

x

x
x

x

x
x

x
x
x

x

x
x

x
x
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Table 17 shows that farmers in open field conditions pays less attention to the management of storage.
Next to this, only 4 out of 7 farmers control their equipment for residues. Residues can play an important
role in the growing of microorganisms. They can feed themselves with these residues and also can find
protection in these residues.
Only 2 out of 7 farmers have experiences with heavy metals. Both farmers produce in open field
conditions. Figure 10 shows that heavy metals have multiple sources, but some of these are only
applicable for open field conditions. Sources like aerosol and soil are controlled in greenhouses, so it is
less likely that heavy metals will be present in this more controlled environment.

Table 17. Results farmer interviews focused on the packaging and storage phase

Packaging and storage
Control for residues on equipment
used
Microbiological
Chemical
Neither
Storage control: e.g. frequent
temperature check
Microbiological
Chemical
Neither
Storage management: FIFO (First
in First Out) or another system is
used to control your storage
Microbiological
Chemical
Neither
Control of personal hygiene: your
employees have followed a course
(or something similar) about the
importance of hygiene at the
primary production and apply this
knowledge
Microbiological
Chemical
Neither
You have experience with heavy
metals during the packaging and
storage of your produce
Microbiological
Chemical
Neither
Fungicide management:
application of proper dosage and
registration of the fungicides used
Microbiological
Chemical
Neither

FO1

FO2

FO3

x
x

FG1

FG2

FG3

x

x

x

x

x

x
x

x

x

x

x

x

x

x
x

x

x
x

x
x

x
x

x
x

x

x

x

x

x
x
x

x
x

x
x

x
x
x

FG4

x
x

x
x

34

x

x

x

x

x

x
x

x

x

In table 18, it can be seen that only one farmer applies base processing in open field conditions. This
farmer focuses mainly on the hygienic aspects and not on the storage control and storage management of
his fresh produce. Greenhouse farmer 2 (FG2) only applies the preventive measurements during basis
processing to prevent microbial contamination. This has probably to do with undesired experiences with
microbial contaminants and less with the chemical contaminants. On the other hand, FG4 does apply basis
processing, but only controls the water quality for microbial purpose and takes no further control steps.
Table 18. Results farmer interviews focused on the basis processing phase

Basis Processing
Control for residues on equipment
used
Microbiological
Chemical
Neither
Control of water quality: you
control your water once a year for
micro organisms and/or heavy
metals
Microbiological
Chemical
Neither
Storage control: temperature
control and isolation of processed
products
Microbiological
Chemical
Neither
Storage management: FIFO (First
in First Out) or another system is
used to treat the oldest products
as first
Microbiological
Chemical
Neither
Control the presence of soil and/or
manure residues
Microbiological
Chemical
Neither
Control of personal hygiene: your
employees have followed a course
(or something similar) about the
importance of hygiene at the
primary production and apply this
knowledge
Microbiological
Chemical
Neither

FO1

FO2
N/A

FO3
N/A

x

FG1
N/A

FG2

FG3

FG4

x

x

x

x

x

x

x

x

x

x

x

x
x

x
x

x

x

x
x

x
x
x

x

Within this research, there are no significant differences in control measures taken between open field
and greenhouse production. However, a significant part of the farmers do not execute all the GAP
proposed guidelines. This does not mean that the production of leafy vegetables is not safe, but it can
mean that a more controlled production is possible.
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After the survey about the control measures, there was a small section focused on the background of the
farmers and the personal experiences they have had with microbial and chemical contaminants. Derived
from the literature, a list was proposed in which the farmers could select which microbial and chemical
contaminants were most relevant according to them. Furthermore, the farmers had the possibility to
complement the list by adding relevant contaminants.
Table 19 gives an overview of the occurrence of microbial contaminants in practice. Like expected, E. coli
is the most prevalent microorganism. Also, Listeria monocytogenes occurred two times, Salmonella and
Bacillus cereus occurred once in this farmer group. In figure 3, it can be seen that E. coli, together with
Salmonella, has the most sources of contamination. This contributes to their presence. Next to this the
favorable conditions during the growth and storage of vegetables make it for E. coli an attractive product.
Table 19. Prevalence of microbial contaminants in practice

Question
From your experience: which
microbial hazards are most
relevant?

Frequency

E. coli
Listeria monocytogenes
Salmonella
Bacillus cereus
Hepatitis A
Norovirus
Aspergillus flavus (aflatoxin)

5
2
1
1
0
0
0

In table 20, the prevalence of chemical contaminants in practice is given. There was only one farmer that
selected the proposed options. This farmer had experience with lead, cadmium, mercury, chlorine-based
pesticide residues and DDT residues. Other farmers added information about other important chemical
contamination sources to the already existing list. This shows that more than only one farmer has
experience with chemical contamination of their produce, but the sources differ.
Table 20. Prevalence of chemical contaminants in practice

Question
From your experience: which
chemical hazards are most
relevant?
Lead
Cadmium
Mercury
Chlorine-based pesticide residues
DDT residues
Arsenic
Carbofuran residues
Diazinon residues
Parathion residues
Added by farmers:
Several active compounds from
pesticdes/fertilizers (MRL)
Residues of all pesticides
Use of surface waters which are
contaminated with fungicides by
others
Smoke damage by fires nearby

Frequency

1
1
1
1
1
0
0
0
0
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5.0 CONCLUSION AND DISCUSSION
The literature on the microbial and chemical hazards during the primary production of leafy vegetables
already showed a lot of possible contamination routes and control measures. In this study, all this
information is gathered and summarized into two overviews: one which is focused on microbial hazards
and another which is focused on chemical hazards. These overviews are meant to give sufficient
information about which hazards can occur during the different stages of the primary production, and
what can be done to solve or prevent these hazards.
By means of an online survey which was spread among Dutch farmers, the control measures mentioned in
the literature (GAP based) were compared to the control measures taken in practice. The selected farmers
all produce leafy vegetables in open field or greenhouse conditions. This research investigated how much
of the prepared guidelines of GAP are actually performed. The results show that a majority of the farmers
apply a large part of the control measures, either for microbial or chemical purposes. However, several
important measures are not performed which can lead to an increased chance of microbial and/or
chemical contaminations.
The literature showed that E. coli is the most prevalent microorganism for leafy vegetables. This
statement is confirmed by this research. The chemical hazards that were present at the Dutch farms are
mainly focused on the production at open field conditions. The greenhouse production has a more
controlled environment and in that way the transmission of chemical contaminants can be minimalized.
This research is performed with a small group of farmers. The results about the differences between
applications of control measures might differ when the selected farmer group increases. For a more
reliable conclusion and to make more reliable statements, it is important to redo this research with a
significant larger farmer group. Due to time limitations this was not possible for this study.
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7.0 APPENDIX
Table 21. Main characteristics E. coli (Lawley, 2013)

Column1
characteristics

source
infection dose
incubation period
symptoms

E. coli
Gram-negative, rod-shaped
T range of 7℃-46℃
acid tolerance: min. pH for growth 4.0-4.4
Awmin is 0.95
facultative anaerobe
MAP does not have effect
Intestinal of animals/humans
<100 cells
1 to 14 days
mild diarrhoea, fever, abdominal pain, vomiting,
bloody diarrhoea, kidney failure

Table 22. Main characteristics L. monocytogenes Lawley, 2013)

Column1
Characteristic

source
infection dose
incubation period
symptoms

L. monocytogenes
Gram-positive, rod-shaped
psychrotrophic with min. T of -1.5℃ and max. T of 45℃
pH range of 4.3-9.4 under ideal conditions
Awmin is 0.92
Facultative anaerobes
human and animal faeces (Beuchat et al., 1990)
>1000 cells/g
1 to 90 days
fever, headache, nausea, vomiting, diarrhoea and for
pregnant women miscarriage

Table 23. Main characteristics Salmonella (Lawley, 2013)

Column1
Characteristic

Source
Infection dose
Incubation period
Symptoms

Salmonella
Gram-negative, rod-shaped
T range of 7℃-48℃
pH range of 3.7-9.5
Awmin is 0.94
facultative anaerobes and can grow in atmosphere with high
levels of CO2
animal intestines
10-100 cells for young or elderly, 105 – 106 cells for healthy
people
6 to 48 hours
diarrhoea, abdominal pains, nausea, vomiting, chills,
dehydration and headaches
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Table 24. Main characteristics Norovirus (Lawley, 2013)

Kolom1
Characteristic

Norovirus
Single-stranded RNA virus
Unable to multiply outside the host
Resistant to acid
Able to survive some pasteurization
Inactivated by boiling
Source
Faeces or vomit of humans
Infection dose
<10 cells
Incubation period 10-50 hours
vomiting, diarrhea, abdominal pains, headache, cramps, low-grade
Symptoms
fever

Table 25. Guidelines for Good Agricultural Practices (FAO, 2007)

Section
Workers

Conditions
• All workers should be registered in the
social security system.
• All workers will be trained, especially in
agro-chemicals/ fertilizer management,
hygiene and first aid.
• Know the history of the field
• Recognize more fertile lands and with
availability of water
• Do not plant in fields with chemical
contaminants
• The field should be free of trash, papers,
plastics and empty containers
• Check there is no risk of water
contamination
• Be acquainted with the type of pests,
diseases and weeds that exist, mainly in
the crop area
• Check on possible contamination sources
form neighboring plot
• With the support of the technician analyze
the type of soil and its depth for good
growth of the roots
• Consider the slope of the field where the
planting will be done
• Perform the minimum possible tilling
• Avoid soil erosion and compression
• Practice crop rotation
• Select seeds that can adapt to the soil of the
field
• Select improved seeds and resistant to the
most frequent diseases according to the
recommendations of the technician
• If necessary, develop practices to eliminate
pests and diseases from the seeds in order
to affect the crop

Crop harvest

Soil

Crops
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•
Water

•
•
•
•

•
•
•
Use of agro-chemicals

•
•
•
•
•

•
•
•
•

•

•
Fertilizer

•
•
•
•

•
Organic manure

•
•
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Select an adequate sowing date avoiding
droughts, pests and diseases
Analyze the water of the field at least once
a year to see if it is contaminated
Use the required amount of water for
savings and care of the crop
Avoid the entry of animals to the water
sources of the field
Do not perform applications and agrochemical preparations near the water
sources
Never use sewage waters for irrigation, nor
be given to drink to the family or animals
Regard the water requirements of the crop
(do not irrigate in excess)
Keep channels where water flows free of
rubbish
Recognize the type of weeds, pests and
diseases affecting your crop
Analyze if it is possible to apply a biological
control instead of a chemical one
The agro-chemicals used must be admitted,
they must be registered in your country
Expired agro-chemicals or in bad state
should not be used.
Once the application is over, the worker
should have a shower and wash the
protection elements
Write down the applications of agrochemicals that are being done
Respect waiting time for each application
Do not enter the plantation immediately
after the application
A special construction should be made at
the field to store agro-chemicals. This place
should be locked, secure, fresh and
ventilated
Highlight the place with the posters like:
“Warning”, “Poison”, “No smoking”, “No
drinking”, “No eating”, “Do not touch”
Empty chemical containers should be
washed, perforated and delivered in a close
bag to the reception centers of containers
Apply only the dose required
Do not apply more than is necessary to
avoid contamination of waters and soils
Write down the applications of fertilizers
being done
Fertilizers should have a special place to
store it. It should be separated from
products and agro-chemicals.
Highlight the place with the posters like:
“Risk”, “Poison”, “No smoking”, “No
drinking”, “No eating”, “Do not touch
Analyze if it is possible to use manure of
animal or plant origin in your field
Wrong use of manure is one of the main
source of contamination

•
•
•
•
•
Harvesting

•
•

•
•

Use only stabilized manure
Use only manure with a previous
composting treatment
Always apply organic manure before
planting the crops
Write down the applications being done
Manure should be prepared in places far
away from the crop area
The harvesting staff must have good
hygiene
Fruits and vegetables harvested should be
placed in clean containers without
touching the ground
Do not use chemical and fertilizer
containers to collect the harvest
Harvested fruits and vegetables must be
placed under shadow and away from
animals and the storage of chemicals is
fertilizers

Table 26. A HACCP-based Supplier Assurance Code for the food industry (Safe Quality Food Institute, 2014)

Control measure
Supplier control

Definition
- Control whether the supplier is certified.
- Control the history of the supplier

Fertilizer management

-

-

Water management

-

-
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Inorganic (chemical) and organic (manure)
fertilizers shall be isolated and stored
separately so as not to pose a food safety
risk.
Fertilizers shall be stored separate from
crop, field or irrigation water sources such
that contamination from run off is avoided
either by locating of the fertilizer a suitable
distance from the crop or by the utilization
of other physical barriers.
An inventory of all fertilizers should be
maintained.
Agricultural water shall be sourced from a
location and in a manner that is compliant
with prevailing regulations.
Water system intended to convey
untreated human or animal waste shall be
separated from conveyances utilized to
deliver agricultural water.
Irrigation water: Agricultural water shall
be drawn from a known clean source or
treated to make it suitable for use. The
producer shall conduct an analysis of the
hazards to the irrigation water supply from
source through to application, establish
acceptance criteria for the monitoring of
water and validate and verify the integrity
of the water used to ensure it is fit for the
purpose.

-

1.
2.
3.
4.
1.

2.
3.
4.
-

Manure management

1.
2.
3.

4.
-

1.

2.

3.
4.
Pesticide management

•
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An initial risk assessment shall be
performed and documented that takes into
consideration the historical testing results
of the water source, the characteristics of
the crop, the stage of the crop, and the
method of application.
Water management plan:
Preventive controls;
Monitoring and verification procedures;
Corrective actions;
Documentation.
Standard Operating Procedures developed
for all uses of water shall address:
The microbial quality of water or ice that
directly contacts the harvested crop, is
used on food contact surfaces or used to
deliver agricultural chemicals;
The treatment of re-circulated water, if
used;
The condition and maintenance of waterdelivery system;
The control of wash water temperature.
No raw untreated manure shall be used.
Soil amendment and application methods
shall be documented and implemented and
designed to prevent contamination of
product.
Soil amendments protocol shall ensure:
The treatment methods applied inactivate
pathogens in organic soil amendments;
A hazard analysis of organic soil
amendments treatment methods is
conducted before use;
Treatment methods are validated and
treatments of organic soil amendments are
verified as being in compliance with the
method applied;
Records of the validation and verification
of organic soil amendment treatments are
maintained.
Soil amendment protocol shall ensure that
organic soil amendment applications are
timed to pose minimum risk to product
safety and human health including:
All applications of soil amendments are in
accordance with national or local
guidelines, best practices and codes of
Good Agricultural Practice;
Equipment used for soil amendment
application is maintained in good condition
and calibrated to ensure accurate
application;
Records of all equipment maintenance and
calibration are maintained.
Sufficient data is recorded to provide a
detailed record of soil amendment
applications.
Calibration should be applied to the
chemical application equipment and has to

be recorded.
Pest and vermin methods shall be
documented and implemented.
• Pest and vermin management program
include:
1. Describe the methods and responsibility of
the pest and vermin management program;
2. Identify the target pests for each pesticide
application
3. Outline the methods used to prevent pest
problems
4. Outline the methods used to eliminate
pests when found
5. Outline the frequency with which pest
status is to be checked;
6. List the chemicals used (they are required
to be approved by the relevant authority
and their Safety Data Sheets (SDS) made
available);
7. Outline the requirements for employee
awareness and training in the use of pest
and vermin control chemicals and baits.
- The temperature should be controlled.
- The floor and other surfaces should be
smooth and easy to clean.
- Silos used to store should remain fit for its
purpose.
Storage of hazardous chemicals or toxic substances:
- Be compliant with national and local
legislation and designed such that there is
no cross-contamination between
chemicals;
- Be ventilated to the exterior;
- Be provided with appropriate signage
indicating the area is a hazardous storage
area;
- Be secure and lockable to restrict access
only to those personnel with formal
training in the handling and use of
chemicals;
- Have instructions on the safe handling of
hazardous chemicals readily accessible to
employees;
- Be equipped with a detailed and up-to-date
inventory of all chemicals contained in the
storage facility;
- Have suitable first aid equipment and
protective clothing available in the storage
area;
- Have emergency shower and/or wash
facilities available in the event of an
accidental spill;
- In the event of hazardous spill, be designed
such that spillage and drainage from the
area is contained
- Be equipped with spillage kits and cleaning
equipment.
- The methods and agents used shall be
documented and implemented:
•

Storage control

Hygiene management
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1.
2.
3.
4.
5.

What is to be cleaned;
How is it to be cleaned;
When it is to be cleaned;
Who is responsible for the cleaning;
Who is responsible for the evaluation of
the cleaning.
- Personnel engaged shall perform
appropriate practices.
- Infected people that can contaminate the
product shall not engage in growing,
product handling or field processing
operations.
- Cuts or lesions should be covered with a
suitable waterproof dressing or otherwise
not engage in handling the product.
- Smoking, eating or drinking is not allowed
in any growing areas, field processing rigs,
during harvesting and packing operations.
- Toilet facilities shall be provided and
designed, constructed and located in a
manner that minimizes the potential risk
for product contamination.
- Personnel shall have clean hands and
hands shall be washed by all personnel.
Jewelry and other loose objects that pose a threat
to the safety of the product shall not be worn or
taken onto any growing, product handling or
storage operations.
- A particular handle order system is applied
which will minimize deterioration and
contamination of products.

Stock control
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