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Abstract

Agriculture in Egypt is facing dramatic changes that affect its productivity, and
accordingly the Egyptian economy. Egypt started in the 1930s, expanding agricultural
land through land reclamation projects. Many of these projects did not perform as
expected or planned due to lack of water and other challenges. While land reclamation
and conventional agriculture techniques have a lot of technical, social, and economical
problems in Egypt; soilless agriculture and aquaponics are being successfully used in
other regions for urban food production as a sustainable solution.

Aquaponics is a technique that integrates fish and crop productions by bringing
aquaculture with hydroponics (soilless planting) together into one system. Although
aquaponics has shown promising results in different regions worldwide, there are
questions that need answering about the most suitable type of aquaponics for food
production in Egypt.

Aquaponics have been investigated in this work in order to identify its potentials, hence
recommend the suitable aquaponics systems for Egypt. The thesis shows that aquaponics
is an ally or alternative to conventional agriculture and land reclamation in Egypt. In this
thesis, two different Aquaponics systems were tested in an experiment,_in the American
University in Cairo, to determine which system design will be more efficient and
productive for use in Egypt on a larger scale. The production and crops variety were more
promising in the Integrated Aqua Aegaculture System than the Deep Water Culture
aquaponics system. The elemental analysis results of water and plants samples, from both
aquaponics systems, show that the Integrated Aqua Vegaculture system has more
potential than the Deep Water Culture system, especially in Egypt under certain boundary

conditions.

12
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1 Chapter 1: Introduction

The population in Egypt, and across the world, is growing rapidly creating a real
challenge for the food supply. Egypt was once referred to as ‘the gift of the Nile’. More
than 7000 years, the Egyptians developed the earliest, and one of the greatest cultures and
civilizations, in the whole world. With recognized achievements in most disciplines of
science, agriculture was among them. During the Roman era, Egypt was known as the
‘bread basket’ of the Roman Empire. Only very recently Egypt has become a living
model of a developing country facing the challenges of land and water scarcity with a
growing population (Kishk, 1993).

Despite this, Egypt began shifting towards industrialization in the 1950s (Szirmai, 2012),
while the main source of the family’s income remained agriculture. More than 50 percent
of the population works in agriculture contributing up to 23 percent of the main national
outcome product. Egyptian farmers are generally low-income families because they share
unfairly in the national land resources (Kishk, 1993). Egyptian agriculture usage of
fertilizers intensified as the fertility of the lands degraded significantly after the High
Dam was established in Aswan in the 1960s (Shamrukh, Corapcioglu, and Hassona,
2001). However, fertilizers are not efficiently used. Egyptian farmers have at least 10
percent loss in the agricultural production annually due to the loss in soil fertility, and

other inappropriate fertilization programs and policies (Kishk, 1993).

Nowadays, Egyptian agriculture faces even more challenges. Egyptian agriculture mainly
depends on irrigated crops from the River Nile as shown in Figure 1. A high population
and increasing water demands in a climate that is too dry are making it difficult for the
River Nile to sustainably support crops.

13
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Figure 1: Schematic Irrigation System in Egypt (Radwan, 2013)

In 1987, Egypt initiated a study showing that land reclamation would provide innovative
economic opportunities for youth through horizontal expansion, yet it appeared it might
affect availability of resources both ecologically and economically (Adriansen, 2009).

Studies show the rise of sea level along the north coast will affect the Nile delta
agricultural land because seawater leeches into the groundwater making it unsuitable for
irrigating crops (Loutfy, 2010; Iglesias, Garrote, Flores, and Moneo, 2007). It is
estimated that by 2100, the rise of sea level will damage Egypt’s GDP by 0.25 percent
with damage costs of above US$ 5 billion per year (Hinkel et al., 2012). Climate change
will have huge effects on Egyptian water and agricultural use with increasing harm over
time (McCarl et al., 2015). Nowadays, not only climate change, but also population and

economic growth are affecting the availability of Nile River water in Egypt.

These factors, along with the increasing demand for water from the Nile basin from
upstream countries (see Error! Reference source not found.) are imposing huge threat
for the share per capita in Egypt. That was highlighted in the reopened negotiations with
the upstream countries asking from their side decreasing the allocated share of Egypt that
is currently 55.5 billion cubic meters (BCM) of Nile river water. Consequently, a conflict
aroused between some of the upstream countries and Egypt, especially that Egypt is

highly dependent on the river compared to upstream countries (Nigatu and Dinar, 2011).
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The Ethiopians are now finishing the construction of the Grand Ethiopian Renaissance
Dam (GERD) located on the Ethiopian and Sudanese border on the Blue Nile River. This
is the main source of water for Egypt and Sudan. The GERD will become the largest dam
in Africa and, with no specific, or declared plan for a reservoir-filling rate strategy; the
phase of filling the reservoir will affect downstream flows to Sudan and Egypt. This
becomes more complicated with climate change and water evaporation. There is a
relationship between the GERD filling rates and how that impacts the water flow
downstream to Sudan and Egypt. For example, holding 25 percent of the monthly river
flow behind the GERD (see Figure 3) will cause an average 14 percent reduction of
water flowing into Lake Nasser within the first five years of filling. Climate changes and
evaporation may make the water loss worse (Zhang, Block, Hammond, & King, 2015).
GERD is one of a series of dams Ethiopia is planning to construct, while Egypt is still

struggling for its historical annual water quota from the Nile.
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Figure 2: Map showing the Nile Basin countries, the course of the River Nile, the GERD, and other future
Ethiopian dams (Zeinobia, 2013)
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Figure 3: lllustration of the Grand Ethiopian Renaissance Dam (GERD) Dam (“No Progress on Egypt-
Ethiopia Dam Negotiations”, 2014)

Nowadays, Egyptian agriculture is facing significant challenges mainly due to its high
dependence on irrigated crops, which are negatively affected by Egypt’s dry climate,
rising population and increasing water demands. In 2016, Egypt’s population reached 94
million and the number is rapidly growing (The World Factbook — Central Intelligence
Agency, 2016). Egypt’s population inhabits 5.5 percent of the total land area, with 95
percent of the population living in Nile River valley and Delta (Heshmati and Squires,
2013). Egypt is 95 percent reliant on the Nile for water, with the remaining 5 percent

sourced from groundwater and rainfall.

It is worthwhile noting that the Egyptian annual share of the Nile’s water is fixed to at
55.5 BCM, based on a 1959 agreement with Sudan (Tortajada, 2008). At the time of the
agreement, Egypt’s population was 28 million people and that doubled in 1980; and, in
2011, it reached 82 million people (Khouzam, 2002; The World Factbook — Central
Intelligence Agency, 2016). Additionally, Egypt’s population is estimated to reach
between 104 —117 million by 2030, and 113 — 162 by 2060 (EEAA, 2010) with the same
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55.5 BCM share agreement of 1959 still in place (EEAA, 2010). This incremental
population increase requires increase in the supply of water and food in Egypt. This
affects Egyptian strategies to raise productivity per acre and increases desert reclamation,
which causes a greater demand for irrigation water (Khouzam, 2002). Similarly, Egypt is
at high risk of the negative effects of climate change (EEAA, 2010). Meanwhile the
majority of Egyptian crops are irrigated from limited Nile water and lands in the Nile

Delta face sea levels rises (Pérez et al., 2010).

Egypt now uses 77 BCM of water (55.5 BCM from the Nile and the rest from water
recycling), 62 BCM of that is dedicated to the agricultural sector, 8 BCM for municipal
use and 7.5 BCM for the industrial use. Conversely, Egypt is fully reliant on the Nile
with its main supply of 55.5 BCM coming from there. Add to it an additional 1 BCM of
deep aquifer and 1.2 BCM of rainwater, which are accounted for in the reuse of
agricultural return flows and waste water (EEAA, 2010). In addition, only 4 percent of
the total Egyptian land area is arable with nearly one quarter of that 4 percent is desert
reclamation (EI-Ramady, EI-Marsafawy, and Lewis, 2013). This indicates the Nile River
water is decreasing as a result of climate change (Beyene, Lettenmaier, and Kabat, 2010).
Therefore, agriculture and food production in Egypt are in danger as the water supply
decreases. Several studies examined the climate change negative impacts on Egyptian
agriculture (Onyeji and Fischer, 1994; Conway, 1996; Yates and Strzepek, 1998).

This is a challenging situation and it is urgent for Egypt to identify new ways to best
utilize water due to the current potential threat of reduced water resources, for a
continuous growing population like that of Egypt. Part of the solution is to produce more
crops per unit water (increasing water productivity) using modern food production

methods such as aquaponics.

1.1 Research Motivation

Egypt is facing a steady increase in water scarcity, which seriously threatens the Egyptian
food security. Geopolitical factors, population growth and climate change are all factors
that stimulate approaching unconventional solutions to meet the challenge of providing
food for future generations in Egypt. Soil and water contamination from traditional
agricultural residues, fertilizers and heavy metals also pose a threat to the quality of crops

and food production in Egypt. Therefore, as part of the search for unconventional
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solutions to the problem of food in Egypt, soilless agriculture represented in Aquaponics
was a worthy alternative solution that presents itself strongly. Egypt can benefit from
Soilless agriculture and Agquaponics, as Aquaponics can make a big difference by saving
large quantities of water that are wasted from traditional irrigation methods in
conventional agriculture. Augaponics also produce organic crops, which contribute to
solving the problem of food quality, offering exportirg opportunities and providing many
lucrative and non-traditional jobs.

The high cost of Aquaponics poses a major challenge to spread this type of
unconventional agriculture. Therefore, a practical experiment was required to determine
which types of Aquaponics can be most suitable to contribute to solving the problem of
food as an alternative to traditional farming methods in Egypt.

The experiment was carried out among one of the most widely known Aquaponics
systems which is Deep Water Culture aquaponics system (DWC) and another customized
Integrated Agaua Vega-culture System (IAVS). This thesis is discussing a practical
experiment that is conducted in the American University in Cairo (AUC) to find out
which system is most suitable for the future of food production in Egypt in terms of
quantity of production, multiplicity of crops’ types produced, crops quality and

consumption of water. Also to see which of the two systems is more economical in cost.

The significance of this thesis is that it attempts to provide the answers to the question:
which kind of aquaponics design is more effective and efficient to use in Egypt? The
outputs of both DWC and IAVS systems in terms of quantity and quality have to be
considered. Also the characteristics of each system through chemical and bacteriological
analysis of water, media and crops are to be considered. this work shows whether
Aquaponics can be an effective alternative for land reclamation in Egypt to meet the

challenges of water scarcity in agriculture.

1.2 Problem Statement

Because of the steady increase in its population, many geopolitical factors and recent
global changes, Egypt is now facing a water scarcity problem that threatens its food
security. Unconventional agriculture techniques such as Aquaponics may remedy this

problem.
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1.3 Aim of work and Research Context

The objective of this study is to determine unconventional alternatives to producing high
quality food intensively, without depending on conventional agriculture techniques, using
minimal energy and water. This concept can contribute to an increase per capita in
people’s incomes, without abusing existing natural resources or jeopardize the rights of

future generations to Egypt’s resources.

Growing crops and producing food without depending on soil (soilless agriculture)
allows intensive production with less consumption of water and energy. This means
urban areas can produce their own food, and will help to minimize the carbon and water
footprints of these areas. Also, this concept can help people in other areas that face water
scarcity, like the Egyptian eastern desert, western desert and Sinai produce more food, an

export market for high quality food might be established then.

It is vital to search for other sustainable solutions to help solving Egypt’s food problem.
That is why aquaponics could be a good alternative to traditional farming methods.
Aquaponics is a technology that combines fish and crop production using aquaculture and
hydroponics (a method of soilless planting). It works using plants to filter waste products
harmful to the fish from the water and using it as a nutrient source (Rakocy, Bailey,
Shultz, &Thoman, 2004).

Nowadays aquaponics’ systems exist as an application for unconventional agriculture and
soilless agriculture either for research or commercial use. They are still not common in
rural areas. This is somewhat because existing aquaponics systems require a large capital
and operational expenditures. Finding new aquaponics technologies, designs, and

techniques is necessary and this study contributes in a positive way to this challenge.

The context of this research is the application of aquaponics from concept, design,
implementation, production process; and results. This includes the variation of
productivity and product quality through an experiment that compares two different
aquaponics systems. One system is designed for testing and application specifically for
Egyptian conditions. It is an efficient alternative to traditional agriculture, and uses

minimal water and energy.
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This study also considers the quality of the crops produced during testing two aquaponics
systems. It then compares their results against each other, and then compares these

aquaponics’ crops with similar crops in the market. This is done by analyzing the main
elements of each product including vitamins, heavy metals and pesticides residues.

1.4 Aquaponics and sustainability

Several food production methods are considered unsustainable, as per the three pillars of
sustainable development. Aquaponics is considered an alternative agricultural method
that can address sustainability by combining vegetable and fish production in a closed

cycle system (Aguilara-Titus et al., 2014).

Minimizing the energy consumption and capital expenditure (CAPEX) of current
aquaponic systems is a goal for researchers using locally available materials. Computer
simulations using computational fluid dynamics (CFD), and utilizing alternative feeds,

can be used to simulate more efficient aquaponics systems models.

The main goal is to design a sustainable and affordable aquaponics system using the
available local materials easily located in developing communities, and to use recycled
and recyclable materials. This can save up to 27 percent of the aquaponics CAPEX when
compared to other systems of the same size (Nigam &Balcom, 2016). Using fluid
dynamics software helps to identify the most efficient system setup. Simulating the flow
through and throughout the system can help to decrease energy consumption by 40
percent (Nigam &Balcom, 2016). Using alternative nutrient sources with lower cost to
supplement fish feed, will reduce the operational expenditure (OPEX) and the need for

market access (Aguilara-Titus et al., 2014).

1.5 Aquaponics and the WEF Nexus

It became evident that Agriculture and food production is correlated with water and
energy challenges. Water, Energy; and Food (WEF) systems are interconnected together
in a Nexus, and when these three systems intersect, this is what is called as a nexus (WEF
Nexus) as shown in Figure 4. Actions related to any of the three systems can influence
one or both of the other sources. Increased water demands of agriculture are a real
challenge, as freshwater resources cannot always meet this demand. Energy and food

generation are the main aim of the Nexus (Bizikova, Roy, Swanson, Venema, and

21



McCandless, 2013).
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Figure 4: lllustration of WEF Nexus, adapted from (IRENA, 2015)

Aquaponics can be considered as a real application for the WEF Nexus. Aquaponics uses
a closed water cycle with minimal energy consumption, which can be provided through
renewable energy sources like solar energy to produce both fish protein and crops
(Hanlon et al., 2013). Several food production methods are considered unsustainable, as
per the three pillars of sustainable development (social, economical, and environments
pillars). Aquaponics is an alternative agriculture method that can address sustainability by
combining fish and plant crop production using a closed-loop system (Aguilara-Titus et
al., 2014). The environmental pillar of sustainability will be tackled by minimizing the
energy consumption and capital expenditures (CAPEX) costs of current aqguaponics
systems. The current goal for researchers is using local available materials. Computer
simulations using Computational Fluid Dynamics (CFD) and utilizing alternative feeds
can be used to simulate more efficient aquaponics systems models. This will tackle the
economical and social pillar of sustainability by reducing the aquaponics CAPEX,
creating new job opportunities and producing healthy organic food. Therefore, the main
goal is to design a sustainable and affordable aquaponics system, by using the available
local materials that are located in developing communities and can be recycled or made
of recyclable materials to decrease the aquaponics’ CAPEX. This can save 27% of
aquaponics CAPEX compared to other systems with the same size (Nigam and Balcom,
2016). Fluid dynamics software helps identify the most efficient system setup, simulating
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the flow through and throughout the system to decrease the energy consumption by 40%
(Nigam and Balcom, 2016). Using alternative nutrient sources with lower cost to

supplement fish feed will reduce the OPEX costs and the need for market access
(Aguilara-Titus et al., 2014).

1.6 Aquaponics for urban food production

Aquaponics help in urban agriculture, because they are closed cycle systems that fit into
inside or outside of every home. Urban food and agriculture are becoming potential steps
to enhance sustainability. Urban agriculture also promotes food systems that help the
community’s overall economic, social, environmental and nutrition aspects. The concept
of urban food and agriculture also address key citizen issues like satisfying the
fundamental need for healthy food, supports green economic goals, and strengthens
community relationships (Hendrickson and Porth, 2012).

Urban spaces can have the capacity for commercial food production, which is a shift
away from traditional farming in rural areas. Community gardening and weekend
farmers’ markets are trending now; and, therefore, architects and planners are addressing
zoning changes to contain commercial applications for urban agriculture (Pfeiffer, Silva,
and Colquhoun, 2015). Planners need to design urban agriculture land use guidelines,

with training and educational programs (Howland, Kim, and Marks, 2012).

1.7 Research Questions

The specific research questions investigated in this research are:
- Is aquaponics an ally or alternative to conventional agriculture and land
reclamation in Egypt?
- Which aquaponics system design will be more efficient and productive to be used
in Egypt?
- What are the results of the water, chemical, elemental and crops analyses

comparison between two different types of aquaponics systems’ production?
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2 Chapter 2: Literature review

2.1 Egyptian Land Reclamation for food production

According to the inherent limitations for Egyptian arable land, the Egyptian government
has converted several desert land reclamation projects into agriculture production. The
first land reclamation initiative started in the 1930s, and successive Egyptian
governments are still working on land reclamation projects to the present day (Voll,
1980). Land reclamation efforts added 2.6 million feddans to the Egyptian agriculture
land during the period from the 1930s to 2015, which is equivalent to a 44 percent

increment.

In 2009, the Egyptian Ministry of Agriculture planned to reclaim an additional 3 million
feddans by 2030. With political and economic instability by 2011, the plan was not
implemented. However, in 2014, the Egyptian president Abdel Fatah Al Sisi declared the
initiative of a 1.5 million feddans reclamation project, as a beginning of the previously
planned 3 million feddans project. The 1.5 million feddan shall include agricultural

industrial zones with integrated communities (1.5 million Feddan Project-SIS, 2016).

The Egyptian government has reclaimed an area of 10,000 feddans near Farafra, in the
Western Desert, as a test. They drilled irrigation wells and planted crops on 7,500
feddans of the developed area. The next step in this project is to drill more than 5000
irrigation wells on the reclaimed land as 80 percent of the irrigation water will come from
underground aquifers. Egyptian authorities plan to distribute 3 — 5 feddans as granted
shares to young universities graduates using an agricultural cooperative organization to

manage the project.

The project faces a lot of challenges; predominantly, the estimated costs for completing
the project reaches as high as L.E. 37 billion (USD 4.7 billion), which affects the
Egyptian economy. The second challenge is drilling, operating, and maintaining 5000
irrigation wells in harsh desert areas with tough conditions. This requires advanced
technology and technical support. Consequently, this will have a negative impact on the
sustainability of the underground water aquifers. The biggest challenge is that it is not
clear how the land will be distributed, and who will be responsible for infrastructure and
maintenance (Tate and Verdonk, 2016).
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2.2 Land Reclamation Problems in Egypt

Major problems include the wrong use of reclaimed lands, the handiness of credit, land
management, security, energy, qualified workers, high salinity, and poor drainage
impacting negatively on land reclamation projects and the Agricultural National Product
(ANP) (Hanna and Osman, 1995).

Land reclamation problems in Egypt can be listed in three main sections; technical,
economic, and institutional challenges. Starting with the technical challenges, water
resources are considered the most important aspect of land reclamation; accordingly,

some studies propose applying water pricing in Egyptian agricultural economics.

Economic challenges are presented in the lack of investment in infrastructure for these
projects, lack of foreign currency, and the inability to lure people from the Nile Delta and
Valley into the reclaimed areas. One reason for this economic challenge is the land is
already overpopulated and degraded due to urban uses. Secondly, the lack of money by

new graduates who have to fully use their lands, the thing that affects their productivity.

Institutional challenges include a lack of coordination between water and land
management authorities, vibrant implementations weakening and delaying projects’
accomplishments, inefficient loan repayment programmes for investors, and the absence
of an accurate database from executive authorities (Hanna and Osman, 1995). Over 70
years, Egypt’s population has increased 300 percent (Monica, 2000). While the reclaimed
land areas did not increase enough to meet the country’s needs. This overpopulation
requires better processes for reclaiming land; ; water quality and quantity, irrigation

systems, and new cropping methods.

The priority in the upcoming years should be focused on maximizing the returns from
new reclaimed lands. Currently, the reclaimed land total area reached 1.9 million feddans,
which represents 25 percent of Egypt’s cropland. However, agricultural production from
reclaimed land does not exceed 7 percent even with big investment from the government

and private sector (Hanna and Osman, 1995).
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2.3 Future of Agriculture in Egypt

While starting a new era, Egypt’s main challenges are related to green economy, human
development, and innovation (Browne, Di Battista, Geiger, and Gutknecht, 2014). For
this reason, Egypt proposed its Sustainable Development Strategy (SDS) 2030 vision for
an economy based on diversification, innovation, and knowledge to improve the quality
of life for all Egyptians. Economic development, market competitiveness, citizens’
happiness, and human development are the main goals of the SDS (SDS Egypt 2030,
2016). The SDS 2030 has a deeper focus on the agricultural becoming involved in
vertical development to increase production per unit on ‘old land’ and horizontal
development of ‘new reclaimable land in the desert’ (SDS Egypt 2030, 2016).

To support the government’s 2030 objectives, sustainable agriculture can play an
important role for the Egyptian green economy in ensuring efficient outputs from vertical
and horizontal developments (“UNEP Year Book 20127, 2012). It opens the door for
organic agriculture that can deliver sustainable and cost-efficient food production
systems. Organic farmers enjoy better prices for their crops and a guaranteed market.
Also, organic methods of production are better for a farmer’s health as it avoids
chemicals and creates employment opportunities (FAO, 2015). One percent of the total
farming land in Egypt is devoted to certified organic farming, and it is showing
significant growth in recent years.

A way to promote organic agriculture in Egypt is adding the negative costs to the cost
calculations for agriculture such as penalties for polluters. On the other hand, there are
currently no generic water prices for agricultural usage in Egypt. In turn, this will not
show the real distribution for the true costs of agriculture production. Real costs must
have a clear vision considering the rights of the upcoming generations in having
sufficient resources and livable environment in Egypt.

The debate is not to promote organic versus agriculture, rather to support the transition
towards more sustainable agriculture. For instance, it is recommended to conduct more
studies for other crops in Egypt. The studies should include more details related to cost
drivers, especially water and carbon footprints. A better overview will be developed
regarding the challenges that the Egyptian agriculture facing and the potential benefits for
organic agriculture production in Egypt (Seada, Mohamed, Fletscher, Abouleish, and
Abouleish-Boes, 2016).

Food security, poverty reduction, and rural development are ways to achieve larger goals
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that lead to economic growth throughout its social connections and multiplier
consequences in the environment. The agriculture division, however, faces some critical
challenges (Hanlon et al., 2013). Therefore, it is important to search for other sustainable
solutions to help in improving food security; quality and quantity. In this paper,

Aquaponics is the proposed sustainable solution.

2.4 Soilless agriculture, Hydroponics and Aquaponics

Aquaponics is a method that utilizes an unconventional approach of fish and crop
production combining aquaculture with hydroponics. The plants filter waste products
harmful to the fish from the system by utilizing them as a nutrient source (Rakocy,
Bailey, Shultz, and Thoman, 2004). Current aquaponics systems exist as an application
for urban food either for research use or for commercial use; still, they are not common in
rural areas as a means of sustenance. The reason is that existing aquaponics systems
require large capital operation and management expenditures, including electricity and
processed fish feed. In accordance, researching aquaponics’ new technologies, new
designs and new techniques is highly required. Aquaponics’ designs include commercial
scales such as low budgets technologies versus high budgets technologies. It is important

to choose the right scale and design of aquaponics to reach optimum results.

24.1 Hydroponics

Hydroponics refers to soilless medium plant production, and is where nutrients are
dissolved in water directly so there is no need for soil. Normally, by adding soluble
fertilizers to irrigation water on a periodical cycle, hydroponics provides a constant
supply of nutrients to plant roots water as shown in Figure 5 (Hussain, Igbal, Aziem,
Mahato, and Negi, 2014). Hydroponic nutrients, such as calcium nitrate, are highly
soluble in. Hydroponics is successful because of its particular concentration of mineral
elements based on injected chemicals into the system’s irrigation water to control the

delivery of nutrients, water, and environmental modifications (Jr, 2016).
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2.4.2  Aquaponics

Agquaponics are bio-integrated systems that integrate aquaculture and hydroponics.
Researchers and growers aim to turn the aquaponics into a real sustainable food
production model because the waste from one biological system (fish) serves as nutrients
for the other biological system (plants). Many different food products can be grown using
a combination of plant and fish farming in an aquaponics system. Reusing water after
mechanical and biological filtration and recirculation provides local healthy food that can
support the local economy (Diver, 2006). Plant roots and rhizobacteria take nutrients
from fish manure in the water and absorb them as fertilizers to hydroponically grow
plants. In return, hydroponics acts as a biofilter stripping off ammonia, nitrates, nitrites,
and phosphorus. Then, the water can be recirculated back, fresh and clean, into the fish
tanks in a closed cycle as shown in Figure 6. The nitrifying bacteria multiplies in the
gravel with the plant roots performing nutrient cycling. Nitrifying bacteria can live in
different environments like soil, sand, water and air. The Nitrifying bacteria are the
essential element of the nitrification process that transfers fish waste into suitable

nutrients for plants.

Nitrification process is the natural process of nitrification by nitrifying bacteria that live

on land or in water, converting ammonia from fish waste into the easily assimilated
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nitrate for plants to use. Nitrification process in aquaponic systems is the process that
provides nutrients for the plants and eliminates ammonia and nitrite which are toxic for
both plants and fish. The ammonia oxidizing bacteria (AOB) and the nitrite oxidizing
bacteria (NOB) work on metabolizeing the ammonia from fish waste into nitrite (NO2-)
by AOB bacteria then the NOB bacteria convert nitrite (NO2-) into nitrate (NO3-). Plants

use nitrate (NO3-) as the main nutrient for its growth.

A closed water reuse cycling system is the most important role of the aquaponics system
where it enables the production of fish protein and fresh vegetables in farms facing water
limitations (Bernstein, 2011). Aquaponics also provides organic and sustainable food
production by linking and integrating plant and animal agriculture by recycling of fish
waste. In order to have a successful aquaponics enterprise, special training, skills, and

management are required (Diver, 2006).
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Figure 6 Aquaponics’ cycle diagram
2.5 Plant, Fish, and Water Quality in Aquaponics

Plant selection in aquaponics is related to fish density in fish tanks and nutrient
concentration. Lettuce, herbs, basil, and watercress are considered to have low nutritional
requirements, while yielding fruit plants like tomatoes and peppers have higher
nutritional requirements.

Several fish species have adapted to aquaponics. The Nile Tilapia (Oreochromis
niloticus) is one species, which lives in warm water and grows well in an aquaponics fish
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tank culture. Nile Tilapia can also adapt quickly to different conditions of water such as
temperature, pH, oxygen and other solids dissolved in water. Nile Tilapias are suitable to
sell at local and wholesale markets.

Water testing kits from aquacultural supply companies are fundamental and crucial to test
water quality including carbon dioxide, dissolved oxygen, nitrate, nitrite, ammonia, pH,

chlorine and other characteristics (Diver, 2006).

2.6 Aquaponics system examples

There are also different types of aquaponics systems depending on the design and size

required by aquaponics operators and investors as shown in Table 1.

Table 1 Types of Aquaponics systems (FAO, 2015).

Aquaponics Type Method used Usage
Deep water culture DWC involves plants in DWC is the most common system
(DWC) systems Styrofoam sheets that float over | for large commercial aquaponics
grow beds with air supplied. growing one specific crop (like:

lettuce, basil, and other leafy
plants).

Media-filled bed The media is used in grow beds | These are the most popular design

systems (Flood and to support the roots of the plants | for small-scale aquaponics as they

Drain Systems) and for filtration. are efficient with space, relatively

low cost, and suitable for beginners
as they are-a very simple in design.

Nutrient film technique | NFT uses of plastic pipes laid NFT aquaponics shows potential for

(NFT) out horizontally to grow custom aquaponics designs. While it
vegetables. Water is pumped is uses less water than the other two
from the biofilter into each methods. But it is expensive and
hydroponic pipe with a small complicated.

equal flow creating a shallow
stream of nutrient-rich
aquaponic water flowing along
the bottom. The pipe contains a
number of holes along the top
where plants are placed into to
grow.

In the DWC system (also known as raft system), the plants are grown on floating
Styrofoam rafts in the grow bed tank. Grow beds, in this system, are tanks separated from
the fish tank. Water flows from the fish tank, using gravity through mechanical filters and
biofilters, to the grow bed tank where the plants are grown. The water is then pumped
back to the fish tank.

In NFT systems, plants are grown in long narrow pipes. A thin film of water flows in

each pipe after mechanical and biofiltration to provide nutrients and oxygen to the plants
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through plants’ roots. The DWC system is more common for commercial size operations
as NFT is more expensive, and there are problems with the clogging of small pipes and
tubes.
A media-filled bed system uses a grow bed filled with gravel, perlite, or sand. Water is
flooded periodically from the fish tank then pumped back to the fish tank after the plants
absorb the nutrients. While in this system, all wastes including the solid wastes are used
without filtration. Solid wastes are broken down within the plant bed. Media-filled bed

systems also known as integrated aqua vegaculture systems.
2.6.1 Low-tech Aguaponics

Any existing aquarium can be transformed easily into a stand-alone herb production unit.
The costs are very low and the process requires no special crafts, skills, or tools.
Likewise, an aquarium can be manufactured from low cost materials with no additional
special skills or tools required.

Using low-tech aquaponics systems allows people living in urban areas to get closer to
nature and grow their own fresh herbs, leafy vegetables, and fresh fish protein with

minimal production costs (Nicolae et al., 2015).

2.6.2 Small-scale Aquaponics

One of the best practices for producing organic food and vegetables at home in urban
areas is a small-scale aquaponics system. It is a sustainable technology that requires
minimal water and space (Menon, Sahana, Shruthi, and Suganya, 2013). It is a small unit
that can be used indoors, placed on a terrace or integrated into the interior design of
homes, offices, kitchens, and workspaces.

2.6.3 Micro Agquaponics

An innovative and simple design concept for a micro-scaled aquaponics system may pave
the way for a new concept of eco-farming systems. Micro-scaled aquaponics aims to use
the value of the residue in the water and transfer it through a combination of
multidisciplinary efforts, such as simple low environmental impact technologies to

become valuable end products (Khakyzadeh et al., 2015). This is a very small unit that
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can be used on the top of a desk or on a table indoors. It is portable and sets up the basis
of sustainable farming.

New technologies, like wireless sensors, are used to control and remotely monitor
aquaponics systems. These wireless sensors detect oxygen levels and pH parameters
dissolved in the water. It is important to continually check the pH levels to ensure healthy
growth conditions in both fish and plant tanks. The ammonia levels and water
temperature can also be monitored; although, till now there is no developed working
system for this purpose. Monitoring these parameters remotely is still difficult to control
and requires further development. In addition, these systems can automatically feed the
fish once being programmed in specific times (Guerrero, Edwards, Wan, and Sheth,
2013).

Testing the water in aquaponics is essential and can be done using water test kits. These
are easy to use and available at an average price of US$ 10. Kits contain strips to use to
measure the amount of ammonia and pH in the aquaponics water.

Other kits are used to measure nitrate. The individual and multi-parameter Kits are still
not the most accurate way for testing aquaponics water. It takes from 15 to 20 minutes to
develop the color on the kit’s strip to show the measures. Yet, these kits are cost effective
if the time factor is not critical. Electronic sensors and meters used for testing water are
considered accurate, but are the most expensive. Potentially, the cost can be reduced
effectively by having many samples and frequent measurements. Still, electronic sensors
and meters require calibration and special care from time-to-time. Alternatively, regular
water test Kkits are considered enough for bench scale and backyard aquaponics (Klinger-
Bowen, et al., 2011).

2.7 Aquaponics in Egypt

Aquaponics offers the opportunity for developing countries to produce animal protein
and fresh vegetables. Aquaponics is a solution to meet multiplying food demands using
simple production systems and limited supplies that utilizes animal waste to produce fish
protein and fresh vegetables (Savidov, 2011). In Egypt, there is an opportunity in small-
scale fish farming to generate income and provide protein rich food for many people all
year-round. Small farmers, fishermen, and startups can benefit of aquaponics (Essa et al.,
2008).
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In 2011, aquaculture in the Egyptian desert covered more than 100 intensive tilapia farms
in rural areas. Twenty farms are commercial aquaculture systems with an approximate
annual production of 13,000 tonnes. There are various fish species that can be used in
aquaponics in Egypt like Red Tilapia (Oreochromis sp) Nile Tilapia (Oreochromis
niloticus), flathead grey mullet (Mugil cephalus), North African catfish (Clarias
gariepinus), common carp (Cyprinus carpio), silver carp (Hypophthalmichthys molitrix),
grass carp (Ctenopharyngodon idella), European sea bass (Dicentrarchus labrax),
gilthead sea bream (Sparus aurata) and other species (Sadek, 2010).
Groundwater and agricultural drainage water are the main water source for aquaponics in
Egypt, with range of salinity 0.5 to 26 g/liter, and temperature from 22° to 26° C. Fish
fingerlings is sold in the local market at a price ranges between 300 to 400 EGP per 1000
fish fingerlings. Most farms buy fish fingerlings directly from local markets, while five
farms established their own fingerling hatchery. Hatcheries are an example presenting
development opportunities for commercial farms is highly related to the water quality and
quantity, the availability and prices of fingerlings, fish feed quality and prices, capital
expenditure, and operating expenditure (Sadek, 2010).
The success of aquaponics in Egypt is based on the fact that fish do not consume water.
Fish farming is a clean production system, which offers more water to agriculture. There
are some factors that assist in achieving success in aquaponics. First is the continuous
application and assessment of the three pillars of sustainable development on the
potential usage of water for desert based aquaculture production, either for fresh or
brackish groundwater. Second, is calculating the water salinity tolerance and
requirements for aquaponics. Pilot projects should be established for small-scale
intensive aguaponics, and demonstrate these activities as opportunities for areas like the
Central Sinai (Sadek, 2010).
Water scarcity is an important driver for hydroponic and aquaponic production in Egypt;
yet, Egyptian consumers are still not fully aware that aquaponics is a sustainable
alternative for water use. The main target groups for producers (until now) are high-end
retailers and stores that are quality and service oriented rather than price oriented. Until
recently, the main crops in Egyptian aquaponics were only leafy vegetables and herbs,
while shifting to other vegetables like tomatoes as shown in Figure 7 and peppers
appears more promising. There is a big opportunity for producing tomatoes that can be
sold in small, medium and high-end retail shops (like Alpha market, and Saudi market) in
areas like Maadi and Zamalek in Cairo (Soethoudt, 2016).
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Figure 7: Pictures of tomatoes production in a small-scale aquaponics in New Cairo, Egypt.

2.8 Feasibility of Aquaponics versus Land Reclamation in Egypt

Land reclamation and conventional agriculture’s capital expenditures (CAPEX) and
operational expenditures OPEX depend on the land location, status, soil salinity, and
availability of water and irrigation methods. Agriculture lands differ in fertility, and this
will affect the CAPEX and OPEX because the land price will differ. Location is an
important aspect that affects land’s price either for ownership or for rent. Some lands are
more saline than others and this need more efforts and CAPEX for agriculture
production. Using chemical fertilizers and soil conditioners also increases the OPEX.
Water availability for irrigation is another important aspect, as some lands are near to
running water sources for irrigation and this affects the lands’ prices by making it more
expensive. Using irrigation pumps, the fuel that will be used by pumps and maintenance
fees will be also added to the CAPEX and OPEX. Other lands do not have a direct access
for running water source so in that case the owners will have to dig water wells for
irrigation. The CAPEX for digging water well is exceeding EGP100000 (Gomaa, 2017).
The water salinity of water wells varies, and the need to maintain the wells also affects
the OPEX. Drip irrigation network cost and its’ maintenance should be added to the
CAPEX and OPEX of reclaimed lands.

Land rent price for agriculture uses varies from EGP3000 to 6000 / year per feddan due
to the above-mentioned reasons. These rent prices apply for land reclamation and
Aquaponics lands. The only different is that Aquaponics do not require any specific land
qualities, as Aquaponics can be installed in rocky lands, saline lands, and any land type
that is not even fertile or able to be used for agriculture production, while Aquaponics’
crops will be also organic despite the lands status, as there is no use for chemical
fertilizers, nor pesticides (Hassanen, 2017). Putting all that in consideration, it is
estimated that land reclamation’s CAPEX is around EGP 185,000 per feddan (Abou
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Amra, 2015). While land reclamation OPEX is estimated to be EGP 4,000 / year per
feddan (Hassanen, 2017).

Aquaponics’ CAPEX and OPEX depend more on the Aquaponics scale and design; the
bigger the Aquaponics scale the less CAPEX and OPEX. The Aquaponics’ CAPEX for 1
feddan costs around EGP40 / m? for Plant beds and EGP 12/m? for Greenhouse roof.
Pipes and hoses cannot be estimated as it varies from a design to another, but for example
of a 1 feddan production unit, piping costs around EGP33,000, or EGP8 / m% Pumps
CAPEX depend on the design, with estimated starting cost of EGP10000 plus an average
of EGP5,000 for every 500 m? of plants, and other air pumps cost an average of
EGP10000. Top quality fish feed of 32% protein cost ranges between EGP8500 to 9,500
per ton, but about half this price can be reduced in case of manufacturing the fish feed
locally, Fish costs EGP 300 per 1,000 fingerlings of 7-10 gm. weight. Electrical fittings
are dependent on the design. Yet, it is an expensive component and it correlates with the
number of machines and devices that are included in the Aquaponics. Normally,
electricity installation costs could reach up to EGP 100,000 - 120,000 per Feddan, or
approximately EGP310 per meter square.

Overall CAPEX for a well-equipped Aquaponics module can cost up to EGP1.3Million
per feddan with a capacity of 90,000 net cups and around 11 tons of fish in the system
(Hassanen, 2017).

Aquaponics” OPEX mainly depends on the system design. For example, water capacity
of the first fill in the Aquaponics system is estimated to be 0.23 m? for each m? of plants,
substituting from 5 to 7% of the water capacity per week, and this depends on the
agriculture practice, system design and weather conditions. Water cost is 600 EGP per
month and the effective maximum capacity of water to be withdrawing 1500 - 1800 m?
per month which results in a cost between EGP 0.4 per m®. Electricity consumption
depends on the Aquaponics design; estimated total electrical load is around 50 kW or
8000 kWh per month. Seeds depend on the crop type, origin, supplier, and specifications
such as coating, bread, genetic properties/resistance...etc. One premium seed can cost
anywhere between EGP 0.01 - EGP 0.15. Overall OPEX for a well-equipped Aquaponics
module can cost up to EGP17,500 per feddan per month (Hassanen, 2017).

The following Table 2 summarizes the CAPEX and OPEX for aquaponics farm in Cairo
Alex desert road in Egypt on 400 m? area. It shows that the CAPEX in 400 m?
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Aquaponics is higher than that for 1 feddan because the larger aguaponics scale the less
CAPEX and OPEX.

Table 2: CAPEX and OPEX for Aquaponics farm in Cairo Alex desert road in Egypt on 400 m2 area
(Gomaa, 2017)

Aquaponics'TCAPEXEndE@PEX@{areaB00E quareinetre)
Serial Item Qty PriceqEGP) TotalEGP)
CAPEX
1 |Tank@Fiber@Glass)BRapacityd®.5En? 2 12000 24000
2 MechanicalilterBapacity2En® 2 3000 6000
3 Constructiondor@GrawedsiAnstallationdees 5 2000 10000
4 |500@Enicron®inyl 350Bquarenetre 30 10500
5 |styrofoamB@&hicknessEBEm Bn® 1200 7200
6 AirumpERthorsepower 2 3000 6000
7 SubmersibleBumpBRLEhorsepower 1 2000 2000
3 fljr;er:er:g:;ed;- winter shade(200 micron 40m x 9m + 1 40000 40000
9 Net@ups®cm 9000 1.25 11250
10 |plumbing@ndBiping@EvaterBupply 30000 30000
11 |Electricity@ontrolipanel@ndRonnections 10000 10000
12 linstallationdees 10000 10000
TotalTAPEX 166950
OPEXF®year
1 |pittmossB@erliteBBponge 10+10+100 5000 5000
2 plantsBeeds 5000 5000
3 |fishBeeddprotein®B0%)E@ransportation 1&on 8400 8400
4 bioBupplemtentsk 6kgms 1000 1000
> Insects@ndnficttionsiioighters 1000 1000
Total@DPEXFHear 20400
TotalTAPEXEAnd@DPEXForRheirstiear 187350|

Table 2 shows the total Aquaponics CAPEX / square meter = EGP418 / m?, total
Aquaponics OPEX / year / square meter = EGP51 / m? and the total Aquaponics CAPEX
and OPEX for the first year / square meter = EGP469 / m?. Upon initial review CAPEX
and OPEX of this aquaponics considered very expensive compared with land reclamation
for the same area. Therefore, Table 3 shows CAPEX and OPEX comparison between
Aquaponics and reclaimed lands per feddan. This table eliminates land rent or ownership

costs from both Aquaponics farms and land reclaimed farms. The comparison also

36



{3 THE AMERICAN UNIVERSITY IN CAIRO (/

ool all & Soy o¥l dx ol 3] S~
illustrates the estimated profits from lettuce farming in Aquaponics farms vs. land-
reclaimed farms per feddan. The Aquaponics production of lettuce lies between 90.000 -
120.00 lettuces per feddan, average of 30 lettuces per square meter. While the
conventional agriculture or land reclamation production of lettuce is 30,000 — 40,000
lettuce per feddan with average of 9 lettuces per square meter. The Aquaponics’ lettuce
production sales in winter for mass market is approximately EGP5 per one lettuce, and in
summer the selling price reaches EGP 10 per one lettuce. The Aquaponics’ lettuce is
considered organic and is sold mainly to niche market, while lettuce production sales
from conventional agriculture and land reclamation in winter is EGP 1 per one lettuce
and in summer for EGP 4 per one lettuce. Lettuce production in reclaimed lands is better
to be one time per year in winter season, as 1 feddan produces 30,000 — 40,000 lettuce,
and needs from 3 to 4 months to be harvested, while in Aquaponics it takes from 30 to 45
days for harvesting the lettuce, without maximum times per year (Zaki, 2011). Fish is a
byproduct of the Aquaponics’ lettuce production comprising almost 11 ton / year. Nile
tilapia price per kilo in mass market is in the range of EGP18-25 depending on quality.
Fish from Aquaponics is organic and the price is around EGP20 /kg. Fish profit reaches
EGP220,000 per year per feddan. The table shows the total profit of the aquaponics after
deducting CAPEX and OPEX in the first year per feddan is EGP4.8 million, and total
profit in the following years is EGP6 million per year per feddan. While the total profit of
land reclamation after deducting CAPEX and OPEX in the first year per feddan is
EGP31,000, and total profit in the following years is almost EGP200,000 per year per
feddan. Despite that aquaponics’ CAPEX and OPEX are very expensive, yet the table
shows that aquaponics are much more profitable than land reclamation in Egypt.
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Table 3: CAPEX and OPEX comparison between Aquaponics and reclaimed lands per feddan.

1#eddan Aquaponics land@eclamation
CAPEX@erfeddan EGP1,300,000 EGP165,000
OPEX@erfeddani®ear EGP214,200 EGP4,000
Lettuce®Production@Ber®netharvesting@ime@per@eddan 90000 40000
lettuce@rice@n@vinterBer@initdmass@narketdrice)/EGP EGP4 EGP1
lettuce@riceAnBummer@erfinitdmass@narket@rice) EGP10 EGP4
timesftharvesting@Fearfperdeddan) 10®imes/Fear 2@imes@erFear
totaldettuce@roductiondFearfperdeddan) 900Kmnit 80Kmnit
totaldettuceBroductiond@n@vinterperBeasonf 6@nonths")Berdeddan 450000 40000
totaldettuceBroduction@nBummerr@perBeasonf 6@nonths")perfeddan [450000 40000
totaldettuceBales@n@vinter@perBeasonf 6@nonths")Eerdeddan EGP1,800,000 EGP40,000
totaldettuceBales@nBummerldperBeasonf 6@nonths")Berfeddan EGP4,500,000 EGP160,000
totaldettuceBalesiFearfperdeddan) EGP6,300,000 EGP200,000
Total@rofit@fter@educting@LAPEXENdEDPEXAnHirstyear EGP4,785,800 EGP31,000
TotalBrofitAn®hethextyearsidFear EGP6,085,800 EGP196,000

2.9 Integrated Aquaponics systems

The term aquaponics involves converting fish waste into nutrients to be used by plants.
Aquaponics is a soilless agricultural solution and concept that helps to provide high food
quality. While a wide range of vegetable crops might not be easily produced, or might not
be produced at all using aquaponics as a soilless agriculture method. Aquaponics is
perfect for producing leafy vegetables, but other vegetable crops cannot be productive in
soilless plant beds.

Aquaculture and its integration with agriculture is not a new technology. It has been
traced back into the ancient history of several cultures and nations such as Egypt and
China 5000 years ago (Jones, 2002). In the last twentieth century, a lot of developments
have been applied to increase the number of species and production levels through the
integration of aquaculture and controlled environments for vegetable production. The
technique of integrated aquaponics systems is not new. It offers more benefits than a
normal aquaponics system has by itself. There are two main methods that today’s

aquaponics systems follow:
1. First is using water plant beds and a floating raft system or the DWC.

2. Second, is the integrated aqua-vegaculture system (IAVS), which started as a
concept in the 1980s using sand in plant beds to grow plants or with plants

growing in gravel or other non-soil medium as shown in Figure 8. Some
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commercial systems today are starting to integrate both systems.
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Figure 8: Adapted from (“IAVs Layout Options | IAVs,” 2017)

DWC aquaponics and IAVS aim for the same goal to produce more food faster, while the
differences between the two methods are that DWC mixes hydroponics and aquaculture
using water plant beds covered with floating foam panels. These hold net pots that allow
plant roots to extend through into the water to absorb the nutrients in the water (either
purchased nutrients or natural nutrients from fish waste, or even both). The water must be
aerated to grow plants. A pumping system, mechanical filters and biofilters are used to
refine fish waste to contain the correct nutrients for the plants need. The water passes
onto the plant beds and is then pumped again to the fish tanks once the plants absorb the

nutrients.

While 1AVS is considered simpler as the fish tanks are beside the plant grow beds that do
not contain water. The grow beds contain other growing media like sand, gravel or any
other small mineral particles with a wider and bigger surface area. Grow beds also work

as biofilters so there will be no need for a stand-alone biofilters like DWC.

Sand in the IAVS will work as a mechanical filter and it is one of the best mechanical
filtration systems in terms of cost effectiveness and efficiency. Sand is widely used today
for the same reason in different industries such as pool filters. In IAVS aerobic bacteria is
more likely to grow than in DWC. The beds are lines with plants directly planted into the
media (eg. sand) without net pots. Fish tank water flushes directly onto the plant bed
surface for the plants to absorb the nutrients and then pumped again to the fish tanks.
There are no filters, foam panels, net pots or plant grow bed aeration, which means less
CAPEX and also less OPEX.
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DWC and TAVS have similarities, as each system is a form of recirculating aquaculture
system (RAS). Each system relies on the nitrification process of the aerobic bacteria that
transfers Ammonium (NH4) or Ammonia (NH3) from fish waste by Ammonia oxidizing
bacteria into Nitrites (NO2) then Nitrates (NO3) using nitrite oxidizing bacteria to
become useable nutrients for plants. Also both systems rely on fish waste, which means
that fish food is the main nutrient input. They also rely on an aeration system to enable
the growth of aerobic bacteria that transforms fish waste into useful nutrients for plants.
DWC and IAVS can produce yields of vegetables and fish and both system rely on the
existing technologies of plumbing, plastic tanks, water pumps, and other readily

accessible equipment.
The main differences between both DWC and IAVS systems are:

The DWC system needs more labor to clean its filters and deal with the excess solid fish
waste. There is also the potential for equipment failure and the need for further skills.
Adding all these factors together means that the system is less scalable and of a higher
risk for investors. In spite all these disadvantages, the DWC system is considered very
successful in producing fish and vegetables compared to traditional hydroponics.
However, the world’s technology in sustainability is moving towards simpler systems
with higher outputs in production.

IAVS is simpler with a lower technology concept, as it is closer in design to the natural
ecosystem in wetlands. Using one pump, it is possible to create a lower budget system.
Even larger, commercial IAVS systems are built with the same simplicity, as there is less
cost in implementing the system and it allows for more creative solutions in the fish tanks
such as water heaters for the fish in winter and making suitable constructions for plant
grow beds and both the DWC and IAVS can use high-end solutions for remote
monitoring.

IAVS is expected to result in greater yields with less risk. Also IAVS has been used
mainly for small-scale growers, while it has a potential for success on a commercial

scale.
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There are great opportunities for innovation in the IAVS and other integrating aquaponics
systems. With a properly designed system, investors and operators can have amazing
yields’ results compared to basic aquaponics systems that currently used. Aquaponics
generally continues to develop into a real commercial industry, which is why it is so
important to evaluate and discuss its standards (McMurtry, Nelson, Sanders, and Hodges,
1990).
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3 Chapter 3: Research Methodology

3.1 Research Design

The research methodology is using quantitative methods. The following represents the
process followed in the research in order to meet its objectives and te answer the research
questions:

- Summarize and synergize existing literature on Aquaponics and IAVS.

- Determine the required resources for starting an experiment of installing two systems;
first one is a Deep Water Culture Aquaponics system (DWC) and an Integrated Aqua-
Vega culture System (IAVS) in The American University in Cairo (AUC).

- To test variables being measured, both systems were designed similarly as regards to
the number of plants and fish, amount of food, and external environment. Fish were of
the same weight and plants were of the same kind. These are the controlled variables

of the experiment.

- Dependent variables being measured are crop variation, quality, quantity, and growth
of plants and fish in both systems. Variables will be measured by performing a
comparative study between both DWC and IAVS systems. Also variables will be
measured by chemical, elemental and Bacteriological water analysis for both DWC
and IAVS systems before and after the experiment. Elemental sand analysis will be
also measured in IAVS before and after the experiment. Elemental, chemical,
pesticides residues and heavy metal analysis of crop will be done to Molokheya crops
in both systems and results will be also compared with another source of organic
Molokheya from the market. Vitamin A — beta carotene analysis will be measured in
Molokheya from both DWC and IAVS systems and will be compared with another
source of organic Molokheya from the market.

- Discuss the experiment assessment results and present a list of recommendations.

3.2 Research subject

This research is comprised of several phases. The first phase is a review of Egyptian

conventional agriculture and land reclamation procedures, focusing on new challenges
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such as the rapidly increasing population and climate changes. Water-Energy-Food nexus
is presented as a real solution for these challenges, through new food production
techniques via soilless agriculture and integrated systems. The second phase was
associated with understanding the methodology and structure of the study for performing
a comparative analysis between DWC and IAVS selected systems. The basis of the
comparative analysis is to explain the comparative experiment results. The results of this
analysis include issues that other researchers should take into consideration based on
local context and conditions. The final stage, which is the outcome of this research, is a
list of recommendations and suggestions to the upcoming researchers in the field of

soilless agriculture, Aquaponics and other unconventional agricultural methods.

3.3 Comparative experiment between DWC and IAVS Aquaponics

systems
The main objective of this experiment is to compare the productivity variations, and
quality of DWC and IAVS systems in a lab scale experiment in the AUC. Both DWC and
IAVS systems were designed and implemented with the same proportions, dimensions,
surroundings, and conditions. They had the same inputs and amounts of plants and fish.
The results from both systems were analyzed and compared to determine which system is
more efficient, economic, and productive producing higher quality products. The

following Figure 9 shows the experiment location in AUC.

43



‘30 01°09.7°N 31°29:53.4"E

8

Key:

Green square is the

Aguaponic location in pian

bird eye view from Google Image © 2016 DigitalGlobe
Earth, ©.2016 Google
L=6m 2016 ORION-ME

W=5m . Google earth

Imagery Dote: 5292016  30'W109.68° N J1°2049.91°E olev 318m  eyoalt 588m (

Figure 9: Satellite map from Google earth shows the location with altitudes and latitudes for the lab scale
DWC and IAVS experimental systems in The American university in Cairo.
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3.4 Materials and methods of the experiment

The DWC system method uses plastic net cups set into holes in Styrofoam floating rafts.
These hold the plant seeds using gravel. Styrofoam floating rafts cover and float on top of
the water over the grow bed in the tank. The tank is 4.2 m long, 1.2 m wide and 0.35 m
high. Panels of yellow pine wood are used to construct the grow bed. A double layer of
vinyl was applied to the wooden grow bed from inside to pad it to a thickness of 500
microns for the one layer. This makes the wooden grow bed waterproof.

The water grow bed is attached to a fish tank made of simple plastic materials such as
IBC tanks. Tanks are put into a stainless-steel cage to prevent the deformation of the
plastic due to the weight of the water as IBC tank holds 1 Ton of water and fish per 1
cubic meter. The DWC system is using a mechanical filter made from blue plastic barrel
with capacity of 200 the solid liters to remove waste from water. The nitrification process
works in DWC by transforming the ammonia in the water from the fish waste into
nitrates that are the main source of plant nutrients. Water flows from the fish tank to the
water grow bed using gravity.

The DWC system also has a submersible water pump for recycling the water through the
whole system, and an air pump to provide the fish and plants with oxygen through rubber
tubes and air stones. Another water collection container is used under the water grow bed.
It collects the water that comes out of it and pumps it to the fish tank using the
submersible water pump in a closed water cycle. The water-collection container is also
made of wooden yellow pine panels and measures 3.8 m long, 1 m wide and 0.4 m high.
It is also padded with a double layer of vinyl with a thickness of 500 microns as shown in
Figure 10, Figure 11 and Figure 12. The submersible water pump can pump 2000 liters

of water per hour, which can circulate the water in the system twice per hour.
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Figure 10: Perspective of the DWC Aquaponics system used in the AUC experiment.
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Figure 11: The DWC Aquaponics system used in the AUC (side view) experiment.
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Figure 12: DWC design concept — Plan & side view - Adapted from (FAO, 2015)

The IAVS is similar to the DWC system, only it uses sand instead of waterbeds to grow
plants. Sand beds are supposed to be able to grow a greater variety of plants than the
DWC system. The IAVS is designed and constructed using the same materials and
dimensions of DWC system; 4.2 m long, 1.2 m wide and 0.35 m high. The construction is
made of yellow pine wood panels covered with double layered vinyl with 500 microns.
The sand grow bed is attached to an IBC fish tank. It holds 1 Ton of water and fish per 1
cubic meter. The IAVS system does not include any mechanical filters, as the sand will

work as a natural filter (Figure 13, Figure 14 and Figure 15).
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The nitrification process works by transforming the ammonia in the water from the fish
waste in the fish tank into nitrates in the sand grow bed. Water flows from the fish tank
into the sand grow bed by force of gravity. A timer is used to control the water flow from
the fish tank to the sand grow bed. Water flows using the timer for 30 minutes every two
hours, five times per day, starting from 7.00 am to 5.00 pm. This method is supposed to
be more efficient in water consumption as the sand grow bed is inclined for more water
consumption through the evaporation and trans evaporation from plants, while the water
grow bed in DWC system is fully covered with Styrofoam floating rafts to limit the
evaporation and trans evaporation. A submersible water pump is used for recycling water
from the sand grow bed to the fish tank. The same air pump is used to provide fish with
oxygen, as plants get the oxygen from the spaces between sand particles in the grow bed.
A water collection container is used under the grow bed to collect the water that comes
out and pumps it to the fish tank in a closed the water cycle. This water-collection
container is the same as the one in the DWC system. The submersible water pump power
is also 2000 liter/hour like DWC.

Figure 13: IAVS system preliminary design — side view with dimensions and descriptions.
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Fish Tank
water collection wooden container (1 m3) IBC water tank
fully covered with vinyl
380cm x 100om x 40cm depth
wooden Grow bed covered with vinyl

420 cm x 120cm x 35cm depth

Figure 14: IAVS system design — side view with dimensions and descriptions.

Figure 15: Perspective of the IAVS used in the AUC experiment.

Designing and implementation started in June 2016 by creating an action plan. It also
determines the tools and materials required after setting the initial design for both
systems, as shown in Table 4 and Figure 16. Both systems needed modifications,
monitoring and testing before starting the experiment on April 21, 2017.

49



Table 4: DWC and IAVS work plan before starting the experiment in April, 21st, 2017.

DWC & IAVS Aquaponics sysems updated action and time plan

Ser Action item Period

2016

Jul | Aug

Sep

|Meeting to discuss:

- High level Requirements

- Available resources

- Non-Design related materials list (water
[test kit + pumps+ ammonia......)

- Commaon components between the two
|systems (growing tables+plumings..)

- Action plan

{Initial design and layout & items List

List of major items sized to Initial design
(submitted to purchasing & Order major

|

: Iimns sized to Initial design (purchasing i

|items delivery & Assemble the system
4 7 days |

Cycngphase (¢ |
: s I—

Develop operating materials/vendor list:
- Fish fingerfings

- Fish feed source + storage place

- Plants nursery

Develop operating daily/weekly/cyde

6  [taskslist: 45 Days
« Monitoring the system working

- Fish feed

- Start of operating phase Fish and Plants
added to the system

Operating phase - Fish & Plant growth

and time lapse photos

- Pest monitoring /control

- Water Sﬂﬂ tests
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The weather becomes colder in autumn and winter, and cold weather affects both plants
and fish. Nile Tilapia fish were chosen in this experiment on purpose. Tilapias can live in
a wide variation of temperatures (FAO, 2015). In summer, the temperature can reach
more than 40 degrees and the water in the fish tanks can reach 35 degrees. In winter, the
water temperature in the fish tanks can drop to as low as 11 degrees. Temperature
variations can directly affect the plants. However, temperatures have an indirect effect on
the fish. Cold weather affects the appetite of the fish. This makes the fish eat less than
their usual fish food portions. Less fish food means there is less fish waste dissolving in
the fish water tank. This affects the nutrients levels after the nitrification process.
Plants will have fewer nutrients to grow accordingly, and this affects the plants
negatively. Special waterproof heaters were applied to both fish tanks in DWC and IAVS
systems to make the water in the fish tanks warmer, helping fish in both systems to eat
more in cold weather. A simple arched greenhouse construction is also implemented in
the Aquaponics site in AUC, surrounding both DWC and IAVS systems. The Greenhouse
helps to mitigate weather temperature variation. It is made of metal arches covered with
vinyl to increase the temperature inside the greenhouse during winter. In hot weather, the
vinyl layer is removed and another layer from agriculture shading net is applied. The
agriculture shading net prevents sun and direct heat to affect the systems and it provides
shades. It also allows the air to flow inside the systems as shown in Figure 17 and Figure
18.
Applying the greenhouse option will help in controlling the weather and temperature
inside the site for both DWC and IAVS. It will also help in improving the fish appetite.
On the other hand, these improved weather conditions can also provide a suitable
environment for insects to grow and affect the plants inside the greenhouse. Neem oil and
Pheromone traps are used as Bio-pesticides to fight insects and infections in a
sustainable, green and organic way.
Both systems are connected to sensors to test the water current temperature, pH, and
dissolved oxygen. These sensors are attached to a motherboard and a battery designed to
send data through a GSM mobile network to a cloud server to monitor the Aquaponics
systems remotely in the runtime. Also the system will be sending alarms in case of any
emergency through SMS using the GSM mobile network. The needed electricity power
in both systems for the water pumps, air pumps and other needs like heaters for fish in the

cold weather or sensors is less than 0.5 kilowatt/hour.
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Figure 16: The implementation process.

— — . —— — — —_——

Figure 17: Lab scale of the DWC and IAVS systems used in the AUC experiment (Front view).
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Figure 18: Lab scale of the DWC and IAVS used in the UAC experiment.

3.5 Fish

The experiment started on Friday, April 21, 2017 by distributing fish in both DWC and
IAVS fish tanks equally, with a total of 150 fish in both systems. Seventy-five Nile
Tilapia fish were added to each tank with total weight 2600 gm and average weight of
34.5 gm per fish. The total fish weight in both DWC and IAVS fish tanks was 5200 gm
for the 150 Nile Tilapias fish. Figure 19 shows the Nile Tilapias before and after adding
them to the DWC and IAVS fish tanks.
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Figure 19: 150 Nile Tilapias are distributed equally to DWC and |AVS.
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4 Chapter 4: Results and Analysis

It was noticeable in the beginning of the experiment that the fish consumed more fish
feed in IAVS than those in the DWC, despite the rise of ammonia rates in IAVS.
However, in the last month of the experiment, the fish in the IAVS started to lose their
appetite. With higher rates of ammonia, all the fish in the IAVS fish tank were found
dead on August 21, the last day of the experiment. The fish weighed 13 kg in the IAVS
and 15 kg in the DWC. Fish in both systems consumed 35 kg of food from April 21 to
August 21, 2017. Fish in the DWC gained 12.4 kg during the experiment with an average
gain per fish of 200 gm. Fish in IAVS gained 10.4 kg with the average weight per fish
reaching 173 gm.

The fish turned 35 kg of fish feed into 22.8 kg of fish biomass in both DWC and IAVS
systems. In the DWC, 17.5 kg of fish feed turned into 12.4 kg of fish biomass with each
fish fed with an average of 165 gm of fish biomass per fish. In the IAVS system, 17.5kg
of fish feed turned into 10.4 kg of fish biomass. Each fish consumed an average of 233
gm of fish food during the whole experiment. In the IAVS, the fish feed turned into an

average of 138.5 gm of biomass per fish.

4.1 Plants

One of the main objectives of the experiment is to compare plant growth and
productivity in both the DWC and IAVS systems. Another objective is to plant
different crops in aquaponics, as most aquaponic systems grow only leafy plants.
That is why the experiment started by planting the same amount of various kinds of
plants in both systems. Plants were distributed in both systems as shown in Table 5.

The DWC and IAVS systems were prepared as shown in Figure 20.
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Table 5: Names and quantities of plants have been seeded in the beginning of the experiment.

Plant's Name

Number of seeded
plants in DWC

Number of seeded
plants in IAVS

Arugula

[N
a1

Basil

Bell Pepper

Cantaloupe

Cherry tomato

Chili pepper

Corn

Cucumber

Dill

Eggplant

RPIWW IOk, W WOl

Molokheya (latin: Corchorusolitorius)

(2]
o

Parsley

Peppermint

Pumpkin

Radish

Thyme (oregano)

Sunflower

Wik OIWININ
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Figure 20: On the left (DWC) and on the right (IAVS) are prepared to start planting the equal amount of the
above-mentioned crops.

The Nitrification process worked normally from the first day in both systems. In the first
week, and after three days, the plants started to grow in both systems as shown in Figure

21, Figure 22, Figure 23, and Figure 24.

Figure 21: Plants started to grow in DWC in the first week
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Figure 22: Plants started to grow in DWC in the first week.

——

Figure 23: Plants started to grow in IAVS (in the sand) in the first week.
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Figure 24: Plants started to grow in IAVS (in the sand) in the first week.

Before the experiment started, elemental analysis of water and sand were completed for
comparative analysis on completion of the experiment. Water analysis before the
experiment showed that water pH at 7.6, which is almost neutral. After starting the
experiment, and within the first week, the pH in both systems reached 8.2 making water
alkaline. Phosphoric acid was added to lower the pH to 7.4 as high alkalinity or high
acidity affects plants and fish negatively. The graphs in Figure 25 and Figure 27 show
both systems with high pH before using the phosphoric acid to lower the pH to 7.4 as
shown in Figure 26 and Figure 28.

For date 23-04-2017

30

25

20
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1:55 PM
15 | » Temperature: 22.1 °C
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5 ! ! 1 ! !
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o Battery == Signal Strength = Temperature was pH & Dissolved Oxygen

Figure 25: DWC fish tank PH = 8.2 before phosphoric acid
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For date 23-04-2017
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Figure 26: DWC fish tank PH = 7.4 after adding phosphoric acid
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Figure 27: IAVS fish tank PH = 8.4 before phosphoric acid
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Figure 28: IAVS fish tank PH = 7.3 after adding phosphoric acid
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Figure 29: Leafy plants (Dill, Radish and Arugula) in DWC water grow bed.

From April 27to May 1, 2017, corn grew faster in the DWC system while leafy plants,
such as dill, radishes and arugula, grew better in the IAVS system, as shown in Figure 29

and Figure 30.

Figure 30: Leafy plants (Dill, Radish and Arugula) in IAVS sand grow bed.
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Figure 31: Plants are growing in DWC & IAVS systems on April 27th, 2017 in the second week of the
experiment.

In the second week of the experiment as shown in Figure 31, the corn is growing faster
and healthier in the IAVS system than the DWC system as shown in Figure 32 and Figure
33. Also mites started to appear and infect the plants in both systems. Neem oil was used
as a bio pesticide to kill them, along with pheromone traps, as shown in Figure 34.
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Figure 32: Corn growth in DWC in the second week.
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Figure 33: Corn growth in the IAVS in the second week.

Figure 34: Pheromone traps

Leafy plants like arugula, dill, peppermint and radishes are growing more in the DWC

than in the IAVS, as shown in Figure 35 and Figure 36.
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Figure 35: On the left shoes peppermint growth in DWC, on the right shows peppermint growth in IAVS in
the second week.

Figure 36: On the left shoes Basil growth in DWC, on the right shows Basil growth in IAVS in the second
week.

65



Figure 37: Both systems in the third of the experiment (May 11, 2017)

In the third week of the experiment, plants were facing a rapid attack from insects as
weather got warmer, as shown in Figure 37. White fly started to appear on plant leaves in
both the IAVS and DWC, as shown in Figure 38.

The insects attacked the plants more in the IAVS than in the DWC. Neem oil was
sprayed and more pheromone traps are added to eliminate the white fly. Basil, parsley,
radishes, dill, sunflower and molokheya were growing better in the IAVS than in the
DWC, as shown in Figure 39.

Thyme and Egyptian mint grow better and faster in the DWC as shown in Figure 40.
Corn is almost growing at the same rate in both systems. Generally, plant growth was
faster in IAVS than DWC (see Figure 41 and Figure 42). Pumpkin, for example, stopped
growing in the DWC, but flourished in the IAVS.
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Figure 38: Small white flies on the back of pumpkin leaf in IAVS — Third and fourth week
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week

Figure 40: On the left shoes Thyme growth in DWC, on the right shows Thyme growth in IAVS in the third
week.

Figure 41: Plants growth in DWC — Third week.
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Figure 42: Plants growth in AVS — Third week.

On May 17, 2017, in the fourth week of the experiment, sun affected the plants grow bed
vinyl layer causing a leakage in the DWC system. A new vinyl layer of 200 microns
thickness was added to the water bed after removing the plants and rafts. More water was
added, as shown in Figure 43.

Wooden supports were also added to the sides of the DWC systems. They were attached
with ropes to help support the growth of some plants (like the peppers and sunflower).
After fixing the vinyl layer and returning the plants to the grow bed, the system worked
normally again.

Plants grow faster and healthier in the IAVS system than in the DWC, as shown in Figure
44 and Figure 45.

Figure 43: DWC before (on the left) and after (on the right) installing the new vinyl layer.
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Figure 44: Growth in DWC — Fourth week

Figure 45: Growth in IAVS — Fourth week
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The following will show each plant progression in both DWC and IAVS systems during

the experiment until the final day of the experiment.
411 Arugula

Arugula vegetative growth and germination was better in the IAVS than in the DWC. Its
growth was deteriorated due to the excessive heat. In July Arugula could not survive in
the DWC and died.

4.1.2 Bell peppers

Bell peppers grew very slowly in both the DWC and IAVS. High temperatures in July
negatively affected the Bell pepper’s growth in both systems. In the DWC, vegetative
growth stopped at a height of 9 centimeters without producing any fruit.

In the IAVS, vegetative growth was excellent, as shown in Figure 46, and it produced

Figure 46: Bell pepper growth in IAVS

4.1.3 Cantaloupe

The vegetative growth of cantaloupe was very good in both the DWC and IAVS. Both
grew with the same rates until July. The high temperatures and the absence of bees
caused the plants to fail to fruit. Just only one cantaloupe fruit was produced from the

IAVS system. It weighed 750 gm at the end of the experiment, as shown in Figure 47.
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Figure 47: Cantaloupe growth in IAVS

414 Cherry tomatoes

Cherry tomatoes grew equally in both DWC and IAVS. Due to the extreme rise in
temperatures in July, the heat affected the cherry tomatoes in the DWC negatively. The
first tomatoes appeared in the IAVS on August 6, as shown in Figure 48 and Figure 49. It
was harvested on August 21, by the end of the experiment. It weighed a total of 620 gm
from IAVS. The DWC produced 80 grams of cherry tomatoes during the whole

experiment.

Figure 48: Cherry tomato in DWC
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Figure 49: Cherry tomato in IAVS

4.1.5 Chili peppers

In the beginning the chili peppers grew faster in the DWC than the IAVS, but after the
first month it grew better and faster in the IAVS. In July and August, the high
temperatures, that reached 40 degrees inside the shaded greenhouse, negatively affected
chili peppers and dried them out in the DWC, as shown in Figure 50.

In the 1AVS, the chili peppers survived the high temperatures until the end of the

experiment, as shown in Figure 51.

L .
Figure 50: Chili peppers in the DWC
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Figure 51: Chili pepper in IAVS

416 Corn

Corn growth was almost the same in both systems at the end of the experiment. Corn in
the IAVS was healthy with no deficiencies detected. While in the DWC, the corn showed
iron deficiency and this was treated by adding 2 cm3 of iron to the water every two
weeks. This caused the water in the DWC to turn red color. Both systems suffered from
mite insect attacks. Mites in the IAVS did not affect corn, while in DWC the impact of
the infection was high, even after using bio pesticides and pheromone traps.

The height of the greenhouse and the grow beds from the ground in both systems was
insufficient for the corn to grow, which reflected negatively on the grain production. On
July 13, the first corn kernel appeared in the IAVS as shown in Figure 52, Figure 53, and
Figure 54.

Figure 52: Corn growth in DWC (left) and in IAVS (on the right) in the second month of experiment.
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Figure 54 Three Corn ears produced in July 2017
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4.1.7 Cucumbers

The first harvest of cucumber was collected after 45 days of seeding from the DWC and
weighed 450 gm. While the first harvest from the IAVS was after 48 days from seeding
and weighed 1500 gm.

Average length of the fruit was 8 cm. The second harvest collected from both systems
was on June 27. The DWC produced 125 grams while IAVS produced 500 grams.

On July 1, a third harvest was collected from the DWC with a weight of 400 grams and
1500 grams from the IAVS. On July 7, a fourth harvest was collected from the DWC
weighing 400 gm, and from the IAVS a crop of 500 gm. In that week, cucumber
production was affected by the high temperatures that reached 40 degrees Celsius inside
the shaded greenhouse.

On July 12, a fifth harvest was collected from the DWC weighing 250 grams and from
IAVS a crop weighing 1250 grams. On July 212 sixth harvest was collected from the
DWC weighing 220 grams and from the IAVS a crop weighing 680 grams. On July 28",
a seventh and last harvest was collected from the DWC weighing 225 grams and from the
IAVS a crop that weighed 600 grams.

The total DWC weight of production throughout the experiment was 2070 grams; while
the total cucumbers produced using IAVS was 6530 grams. The IAVS produced
cucumbers three times bigger than those frown in the DWC in the same conditions, as

shown in Figure 55 and Figure 56.
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Figure 55: Cucumber in DWC

Figure 56: Cucumber in IAVS
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4.1.8 Dill

Dill vegetative growth and germination was better in the IAVS than in the DWC. Dill
deteriorated from the excessive heat. In July, it could not survive in the DWC and died.
419 Eggplant

Eggplant was planted in equal seedlings and it grew better and faster in the IAVS than in
the DWC. First eggplant fruit was produced 37 days from the first day of the experiment.
Eggplants were deteriorating in the DWC due to the extreme high temperature and did
not grow very well. In the IAVS, it continued to grow and produce in an excellent
manner as shown in Figure 57.

Figure 57: on the left Eggplant in DWC, on the right Eggplant in IAVS
4.1.10 Molokheya

The growth of Molokheya was similar in both systems, but it was better in the IAVS. The
plant showed a tendency to flower and fruit with the high temperatures in the DWC. In
the DWC, the Molokheya started to produce seeds as the plant matured, while it did not
produce seeds in IAVS. The color of Molokheya branches turned red in the DWC, while
in the 1AVS it was looking fresher and greener with no red color. Molokheya produced
more leaves in the IAVS than in the DWC. Mites did not affect the Molokheya in the
IAVS, but was affected by mites in the DWC, as shown in Figure 58, Figure 59, and
Figure 60.
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Figure 59: Molokheya branches on the left from the IAVS, and reddish branches on the right from the
DWC
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Figure 60: Molokheya leaves from DWC on the left with Mites and white flies on the leaves, and
Molokheya leaves from IAVS with minimal infection of Mites or white flies

4.1.11 Parsley

Crispy parsley was growing taller and better in the IAVS despite the high temperatures as
shown in Figure 61, while it did not survive in the DWC. In July, the parsley deteriorated

Figure 61: Crispy parsley growth in lAVS
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4.1.12 Peppermint

In the beginning peppermint grew faster in the DWC than in the IAVS. After the first
month, it grew equally in both systems. The high temperatures of July and August
affected all leafy plants including the peppermint, especially in the DWC system.
Peppermint growing in the 1AVS could withstand the temperatures more, as shown in

Figure 62.

Figure 62: Peppermint growth in DWC on the left, and Peppermint in AVS on the right

4.1.13 Pumpkins

Pumpkins were the star of the experiment. Pumpkin leaves and branches reached every
place in the greenhouse. Pumpkin grew only in the IAVS, as shown in Figure 63. The
first appearance of this pumpkin was after 60 days from seeding. On the July 7, a manual
fertilization was done to form the first fruit. The second fruit appeared after one week of
the manual fertilization. Several flowers were produced, but the number of pumpkins was
three. After 37 days from fertilization, on July 24" 6800 gm of pumpkin was harvested.
On the last day of the experiment, on August 21, the second pumpkin weighed 3300 gm
and the third weighed 4900 gm.
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Figure 63: Pumpkin growth in IAVS
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4.1.14 Radishes and Thyme

Thyme production and growth in the DWC and IAVS was the same until the last day of
the experiment.

The radishes grew faster and healthier in the IAVS; both roots and leaves grew faster and
bigger. Figure 64 shows the first radish root head that appeared in both systems after 35
days from the beginning of the experiment, meanwhile, the maximum production was
from the IAVS 56 days after planting the seed. The radish root radius reached 2.5 cm in
the IAVS.

Figure 64 Radish root in the lAVS

4.1.15 Sunflowers

Sunflower vegetative growth and germination was equal in both systems. From the first
week in July, sunflowers in the DWC were affected negatively by the high temperatures
and deteriorated over time. The sunflowers stopped growing in the DWC after an
advanced stage of growth and flowering, while it continued to flourish in the IAVS. It
produced four flowers, yet it needed bees for fertilization. Fertilization was done

manually. Sunflower seeds appeared on the plant in the IAVS on July 18. Only one
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flower produced sunflower seeds and the majority of seeds were empty, as shown in

Figure 65.

Figure 65: Sunflower growth in IAVS

4.2 DWC and IAVS water quality

The water test Kit tool was available from mid-June 2017. The ammonia ratio was higher
in the IAVS than the DWC, with average ammonia reading of 2 (and higher) and from
0.5to 1 in DWC (see Figure 66).

Figure 66: Showing IAVS water test results on the left with Ammonia = 3 vs. Ammonia in DWC =0.5 on
the right (on July 18th, 2017)

On July 24, the fish in the IAVS were not eating well, although all water test results were
normal as shown in Figure 67. On July 30, the ammonia levels were 4 in the IAVS vs 0.5
in the DWC, as shown in Figure 68. Accordingly, fish in the IAVS were not fed for one
day to decrease ammonia levels.

84



@ THE AMERICAN UNIVERSITY IN CAIRO
ool ol 4 Sy 0¥l dx ol 3

)

Figure 67: IAVS water test results on the left with Ammonia =1 vs. Ammonia in DWC = 0.5 on the right
while PH is the same in both systems = 7.5 (on July 24th, 2017)

Figure 68: Showing IAVS water test results on the left with Ammonia = 4 vs. Ammonia in DWC =0.5 on
the right (on July 30th, 2017)

On August 6, the ammonia levels decreased to 2 in the IAVS vs 0 in the DWC after
decreasing fish feed, as shown in Figure 69. On August 13th, the ammonia levels
increased again to 4 in the IAVS while it was 2 vs 0.5 in DWC, as seen in Figure 70.
Consequently, the fish in the IAVS tank were not fed for one day again.
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Figure 69: Showing IAVS water test results on the left with Ammonia = 2 vs. Ammonia in DWC = 0 on the
right (on August 6th, 2017) after stopping IAVS fish feed.

Figure 70: Showing IAV'S water test results on the left with Ammonia = 4 vs. Ammonia in DWC = 0.5 on
the right (on August 13th, 2017).

On the night of August 17, the ammonia levels were still high and the fish were not
eating. Therefore, a decision was made to stop feeding the fish for an extra two days. On
August 21, 2017 at 11 am, all fish in the IAVS tank were found dead. The first
assumption was that the solid waste in the IAVS system accumulates on the soil surface,
enabling the growth of toxic bacteria. The bacteria prevent the nitrification process so the
ammonia rates remain high and harmed the fish. An instant water test was completed to
prove the assumption. The water analysis showed that the ammonia rates were above 4
(from 4 — 8) as per the water test kit, as shown in Figure 71. Nitrates =1, which means
that the nitrification process was not working in the IAVS system.
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Figure 71: Showing IAVS water test results on the left with Ammonia = higher than 4 (4 — 8) vs. Ammonia
in DWC = 0.25 on the right (on July 30th, 2017).

Samples from the water in the DWC and IAVS were taken for an elemental and bacterial
analysis, and sent them to Soil, Water & Environment Research Institute. A sample from
the source water from both systems was tested before starting the experiment to compare
water elemental analysis before and after the experiment. The pH in both systems was
always the same level from 7 — 7.7. Air stones in both systems were covered with algae.
This lowered the dissolved oxygen levels in both systems to a range of 5. In the DWC

system, the fish were not affected even though it had the same inputs as the IAVS system.

4.3 Analysis of Crop Quality

4.3.1 Elemental crop analyses by The Regional Center for Food & Feed — RCFF in

the Egyptian Agriculture research center - 1SO certified lab.

Selecting the main vitamins and minerals in each planted crop in both DWC and IAVS

systems as shown in Table 6.

Table 6: Main crops from the experiment in both systems and their principle vitamins and minerals found
in each of the plants arranged starting from the highest content to the least.

Plant Vitamins Minerals

Bell pepper | C, A, B-6 and E | Manganese,

(colored (according to iron, and

pepper) Y%content) phosphorous

Cucumber K, Cand A. Manganese,
iron and
phosphorous

Radish CandE Copper, iron,
and calcium

Molokheya | A Calcium and
iron

Pepper mint | A, C, and B-6 Iron, calcium
and magnesium

Thyme C, Aand B-6 Iron, calcium
and magnesium

Cherry A and C and B- | Magnesium

tomato 6

Chili pepper | C, B-6 and A Magnesium,
iron and calcium
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The selection process of the crops was mainly dependent on the crops abundance in both
systems that can be examined, as the production of other type of crops were either
limited, such as tomato, or unsuccessful in one of the systems as pumpkin. For example,
one of the laboratory requirements is to provide at least half a kilogram of each crop for
predetermination for drying and turning onto power, in order to be analyzed.
Accordingly, in the light of what mentioned earlier, ‘Molokhyea’ was selected because it
produced sufficient quantity; an average 2 kg, in both systems (DWC and IAVS).
Moreover, the Molokhyea crop from the aquaponic systems provided the needed criteria
for comparison with another source of organic Molokhyea in terms of elemental,
chemical, pesticides residues, and heavy metal analysis. Additionally, it was suitable to
compare both the quantity and the quality between the two systems. Molokheya is rich in
beta-carotene/vitamin A, which is an essential nutrient for human bodies. As a result, the
elemental analysis was completed to compare beta-carotene/Vitamin A levels in the
DWC, IAVS, and the organic product in the market. On the contrary, other crops grew
differently in the two systems, which hindered conducting further analysis as that for
Molokheya. For example, pumpkin successfully grew in the IAVS system, while it has
failed to grow in the DWC.

So, the elemental analyses for Molokheya, from both systems, were compared with the
results of the organic Molokheya from the Metro market. This comparison showed the
beta-carotene/Vitamin A amounts in the DWC and IAVS were the same as that of the

organic product from the market.

4.3.2 Residue analysis for pesticides and heavy metals analyses by Central Lab of
Residue Analysis of Pesticides and Heavy Metals in Food (QCAP Lab) .

Quick and Easy method (QUEChERS) has been used for the determination of pesticide
residues in all Molokheya tests. Using LC-MSMS, GC-MSMS as per the European
Standard Method EN 15662:2008. The ICP-OES method has been used for the
Determination of Heavy Metals analyses in Molokheya using inductively coupled plasma
optical emission spectrometry after high-pressure microwave digestion. The Danish
official HPLC method no. AF 255.1, 3rd ed. 1996 from the national food agency of

Denmark was used for the determination of Vitamin A/Beta-carotene in Molokheya.
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4.3.3 Sand Analysis by Soil, Water & Environment Research Institute - (SWERI)

in the Egyptian Agriculture research center.

IAVS sand was tested before and after the experiment to determine the main elements,
either soluble or insoluble that may help or harm plant growth.

4.3.4 Water Analyses Soil, Water & Environment Research Institute - (SWERI)

in the Egyptian Agriculture research center.

To know the percentages and amounts of elements in the water before and after the
experiment, samples have been taken from the fresh water used to fill both systems. It
was tested for chemicals, macro and micro nutrients, and heavy metal content.

Bacteriological water analyses for water samples from both the DWC and IAVS systems
after the experiment was issued as a method to estimate the numbers of bacteria present
and, if needed, to find out what sort of bacteria they are. It is a microbiological analytical
procedure, which uses samples of water to determine the concentration of bacteria in both
systems to compare them. In the previously mentioned analysis, all results included in the

labs reports are after calculating the error factor.

4.4 \olume and costs of DWC vs. IAVS

The 1AVS uses less area than the DWC, as the IAVS system does not have the
mechanical nor biological filters needed in DWC. This means the IAVS needs less space
than the DWC which could be used either to make the plant grow bed bigger or make the
whole systems smaller, as shown in Figure 72.

DWC system materials and implementation costs were EGP 8720, compared to the cost
of IAVS of EGP 7650 as shown in Figure 73 . Greenhouse costs extra EGP10000 for

covering both systems.
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Figure 72 Showing the DWC is longer than the IAVS.
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Figure 73: DWC and |AVS implementation costs
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4.5 DWC and IAVS water analyses tests before and after the
experiment

Full analyses for the water used in both systems before starting the experiment was
completed by the Unit of Soils, Water and Environment at the Egyptian Agriculture
Research Center (ARC). This includes a chemical analysis of the macro and micro
nutrients content in the waters. The analysis shows the electrical conductivity (EC) is
0.41 deciSiemen per meter, which shows a low conductivity. Total dissolved salts (TDS)
are 262 ppm and pH is 7.6, which shows the water is neutral with a very little alkalinity.
Soluble ions found in water are anions and cations. The soluble anions found in the water
analysis were Bicarbonates (HCO3) at 1.51 milliequivalents of solute per liter of solvent
(meg/L), Cl is 1.27 meg/L and Sulfate (SO4) was 1.45 meq/L.

The soluble cations found in the water analysis were Calcium (Ca) at 1.90 meq/L,
Magnesium (Mg) was 1.30 meg/L, Na is 0.96, and Potassium (K) was 0.07 meg/L.

The element concentrations in the water were as follows: NO3 was 10.01 mg/L,
Phosphorus (P) was 0.317 mg/L, Iron (Fe) was 0.169 mg/L, Mn was 0.145 mg/L, Zinc
(Zn) is 0.155 mg/L, Copper (Cu) was 0.0147 mg/L and B was 0.079 mg/L. Sodium
Adsorption Ratio (SAR) is 0.76 which is not hazardous, while Residual Sodium
Carbonate (RSC) was not detected in the water analysis.

At the end of the experiment the analysis shows that the highest EC was in DWC with
0.85 dS/m. The highest TDS in the last day of the experiment was also in DWC with 544
ppm. pH remained 7.6 in IAVS as in the beginning of the experiment, while in DWC it

was 6.9 at the end of the experiment as shown in Figure 74, Figure 75 and Figure 76.
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Figure 74: DWC has the highest EC, 0.85 dS/m
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Figure 75: DWC has the highest TDS of 544 ppm
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Figure 76: DWC has the lowest pH after the experiment, 6.9 ppm.

Figure 77, Figure 78 and Table 7 show Phosphorus in the DWC is 31.624 mg/L and
4.574 mg/L in the IAVS.
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Figure 77: DWC has the highest SO4, 5.6meg/L
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Figure 78: DWC has the highest Mg with 4.07, Na with 3.35, k with 0.51 and SAR with 2.06. While Cais
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Table 7: Water elements Concentrations (mg/L)
Concentrations | £| S| o | | S| §| 3| |8/ 3|5 2|8 5| ¢
oncentrations = > L S N 3 O O O zZ o n <

(mg/1)

Fresh water
sample from 0 | 1001 | 0317 | 0169 | 0145 | 0155 | 0.0147 | 0079 | O | 0 | 0 0 0| o 0
beginning of the
experiment in
both systems

DWC water at 0 6.30 | 31624 | 3.824 | 0165 | 0210 | 0.151 | 0.185 | 0 0 0 | 0000 | 0 | 3614 | 0.423
the end of the

experiment

IAVS water at 2.1 1701 | 4574 0.225 0.149 0.151 0.145 0.083 0 0 0 0 0 | 39.18 | 0.405

the end of the
experiment

4.6 1AVS Sand test before and after the experiment

A soil analysis was completed on sand samples from the IAVS before and after the
experiment. This was done in order to understand the changes to the sand elements
during the experiment, which affects plants in the IAVS system.

The sand used in the IAVS was moderately alkaline with a pH of 7.8 before the
experiment, while was slightly alkaline after the experiment with a pH of 7.2.

The saturation percentage (SP) of the soil equals the weight of water required to saturate
the pore space divided by the weight of the dry sand. The SP is useful for characterizing
the sand’s texture, as shown in Figure 79. Very sandy soils have SP of less than 20
percent; whereas, sandy loam-to-loam soil SP ranges are between 20 — 35 percent. The

IAVS SP rose to 22 percent after the experiment.
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Figure 80, Figure 81, Figure 82 and Figure 83 show the chemical analysis of saturated

soil paste, also show total and available macro/micronutrients and heavy metal content of

the sand samples from the IAVS before and after the experiment.
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Figure 79: EC, pH and SP in IAVS before and after the experiment
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Figure 80: Anions and Cations in IAVS before and after the experiment
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Figure 81: Total Nitrogen and Iron percentages dropped after the experiment. Note no iron was added to
the IAVS during the experiment contrary to the DWC system.
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Figure 82: Available Nitrogen and Iron percentages dropped after the experiment. Note that no Iron was

added to the IAVS during the experiment in contrary to DWC system.
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Figure 83: Total macro/micronutrients and heavy metal content of the sand samples, showing high
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phosphorus showing the noticeable eutrophication phenomena.
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Figure 84 shows the Phosphorus content in the sand from the IAVS after the experiment

has a very high concentration of 334.8 mg/kg and available 162.4 mg/kg.
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Figure 84: Available macro/micronutrients and heavy metal content of the sand samples, showing high

phosphorus showing the noticeable eutrophication phenomena.

Figure 85 shows the IAVS sand condition before and after the experiment. The picture

on the right shows the contamination of the algae due to utrophication on the surface of

the IAVS sand on the last day of the experiment. This is caused by the high phosphorus

rates in the sand analysis. Eutrophication caused the death of the fish in the IAVS tank.
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Figure 85: Left, the IAVS sand on the first day and on the right, the sand on the last day of the experiment.

4.7 DWC and IAVS microbiological water analysis after the
experiment

Salmonella and fecal coliform are bacteria whose presence can indicate water
contaminated by human or animal wastes, which can cause short-term health effects.
They may also pose a greater risk to people with severely weakened immune systems
such as the elderly and young children. After the experiment, indicators, in both DWC
and IAVS water, are showing normal rates (See Figure 86, Figure 87 and Figure 88).
Also, it is noted that three cells of the Salmonella and Shigella bacteria were detected per
milliliter caused by the stools of a rodent. These rates are not significant and do not affect
the water quality.
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Figure 86: The graph shows the harmful bacteria in DWC and | AVS water — cell per milliliter.
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Figure 87: The graph shows the total number of bacteria in the DWC and 1AVS (T.C)
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Figure 88: The graph shows COD and BOD in the DWC and IAVS.

4.8 DWC and IAVS Molokheya samples productivity analysis:

A comparison was made between Molokheya samples from the DWC, IAVS and organic
Molokheya from Metro market. After analyzing the results from the Molokheya samples
from the DWC and IAVS, no pesticides were detected as shown in Figure 89, while

Organic Molokheya from the market showed insignificant traces of pesticides at 0.01

mag/kg.
Determination of Pesticide residues in Molokheya Sample
mg/kg
0.012
0.01
0.01
0.008
0.006
0.004
0.002
0 0
O T T
DwC IAVS Organic Molokheya sample
from market

Figure 89: Pesticide traces found in Molokheya from the DWC and IAVS.
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The elemental analysis of Molokheya samples from the DWC, IAVS, and organic

Molokheya from the market shows close results. The organic Molokehya has higher

manganese, copper and zinc. DWC is slightly richer than IAVS in these elements, as

shown in Table 8.

The water content was higher in the organic Molokheya sample, compared to the samples
from the IAVS and DWC, as shown in Figure 90.

Table 8: Elemental analysis of the Molokheya from the DWC and IAVS

Elemental Analysis for
Molokheya mg/kg

Mercury

Antimony

Cadmium

Lead

Tin

Manganese

Copper

zZinc

Nickel

Cobalt

Chromium

DwC 0

0.53

0.05

0.09

10.3

IAVS 0

0.63

0.05

9.2

2.8

Organic Molokheya

market

Sample from the 0

0.05

12.4

3.5

7.8
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moisture content percentage in Molokhia samples

82.00% 81.70%
81.50% 81.30%
81.00%
80.50%
80.00%
79.50%
26 00% 78.90%

. 0
78.50% -
78.00% -
77.50% - . ;

DwC IAVS organic Market sample

Figure 90: Moisture content percentage in Molokheya samples

Calcium content in the Molokheya is highest in samples from the IAVS and lowest in the

organic sample from market, as shown in Figure 91.

Calcium percentage in Molokhia sample

0,
3.50% 325%
3.00%
2 50% 2.42%

0fH
2.00% 170%
1.50% -
1.00% -
0.50% -
0.00% - . .

DwC IAVS organic Market sample

Figure 91: Ca percentage in Molokheya samples.
The organic sample is very rich in iron compared to the DWC and IAVS samples, shown

in Figure 92.
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Figure 92: Fe percentages in Molokheya samples.
Figure 93 show the Vitamin A (Beta-carotene) content in the Molokheya samples.

Organic sample from market is richest in Vitamin A compared to the IAVS DWC
samples. The sample from the IAVS is significantly richer in Vitamin A than the DWC

sample.
Vitamin A (beta-carotene) ug/100g
8000.00
7332.55
7000.00
6128.97
6000.00
5000.00
3997.80
4000.00 -
3000.00 -
2000.00 -
1000.00 -
0.00 - . ;
DwC IAVS organic Market sample

Figure 93: Vitamin A (Beta-carotene) content in Molokheya samples.
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5 Chapter 5: Summary Discussion, Conclusions, and

Recommendations

5.1 Summary Discussion and Conclusions

The source of water that is used at the beginning of the experiment in both systems is
dechlorinated tap water as tap water is often treated with chlorine and chloramines to
remove bacteria and pathogens to be potable water. Chlorine and chloramines are toxic to
fish, plants and nitrifying bacteria. Thereby, Tap water that was used in the experiment
was stored before use to allow all and chloramines to dispel into the atmosphere. This
way takes up to 48 hours to have stored dechlorinated tap water to be used in the
aquaponics experiment. This process also can be occurred faster if the water is aerated

with air stones that are connected to the air pump in the aquaponics (FAO, 2015).

The dechlorinated tap water that is used in the experiment was naturally rich in nitrate as
shown in Table 7. The high nitrate levels in the water source impacted ammonia levels in
both systems. Ammonia has harmful effects on fish growth and plant stress. Ammonia at
concentrations of 0.07 mg/L causes tissue damage and slow fish growth. The acceptable
ranges for toxic ammonia for fish is 0-2 mg (Rakocy, Bailey, Shultz, & Thoman, 2004).
Ammonia level was already high in IAVS system from the most beginning when the
experiment was launched.

Nutrient-rich water can lead to eutrophication (FAO, 2015). The increase of nutrients in
water affects the ecosystem, increasing algae blooms and decreasing the dissolved

oxygen causing Eutrophication process (Aguilara-Titus et al., 2014).

Additionally, Eutrophication problem contributed also in increasing ammonia level in
IAVS. Therefore, installing a mechanical filter will be inevitable in mitigating the high
concentration of Ammonia through preventing the accumulation of solid waste in 1AVS,
due to the decomposition of solid waste. While on the other side, the ammonia
concentration remained at its normal rate in DWC. As a result, high Ammonia level has
negative impact on fish health and appetite, which was apparently noticeable in the IVAS

experiment.
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TDS was originally low at the beginning of the experiments as stated before in Figure
75. It was notable that TDS in DWC was doubled in comparison to IVAS, due to the
accumulation of the soluble elements from fish feed, which was mainly because of better
fish nutrition, as ammonia levels were lower which caused fish appetite to grow. Fish
appetite in IAVS was declining till fish stop feeding. Fish feeding behavior is very
important as good fish appetite is a major indicator of healthy fish in aquaponics. If fish
appetite decline or if the stop feeding, this is a sign of poor quality water in the
Aquaponic. (FAO, 2015)

Plants need to absorb thirteen nutrients from the water. These nutrients are: boron,
calcium, chlorine, copper, iron, magnesium, molybdenum, nitrogen, potassium,
phosphorus, sulfur and zinc (Aguilara-Titus et al., 2014). While phosphorus rates were
high in both systems which it can be inferred that fish intensification production of waste
is higher than the capacity of the current grow beds in the experiment. Larger grow beds
in both systems could be used in future experiments to grow more crops and produce
more food with the same fish tanks and fish amounts.

The cause of many algae blooms is also phosphorus. Algae, often inhibited by lack of
phosphorus, blooms, consumes oxygen, and turns once vibrant, ecologically diverse
waters into green, dead sludge.

High Phosphorus rates cause a Hypertrophication or Eutrophication phenomena, which is
an enrichment of the water from minerals like phosphorus. This causes an increased
production of algae that will cause the depletion of fish as the water quality deteriorates
(Aure & Stigebrandt, 1990).

Phosphorus was much higher in DWC due to the accumulation of the soluble elements
from fish feed as well as and larger fish feed portions to meet the increased fish appetite.

The exposure of fish tanks of both systems and the mechanical filter of the DWC to
sunlight resulted in algae flourish. Thus, it is recommended to cover the tanks and limit

sunlight exposure control algae effect in eutrophication process.

Ultraviolet (UV) light from the sun is also a problem for nitrifying bacteria as these
bacteria are photosensitive organisms. UV affects the Nitrifying bacteria negatively and this
also affects the nitrification process in the aquaponics systems (FAO, 2015). Covering fish
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tanks can be a simple solution for this, also the rafts in the DWC system is preventing direct UV effect

on the nitrifying bacteria in the water grow beds. IAVS fish tanks can be also covered,
while IAVS sand grow beds is exposed to UV without cover, and this can be a threat for

the nitrification process in IAVS grow beds.

Iron is a necessary supplement that should be added to DWC system (Rakocy, Bailey,
Shultz, & Thoman, 2004). Iron is added to DWC system at a concentration of 2 mg/L
once every two to three weeks. While in AVS system, iron levels increased significantly in
the system and the crops without any involvement. This is one of the main strength points

in IAVS systems, as IAVS doesn’t need any supplements to grow high quality crops.

DWC and IAVS are completely safe. There are no concerns regarding the integration
between fish and plant that could cause food safety problems.

Regarding IAVS soil analysis, there was elements accumulation which blocks water
leakage, resulting in losing sand porosity which is one of the IAVS system advantages.
Sand porosity is essential in allowing oxygen to reach the plants for respiration. Thus, a
well-aerated soil is crucial for the whole process success.

It is also vital to eliminate any heavy metals in fish feed like antimony, caladium, or lid in
order not hinder self-water recycling process in aguaponics system because these metals

would remain in the closed water cycle of Aquaponics even if in very low traces.

The results answers the research questions as Aquaponics can be considered a strategic
ally to conventional agriculture in Egypt today and to be a strong alternative to land
reclamation and traditional farming methods in the future. On the short term, aquaponics
has one major drawback which is the high CAPEX and OPEX compared with those of
conventional agriculture. However, on the long term it could save the huge amounts of
water wasted by conventional agriculture and land reclamation up to 85 percent
(AlShrouf, 2017).

IAVS system is more efficient with less CAPEX and OPEX than DWC. IAVS is also
more productive especially in producing more crop variety. Till now DWC systems are
capable to produce only leafy vegetables and herbs, despite the fact that Egyptians are not

familiar with eating leafy vegetables as main foods like other European countries
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(Soethoudt, 2016). IAVS system shows that it can provide diversity and variety of crop

production.

IAVS can be the suitable aquaponics design solution for Egyptian market, since IAVS
systems cost about 20% less than DWC aquaponics system, while DWC is used to be
known as the most successful commercial aquaponics system.

IAVS also solves the plants and products variety issue in Aquaponics. The experiment
and the thesis proven that most of the crops grew better and produced better in IAVS than
DWLC. The availability of sand in Egypt will make the CAPEX and OPEX less, and will
enable a bigger scale models for mass production.

The comparison between DWC and IAVS systems showed that the major differences
were not in quality but quantity. Food production quality is slightly higher in DWC but
not significantly; both systems produce high quality organic food. However, IAVS is
producing more amounts and wider varieties of crops with less CAPEX and OPEX. Both
DWC and IAVS are consuming much less water than conventional agriculture. Fish

production was more by 8% in DWC.

It is highly recommended to give the IAVS a try and more research as this system can
help Egyptians in areas that are suffering from water scarce to produce high quality
various food. Fish production results were so close in both systems and slightly more in
DWC. More research and work are needed for new designs of IAVS with more efficient
materials to lower the CAPEX and OPEX. It will be very useful to research more on the
reasons for the rapid amounts of phosphorus that were found in both DWC water and
IAVS sand. Also more research about The Eutrophication phenomena in Aquaponics will
help a lot in producing more food either plant of fish.

5.2 Limitations, Recommendations and Future work:

One of the main remarks was the death of fish in IAVS fish tank. Fish tanks were
exposed to sunlight that helps in rapid algae blooming. Algae and high concentration of
phosphorus in water caused what is known as Eutrophication phenomena that affected

fish in IAVS. The flooding/ flushing irrigation system in IAVS allows water to remain in
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the sand grow bed exposed to sunlight. Dead algae were noticed on the surface of the
IAVS sand grow bed, turning the sand’s surface first into green then into black.

It is recommended to make microfilteration (MF) process for water that comes out of
grow beds before going back again to the fish tanks. This will help to separate
microorganisms and suspended particles from process water through a type of physical
filtration process where contaminated water is passed through a special pore-sized
membrane. MF can be installed in the last phase of water circulation before it is pumped
again into fish tanks. Some aggregates like pebbles could also be used in the IAVS sand
grow bed. Pebbles can be put as a first phase after water comes out of the fish tank. When
water is flooded from IAVS fish tank by gravity force, it will be full of algae from the
fish tank because of the sunlight. Water will fall on the pebbles and algae will remain on
the pebbles giving the green look and then it will drain to the sand grow bed in IAVS

with the least amount of algae. A mechanical filter could be needed to be added to IAVS.

Aquaponics complexity lies in applying and having the best results especially on a huge
scale. Aquaponics systems are nearly closed cycle systems including two organisms with
different conditions and needs. Accordingly it is always important to invest in the
research and development of Aquaponics’ design using the latest efficient technologies,
while being also sustainable. This can be achieved using local and recycled materials in
order to reduce the Aquaponics’ CAPEX and OPEX for the small farmers and startups.
Aquaponics’ productions are still targeting the niche market asking for high quality
organic products. Aquaponics have a high potential to help the Egyptian economy
through promoting export. This requires all stakeholders to work together including the
Egyptian government to raise awareness and support the new ideas including small
Aquaponics’ projects. Egypt highly depends on conventional agriculture and land
reclamation, which inefficiently exploit Egypt’s resources. For this reason, Aquaponics
can be a strong ally to conventional agriculture and land reclamation in Egypt. Although
Aquaponics’ cost can be seen expensive, especially for small farmers and startups, yet the
profit per acre can reach 30 times more than the profit from land reclamation or

conventional agriculture. Fish is also a byproduct that increases the profit.

In accordance, researching Aquaponics’ new technologies and new techniques is highly

recommended. Aquaponics’ designs include commercial scales such as low budgets
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technologies versus high budgets technologies. It is important to choose the right scale

and design of Aquaponics to reach optimum results.

On another side, more research and experiments are required to design more efficient
aquaponics. In the near future, it will be important to use product design techniques with
aquaponics and integrate aquaponics more with home appliances. Many people will be
able to purchase the new customized aquaponics at home to produce clean and organic
vegetables and protein. While researchers will need to work more on reducing the high
CAPEX and OPEX of aquaponics and to apply more practical and economical designs,

to enable aquaponics to be a part of everyone's life style in the near future.
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K 0.51 Ni 0.001
RSC - Pb 0.00
SAR 2.06 Si 36.14
‘ TN As 0.423
With Our Best Regards,
—-— N s e
-A-'a-d 3 Sl Upka
\ A/ o ,e’_ pesl]
w Al g 3' J"" >
w \
R PO B P |
moa ':2(;.‘-;.» N ' e T e —
\YAVY D sagye ey
P.O. Box : 175 EN-Orman, Egypt yenn - Hlayg¥i \ve e
Tel 02 35724269 - 02 35720608 STTOVYLULA - of TOVILYIA L oo dily
Fax - 02 35720608 . SRA
Websie : ARt YYOVY oA | a4

cmail : swerigarcsd.eg

Chemical analysis, Macro and micro nutrients as well as Heavy metals content of water

sample of DWC Aquaponics system during the experiment
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From : Unit of Soils, Water and Environment. Sty Jatlald) sk

Analyses and Studies Component.
To : Centre For Sustainable development (AUC)-Code. (IAVS) -
Receipt No.(2207),

Subject : Chemical analysis, macro and micro nutrients as well as . heavy metals
Content of water sample which delivered by yours.

EC (dS/m) o 0.59 Concentration (mg/1) W‘
ppm 377.0 NH. 2.10 T‘
\PH . | 76 NO; 17.01
Soluble Anions (meq. /) P 4.574
CO;- . Fe 0.225 |
HCOs 2.26 Mn 0.149
Cl 1.27 Zn 0.151
| SO4" - —— (sss | cu 0.145 |
| Soluble Cations (meq. /) B 0.083
Ca* 2.59 co 0.00 |
Mg 2.05 cd 0.00 |
Na- 1.59 Cr 0.00
' K* | 0as Ni 0.00
RSC - Pb 0.00
SAR 1.08 Si 39.18
S As | 0408 |

With Our Best Regards,

bl SAl3 sk

Address 9 Cairo Univ. Street, Giza, Egypt : senn = 33400 - 3010 Analy 5 4 1 GlgLall
Arca Code : 12112 \TAY S gauss by
P.O. Box : 175 E\-Orman, Egypt s = Ola gl Vo s
Tel : 02 35724269 - 02 35720608 Y FOVELTLA = o ¥ FOVYEY I g iyls
Fax 02 35720608 ST TOVEL LA ¢ e SU4

Website: www.swerk-eg.com
email: sweri@arcscieg

Chemical analysis, Macro and micro nutrients as well as Heavy metals content of water

sample of IAVS Aquaponics system during the experiment
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From  :Unit of Soils, Water and Environment. Slarlyddly Jyflali! sy

Analyses and Studies Component.
To: Centre For Sustainable development (AUC)-Code (Tap Water) -
Receipt No.(2207).

Subject :Chemical analysis, macro and micro nutrients Content of water
sample which delivered by vours.

EC (dS/m) W 0.41 |Concentration (mg/1)

ppm 262.0 NHs* 0.00

PH |76 NOy 10.01

Soluble Anions (meq./1) P 0.317

CO;* - Fe 0.169

HCOy 1.51 Mn 0.145

ct 1.27 Zn 0.155

S04 g g ' 1.45 Cu 0.0147

Soluble Cations (meq./1) s |  0.079

Ca** | 1.90 ] el

Mg 1.30

Na* 0.96

K* 0.07

RSC -

SAR 0.76

With Our Best Regards,
ol | Skl ppka
ity Jdaldl Uasa s
‘\V\4re Jrdl e s
.Jga-hi Jg-_ﬁ .I-i

Address  : 9 Cawro Univ. Street, Giza, Egypt } = ajandl - 3 yalil Anals & 4 | Olgeiall
Area Code : 12112 ea=iom " \""‘\YIJM)‘)
P.0. Box : 175 El-Orman, Egypt yuan = Slays¥1 \VO o
Tel - 02 35724269 - 02 35720608 FFOVILTeA « o TOVIETIA : O dall
Fax : 02 35720608 LA 10 % BV NPT —

Website : www.sweri-eg.com
emaill : sweri@arcscieg

Chemical analysis, Macro and micro nutrients as well as Heavy metals content of water
sample of the water source that is used in both DWC and IAVS Aquaponics system

before the experiment
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Chemical analysis of saturated soil paste, as well as total and available macro,

micronutrient and heavy metal contents in sand media in IAVS.
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Iron and Calcium elemental analysis for Molokheya samples from DWC, IAVS and

organic sample from market.
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Water content analysis for Molokheya samples from DWC, IAVS and organic sample

from market.
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Vitamin (A) B-carotene analysis for Molokheya sample from market



THE AMERICAN UNIVERSITY IN CAIRO

-
ol 2l 4 Sy 0¥l dx ol 3]
LA/ AT - L)
' RCFF
. WlgRangl b
Ve o ok B AR iRt
(V)3
S Gl Fagl
:f:':'li;';: (U 3mid e/ 2 i) R e
1A L s YRR s
Sk LEPUETIN
Type of Vitamin Rosult Unit Estimated Uncertainty
| VItA) B-carotene 612897 /1 00g 15035 =
> . N
&= ,meﬁwm BAb5a) 0 g
/ " e Sy b U Sy o s e
2 / \ 230 e g
Vi Dani [ f \ e
* Vitmin A, Db official, HPLE sethod No. AFTSSIug8 AN
L Ve . 5, G it L ke o R o et ¥ D
 Tanma G, Dasih official, HPLC feethod No. AB 113 2. SReRMBltheoms tography 6 7 |mm
|13 Uncenainty represcnts an eSpanded (type A') gy ? Ypplioi-11)
covernge factorof K=2 Sppronimascly 95% confidence level wsing
*  Traceabibiny u st 8 a " A
maceableto St T e S _.wu-m/l.u/{mmmew. which s
A Q e
2N C F ) S
> — § g g

: AZLA s Sl Sy BT 014 g o 500 0 ) 3
_
g.‘ :J)'.J/J I e
Ul oo — . p

”

\ CYONANY oAy

) Ghasyl <OAN s A TOVATT O QOB FOVEVAAL YOVITTAL &bl - Aaulpdl A 4
e 9 i B 00 A Sy ) Gy S 0 40 ) e Sy ) g ) 36 50

Vitamin (A) B-carotene analysis for Molokheya sample from IAVS
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Vitamin (A) B-carotene analysis for Molokheya sample from DWC
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Ministry of Agriculture t"j”:.,’,’}”
Agriculiural Research Canter -
Central Labocatory of Residue Analysis JM-J.;-M;,S,UM
of Pesticides and Heavy Metals in Food QCNAP LY AL el

AR ket e N e g a

- N
Test Certificate
%ﬁ F?NAs

Ww 600916 Radh Aczomites Suthe
Sample ID: 2017 - 49074 Dato recoived: 10-Sep-2017 Yl T219 (0N 1808EC 17939)

Sample:  Moickia Number of sub samples 0
‘ fotal sample weight: kg

_:Gub-u: Canter For Sustanable Development (CSDRAUC

Phone: 01111000455 Fax:

* Protocol Number:Hesham Anmed Samy Number of Packages: 0
wum —— Package size: 0w
unmm 1-Owe Lot size: L)

Destination Country:
mmo: 49074 Sample:  Molokia
Analysis 1D : 85526 Analysis Date : 12 Seplesnder, 2017
- Method Name : QuECHERS Method

Mothod Description : Quick and Essy Method {QUECHERS) for Determination of Pesticide Residues in Foods
Rl Using LC-MSMS, GC-MSMS
Ewrmpeen Stencerd Memod EN 15682 2008

. Results of analysis :

- Compound or microbe Rosult :
Peetcite Reeidues ot detacted.

mm-umm.'m (sttacherent FREVQI vervion 4)
Nmmmp Dr.Emad Ramadas Mehamod

' ﬁnwmmﬂunnm“nuwnﬂmdum
Qmmnnn-—-w Page 1(2) )
7 Nadk El-said S1. - Dokki - Giza - Egypt A e Ay g« 5 o Al - el g dip flV
Phone: Int +(202) 37601 395 - (202) 36711 355 (YY) TVIIIFee - (YY) FVI.ATee : ik
Fax: Int + (202) 37611 216 - (202) 37611 106 (YX)TVIN AL (YY) TVANAIAY ;L)

E-mall: info@qcap-egypt.com  Website: www.qcap-egypl.com

Pesticide residues analysis results for Molokheya sample from DWC
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Ministry of Agriculture :
Agncuttural Research Center AP Sad K.
Contal Laboeatory of Anatysis agpdl Shiia Sdad 5 58 ) Jandd
of Pesticdes and Hoavy Metals i Food QCNAP e LD sl
e e el S S

| SamploD: asor4 Sample:  Mokokia

~ Analysis D : §5527 Analysis Dato : 18 Seplember, 2017

wn-n Heavy Metais in Foods (1CP-OES)
Method Description : Determination of Heavy Metals in foods by inductively coupled plasma optical emission
2 tpectrometry after hgh pressure microwsve digestion

- Food acitives and cortaminants, June 2000, Vi 20 No & P.541 - 552

Mdm

' Compound or microbe Resuit :
[ Mhercery Not oetecied

|3 Antimony 053 mohg

“-6—— 905 mowg

falend ‘i novy

”-T-h < LOQ

< Manganme 103 mghy

| Copper 1 ey

‘E& 1. ey

- Nice <o

- G <100

]it ly expeessed as expanded oy ( fdence Jevel) bs withis the range £26%. The list of
,_yn'mm-n-m evied ( mttackmcnt HME)

(A8enos in Charge Dr. Mons Khorshed

f;?qu-nunMMM

,:oua Egype - Monday, 18 Sepecmber, 2017

.y Thark you %ot using our laboratory

N AN

S BN RS

b

4

-

et resety swiae ooy 1 e e tested

Page 2(2) /

Ctu‘rammu Shatl act b reprodocnd excact s Al withaut the weiten appeovel of the Latoratry
RS e 3y pmt =300 = A - gl p AV

7 Nadi E-said St. - Dokk - Giza - Egypt

Phone: It +(202) 37601 385 - (202) 36711 355
Fax: Int + (202) 37611 216 - (202) 37611 106
E-mail: info@qcap-egypt.com

(v.v) W\\\?co.(‘-',fv\olfio :w
(V-V)M\\\ . (Y-V)M\H\'l :0“
Websile: www.qcap-egypl.com

Heavy metals elemental analysis results for Molokheya sample from DWC
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Ministry of Agdc“u‘lture 4-?1,’;)‘ (¥ 5T
Central Laboratory of Reskiue Analysis : xmﬁgu
of Pesticides and Heavy Metals in Food QCNP e A

A0 Shalid g A e g e

Test Certificate
%S AS
5”“

Cortificate Number: 600917

c-omcr 2017 - 49075 Dato received: 10-Sep-2017 4..,.; 7219 (EN 530MEC 17325)
_Sample:  Moiokia Number of sub samples 0
Total samplo woight: ]
< Customer : Center For Sustainable Development (CSD)-AUC
Phone: 01111000455 Fax:

. Protocol Number: Mesham Atmed Samy Number of Packages: 0
" Lotnmor Package size: 0 kg

~ Sampling place: 2 IAVS Lot slze: L
" Bample ID : 49075 Sample :  Molokia

“Analysis ID : 65528 Analysis Date : 12 September, 2017

~ Method Name : GUECHERS Method
' Method Description : Quick and Easy Method (QUECAERS) for Determinaton of P R in Foods

? Eurpesn Stwncent Memod EN 15062 2008
I~ Results of analysis :

- Compound or microbe Result :

Pectcito Renitums Mot detectsd.

“Tie measunement usccrtamty exprenad da expanded ty (s 93% conf) feved) s within the rasge & S0% The list of LOQS
Machod o this certificale are tested (attach n-fV-Olm-A)

*“Pervon in Charge: Dr Emad Ramadas Mobumed

Y TEST CERTINCATE shal it be sgraduced excopt 1 Tl wifcat Be wition spgrovel of the Laborstory

Tun! rewuts resste coly 10 e Sama tented Page 1(2) /
7 Nodi El-snid St. - Dokki - Giza - Egypt L) e 3y ey = D - D - ) g AV
Phone Int +(202) 37601 365 - (202) 36711 355 (Y+Y) TVANITO . (YoY) TVI. T4 - ok
Fax: Int + {202) 37611 216 - (202) 37611 106 (Yo7) TYIMN L L (YY) TVINANY L0

E-mail: info@qcap-egyptcom  Website: www.qcap-egypt.com

Pesticide residues analysis results for Molokheya sample from IAVS
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Ministry of Agriculture s 30505
Research Comer

Central Laboratory of Resicuo Analysis uwwmmﬁ’
of Pestcides and Heavy Metals in Food CNP uy»‘)w‘idf:,w

N T

~ Sample 10 : 49075 Sample:  Molokia
2 Analysis ID : 55529 Analysis Date : 16 Saptemer, 2017
_ Method Name : Heavy Metais in Foods (ICP-OES)

";.:._'_COMI‘ or microbe Rosult

s Anlmory 08 mohyg
Cadrmium 008 mohyg
Laad «L0Q

'?h «LOQ

 Nsgarese 92 mohg
i Copper I8 mgvg
Mechel
“Cobalt
“Chwomiem
Tre

0. =ty
«L00
«“L0Q
«L00

‘ ety expoessed a8 expunded uncerainty (i 99% confidence level) is within e rasge 426%. The st of
00" s atached 10 shis certificate arc tested ( attachesent HMS)

G
“gjp?fyam Flmarualy
~ 5o Director

\\-'v—‘f‘.

__Giza, Egypt - Menday, 18 September, 2017 N
N \
> F

Thark you for wsing our labor \

A

5 Yhvm TEST CERTHFICATE st nct be eprocuced except i A, wihouk e written appeove of e Labarasory

L Test rewats retate 0ny 0 the ferms tesled Page 2(2) ‘/
7 Nodi El-sai St. - Dokki - Giza - Egypt A a Ay g < Bl e D D Gl E RN
Phone: Int +(202) 37601 385 - (202) 36711 355 (YY) TYIIITaL L (YY) TVILATAS Ak
Fax: Int + (202) 37611 216 - (202) 37611 106 (YY) PRI L (YaY) TV LS

E-mail: info@qcap-egypl.com  Website: www.qcap-egypt.com

Heavy metals elemental analysis results for Molokheya sample from IAVS
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Ministry of Agriculture e N5 5y
Agrautars Research Cenier LPLRY TP I
Cuntal Ladoratory of Reashoe Analyss el Chdis Jiadl s 6 5 Jendd
of Pestcxes and Maavy Metais in Food QCAP Ll AR Ll

- ) o T " ~
: st Cartificats
ﬁﬁVINS

m* 600918 N St Rttt S
Sample 10: 2017 - 49078  Date recelved: 10-Sep-2017 ) 208 (EW 180N 17228,
Sample: Mook Number of sub samples 0

: fotal sample weight: kg

Customer : Center For Sustanabie Development (CSD)-AUC

Phone: 01111000455 Fax:

 Protocol Number: Hesham Avmed Samy Number of Packages: 0
Lot number: Package size: 0 kg
!—hm 3 Marvet Lot slze: g
X Sample 1D : 49076 Sample :  Molokia
~Analysis 1D : $5530 Analysis Date : 12 Seplomber, 2017
- Mlethod Name : QUECNKERS Method

- Mathod Description :  Quick anc Easy Memod (QUECHERS) for Determination of Pesscide Ressdues in Foocs
o Uning LC-MSMS, GC-MSMS

- Eurmpean Stencer? Memog EN 15062 2000
~ Results of anadysis :
. Compound or microbe Result :

 Bosceta “L0Q
e ¢ = expandod y (ot 93% condence leved) is within the range & $0% The fist of LOQY

h—-o-p Dr Emad Ramadan Mobamed

b

> ﬁ—n---‘-—n“(-ﬁ- nnoa-—c,
/'m\
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,'lﬁ-wmnnnumw-u WAL N WA SOV Of T L0 sy

(t-“—q-u-— Page 1(2) ‘)
7 Naa Elsasd St - Doidd - Giza - Egypt A e s penn - A - d gl Y
Phone. Int +(202) 37601 305 - (202) 36711 355 (YY) TVINITOR L (Yar) TVILTae s A
Fax ot » (202) 37811 216 - (202) 37611 106 (YY) TV (YY) TVINIYY gy

E-mail: info@qcap-egypt.com  Website: www.qcap-egypt.com

Pesticide residues analysis results for organic Molokheya Sample from the market
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Agncultral Research Center | .

Contral Laboratory of Reskiue Analysis Sl Sighde -
of Pestades and Heavy Metals n Food QCAP umiﬁ%,m

I T b

;‘:‘c-.bo: 45078 Sample:  Molokia
- Analysis 1D : 55831 Analysis Date : 18 September, 2017
~ Method Name : Heavy Metas in Foods (ICR.OES)

" Method Description : Determmation of Heavy Metais i foods by inductively coupled plasma cpscal omission
> spectrometry afier Nagh preasure microwave Gigesbon
FoOd adiives s contamnents, S 2001 Vol 20 No 6 P 54 . S0

- Results of analysis :

- Compound or microbe Rosult :
| ey Nt decected
Antymoey <LoQ
Commnsm 008 mphy
- s «<L0Q
‘;. «L0Q
Margaress 124 mpNg
SBme T4 worg
. Mchat <LoQ
 Cobatt <LoQ
o <Loa
e ) expessed a4 expasded duty (wt 95% confidence leved) is within the rasge 226%. The list of

_po‘.-m-nm-mnmumn
erce i Charge: Dr. Moo Kbarsbed
1 The samphe was teken by the Quitomner

Gura, Egypt « Monday, 18 Seprember, 2017
o ? Thank you for using ow

>

"" ke TEST CERTIICATE shal nct be repeocuced except n A, mihout the weiten sorovel of e Liboratry

Test rewata reume ariy 10 Dhe Seevy enied Page 2(2) )
7 Nadl El-sald St - Dokki - Giza - Egypt A nd e 3y sppnn = B ued < A - fad gdip AIY
Phone: Int +(202) 37601 385 - (202) 36711 355 (YoY) YYINITO0 L (VoT) FYT TS ol
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Heavy metals elemental analysis results for organic Molokheya sample from market
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ool alls L,Sg,_o‘)!l axz ol 3l
eniral Laby of Resadhue Analysis of Masvy M NI L [JENN

- @y Portiondes & Mea Metals ol A HMALS \

Hoavy Metals in Food 1T - ORS oy w——TIVY T

The elements detected in food using LCP-OES and thelr practical limits of guantification
(LOAY) in food (mg'kg)

SN Compound LOQ (mg kg)
1 Copper (Cu) 1
p Iron (Fe) 1
3 Zinc (Zn) 1
4 Chromium (Cr) 1
s Manganese (Mn) 1
o Tin (So) 1
7 Cobalt (Co) 1
8 Nickel (N1) 1
9 Antimony (Sb) 0.4
10 Cadmium (Cd) 0.0
1 Lead (Pb) 0.05
12 Mercury (Hg) 0.03

Nadi Floaid wrewe, Dobki Glea, Figypts PO Dows 2T Tel (+202) 37611385 - ATa11582 - SORIT100 - 601998
Vel iwwe EP-w RV P A Fan: (+200) XP011588 . Yel1218
emadl in A3 oY oo Falt 109 ) [ n v 1

Elements detected in food using ICP-OES method and their practical Limits of
quantification (LOQ) in food (mg/kg) by QCAP
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This decument i mesnt purely as a docmmentation tool and the Intituions do nol asnene sy Bability for its contents

B COMMISSION REGULATION (EC) Ne 18512006
of 19 December 2006
setting maximum levels for certain contaminants in foodstuff
(Text with EEA relevance)
(0J L 364, 20.12.2006, p. 5)

Amended by;
Official Joumal
No prge date

Ml Conmmssion Regulation (EC) No 11262007 of 28 Septanber 2007 L 258 14 20.9.2007
PM2  Conmission Regulation (EC) No 565/2008 of 18 June 2008 L 160 20 19.6. 2008
PM3  Comnission Regulation (EC) No 629/2008 of 2 July 2008 L 173 6 3.7.2008
PM4  Commission Regulation (EU) No 1052010 of § February 2010 L3S 7 622010
PMS  Commission Regulation (EU) No 165/2010 of 26 February 2010 L %0 s 2722010
PM6  Comendssion Regulation (EU) No 4202011 of 29 Apnl 2011 L 3 Jo.4.20m
M7 Conmmssion Regulation (EU) No 83572011 of 19 Augast 2011 L 218 4 20.8 2011
PM8  Comwmassion Regulation (ELJ) No 12582011 of 2 December 2011 L 320 15 3iz2om
P)_L’ Conmussion Rogulation (EU) No 1259/2011 of 2 Decamber 2011 L 320 18 3122011
Lot} Conwmssion Regulation (EU) No 219/2012 of 14 March 2012 L7S 5 1532012
PMIl  Commussion Regulation (EL) No S94/2012 of $ July 2012 L 176 43 6.7.2012
PMI2 Conmusnon Regulation (EU) No 10582012 of 12 November 2012 L 313 14 13112012

Commission regulation (EC) - Setting maximum levels for certain contaminants in
foodstuffs
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2006R 1881 — EN — 03.122012 — 009.001 —2

COMMISSION REGULATION (EC) No 18812006
of 19 December 2006
setting maxizum levels for certain contaminants in foodstufls
(Text with EEA relevance)

THE COMMISSION OF THE EUROPEAN OOMMUNITIES,
Having regard to the Treaty establishing the European Commmundty,

Having regard to Council Regulation (EEC) No 31593 of 8 February
1993 laying down Conenunity procedires for contaminants o food (),
and in pasticular Asticle 2(3) thereof,

Whercas:

(1) Commission Regulation (EC) No 46672001 of 8 March 2001
settmg maxem levels for certain contmmunants m foodstuffs (%)
has been amended substantially many tames. It is necessary to
amend agam maxismam levels for cotain contaminants to take
imo accout mew information and developments = Codex
Alimentarins. At the same tane, the tet should where apgro-
priste, be clarified Regulation (EC) No 4662001 sheuld
therefare be replaced.

(2) It ¥ esential, m order to protect public health, to ke
contaminants at levely which are toxicologically acceptable.

(3)  In view of dispanties between the laws of Member States and the
consequent sk of digotion of competition, for  some
contammants Conminity measires are necessary m order to
cnsure nuwket unity while sbiding by the pnaciple of propor-

(4)  Maxwmen levels should be set at a stict devel which i
reasonably achicvable by following good agricultural, 6
mdnnmbtlmpnﬂw«mdhlm.ﬂommunri*

case of

group, 1o costiblish the lowest maximum levels, which we
achievable through o strict selection of the raw materials used
for the manfacturing of foeds for mfants and young cleldren.
This stnct sclection of the raw matenals 1s also appropnate for
the production of some pecific foodstuffe aich as be for dwect

human conmumgtion
() OJ L 37, 1321993, p. L. jon as amended by Regulition (EC) No
18822003 of ®e Bwepean and of the Cowxil (OF L 284,
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(5 To allow maxmmun levels to be apphied to dned dibated,
processed md  compound  foodstuffs.  whee no  speafic
Comummity maxumum levels have been  established, food
buszess operators should provide the specific concentration and

(6) Towem@dummhd”khﬁtm

other foodstuffs or used as an ingredient i other foods

(M It is recognised that seating or other physical reatments make &
possible to reduce lbe aflatoxin content of cmtmu ol'

contends for those products which ae not mtended for drect
humm consmption or 3 m ngredient m foodstufle In these
caves, the maxzuan levels for aflatoxing should be fixed taking
ino consideration the effecctivaness of the above-nxmtioned
treatments to reduce the aflatoxin content i groundimts, nuls,
dried fruit and mawze to levels below the maxinwm limits ficed
for those products intended for direct human consumption or use
as an ingrediont i foedstufls

(8 To emable d¥ective enforcaned of the maxmmum levels for
certam comtammants i catan foodstufls, it is appropriate to
provide for suatable labelling provisions for these casex

(%  Becausc of the climatic conditions in some Member States, it is
difficult to ensure that the maxmnum levels wre not exceeded for
fresh kttuce and fresh spmach. These Member States should be
alfowed for a temporary pawd to contmue to athonse the
marketing of fresh lettixe and fresh spmach grown and
tended for consumplion i thew temitory with nitrate contents
exceoding the naxinean Jovels. Lettuce and spmach producers
cstablished in the Mombear Stater which have given the afere
mentioned suthorisations should progressively modify their
faming methods by applying the good agncultiral practices
recommended & national level.

(10) Ceotain fish species originging from the Baltic region may
contain high levels of dioxins asd dioxin-like PCBs. A significast
proportion of these fish species from the Baltx region will net
comply with e maxmmm levels and would therefore be
exchided from the dict Theare are adications that e exchusion
of fish from the dict nay have 2 pegative health snpact in the
Baltic regin.
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an

a2

%)

(L))

(%)

(16)

an

Sweden md Finland have a systam m plce which has the
capacity to ensure that consuamers are fully informed of the
dictary recommmendations conceming sestrictions on cansumgption
of fish from the Bakic region by identified vulnerable groups of
the population 1 order 10 avoid potertial health risks. Therefore,
it 18 appropriste to grant a derogation to Finland and Sweden to
place on the market for a temporary peniod certain fish specics
orgmating in the Baltic region and mitended for consmmption m
thew temitory with Jevels of diexme and dioxin-like PCBs higher
than those set in this Regulation. The necessary mcasures nust be
implemented to ensure that fish and fish produsts not complying
with the macimum levels are not marketed m other Member
States. Fohind and Sweden report every year to the Comnuassion
the resulls of their monitoning of the levels of dioxins and dioxin-
lke PCBs in fish from the Baltic region and the mesures to
reduce hunun exposwre to dioxins and doxin-like PCBs from
the Baltic region

To ensure that the maxumun levels are enforced m a uniforn
way, the sane samplmg criteia and e same amlysas
paformmnce crteria should be applied by the competent suth-
ortics throughout the Comensmaty, B is Ruthermore mportamt
that analytical results are reposted and interpreted in a uniform
way. The measures as regards sampling and anslyss specified m
this Regulation provide for uniform rules on repatag md inters
pretation.

For catain comtaminants, Member States and interested parties
should maonitor and report levels, as well repot on the progress
with regard to application of prevertative meastures, to allow the
Commission to assess the need to modify existing measures or to
adopt additional measwres.

Any macienen lovel adopted st Comenunity level can be subject
10 A review o take account of the advance of sciontific and
technical knowledge and improvements in good agriculthwral,
fishery and mamudachring prctices.

Bran and gam can be maketed for diedt human consunption
and it is therefore appropriate to establish a maximum level for
deaxynivalkenol and zeamlenone m these commodities.

Codex Alencntarius has recently set a maxaman level for lead m
fish which the Conmummity accepted. It is therefore appropraate to
modify the carent provision for lead n fish accordingly.

Regulation (EC) No 8532004 of the Furopean Parlament and
Camncil of 29 April 2004 lsying down specific lygiene rules for
food of anmmal origm (') defes foodstufls of animal ongin, and
consequently the entraes 2 regards foodstufls of mumml ongm
should be amended in some cases according to the termmology
used in that Regulation,

(') OJ L 139, 3042000, p. SS. as comected by OF L 226 25.6 2004, p. 22

UMMWMMM)NOIW(OJL!‘”

Reguilation
18112006 p 1)
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(8) It s necessmy to provide that the maxamumn levels for
contammants do not apply to the foodstufls which have bem
lawfully placed m the Conmuusty market before the date of
application of these meedmum levels.

(19)  As regards nitrate, vegetables are the major source for the hummn
intake of nitrate. The Sciestific Comenittee on Food (SCF) stated
in its opinzon of 22 Scptenber 1995 (') that the total mtske of
nitrate i noemally well befow the acceptuble daily ugake (ADI)
of 3,65 mgkg body weight (bw). Jt recommended, however,
:ﬂmm of efforts to reduce exposure to nitrate via food

wala

(20)  Since clematic conditions have a major ifluence on the levels of
mitrate i certain vegetables such as lettice and spmach, different
maxingm mtrate levels should therefore be fived depending on
the scason.

(21) As regards aflatoons, the SCF expressed m s opmwon of
23 Septanbar 1994 that aflatoxms are genotoxic carcmogans (),
Based on that opinion, # & appropriate to leut the total aflatexan
contert of foed (sum of aflatexing By, By, Gy and Gy) as well as
the aflatexin B, content akone, Aflgoxin B, being by far the most
toxic componnd. For aflstoxin M, in foods for mfants and yoauns
children, a possible redixtion of the curent maximman level
should be considered in the light of developments in malytical

]

(22)  As regards ochwmtoxin A (OTA), the SCF adopled a scientific
opinion on 17 Scptanba 198 (") An msesmeant of the
dictary intake of OTA by the population of the Comsnumnity has
been paformed (') in the famewoak of Cowmxil Directive
93/SEEC of 25 Febauary 1993 on assistance (o the Commassion
and cooperation by the Member States in the scientific exam-
ination of quetins relatmg to food () (SCOOP). The
Ehope.l’ wmwmm«.-m

(") Repants of the Scentific Commities for Food. 35th series. Opmion of the
Screntslic Conniltee for Food on mtrates and sstrde, p |, batp)ec. exropa e’
tedlﬂc/ﬂkmvd reperts 38 pdf

(')lqoudh Committee for Food, S5h senes, Opmaon of the

Scientefdc Commuttee for Food on aflataxing, odatexin A wd paalm, p 45,
batp:lec ewropa. as Yood ¥ so'scf reports'scf_reports 35 pdf

(") Opxwon of the Screniedx Coourttee o0 l’oodm Octestoran A (eguessed m
17 Septavder 1995) hgp/ec coropa ewlood fase scfiaut 14 _en himl

() Repats on tasks for scientific cooperation, Task 327 “Assessmont of datary
miake of Oclrmoxm A by the population of EU Member States” hinpec. cn-
3- i Sood ood ‘chencalsafety /contammants task 3.2.7 enpdf

() OJL 52.431995, p 18

* of the Scwentific Pand on contsmmats m the Food Cham of the
on & request from the Commission relsted 10 ochestonin A in food.
bp:www efs awopa oy 'etc medimabb ‘efey sonnce contam/con-
taen_opamions 1521 Par 0001 File dat'contam_op_ 6365 _ochrat-
oxin_a_food_enl pdf
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(23) Based on these opimsons. it is ippropnate 2o st maxumum levels
for cereals, cereal products, dned vine frut roasted coffee, wine,
grape juice and foods for infnts and young children, all of which
contritute significantly to gemaal leaman expoane to OTA o to
the exponrre of valnarable groups of consumers such = cluldren

(24) The sppropristencss of sdting a maximum level for OTA in
foodstuffs such as dried fruit other than dried vine fnet, cocoa
and cocoa producty, spices, meat products, green coffee, beer and
liquorxe, & wdl as a review of the exigting maxmem kevels, m
particolar for OTA in died vine fug and grape mice, will be
conswdered in the hight of the recant EFSA scicntific opimon.

(2%9)  As regards patulin, the SCF endorved m its meetmg on 8 March
2000 the provisiomal maximim tolerable daily intake (PMTDI) of
0.4 pgke bw for patudin (")

(26) In 2001, 2 SCOOP4ask “Asscssment of the dictary mitake of
patlin by the population of EU Member States” m the
framework of Directive 93/SEEC was performed (%)

(27) Based on that assesament and takimg into accout the PMTDL
maxioum levels should be set for patulin 1 centam foodstuf)s to
prolect conmumers from wnacceptable contamumation  These
maxamuam levels should be reviewed and, of necessary, reduced
taking mto accoand the progress in scientific and techaologscal
koowledge and the implementation of Commisnon Reconmimen-
daticn 2003/S98EC of 11 August 2003 on the prevantion and
reduction dpuuln contanunation i apple juice and apple juike

ingredients in other beverages (%)

(28) As regards Fusariam toxins, the SCF has adopted sevenl
opinicns evalating deaxynsvalenol i December 1999 (Y) estab-
lishing o tolcrable daily intake (TDI) of 1 ke bw. zearalenone
in June 2000 (") edabkshing a temporary TDI of 0.2
bw, flamonsms m October 2000 (%) (updated m Apnil 2003) (7
establishmg & TDI of 2 pgkg bw. nivalaol m October

(") Mumses of the 120th Meetwg of the Scietfic Comnuttee cn Food held on £

and 9 March 2000 n Brussels, Mauwte statanod o patule hitp lec.cu-
1opa e Food o'se sclomsS _enpdf

() Repats on tasks for soiantific coopaation, Task 328 "Assessment of datiry
wiske of Poulm by the populstin of BV Manba Staes’. i lec.cn-
ropa.cufood food chamcalsalety /contammants 3. 28 en pdf

(M OJL 208 1282008 p 34,

(')ww&:mltMmMmli

{DON). (expressed oo 2 December 1999) llec cmopacu’

food To/se mfioutld onpdf "

(')OyumdbeMMmMquuMI
Zearsleroee (ZEA), (expressed on 22 June 2000) hitp Ve curops, asTood fs/
sc/scfom6s

(%) Opamon of the Sciestific Committee on Food on Fussrumtoxins Put 3
Fumanism B, (FB,) (expressed on 17 Octobar 2000) hitp /ec. europa.en'food/
fe'scocloe?3_enpdf

(") Updsted opimmon of e Sacstific Conmmittee on Food on Fumonsm B,
n‘"?. (:?;md o 4 Apnl 2003) hap-Vec coropa enfood fiac/sef’
onis_en
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¥B
2000 (") edblmn orwy TDI of 0.7 pg'kg bw, T-2 and
HT-2 toxan m May 2001 (%) establishing a combined temporary
TDI of 006 ugkg bw md the trichothccones as group m
February 2002 (')

(20) In the franework of Directive 9V SEEC the SCOOPtxk ‘Cole
lection: of occwrrence dats on Fusariwm toxine m food and
asscssment of dictary intake by the population of EU Member
States” was pafomed and finalised m September 2003 (')

(30) Based on the scientific opinions ad the assessment of the dsctary
imake, # & appropriste to set maximum levels for deoxyni-
valmol, zeawalenone and fimonssms As regards fiumonisins,
monitaring cortrol resufts of the recent harveds mdicate that
maze and maze products can be very haghly contaminated by
fumonising and it is appropriste that measures arc takean to avosd
such vnacceptably highly contaminated mawze and maize products
can enter the food ¢hain

(31)  Intake estimates mdicate Uit the presence of T-2 md HT-2 toxm
can be of concam for public health Therefore. the development
of a rdible and sensitive method, collection of more ocourmence
data and more mvestigatwnsrecearch m the factors mvolved m
the presence of T-2 and HT-2 toxin m coreals and coreal
products, m particular m oats and oat products, is necessary
and of high priority.

(32) It is not meceway due 1o co-ocourrence to consider specific
memsiwes for S-acetyl deoxynivalenol 15<acetyl deoxynivalenol
and fumonism By, as measures with regard to m particular
deaxynivalenol md fumonsin B, and B, would ako protect
the hunman population from m wmacceptable expoawe from 3.
accty] deoxynivalenol, 15-acetyl deoxynivalenol md fienonesm
B The same applics to mivalenol for wiuch to 2 centam degree
co-occurence with deaxynivalenol can be observed Furthenmore,
human exposure to mivalenel is cstimated to be significantly
below the ©TDI. As regards other trichothecones comadared m
the sbovementioned SCOOP4nsk, such as  3-acctyldeoxyni-
valeol, 15-acetyldeoxynivalenol, fusarenon-X. T2-tnol. discet-

oxyscapenol, neosolaniol, maoncacetaxysarpenol and vemucol,
melmamnamwum-uuumumdom
ocowr widely and the levels found are genenally low,

(')Onlmd‘.tmcmml'oo‘mli
vaknol expressed an 19 Octoder 2000) hap - lec caropa e/ Food 1h/se st/
aﬂdnpdl
(") Opxncn of the Scicody Comnuttee on Food on Fusaruns-toxins Pat S T-2
m:afum-nuu(mmsomywol)mmc,mumw
sc/scfountSs
(") Opxoon of the Sceatific Commtice on Food o Fusammantoxins Pat 6
Group evalustion of T-2 texin, HT-2toxin mvalenol mnd deosymivalencl.
(ldgd m 26 Py 2002)  haplec cropn cwood fi s sl
a2’ enpdf
() Reports om taks For scientific coopenticn, Task 3210 ‘Collection of
:‘mtebyeum o of U Mart: af“s:n‘-:n/ :1:;.;:/
;“F"“" ‘ec europa.
il
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(33) Chmatic conditions drmg the growth, m particular at flowenng,
have a major mflsence on the Fusarmim toxin comtent. However,
good agricultural practices, whaeby the risk factors are reduced
to a minanaum, can prevent to 2 cetain degree the contanuination
by Fruearium fingt Commission Reconmmendation 2006/583/EC
of 17 August 2006 on the prevention and reduction of Fusarmum
toxing in cereals and cercal products (') contains general prin-
ciples for the prevention and reduction of Fusamim toxm
contammation (zearalencne, fumenising and trichathecenes) m
carcals 1o be implemented by the development of national
codes of practice based on these praciples.

()  Maxemn levels of Fusanum toxing should be wet for wurpro-
cossed cercals placed on e market for fist-stage processug
Cleaning, sortimg md drymg procedwres are not corsidered as
first-stage procesang msofar as 1o physical action 15 exerted on
the gram kemel itself. Scowrmg is to be considered as fird-stage
processing.

(3%)  Since the degree to which Fusamum toxms @ unprocessod cereals
are removed by clemmg md processmg may vary, it % apgvo-
priste to st nuxanmn bevels for final conamme cereal
as well as for major food ingredicnts derived fram cereals to have
anforcesble legslstion in the mterest of asurmg public health
protection.

(36) For maize, not all factors mvolved m the formation of Fusarnim
toxing, i particulsr zearalenone and fumonising By, md B,, &c
yet precisely known Thaefore, a tane paiod s granted to ensble
food business eperstors in the cereal chan o perfonn investi-
gations on the sowrces of the formation of these mycotoxins and
on the idestification of the mmagement measures to be taken to
prevent thar presence as far as reasonably powsible. Maxinmum
levels based on cusvently available occurence data are proposed
to apply from 2007 m case no specific maximum levels based on
new iformation en occurrence and formation are set before that
time.

(37 CGwven the low contamunation levels of Fusanum toxms found m
rice. no maxmnan levels are proposed for nce or nce products

(38) A review of the maxumumn levels for deoxynivalenol, zeamlenone,
fumonisin By and B, as well as the appropriataness of sctting a
maxioum level for T-2 md HT-2 toxin in cercals and cereal
products should be conadeed by | July 20(8, tking wito
account the progess n scaentific md technological knowledge
on these toxing m food.

(') OJ L 234 2982006, p. 35.
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(39)  As regands lead, the SCF adopted an cpimwen on 19 June 1992 (')
endorsmg the provisional tolerable weekly mtake (PTWI) of 25
pug/kg bw proposed by the WHO m 1986 The SCF concluded
its opinion that the mean level in foodstuffs does not scem to be a
case of mmmediate concem.

(40) In the framewoek of Directive 9VSEEC 2004 the SCOOPask
3.2.11 "Asscemment of the dictary exposre o arsenic, cadmam,
lead md merewry of the population of the EU Momber States’
was performed in 2004 (). In view of this asscsamant and the
opinicn delivered by the SCF, 2 is appropriate to take measures
to reduce the presence of Jead in food as much as possible

(41)  As regards cadmium, the SCF endorsed = its epimson of 2 June
1995 () the PTWI of 7 pgks bw and recommonded greata
efforts to reduce dictary exposure 1o cadmpam smce foodstufls
are the nam source of humm mtake of cadawum. A dsctary
exposire assesanert Was perfonmed in the SCOOPask 3211
I view of this axsexsment md the opmion delivesed by the SCF,
it is appropriste to take meanures to reduce the presence of
cadmium in food as mach as possible.

(42) As regards merowry EFSA adopted on 24 Febmuary 2004 an
opinion related to macwy and methylmercary m food () and
endorved the proviscnsl tolaable weekly mtake of 1.6 pz'kg
bw. Methylmercury is the chemxal form of most concem and
ca nake up more than 90 % of the total mercury i fish and
scafood Taking mto account the outcome of the SCOOP1ask
3211, EFSA comciuded that the lovel of meocwry fond
foods, other than fish and scafood, were of lower concem. The
forms of mercury present m these othe foods are maady net
methymercury and they are therefore considered to be of lower
risk.

(4%) In additicn to the scttmg of maxemum levels, tagoted consurer
melsummethnudmm
for proteting vulnerable groups of the population An
information note on methylmercury m fish md fishay products
responding to thix need har therefore been made available on the
website of the Health and Comswoixy Protection Directoeate-
Ganeral of the Ewopemn Comumission (7). Several Member
States have also issued advice on this issuc that is relevant to
their population.

(') Repats of the Scientific Conumtiee for Food 52nd semes. Opanoa of the
Scientific Comeiniee for Food on ‘The potential risk 1 health presented by
fead 0 Sood and druk’, p. 7, Mip/ec ewropa e Tood feisc /scfreportsscf_re.

ports_32pdt
')lquumh&:fcmam& ooperstion, Task 211 "Assosanent of

Dot 'scoop_3-2-11_heavy _mdals_report_en pdf
() Repants of the Scientdfic Conmittee foe Food, 36th senies, Opamion of the

related to mercwry and pvetlyhueroury in food {adopted oo 24 Febaunry 2004)
aw.'::d\; efm an b science'contann contin_opisions’ 2V epinion_contsm
() hatp:iiec europa.as Yood Tood chemmecalsafety ‘contaminants information
note_mercury-fidh 12-05-04 9
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(44)  As regards morgani tm, the SCF concluded in 1 sopnnnol’
12 Decamber 2001 (') that levels of morganic tin of
inc.ncdbcvmwud‘.’”wl:.ilmmtood- may
caisc gastric Enitation in sane mdividuals

%

(4%)  To protect public health from this healdh risk it is necessary (o set
maxinum levels for morganc tm m canned foods md canned
beverages. Until data becomes avahble on the sensitivity of
infants and youmg children to inorganic tin m foods, 2 s
necessary on a precationary basis to protect the health of this
vulnasble populstion goup and to establish lower maximun
levels.

(46) As regards 3-monochloropropane-1.2-diol (3-MCPD) the SCF
on 30 May 2001 a sciemtific opmien as regards 3
mfood(’).mmowmmd'lémtc
994 (") on the basss of new sciemtific mformation and estab-
m.cmnuu intake (TDI) of 2 pg/ke bw for 3-MCPD.

§§

(47)  In the franework of Directive 9VSEEC the SCOOPtaxk 'Col-
lestion md collation of data on levels of 3.MCPD i related
substances in foodetulls” was paformed and finalised i June
2004 (). The man contnbutors of 3-MCPD to didtary uake
wae soy sauce and soy-smce based products. Some other
foods caten in large quantitics, such as bread and noodles, also
contributed significantly to intake in some countrics because of
high connunption rather than high levels of 3-MCPD present
these foods.

(48)  Accordmgly maxinuun leves should be sa
hydrolysed wepetable protein (HVP) and soy sauce taking mto
accowrt the nsk related to the commumption of these foods
Member States are requested to exmnme other foodsuffs for
the occurraxe of 3MCPD i onder to consider the need to set
maximum levels for additioml foodstufls,

(49)  As regards dioxing and PCBg, the SCF adopted on 30 May 2001
an opmion on dioxins and dioxin-like PCBs m food (*), updating

(') Opauca of the Scientific Conumitiee cn Food on acule rsks posed by tm m
camned foods (sdopted on 12 Decersba 2001) b ex exropa en/ ook fe'se/
sl 10 en pdf

(%) Opmicn of the Scienti Commitiee on Food on 3-manocbloro-pecpmne-1.2-
diol ($-MCPD) updatng the SCF opmion of 1994 {adopted ca 30 May 2001)
Metplec ewropa arYood Tascscfowed en pdff

(") Repats of the Scientific Committee for Food, 3&h saes, Opmmon of the
Scienrdic Conuutice for Food on 3-monochicropropans-1 2-dwd 3-MCPD),
P31, hitpoiee curopa cnTood fu'se sefreportaisct reparts 36 pdf

() Reparts om tasks for sowentdic coopaation. Tak 3529 “Collection and
collabon of data on Jevek of S-meacchiorepropmodiol (3-MCFD) and
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s opmion of 22 November 2000 (') fixing a tolaable weekly
intake (TWID of 14 pg World Health Orgamsation texic
equivalent (WHO-TEQ)%g bw for dioxing and dioxm-like PCBx.

(%0) Droxins as refared to in this Reguletion cova a group of 75
polvchlonnated dibenzo-p-dioxin (PCDD) comgencrs and 135
polychlonnaed dbenzofuran (PCDF) congenas, of which 17
are of toxacological concem. Polychlonnated biphenyls (PCB¢)
are & growp of 200 dfferat congemers which can be divided
o two groups accordmg to their toxicological properties: 12
congenas exhibit taxxcological properties sumilar to dioxing and
are therefore often termed dioxan-like PCBs. The other PCBs do
not exhibit doxin-like toxicity but have a different toxicological
profile.

(31)  Each congener of dioxins or dioxindike PCBs exhibits o different
level of toxxity. In ceder to be able to s up the toxiity of
these diffarent congeners, the concept of toxic equivalency factors
(TEFs) has been introduced to facilitate nsk mssessment and segu-
latory control. Thir means that the anafytical results relating to all
the ndwvidual dioxin and diccan-dike PCB congoners of toxico-
logical comcan are expressed in terms of a quantifiable wnit,
namely the TCDD toxic equivalent (TEQ)

(52) Exposwe cstimates taking mto accoumt the SCOOP4ask
‘Assessment of dictary intake of dioxins and related PCBs by
the population of EU Member States” fmalised in Juse 2000 ()
indicate that a consderable propottion of the Comenunity popu-
lation has a dictary intake in excess of the WL

(435)  From a toxacological pomt of view, anry level set showdd agply to
both daxing and dwoxan-like PCBs, but m 2001 maxinan levels
wae st on Commumity level only for dioxms md not for dioxin-
like PCBs, given the vay limsted data available at that time on
the prevabence of dioxin-like PCBs. Snce 2001, however, more
data on the presesce of dioxin-like PCBs have become available,
therefore, nucinuem levels for the sum of diacins and dioxm-like
PCBs have been st in 2006 as this is the most sppropride
approach from a toxxological pomt of view. In oeder 1o enmue
a smooth transition, the levels for doxms should comtime to
apply for a vanational period m addtion 1o the levels for the
sum of diexmns mnd doxindke PCBs. Foodstuffe must comply
dumg the trawitioml period with the mumimum levels for
dioxins and with the maximum levels for the sum of doxins
and dioxin-like PCBs. Consideration will be gwen by
31 Decomber 2008 to dispansing with the scparate maximun
levels for diocans.

(") Opmian of the Scientific Connitice on Foed n the ik asscssman of
dioxms and dioxm-dike PCBs in food (asdopted o 22 Nevenber 2000)
Itp:Vec curopa.as Tood faso'scl o 78 _an pdf

&) Mmmhw-mruszs “‘Assessmont of didary

mtake of dicxing and related PCHs by the population of EU Mamber States”,
hatpilec curopa. asdge beakth consumen bibvary pub/publds_cn pdf
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(%)

(5%

(%6)

(37

(35

In order %o encowrage a proactive approach to reduemng the
dioxms and dioxmelike PCBs present in food and feed action
levels were set by Consnission Recommendation 200688EC of
6 Februay 2006 on the reduction of the presence of dioxing,
furans snd PCBs in feedingsnd¥s and foodsmufls () These
action levels are a tool for competant authoritics and operators
to highlight those cases wiwre & &5 appropriate to identify a
sauce of contammation and to take meanwes to reduce o
claninae & Since the sources of doxins and dioxindike PCBs
are dilfcrent. scparate action levels are determimed for dioxing on
the one hand md for dioxm:like PCBs on the other hand This
proactive approach to actively reduce the dioxins and dioxmn-like
PCBs in feed and food and consequently. the maximum levels
applicable should be reviewed within » defined penod of time
with the objective to sd Jower levels. Therefore, commidaation
will be given by 31 December 2008 to significantly reducing the
maxinum levels for the sum of dioxins and dwxm-like PCBs

As regards the establishment of maxinmm levels for other food-
stuffs by 31 Decamber 2008, pasticular sttention shall be paid to
the need to set specfic lower maxinmm levels for dsoxins and
dioxin-like PCBs m foods for mfants and young children in the
light of the monstorma data obtamed through the 2005, 2006 and
2007 prograsumes for monstamg dioxms and dioxan-like PCBs m
foods for infants and young cluldren,

As regards polycycke aromatic hydrocarbons, the SCF concluded
in its opindon of 4 Decanber 2002 () that a munber of polycyclic
aromatic lydrocarbons (PAH) are genetoxic carcmogens. The
Jomt FAOAWHO Expert Conmnittee om Food Additives
(JECFA) performed m 2005 a ik ascorsment on PAHs and
estimated marpns of exponye (MOE) for PAH as 3 basiz for
advice on compoumds that ae both genotaxic and carcino-
genic ().

Accordmg 10 the SCF, berzo(a)pyrane can be used as a madker
for the occurence and offect of carcmogmic PAH i food,
inchedng alvo benz{a)mthmacene, benzo(d)lucranthene, ben-
zo(Nvoranthene,  berzo(K)ceathae,  benzo(gh,ijperylene,
clrysenc. cyclopentalc.d)pyrene, dibenz(ahjanthracenc, diben-
zo(ac)pyrene,  dibenzo(a hlpyrene, dibenzoat)pyrence, diben-
zo(alpyrene, mdeno(l 23<d)pyrene and  Sanchykhryeene

(") OJ L 42, 1422006, p. 26

(%) Opmicn of the Scientrdic Comentice on Feod on fie niks (o besran health of
Polycycle Aramatic Hydrocarbons in food (expressed on 4 Decarber 2002)
batpVec curopa an Yood Fase sl ot 53_cn pdf

(") Evahation of certain food contammaets — Report of the Joxt FAO'WHO
Expat Commntice on Food Additrves), 64th meeting. Romee, 8 10 17 Febeuary
&"ﬂ’d%&u‘.&"}‘-&a Saries, No 930 2006 — hitp-iwhalbdos who

—_ W ) '
vsWHO_TRS_930_eng pdf
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Fusther mnalyses of the relative propestions of these PAH m foods
would be necessary to inform a fitiwe review of the suatability of
mamtainng  benzo(a)pyrene a5 2 marker. In addition
benzofc)luarene should be amalysed, following 2 recomumen~
daticen of JECFA.

(%) PAH can contaminate foods durmg smoking processes and
heating and dymg processes that allow combustion products to
come o direct contact with food In addicn, envirenmental
pollution may cause comtamination with PAH. m particular n
fish and fidhery produscts.

(60) In the framewark of Directive 93/ 5/EEC, a specific SCOOP-ask
‘Collection of ocowraxe dala on PAH in food’ has been
performed m 2004 () High levels were found in dried frnits,
olive pomace oil, suwked fish, grape sced oil, snoked meat
producty, fresh molkiscs, spicessaucer and condiments

(61) In order to protect public health, maximum levels are necessary
for benzo(a)pyrene in centan foods contammg fats and oils and n
foods whese smoking or drying processes might cause high levels
of contamination. Maximum kvels are also necessary in foods
where eavronmental pollution may cause high levels of contami-
natien, o particdar i foh and fisdhery products, for example
resulting from oil spills caused by shppus

(62) In some foods. suwch s dried frut and food supplements,

(63)  The maxanum levels for PAH and the appropriateness of setting
o maxzum level for PAH 3 cocoa butter should be reviewed by
1 Apnil 2007, taking mvto account the progress I scientific and
techmological knowledge on the occurence of benzoda)pyrene
and other carcmogenic FAH in food

(68) The meaaures provided for in this Regulation are in accordmce
with the opinion of the Standing Conunittee on the Food Cham
and Animal Health,

(") Repants ou tasks for sciantific co-operation, Task 3.2.12 ‘Colkction of
ocoumence data on polycyche arcomtx hydrocarbons i food™. hip.ec.cu-
ropa. asFood Sood chemic alsafety/ contaminanta Sccop 3-2-12 il re-
port_pah_en. pdf
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HAS ADOFTED THIS REGULATION

Article 1
General rules

1. The foodstuffs listed in the Annex shall not be plxed on the
market whae they cotam a contanmant listed in the Amnex o a
level exceedmng the maximum level set aut m the Amex

2 The maximum levels specified in the Annex shall apply to the
edible part of the foodstufls concemed, unless otherwise specified m the
Amnex

Article 2
Dried, dfluted, processed and compound feodstuffs

1. When spplymng the maximum levels set out in the Anxex to food-
shufls whach are dried, dihted, processed or composed of more than one
ingredicnt, the following shall be taken into account:

(3) charges of the concentration of the contammant cansed by drying or

() charges of the concentration of the comtamnmmt caused by
processang.

(¢) the relative proportions of the ingredients in the product
(d) the analytical limit of quantificaticn

2 The specific concentration or dilution facters for the dryine,
didution, processmg and/'or mixing oparations concemed or for the
dried, diluted, processed md/or compound foodstuffs concerned shall
be provided and justificd by the food business opaator, whan the
competent mehonty carries out an official control

If the food business operator does net provide the necessary concen-
tratson or dilution factor or f the conpotent mehonty deenss that fsctor
mappropriste in view of the justification given. the authority shall isclf
define that factor, based om the avatlable mformation md with the
objective of maxmmm protection of human health.

3. Paragraphs | and 2 shall apply in so far as no specific Comummmity
maximm levels ae fixed for these dried, diluted, processed or
compound foodstufls.

4 As far as Commmmity kgislgtion does not provide for specific
maxinum levels for foods for mfants and young children, Member
States may provide for stricter levels

Article 3
Prohibitions on use, mixing and detoxification

1. Foodstuffs mot complying with the maximum levels set out in the
Amex shall nat be used 2s food mgredients.

2 Foodstufls complying with the maximmun levels st at o the
Amex shall not be mixed with foodstufls which exceed these
maxmmumn levels.
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3 Foodstufls %0 be subjected to sorting or other physical treatment to
reduce contammation Jevels shall not be mixed with foodstuffs imended
for direct nzman consumption or with foodstuffe tended for use as a
food mgrodint.

4  Foodstlli contamung contammants hsted in section 2 of the
Amex (Mycotexing) shall not be deliberately detoxified by chemical
treatmerts.

YMS
Article 4

Specific provisiens for groundmut, other ollseeds, tree muts, dried
frult, rice and malze

Groundoits (pemwits), other ailseeds, tree nuts, doed ful, rice and
maize not complying with the sppropriste maxinwam levels of afltoxine
laid down m points 2 1.5, 216, 2.1.7, 21.8 20110 and 21.11 of the
Amnex ¢an be placed on the market provided that these foodstufls:

(3) are not intended for direct Munan conmunplon of tse as m
ingredient m foodstufYs,

(b) comply with the appropnate maxmman levels tad down m posits
200 202213, 214, 219 and 2.1.12 of the Annex:

S 216 217 218 2010 and 2.1.11 of the
cwded.mdhsmdounamllmdw

(d) arc labelled clearly showing their wee, and bearing the indkation
‘product siall be subjected to sorting or other plysical treatiment to
reduce aflstoxin contamination before Munm consumption o use as
an ingredient i foodstuffs’. The mdication shall be incladed on the
label of exch individual bag. box ctc. and on the original accom-
panyng doamat ‘ﬂwmwwh identification code shall

Article §

Specific provistons for groundnuts (peanuts), other oliseeds, derfved
products thereof and cereals

A clear indication of he mtended wse nuust appear on the label of cach
individual bag, box, dc. and on the original accompanying docurment
This accompanymg document must have a clear lisk with the
consignment by means of menticning the consignament idertification
code, which i on ench individual bag, box, etc. of the consignment
In addition the business activity of the consignee of the consigment
given on the accompanying document st be conpatible with the
mtended use.
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In the absance of a clear mdication that ther mteanded use 15 not for
human consemption, the maxumm levels lad down m pomts 2.1.5 and
2111 of the Annex shall apply to all groemdnuts (peamts), other
oilseeds and denved products thereof and carcals placed on the market.

As regads the exception of groundauts (peauts) and other oilseeds for
crudhang and the application of the maxmmm levels Ind down in point
2 1.1 of the Amex, the exception enly applies to consinments which
are clearly labelled showimg their use and beaing the indication
‘product to be subject to cnushing for the production of refined
vegetable oil”. The indication shall be incheded on the label of cach
individual bag. box ac md on the accompanying document(s). The
fmal destination must be a cnushing plat.

\
Article 6
Specific provisions for lettuce
Unless lettuce grown under cover (protected lethace) 1 Iabelled as swch,
miansim levels st m the Amex for lettice grown m the open air
(opar-grown lettuce) shall apply.
Article 7
Mo
Derogations
s
vae

4 By way of daogation from Antkle 1. Fmland, Sweden ad Latvia
may athonse the placing on thew market of wild caunght salson (Salmo
salar) and products thereof originating in the Baltic region and intended
for conmumption = thewr temmitory with levels of dioxms md'or dioxin-
lke PCBs and/or non-dioxin-lke PCBs higher than those set out m
poirg 5.3 of the Annex, provided that a system is in place 1o esure
that consumers are fully mformed of the dictary recommendations with
regard to the rednctions on the consumption of wild caught salmon
from the Baltic region and products thereof by idemtified vulnerable
pections of the population i order to avoid potential health risks

Finhind, Swedan and Latvia shall continue to apply the necessary
measyres to ansure that wild caught salmon mnd products thereof net
conplying with point 53 of the Annex are nol muketed in other
Member States

Finland, Sweden and Latvia will report yealy to the Commission the
measwres they have taken to effectively wiform the sdentified vulnerable
rections of the population of the dictary recommendations and o enawe
that wild caught salmon and products thercof not compliant with the
maxmmun Jevels & not marketed in othes Manber States. They shall
fisthamore provade evidence of the cffectiveness of these meanres
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S By way of daogation from Articke 1, Finland and Swedar may
ulmbelheplmng on their market of wild caught herring larger than
17 em (Chpea harengus), wild cought char (Sabedime spp). wild
lamprey  (Lamgwtra flrviatilis) and wild caught trout
md products thoreof originating in e Baltic region
mtended for connumgtion @ ther taritory with levels of d&oxins
i ‘or non droxin-like PCBs higher than those
Annex. provided that 3 sysiem = i place to
fully mformed of the dietary recosumen-
regard 1o the restrictions on the consumption of wild
larger than 17 cm, wild caught char, wild caught niver
l-w-uwﬂdtmmﬁunnnna!xngmum
thereof by identi

HH
gz;!, éi‘
,%i

¢
T

Finhind and Sweden shall continue to apply the necessay measures to
enawre that wild caught herming larger than 17 emy wild cauglt char,
wild caught river lanprey and wild caught trout and products thercof
not conplying with point 5.3 of the Anmex are not mearketed i other

Finlnd and Sweden will report yearly to the Conmuassion the measures
they have taken to effectively mfonn the sdentified vulnerable sections
of the population of the dictary recommendations and to ensure that fish
and products thareof not conpliant with the meximm levels & net
marketed in otha Meomber Stater. They shall firthermore provide
evidence of the effectivancss of these measures.

ve
Article 8
Sampling and analyxis
The sampling and the analysis for the official control of the maxinmm
levels specified in the Amnex shall be paformed in accosdance with
Commission Regulations (EC) No 18822006 ('), No 401,2006 (%), No
18832006(") and Conumision  Directives 20012YEC (9,
2004/16/EC (%) and 2008/10°EC ().
Article 9
Mondtering and reporting
vus
1. Member States shall monitor nitrate levels in vegetables which
miy contam significant levels, m pasticular green leaf’ vegetables, and
cometcate the result to EFSA on a regudar basis.
M6

2 Member States and interested partics shall communicate cach year
to the Commission the results of investigations undertaken and the
progress with regard to the application of prevention meatwes to
svoud contamimation by ochratoxin A, deoxynivalawl, zewaknone,
fumonesn B, and By T-2 md HT-2 toxm. The Commmussion shall
make the results available to the Mamber States. The related ocomreance
data shall be reported to EFSA.

(')Seep?ebo(bommlluﬂ

OJL 70, 932006 p 12

(’) See 32 of thes Ol Jourmal.

(9 OJL 77 1632001, p. 14 Directive a5 anscnded by Daextive 20084EC (QJ

L 19, lem.‘p.'om
OJ L 42, s 2000, p. 16
OJL 3.8 m*’l
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3 Maber States shall report to the Commession findmgs on
aflstoxins obtained in accordance with Commision Regulation
(EC) No 11522009 (") Member States should rcpost to EFSA
fmdings on fwan, chylcarbamate, poafhucroakylated asbstances
and acrylamide obtained m accordance with Commission Recomimen-
dations  200V196EC ¢),  2010133EU (7)., 2010161EU () and
2010/307/EU (9.

4  Ocouraxe daa on contaminants collected by Manber States
should, if appregriate, also be reported to EFSA

B
Article 10
Repeal
Regulation (EC) No 466/2001 is repealed.
Referances to the repealed Regulation shall be construed as reforences
to this Regulation.
Article 11
Transitional measures
M
This Regulation shall not apply to products that were placed on the
market before the dates refared to m points (a) to (f) in conformity with
the provisions apphicable 2 the respective date
B
(a) 1 July 2006 & regards the maxsmum levels for deoxynivalenol and
zeaalowne laid down i points 241, 242, 244, 245 246,
247,251, 253 255 and 257 of the Amex;
411N
(b) 1 October 2007 as regards the maxmnum levels for deoxymivalenel
and zearalenonc lasd down in poiste 243, 248 249, 252 254,
256, 258 259 and 2510 of the Annex;,
B
(€) 1 October 2007 as regards the maxanaun Jevels for fiumoninine B,
and B,y laid down in point 2.6 of the Annex.
(d) 4 November 2006 s regards the maxiemam levds for the mum of
dioxins and dioxin-lke PCBs kaid down m section § of the Amnex;,
vun

(c) 01 Jamary 2012 as regards the maxmmum levels for non dicxn-like
PCBs laxd down in section 5 of the Ansex,

() 01 Jawary 2015 as regards the maxmmun level for Ochratoxin A m
Capsicuns spp. Iaid dows m pout 2211, of the Amnex,

(') OJ L 313, 28112009, p. 40
() OJ L 88, 29.3. 2007, 9 S6
(')01L52.3120I0.p 53
() OJ L 68, 1832010, p. 22
(D OJL 137 362000 p. 4
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The burden of provng when the products were placed on the market
shall be borme by the food business operator

Anticle 12
Entry into force and application
This Reguldation shall avar into force on the 20th day following s
publication in the Official Jorrnal of the Ewopean Ustion
It shall apply from | Masch 2007
This Regulation shall be binding in #s entirety and directly apphcable m
all Member States,
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L
ANNEY
Naxtmaum Jevels for certain contaminants n foodstalls (‘)
s
Section |: Nitrate
Foodantl (V) Mxarsen kvde (mg NO kg)
11 Fresh spiach (Snacia oleracea) (%) 3 20
12 TPreserved, decp-frozen or frocen spinach 2 00
13 Fredh Latce (Lactwra safiva L) (protected and | Harvested 1 October to 31 March:
pon-gonn lettixe) exhidng lethoce listed m | lethce grovn under cover 5 0o
point 14 Iethice grovm i the open air 4000
Hasvested 1 April 10 30 Septeniber:
lettce growm ueder cover 4 o0
lettuce grown: m the open aur 5 wo
14 ‘lechag’ type lemxe Lethace growm under cover 250
Lethace grown in the open ax 2 w0
15 Rucols (Brvca sanve, Diplotrnds sp., Brasvea | Harvested 1 October to 31 Maech: 7T 00
temdfoda, Sexmdvium terngfolinm)
Harvested 1 Apnil to 30 Septenba 6 00
16 Proceseed cereal based foods and baby foods for 200
irfrats and young childeen (') (9
e
Section 2 Myeotaxive
Foodem(¥: (') Matirmus level (kg
vus
21 Afatoxing B, Sum of B,, B,. G, M,
md G,
211 Croamdnuts (paanuts) sed other oilseads (%), 1o be 00" 1500 -

subpected to sortmg, or ather phiysical reatinet, befare

hamen comstamption or ise & m ngrediont mn foodstudls,

with the exceptcon of

—  grousdests (peamits) and other cilseeds for cnmbang
for refimed vegetable ctl prodiction

3
354
e

Almonds, pitachios and apricet kemels to be ssbjected 12000 1509 -
to sating. or other plysical treatmant, before human
conmurption of wse as an ingrediat m foodwaufls
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156

wMi2

5

Foodenl¥s ()

Macumun levels (igkg)

213

Hazelmts and Beazl mts, to be subjecied to sortmg, or
other plysical reatment. before hwan consumplion o
use ¢ an wgrodiont m foodstufls

200)

15009

Tree mus, oher than the ee mits Isted in 212 md
215 10 be subjected to sorting o oher physical
weatient, before hunwe consughion oF wse a8 a0
weredient in foodstuffs

000

10,009

conETption of use as an ingredient in foodsifs,
with the ecepton of

~ cnude vegetable otls destived for refining

— refmed vegetable oils

00

00

216

Almonds, pstachiios md pocot kemels, micnded Ky
drect bupsan conmuanpticn of wic a5 M maredient n
foodsuls (V)

200

100

Hezclnts ond Boaxnl mes, ifendal for direct hanoa
COSMATPLIOn Of s as an ingredient 1 Soodssafss (')

300)

10,0

Tree mits, aher than the troe muts lasted in 21.6 and
217, ad procesed prodicts thereol mtended S
drect human consumption o we as @ mgredient n
foodsulls

200)

1009

219

0

100

2110

40

an

40

2112

S0

100

2013

Raw ik (), hest-trested mulk sd uulk for the mawn.
foxture of el -basod products

21

Followng specis of pices

Copicrm spp. (dicd fruits thareof, wholke or groasd,
mxludieg chulles. challi powder, cavawe ad paprika
Pper spp. (froks thaoof, inchadisg white aod black
pepper)

A§ristica fragrans (ptioeg)

Zgiber officimle (gmzer)

Crrcuma lorga (Sunmenc)

Muxteres of spices containing cne or mare of the sbove-
mentioned spices

=

S0

100




THE AMERICAN UNIVERSITY IN CAIRO
ool all 4 Sy 0¥l dx ol 3]

2006R 1881 — EN —03.12.2012 — 000.001 — 22

s
Foodendls () Macumus levels (ugkg)
2118 Processed careal-based foodk and baby foods for infints 0.10 - —
and young childeen () ()
PARTY bnfart farmulae and foBlow.an formulse, mchading mix - - 0028
nelk and follow-cn aulk (') ()
2017 Dictaey foods for specil medical paposes () (') 010 - 0028
wtended pecifically for mfants
YMi2
2118 Drsed figs 60 100
e
22 Ochratoxin A
221 Urprocessed cacals 50
M
222 All products derived from veprocessed cereals, incladmg 10
procecmd caeal producte and cerenls mtended for direct
hasnon conmmmptions with the exception of foodstufls
Biged in 229, 2210 and 2213
8
223 Dyied viie frus (Carmaots, rasms and sultasas) 100
224 Roasted coffee beans and ground romsted coffee, 50
exchading sokible coffee
233 Scluble coffee (instant coffec) 100
226 Wine (mchiding spackbog wioe, exchadng hguaw wine 2003
and wmne with m alcobols of not Jess than
15% vol) and frust wee (')
227 Arceateed  Wabe, aronetised wmebased dmks and 2009
aromataed wieprohixt cocktade (')
223 Grape juce, concarfraiod gape ke a recomtiuled, 2009
Rrape nestar, grape et mxd concanfrated goape st
a8 reconstinged. mdendod for dwest human conmxng-
ton (1)
229 Processed cacal-based foods and baby foods for mfmnts 0.%
and young claldren () (")
2210 Dictey foods for wocid mwdical paposes (') () 0.%
stendod pecifically for mfants
M
221l Speces, mchding dived spoces
Pper wpp (frats thoreof, mchading whate and blxck 15 kg
papper)
Mirtsiica fragrovs (satineg)
Zugiber officimle (Rmger)
Crrcunne losgga (Munmveric)
Capsicran spp. (dried fruits theveof, whole or grousd, 50 pp kg wead 51122004
mxiuding chullses, challi powder, cayeme and papnka) 15 pgkg 35 fom 11,2014
Maxheres of spies containing one of the abovementioned 15 ks
peces
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158

=

i

e

Maxuwous levels (upkg)

2212

Liquorice (Ghowriaza glabra Ghvarrkiza inflate wd
other specics)

2L

Liquerice roct, mgrediert for herbal mfision

20 ks

2122

Liquorice extract (). for use m food m portculs
beverages and confectonmy

0 iy

22148

Wheat ghten nat sold dwectly to the consumer

50

Fruit paces, concentated fivit Jiices a6 reconstmted snd
fruit nectars (')

Spaewt drmks 1), cida and otha fomented dnnks
danved fom spples of contammg apple juxe

Schd wpple products, mxloding apple compole, apple
paree udended for dwext cosumpbon with the
exception of foodstud listed 1 234 and 235

Ayple mike and solsd apple products, acludmg apple
campole o wpple purce, for pfats and young
cluldren (%) and habellod and soMd 2= axh ()

100

Baby foods other than processed cercal-baced foods for
wifaers md young children (') (%)

100

Deoxyrivalenal (1)

Urprocessed cereals () (") dbea dun dswn wheat
oty and mawe

1250

Urprocessed duram wheat and aats (') (')

1750

Urprocessed tmaze (%), wih the excgtion of txpro-
comed maze idended 1o be processed by wet sulling ()

1750 (%)

Coreals mtended for dwect bunan consmrption. cereal
flor, brm and gom = end product mawkaed for
drect lumnan consumption, with the excegption of food-
sty lated m 247, 24.8 md 249

Pmta (&y) (%)

B

Fread (mckding sumll bokay wares), pastnes, becusts,
caeal macks md bresklnt cereals

g

24.7

Processed carcalbaned foods md baby foods for infts
and young chiddren () ()

2438

Milling fiacoons of maze with paticle sze > 00
nwwercn fllicg within CN code 110313 o 1103 2040
and other maze millng products wih patticle size > 00
mocron net weed for direct bumen consmrption fillng
within ON code 1904 1010

%™
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v
Foodstulls (%) Mocmus levels (uakg)
249 Milling frocticoes of maize with particle sie © 500 1250 ("
macrens falling withss ON code 110220 s other
mundl(qm&nbmﬂ:mkuus 500 1uecron
-nudrot hnan consumption fallng within
ON code | 1010
25 Zearadenene ()
251 Urprocessed cacals (') (') otfeer hun maize 100
282 Urprocessed mawze (') with the eweption of ugpro- 0™

cossed maze intended 10 be processed by wet nllng(")

253 Cereals utended for direct bunan consumption, cereal 78
floor, brm and gom & end product mwkaed for
dwect buman conmunption, with the exception of food-
sauffs Iwted m 256, 257, 258 259 nd 2510

254 Refined matze ol 00

258 Breead (nchodimg sl bokery wares), pastrios, bascuits, 50
caeal muxcke md breakfagt coreale excludassg mawe.
ke and mazebased breakfant cercals

156 Maize munded for dwect Musan consumplion, maize- 100 (™)
based sacks and nuaize-based breakfast corcals

257 Processed  cerealbased foods (exciodng  processed 20
nuize-tased foods) and baby foods for infasts md
yaung children (*) ()

258 Processed mairebmed foods for efts and young 200
chuldren () ()
159 Milling fracons of mocze with particle sze > SO0 200(™)

macron falling withn ON code 1103 13 o 1103 2040
and other maaze millmg products wieh paticle size > 500
mecron not eeed far direct bisnan conemrphion fallng
withes CN code 1901 1010

2510 Milling fractions of swize with patle size < SO0 300 (™)
mecron fallng withm ON code 110220 ad other
maize pulleg products with partxle se < S00 mecon
mot weed for drect buman consumption Hillmg within
ON code 194 1010

26 Fumotdsins Seen of B, wd B,

261 Urprocessed maare (™), wih the excgion of wpro- 4000 ()
cessed nuze mtended 10 be processed by wet mmlling (')

262 Maize mtended for deect bman consungtion, maize- 1000 ()
based foods for daect s comsungtion with the
exception of foodstudfe listed m 263 and 264
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v

205 Maize-tared becakfast cacals and mmze-bamed wanks 800 (%)
264 Processod maze-based foods and baby foods for infls 200(*)
and young childeen () (")
263 Milling fiacmons of maize with panticle sue > 00 1400 ()
wcron falliog within ON code 1103 13 o 1103 2040
and other maze millang products with paticle size > 00
macron net wsed for direct hunen consmption fillng
withs ON code 1904 1010
266 Milling fiactions of muize with paticle size < 00 2000 (%)
macron fallng withm ON code 110220 ad other
mmize pullew products with particle size < 300 macron
not used for dyect bumman consumption fallmg within
ON code 1901 1010
27 T-2 and HT-2 toxin () Sum of T-2 aed HT-2 toxm
271 Usprocessed careals (%) and cereal products
Section 3. Metaly
M levels
Foodetufli (7) onohe Wit g0
3 Lead
i Raw mdk ("), heat-treated milk md mulk for the mam- 0,020
fcture of mik-based products
2 Indnet foemulne md follow-on fommlse () PM3I () < 0,020
313 Meat (excludng offal) of bovme anmals, sheep, pg wd 010
panlery ()
ERR Offal of bovne ammaks, sheep, pig and poultry (%) 050
515 Muscle meat of fish (* (%) 050
36 Crustaceans (™) omscle et from  sppmdages 050
abdoman (*) In case of aabs aod aab-dike crutaceans
Brochewa od Arevwwwra) wesscle mest from -
ages
317 Brvalve nwlliscs () 15
31s Cephalopede (without viecera) (™9 10
319 Legame vegetables (°7), coeals and pulses 0.20
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Maxomm fevels

FoodwiulXs () (agkg wet weigh)

sLw Vegetables, excludig  brawaca  vegetables,  lenf 010
vapetables. fresh herts. fingi wd scaweed ) For

patatocs the maxuman level spplics 10 peded potatoes

s Beassica  vegetablos, leaf  vopetablos (') aod e 0.30
Tollowing fusgi ). Agrartensr blsporns (conmmon smah-
rooen).  Plewwota  ostreats  (Oyster  imushyoom).
Lesowedar edodes (Skitake meshroom)

LR & Frust, exclodng bemes med small frus (') o010

L Berres sl soall fount ) 020

ER R Fitx and arle, msciudmg milk 6t ol

LIS Fruat paces. concentsated Sl jices & reconstfutod and 0.050
frust nectaes (V)

316 Wne (schading sparking wine, exchudieg hquewr wine), 0.20 (™)
cider, penny and freae wine *Y)

3 Arconatzed wme somatized wine-based dnoks and 0.20 (%)
aronmteed wane-prodact cocktads (')

H

ARG Food supplements () 30

i2 Cailenlan

321 Meat (exchuding offal) of bovine aninuls, sho, pig wd 0,050
paultry ()

322 Horsereot, exchoding offl (%) 020

323 Liver of bove anmals, sheep. pg. pouliy and bosse (V) 0.50

324 Kidney of bovme anwmls, shegp, piz. poudry md 10
haorse (')

323 Muscle meat of fish (*) (*'). exludmg species Bsted in 0,080
pomts $26 327 md 328

326 Muscle ment of the folfowing fish () (™) 010
banito (Sardr sardky)

common two-bmnded seabream (Diplodur vdlgawes)

ed (Lrguilia agnilla)

grey mmllet (Mg habrose labvorus)

herse mackorel or scad (Traclsarns species)

louver or hvar (Leacras ingerfedis)

muckerd (Scomber species)

sadine (Swelna pilchard)

sxdimopy (Serelinopes species)

nma (Thewss speckes, Butivwss species, Katnseons
pelamis)

wedge sole (Dicologoglossa cawata)
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vass

)i

Maxeoom levels
Foodenul¥s (') (makg wit wewh)
327 Muscle ment of the following fish ) %) 020
bullet twia (Aacds spwcies)
s Muscle meat of the following fish () () 0.30
achovy (Exgradis species)
swordlash (Niphiar glading)
129 Qrustaceanss (™ omscle et fran ppodages md 050
abdomen (M) In case of amds and aablike crutaceas
(Braclsrwa o Arowewra) mesde neat from sppend-
ages.
320 Brvalve nolkmes (%) 10
2 Ceplalopeds (without viscera) (™) 10
an Careals excluding bran, gam. wheat and rxe 010
2 Bean, germ, whest md nce 020
52 Soybeans 0.20
3218 Vegetables md Suz exchding kaf vegetobles, frah 0,050
habs, ledy brasisca, fungi sers vegctibles, root sad
ber vegetables sd sevweed (7)
326 Stem ¥ rod ad nba vegetibles exclading 010
cderiac (7°). For potatoes the macumm level apples to
potatocs.
2 Leal vegetables, fresh herba, Jkeafy braxa, celorine and 020
the Sollowing fungi (). Agewiour Maporns (covsmncn
masbroan), Pewotts ostreatrs (Oyster nusslyoom),
Lentieda edodes (Shiitake nushwoom)
3218 Pungi, excluding these listed in pomt 3217 () 10
i Food sepplomerts () exxl food smupplanents Beted in 10
pemt 3220
2% Food swpplements () consistmg exchurvely or mamly 10
of dned denved from seaweed, or of
dried bivalve molhuscs
i3 Mercary
EER| Fuahay peoducts (*) and mwcle mext of fish () (), 050

exchadiog specics listed m 33,2 The maecimum leved
for cnustacesns applees to musche meat froam ppendages
and abdomen (**) In case of crabs and crab-like crus-
tacesns (Araciswen and Anowara) it applies to nuscle
meat from appendages
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Maxemum Sevels

M-

332 Muscle meat of the following fish () (%) 10
anglerfish (Loplus apecies)

Minstic catfily (Aewhdchar hpis)

banito (Swdke savckr)

ed (gulla species)

enperar, ormge roughy, rosy soldiafish (aplassethan
sprcies)

grenadier (Conpharnoides rupesiris)

halibut (Hippoglossis hppoglorsur)

kugklip (Gempterue capends)

murlin (Visbora species)

wegren (Lepidorhombis specivs)

renthlct (Vb spwcies)

pok cusk ed (Gemspiena Macodes)

pke (Bson fncius)

phn bonito (Cromepss wcolor)

poor cod (Tricopterns mbwaes)

rodfish (Sebvater marbms. £ awntella S vivipanw)
sl fish (Srsopborus platvpeeris)

scabbard fish (Lepidopuis candatne, Apharops carbo)
sesbrean, prsdars (Pagelus species)

shurk (all species)

moke mackerel o buterfish  (Lepidooybim v
obermmwrm, Revettus prettosis, Gesgnlis serporns)
surgeon (Loipeaser speches)

swordfish (Uphies glading)

oma (Tewwes species, Butfawes species, Katoseons
pelamis)

333 Food supplements () 010

-

34 T @inseganic)

KRR Canned foods other than beverages 200

342 Caned bevermes, mchding Sut jices md vegetable 100
poces

343 Canned baby foods md processed cercal-based foods for “
whots md yong children, oxcleding dried wmd
peowdered products () (9

KRR Camed mfut foonulse and follow-on  formube 0
(mchodng mfmt ouk and followon mik), excladng
dred and powdared prodects P M3 () € ()

34 Canned dietary foods for special medical purposes () () “
pawdered produxts
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¥YB
Section 4. FmovocNoropropare- 1, 2-8al (3-MCPDY
Maxemm bevels
Foodsul®s () ek
a1 Hydrolysed vegetable protem (7) 20
42 Soy sauce (™) 20
e
Section §: Déoxdres cvad PCRs (M)
Maxermm Jevels
Sum of &cxww | Sum of PCRS,
Foodaulls Sumt of dooning | and donderlike | ICBE. ICBIOL
(WHO-PCDOY | POBS AVHO- | POBISE POBIESS
FTEQ ) | KDDFICH- | wd PCBISO)
T™HQ () 0CES - 6) (%)
51 Meat md meat products (exchodmg edible offal) of the
following asamals (%)
— bovine mamals and doep 35 pak 40 po'z 40 ngg W (%)
e () i ()
— poudtry 178 pa'g 30paz | 40 ngix fe (V)
fat () e ()
— pigs 10 peie 125 pe | 40 ngix St (")
£ () e (")
s2 Liver of terestrial sl referred to i S0 (%), md L5 pei 100 pgg | 40 ng'x S (™)
danved prodats thereof, e (™) e (V)
53 Muscle meat of fodi aod fuheay products md prodocts | 3.5 pa's wet | 65 ppg wet | 75 ng/g wet
thereof (') (M), wath the exenplion of. weight weaght waght
v WM coglt eel
— wil cought froh water fish. wath the exception of
diadromais fish species cauglt m frech water
~ fish lver md desived products
— anne olds
The maxessan loved for cnamtacems applies to muscle
st from sppendiges md abdomen (). In case of
cobs  and  cmbilie owtecans  (Sraclnwa  owd
Anomura) it applies to muscle mest fran appendages.
s4 Muscle naeat of wild cauglt froh water fish, with the | 35 po's wet | 6.5 p's wet | 125 ng'g wet
exception of dadroncus fish species cavglt n frab wedt weight weght
water, mnd peoducts thereof (%)
55 Muscle ment of wild caught ecl (Aagntlly argually sl | 3.5 pg's wet | 100 paa 300 ng's wet
products feevect weight wet weight weight
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Maximm levels
Sum of &oxiow | Sum of PCHIS,
Foodanls Sum of domins | and doniee like | PCBS2, PCBIO)L
(WHOFCDDY | PCBS (WHO- |PCBISE PCELSS
ETEQ)() | FODDFFCE. | and POBISO
TEQ() | 0cEs - 609
56 Foh bver sod daned prodixts oo with e — 200 pay 200 ng'g wet
exception of marme ol referved to i port 7 wet weight
weght (%)
87 Marsee ails (fish body od, fixh liver oil md cils of other | 1,75 pu'p fit | 60 paz fat | 200 ng'z f
nurme organsas infended for hunue consunptaon)
58 Raw ok (*) and doary peoducts (). mchadmg batiar fat 25 pi 55 pr'z 40 ng'g Bt (")
fat (V) )
59 Hen egge wod egg products () 25 pel SOpgz | 40 ngg Be ()
fat () £ ()
s1o Fat of the followssy anusnls
~ bovine mummly and shoep 2Sppe i | 4.0 ppy fat 40 me'y fut
— pouduy 1.75 ppe ft | 3.0 ppp It 40 e M
— pigs lO0pagfe | 125 pg/p fit | 40 naiz
s Maxed asmmal faes 1Sppgfa |250pppfe| 40 npg fm
s12 Viegetable oale mnd fats 07Spppfmt | 12Spp/g fit | 40 ngp Mt
513 Foods for mfsets and young children () 01 pa's wet | 02 pe's wet | 1.0 13's wet
weight weight waght

61

Beanzo{a)pyrenc, bere(ajethracene. benzotb)lecanthae
and cheysene

611

ik

fts (ochoding cocoa butter and cocomt oel)
drect lunman conemglion o wse 3% an
m food

0

10,0
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T
Foodaul's Mavemnn bevels oy
612 Cocon beas and dawved produscts 50 yzkg ft as from | 55,0 ppiks 1 as from
LA2013 142003 wntd
3132005
300 ppkg f ar from
142048

613 Cocoms o1l ntanded for duoct hunwe commmplion of 0 200
use a0 mgrohiont in food

614 Smoked mest and susokod meat prodicts 5.0 wetil 3132014 300 & fron 192012

untsl 31 82014
20 as from 192004 | 12,0 s from 192014
61.5 Muscle meat of mnoked fids 3d smoked fishay prod- | 5.0 il 3182014 300 m fromn 192012
wets () (%), exludeg fishoy products histed 0 points uatsl 31.R2014
? A nncked .
o o et o sopenpeca (et | 20 a6 from 193014 [ 12,0 me from 1.9:2014
abdomen (Y) In cawe of smoked crabs and cub-lke
custacenss  (Macknwa and Anosesa) £ apphes to
muscic meat from appondages.

61.6 Smoked sprats and canned wowoked  sprots () () L0 wo
(pvathes spratse), bivalve moldeses (freds, challed o
hun)("xbuumdnumdmmdnupmd-
uxts (*) sold to the fimal consamer

617 Bavalve molhses () (anoked) 60 50

618 Proconed cacal-based foodk and baby foods for nfmts 10 10
and young chibren () (%

619 hifint formnuloe snd foBow-an formulae, mchodioge mfant 1.0 10
ik and follow-cn milk () )

61.10 Dieteey Soods Sor special medical paposes () (™) Lo 10
mtended specifically for mfants

waiu
Section 7. Melomiwe and ity stnctural avadogwes
Maxerasn fevels
¥oodauty (eaka)
71 Melmnne
7L Food with the exceptin of ufmgt fomwalae and follow- 2s

on formmbe (')

Powdered mfat formulae md follow.cn fammule
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C) As regmds Trwis, vegetablos sl coroals, refirome o male 00 Sie foodiull's heted n S rodevant catapery o definmed o Replation
(BC) No 3962005 of the Evreposn Palinsest ssd of e Comsd of 23 Febouney 2005 om mumvrsien revidue levels of pestscides i
o on Tood sod Feod of plat sod mimal erigty med assendeng Cosncd Disective 91 30VEBC (OF L 70, 1632005, p. 1) m Jast
smanded by Regelaton (BC) No 1TRQ006 (OF L 29, 322006 p. 3) This teeses, wier s, that bankwbent (Fagrogarvm w) »
nchaded o “coroals” and backwhost products o aciided In “cereal prodacts”. M3 Tree rete are ot covered bty S mecEmm
fovel for fivit € p—

) The maoamern levels de not apply for freh spmach to be adjected to pr g od whch e deectly sawparted o duk Som
ekl 8o procesring plae.

) PME Foodetafls luted m this category & defined m Commanon Disective 2006 12555 of § Decombar 2006 on precessed
B foods sud baby foods foo adfacts and yousg cluldeen (OF L 399, 6122006 p 16) <

() The mascrrmn Jevel refers 1o the products ready 10 e dmmketod m mch o afler rocondingion o indnktal by the mandxiira)

) PMS The mavinmn levels refer to the odible pant of wotndnmts (pesmnme) md tree mte I grovmdnls (pesntn) sd tee muts “n
‘m';c-bnll--\-d“-ld“ Be allatoin contont all the contumesion i o the edidle part. except w the
e of Brand sts. 4

) Foodaufls heted m s catepory as defloed in Regulation (1) No RSA2004 of the Bvopen Paliamant ad of the Comxd of
2 Apeil 2004 lymg dowm el hypone e fir food of seanal org (OJ L 226, 2462004 p. 22)

) The maooersam devel refers 1o the &y matier. The &y matar i detenmined & sccordane with Regulstion (C) No 4012006
r&nw.hu-ﬁm-wucmmwlumnm. 206 p 1) 4

() Foodtifls beted = Bax category m defined m Cormmmirnion Divextive 1999 211C of 25 March 1999 co didtay food for specul
mofical prapose (OJ 1L 91, 741999, p. 29

(") The o level refery im the cace of mik sad milk peodude, to the prodects ready for see (mseketed e sich or roccntatiod s
wacied by the mumdatarer) snd i the cae of products otiver then mik wod muk produts. 1o the dy matter The dry matter w
detamined in acordmce with Regalstan (BC) Na 401/2006

(*) Fosdaudls hsted o the ooy o defised e Couscd Regoltion (BO) No 1498199 of 17 May 1999 e the common
arpnianon of the market i wie (O L 179, 1671999 p 1) s last amended by the Protocod conceming the conditnns and
avwgenents for adamssson of the Repobic of Bulgara and Roswwia to the Barepen Usion (0J L 157, 2162005, p. 29

() The macumman keved applhicr to prodacts produced from the 2006 harved cervwrds

(™) Foodaifls luted i thir cotegary ax defined i Covex d Regulatocn (FEC) No 160191 of 10 Juse 1991 Laysg down geacesl rolex an
the kiimtion. decrption md presestation of sromatined wines, womstned winebased drmks 20d womatisced Winegroduct
cockipile (O L 149, J460990 p 1) » It mnondad by the Protocd concoming the condiions and sraegomants for
sdnissim of the Republic of Bulgarin wd Remanis 10 fie Biropean Lon The macemun lovd for OTA applicable to fhese
beveriges i finction of the propomen of wane mdor grape mest prosest m the flowhed produc

(™) Foedtufls &sted m thas ctepory s defimed i Couscd Dective 2000112EC of 20 Decander 2000 relstng 1o frod jusies and
cartam sl prodocts eended for huan consmmption (OJ L 10, 12120402 p. 45)

(")boMlnd.hm-‘M-(‘n-dmmm 157689 of 29 May 1989 Laying down goncrsl ey on
the defistion, doscrgtam wd provantastion of spart drwds (O L 160, 1261985, p 1) & et amended by e Pratocel concomag
the candtvme and amaagancats for admisson of the Repeblic of Mulgais ad Romamna o the Exopom Lnen

m&m-umm-m-m J00GHEC (O L 400, 0120006 p. 1) and Direstive 2006128

(%) For the purpose of G mpplication of swocienm levels Sor deoxynivalensl, zeamlasne, T-2 and HT.2 toon evtablihed i pauts
24,25 and 17 nce 1s oot mnchaded 1n “cereali” and nce profucts are ot iciaded n ‘ceredl prodec”

(™) The maccesens leve applacs %0 mproiessed coreals placed on the maket for find-sage peocening. Fint-stage procesung’ dall
mens ay phyncl or Gemnl resment. ofter Bun &yma of or o the gam Clanng, somang ad &ying procodures are nat
camnidarod o be Tind-tage procesang’ mealr no plyocal atem o exaied m the gran hamel itsclf and the whele gram samaim
wisct Ay cdommg and sorteg [n togsiod predhiction md procosing rystans. the maxumun lovel apphes to the precenad
ol m cmo tey we anendod fir Bnd-stags poccessg

™) The maeamas lovel el to corcaly havested and tkan ovor, as from the 200006 makaing your. i sccordmce with
Comuminwon Rogelation (BC) No S242000 of 19 Agrd 2000 establalug procolir o for e kg ove of covel by mtavodion
ey ad ley wy down sscthods of analyvis for detormuany the guality of cormds (OJ L 100, 2042000, p M), av last mocaded
by Regdaion (B0 No 10682008 (OF L 1%, 772009, p. €4).

P ML (™) Macsseos keved dall apply Sioom | Ockober 2007, €

’&————C

(%) Pata (dy) mewm pats with & wter content of appromamately 12 %

(%) Macemm level Sl apply fram 1| Ovtober 2007
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(™) Fiss btod 1n Gux calepery  defined o extegory (). with the oxloacn of fidh bver fallng tnder code ON 3302 0 80, of the
@ Anxle | of Conncd Regulatoon (EC) No 3042000 (OJ L e
(dh‘utﬁnthMi.thd&-hmu
Repubbic of Latumnia, he Repiblic of Hungary, e Republic of Maka, he Republic of Polad, the Republic of Slovena and
Slovak Republic md the afjutroents te the Treases oo whach the Breopean Lnia is founded (O L 234 2592008, 5 33) In ¢
of &iod, Alstad, precened ssdior cotspotnd Sooditatls Astxtle X1) and 2) spply

?
[
4
\f
!
g
z

=) Where fish v mondod 10 be o whole, the maamm lovel dill apply 1o the whole fich

(™) Fosdrfls Dallog withn cotegory () sd () of the st s Asticle 1 of Rogulstion (BC) No 1042000, as apgroprts (9ocior »¢
lstod m the redevandt entry) In case of dood Edvted procosed mdior compoad feodatufls Article 20) and 202 apply

() The msacomenn loved agplics aller wasdhing of o frugt or voptadler md scparstog e odble part
(™) The seaveses level applier b0 products profiwed fhom the 2000 St barvet otwands
(™) The maoomes level refers 1o the prodsct s seld

(™) The meocermm level s given for the ligoed product containmng 40 % dy mater, caropondng 10 & medmon bevd of 0 ks =
the dry mutter. The level neods to be adusied proparteaally sccosding 1o e dry maner contest of B profxis

> Deocons (o of polychlsmatod dbauo-par-doans CDOY) ad polychiamatod dborafirans (CDF), ogresod o

Heakls Orpmacation: (WHO) toac eganalod semg the WHOSxs equaadaxy Esctors (WHO-TEF) and asm of dioxtios

ot deoooer-bke PORs (mam of PCDOs, PCDFs and pelychl d Mphamts (PC), o 4 = WHO taxe opavalant twng the

WHO-TEF) WHO-TIs for dumsan rvk ancsanad baed oo B conchasne of o World Moalth Orgmazatwon (WHO) -

Indornt ool Prograeme on Charmal Safety (PCS) opart mvectisg. whind was heMd 11 Ooneva i A 2008 (Mt van don

Berg et of, The 2005 Workd $leath Oogarsntom Recvilution of Hurssn md Mamsaban Tock Bpavadacy Faton for Dioxies
el Drvoandlie Composnals. Toxicological 53 X)L 225241 20%0))

Congerer TEF yaboe Congorey TEF wedoe
Diberze p-desine (PCDDY) ‘Disxin ke’ POl Non arthe PO
+ Moso-ertho INCls
278 TC00 t
Nomvortho
123,780 i i
» 0,000
125 A TRICDD a) ot a3
PCE £1 0,0003
123,46 781CDD a
B 1% 0
1.23,1R9-HxCDD a)
B 1® o
123467 8HpCDD a0
ocoD 20000
Dibenseimr e (PCDF) Aot MO
LA STCLF a) e aod 0,00003
23,58 PCDF a0y OB 1M 0,8000%
2347 RPCTF a3 B s 000008
12547 8HeCDF a1 ren 000008
1236 7810CDF al OB 1% 0,0000%
L2588 HCDP al PCB ST 0,00003
23447 840CDF a1 PCB 167 0,0000%
LASA 6T S pCOF ac PCB I 0,0000%
LASATXSMpCP am
OCDF 0008

Abdrewsioon el T« ddrn Te' ©pentn. e~ bexe B © bepte 07 & ccte, IO’ » chiorodibervodnn, CIN + ddorodberrofiess ‘OB «
dlxddghant <

(%) Upperbound concastrations: Upparbotnd cone cakishatod on the anmmigtion that all the values of the &ifferert comparen
Whhﬂd.-ﬁm-‘mduum:;.m . - .

™ Du’mnn-lcdevludau-mwukﬁtbdtm< 2% e For foods contmamng less than 2 *ufx. the
-l_Itvd'h“-MH..M&-MI.M!“QMM‘GMM(M}\M.
cdodiged from the macmans level esablished on (e basis, malang uee of following foomada
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Mo kvel o d on produkt Sasar for foods comtarsmg loor Bun 2 % M = maxermen level ogrosed oo it for that food x
0 <
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