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Abstract

The current study aimed to determine the extent of knowledge and attitudes of agricultural secondary school students about
nanotechnology and its applications in agriculture and food in Egypt. A diagnostic interview form was used to measure the
participants' knowledge of nanotechnology, and the attitude scale toward nanotechnology was used to determine their
attitudes, and it was applied to a sample of 105 students. The results showed the low knowledge of the sample students about
nanotechnology as well as their attitudes towards it. As there are also no differences between the specialization of agricultural
mechanization, laboratory custodians, and food processing, as there is no difference between boys and girls, and the results
showed a positive relationship between students' nano-knowledge and their attitudes towards it. The study recommended the
necessity of including the concepts and applications of nanotechnology in the curricula of agricultural secondary schools,
through the development of existing curricula, enrichment programs, or completely new curricula.
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Introduction
The world is witnessing wide and rapid progress today in
several areas, most notably nanotechnology (NT) and its
applications, which included all branches of agricultural
sciences. since graduates of agricultural high schools will
join the labor market directly. and they will naturally be
exposed to Nano scale tools and products in the fields of
their specialties. The rapid development and impact of
Nano science and nanotechnology on economy has led

public's attitude towards nanotechnology products will
depend on their awareness of this technology and their
perception of how it affects their lives [20].

The potential impact of Nano science and
nanotechnology has made these areas a critical part of
everyday life, to improve the quality of life. A positive

policy makers and educators to focus on nanotechnology econor_nic return _is expec_ted in the form of bene_f i_ts such
education [19]. The importance of nanotechnology was as business creation an(_j jobs, enhanced competitiveness
recognized worldwide between 2001 and 2004, with and trade while supporting growth and sustainability.

more than sixty countries establishing programs at the Several countries and educational systems already have
national level in the field of nanotechnology [22]. nanotechnology activities and programs within  their
Regardless of whether nanotechnology is included in the academic programs [26]. Therefore, this topic should be

nation's development goals, nanotechnology products dlsclushsed byallsdt?k(le)holders in allé:orr]nmlij#ltlgs. ion b
will flood the markets internationally. The thas repeatedly been suggested that NT education be

provided at various levels. A number of stakeholders,
including governments and public administrations,
business and commerce, community organizations, Nano
scientists and engineers, technology and science
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educators, and sociologists, have voiced these demands
[13]. The most prominent fear is the looming shortage of
Nano scale-focused researchers, engineers, and other
workers. However, in many cases, the necessity for NT
education has been expressed.

Since Egypt is primarily an agricultural country,
continuously reviewing agricultural education curricula
in the light of the new developments is necessary to
modify its objectives in line with the requirements of the
labor market and the needs of society. Thus, reflecting on
its curricula and programs to meet these requirements
and needs. Many studies recommend the need to
integrate nanotechnology into  education  such
as:[11];[13];[15];[19];[20];[25])-

It is clear from the above that many educators and
academics indicate the importance of awareness of
societies and students about nanotechnology.

So, this study was conducted in order to determine the
extent of knowledge and attitudes of agricultural
secondary school students about nanotechnology and its
applications. And From the main objective, the following
sub-questions are derived:

1) what is the degree of knowledge of
agricultural secondary school students about
nanotechnology and its applications in
agriculture and foods in Egypt?

2) what is the degree of attitudes of agricultural
secondary  school  students  about
nanotechnology and its applications in
agriculture and foods in Egypt?

3) is there a correlation between agricultural
secondary school students' knowledge of
nanotechnology and its applications in
agriculture and food and their attitudes
towards it?

Literature review:

The continuous increase in innovative applications of
nanomaterial’s has been accompanied by concerns about
their potential health and environmental impacts due to
their unique and somewhat unpredictable properties.
Nanotechnology is a rapidly developing science of
understanding and controlling matter that has profound
impact on many different fields due to its
interdisciplinary nature and by providing new
opportunities in the Nano scale dimension (1,000 times
smaller than a human hair). It investigates new
perspectives on the chemical, environmental, biomedical,
electronics, automotive and aerospace industries at the
Nano scale that have unique surface, catalytic and
magnetic properties that were previously considered
impossible.[4]

"Nano" prefix means part of a billion, or thousand
million. Nanosecond is a time measurement unit equal to
one thousand million seconds. Nanometer is a unit
measuring the extreme lengths of microscopy that can
only be knew, equal to one billion of meters [4]; [6];
[24].

Nano Science is a science that is interested in
studying and characterizing nanomaterial’s, identifying

their chemical, physical and mechanical properties, while
studying phenomena arising from their downsizing
[41;[24].

Nanotechnology is the practical application of
knowledge in a particular field at the Nano level. It is
that technological capability that provides the possibility
of synthesis of nanomaterial’s, and control of their
internal structure by restructuring and arranging their
constituent atoms, ensuring access to unique products,
employed in various applications. [4];[6];[12].

Nanotechnology interferes with most life activities
and increases its quality. Its impact in the field of
agricultural sciences is reflected in the improvement and
development of agricultural tools and products, which
yields rewarding returns, providing quality products and
facilitating agricultural processes. [24].

The Nanotechnology has many applications in the field
of food, as follows:[4];[25].

Add so-called food Nano sensors, which allow the
average consumer to determine whether or not food is
safe, by changing the color of the sensor if there are

microorganisms harmful to food. ¢Packaging materials
were created using calcium silicate to mitigate the effect
of air heat on food, especially during export. Color and
taste molecules, when placed in the microwave at a
certain frequency becomes lemon juice, and at another
frequency becomes the same apple juice, and these
species are called attractive foods, the reason for this is
that these drinks contain thousands of Nano capsules
containing flavour and color catalysts, and other
additives released only at the consumer's will, where food
changes according to need.

created the so-called Nanobot, which can collect
steaks or flour from atoms: oxygen, carbon, and
hydrogen in the air in the form of water or carbon
dioxide. Nanobots are a food booster and booster and can
move into blood vessels to clean fat deposits and
contribute to the killing of pathogens.

Potato chip production companies are also competing
to produce special varieties containing  very small
proportions of table salt, with the same taste as ordinary
species with a natural salt content, due to the reduction of
crystalline granules of cycloide (table salt) until their
diameters reach about 10 nm, increasing their sense of
salty taste despite the low concentration of salt used
.Following the same method as before, the sizes of sugar
granules used in the manufacture of preserved and
packaged sweets are reduced to the lowest extent, with
the aim of producing special types of sweets suitable for
diabetics or those who follow special food programs.

As there are many applications in agriculture for
nanotechnology as follow:[1];[3];[16];[24].
Nanotechnology plays a leading role in agriculture by
providing many nanomaterial’s used as chemical
fertilizers that  increase plant growth, improve soil,
positively reflect crop and crop quality, and increase
agricultural area production. Nanotechnology is used in
the manufacture of agrochemical granules used to control
insects, fungi and agricultural pests affecting soils and
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plants, and seeds are characterized by the high value of
their surface area, which means rationalizing their use
and reducing the amounts used, thereby reducing the
environmental impacts. Some companies produce Nano
granules consisting of fertilizer chemicals added to
pesticides, which are packaged together within those
capsules; Nano food elements, both small and large,
needed by the plant, such as potassium, nitrogen, iron,
zinc, calcium and phosphate, have been produced,
allowing them to be used in many field crops or
horticultural crops, for example: Nano-calcium has been
used to spray on grapes grown under salinity stress,
resulting in increased concentration of chlorophyll in
leaves and green growth.

Nanotechnologists have devised solutions to the
problem of water loss, which amounts to 50%inhigh-
temperature areas, resulting in a rise in soil salinity, and
thus reduced fertility, where they have come up with a
unique method that reduces the speed of water flow to
the soil and controls its surface flow rate in order to
reduce its evaporation rates to the  lowest possible
extent, and this method depends on the use of zeolite
metal to do this difficult task.

Nanotechnology has a role to play in fish farming and
aquaculture, where fish farms suffer from outbreaks of
certain diseases and increased chemical pollution in their
waters. Researchers work in laboratories of one of the
companies specialized in chemicals recently produced by
the company for use in cleaning the water of fish farms,
and this drug consists of nano granules of compounds
and alloys of the element of (Lanthanum H A) , which do
not exceed the dimensions of its diameters 40
nanometers added in certain proportions to the waters of
fish ponds. The results indicated that these granules have
succeeded in ridding fish farm water of their phosphates,
which is the main cause of algae growth in farm water.

Nano-devices are also used in what are known as
smart delivery systems with distinct features to make
agricultural systems intelligent, i.e. devices can be used to
show the state of healthy plants and expected diseases,
before appearing to the farmer himself, acting as a
protective and warning, and there is the possibility of
using them to deliver therapeutic chemicals in a
controlled manner. Outputs, by monitoring climate
variables, taking some necessary measures, using Nano
sensor and control devices, distributed in agricultural
fields to monitor the state of soil, chemicals, fertilizers,
pests, pollutants, water use and climate measurement, to
see if crops grow more efficiently, determine the nature
of the local place and be linked to the problem system;
and then address them, all of which will of course lead to
significant productivity at low cost, reducing agricultural
waste and polluting the environment.

Nanoparticles are divided into two types, the primary,
Fixed Nanoparticles: molecules that are integrated into
the material extract, the material itself, or even devices,
such as nano-componences and Nano-surfaces. The
second is Free Nanoparticles: individual nanoparticles of
a substance, within the stages of the production and use

process. There is a consensus that the current concern is
free nanoparticles [24].

Nanoparticles ~ differ  significantly from  their
counterparts at the larger level, so their toxic effects such
as large materials cannot be inferred, resulting in
important issues to address the environmental and health
impacts of free nanoparticles [24].

The researchers benefited from the previous detailed
presentation and detailed review of literature and studies
in the construction of the diagnostic interview form and
the measure of the trend towards nanotechnology

Methodology:

Participants

The following tables present the data of the research
sample in detail as follows:

Displays Table (1): number of the students in each
discipline separately, and their gender.

The current Study relied on the use of the following two
approaches:

Table (1): number of the students in each discipline

Specialization Gender

Total

Females Males

Lab. Technician 17 18 35
Food 17 18 35
manufacturing.
Agricultural 16 19 35
mechanization
Total 50 55 105

Data collection and survey instrument:

To answer the research questions, data were collected
from 105 students (table:1). The data was collected by a
diagnostic interview form that includes a set of general
questions about nanotechnology and its applications in
agricultural and food sciences, in order to determine the
research sample's knowledge of nanotechnology. The
attitude of the students of the research sample towards
nanotechnology was measured using the Attitude Scale
towards Nanotechnology, which included 40 items, and
in front of each item was a scale of rating (agree, neutral,
disagree). This was applied between 10/26/2021 to
30/12/2021.

The study tools were presented to specialists in curricula
and agricultural sciences teaching methods to ensure the
validity of their content, and to determine the standard
degree in the light of which the students' results will be
interpreted. They indicated its credibility, and they agreed
that the standard score should not be less than 60% of the
total score of the tools.
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Table (3): The results of the knowledge of the The previous figure shows the low level of knowledge of
sample students about nanotechnology. the sample students, whether male or female, in
nanotechnology and in various disciplines, as the female

laboratory technician students got an average of 1.2 and

s Mea std. Standard Cﬂ?f;‘,’f;fe the males got 1.2,and the sample students majoring in

sample N n  Deviation mean Twer Vo food processing got an average of 1 for females, and 1for

male, As well as it is clear that the students of agricultural

mechanization specialization got an average of 1.2 for

B > 12 109 6 93 164 females, and males got 1.3 of the standard mean(6); That

is, there is no big difference between males and females

Food T 6 %5 in different disciplines. In general, the low level of

‘manu. agricultural secondary school students' knowledge of

_ nanotechnology and its applications in food and
o B 134 117 6 62 143 agriculture is evident.

Secondly:
Total Presentation and interpretation of data to answer the
sample > 2l Ll 6 ! 143 second question, which states: what is the degree of

attitudes of agricultural secondary school students about
nanotechnology and its applications in agriculture and
foods in Egypt?

In order to answer the previous question, the scale in
attitudes towards nanotechnology was applied to measure
the attitudes towards nanotechnology on the sample
students, and the results showed the following:

It is clear from the previous table that the total sample
average is 1.21 compared to the standard average of 6
that there are significant differences between what
students must have and what they actually have ; in order
to be said to have Nano-knowledge. There were also no
big differences related to the students’ specializations.
The laboratory technician students got an average of
1.29, the food processing students got an average of 1.03,

and the agricultural mechanization students got an Table (4): The results of the sample students'
average of 1.34 out of the standard average 6. Looking at attitudes towards nanotechnology
the confidence intervals for the total average of 1.21 for Confidence
the research sample, it becomes clear that it ranges from interval
1 as a minimum to 1.43 as a maximum, which means
that the total average falls within it, and this indicates that Research Std. Standard  Lower  Upper
the general average of the research community falls Labs"T’zzLe N Mean Deviation  mean =
within this range of the confidence interval. By ’ ’ '
comparing the averages of different disciplines with their B A 32 0 443
confidence intervals, we find that they fall within them.
This also means that the average of the population from Food. Man. o
which the samples were taken are within this range of % 4334 21 70 42:6
confidence intervals. )
Figure (1) presents a comparison between of the male Agri. Mech. a4
and female sample in each discipline separately, to % 438 18 0 432
determine whether there are differences in their
knowledge due to gender. B a8
5 44.2 2.6 70 43.7

7.0

GO = m Male

Ji: S et It is clear from the previous table that the total sample

3.0 average is 44.2 compared to the standard average of 72
2.0 i that there are big differences between what students must
L - MH':.I e have and what they actually have; in order to be said to
— ' have attitude to nanotechnology. There were also no clear
and big differences related to the students’
specializations.it is nearly equal.

as the laboratory technician students got an average of

g,u**:" 45.45, the food processing students got an average of
‘ 43.43, and the agricultural mechanization students got an
Figure (1) A comparison between the results of the knowledge average of 43.8 out of the standard average 72. Looking
of the male and female sample students about nanotechnology in at the confidence intervals for the total average of 44.2

each specialization with the standard mean. for the research sample, it becomes clear that it ranges
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from 43.7 as a minimum to 44.7 as a maximum, which
means that the total average falls within it, and this
indicates that the general average of the research
community falls within this range of the confidence
interval. By comparing the averages of different

Table (4): Pearson's correlation coefficient between the
sample students' knowledge of nanotechnology and their
attitudes towards it.

disciplines with their confidence intervals, we find that
they fall within them. This also means that the average of
the population from which the samples were taken are
within this range of confidence intervals. Figure (2)

The variables

presents a comparison between of the male and female knT\Zfi; t;rt‘eidr
sample in each discipline separately, to determine e owledge anitudes
whether there are differences in their attitudes due to 9 Corralation 926
gender. Sig. (2-tailed) 000
N 105 105
Their attitudes  Pearson -

?88 Correlation 926 !

50.0 N 105 105

40.0 -

;’8:8 **, Correlation is significant at the 0.01 level (2-tailed).

10.0 It is clear from Table (4) that there is a strong positive

0.0 correlation between the level of students' knowledge of

& & & nanotechnology and their attitudes towards it.
\(\(-\\(, \9&\ \>\\(\,
¢ 9 <O
Y 3 W
NoR &
¥ QN - -
\ S Discussing
(<0

e Male w=== Female Standard Mean

Figure (2) a comparison between of attitudes of the male
and female sample about nanotechnology in each
specialization with the standard mean.

It is clear from the previous figure that the students of
the agricultural mechanization obtained an average score
of(42.9) for males and (44.7) for females, and food
processing students 44 for males and 42.8 for females,
and laboratory technician students also got 46.5 for males
and 44.4 for females compared with standard mean 72 is
low level ; at the same time no big differences between
the males and females overall due to the gender. In
general, the low level of agricultural secondary school
students' attitudes to nanotechnology and its applications
in food and agriculture is evident.

Thirdly:

Presentation and interpretation of data to answer the third
question, which states: is there a correlation between
agricultural secondary school students' knowledge of
nanotechnology and its applications in agriculture and
food and their attitudes towards it?

To answer the previous question, it was necessary to find
a Pearson correlation between the level of knowledge of
the sample students about nanotechnology and their
attitudes towards it.

It is clear from the presentation of the data that
agricultural secondary school students in Egypt totally
have no knowledge about nanotechnology, and therefore
their tendency towards nanotechnology is low. as that
there is a high correlation between the student's
knowledge and their attitudes towards nanotechnology.
These results are consistent with the results of a
Vandermoere, et.al. (2010) study conducted in Germany,
where the study showed that most people have apathy or
a severe lack of awareness of nanotechnology. Many
surveys have shown that most of the public has little or
no awareness of nanotechnology. In an online study
conducted by Kahan et al. (2007) With 1,850 Americans
participating, 81% of participants said they had not heard
of nanotechnology. A study conducted by Waldron et
al.(2006) of the 1,500 participants between the ages of 6
and 74, 60% revealed that 60% had not heard of
nanotechnology. They reported that the general public,
especially high school students, has wvery limited
knowledge of nanotechnology. A study conducted by
Macoubrie (2006) to develop the positions and opinions
of US. citizens on nanotechnology development
revealed that 95% (n = 152) of participants had not heard
of nanotechnology before being informed of it in the
context of a study. A recent study conducted in Iran
showed that most people are still not familiar with
nanotechnology, but those who were aware of its benefits
outweigh the risks (Freschi et al. 2011).

This is due to the lack of nanotechnology concepts
and applications in curricula, as well as the lack of
interest of officials in developing the curriculum
according to modern techniques. Moreover, media
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organizations do not play their role in educating the
community about modern technologies such as
nanotechnology, its applications, benefits, and damages.

Recommendation
We are recommended the following:

- Including the concepts and applications of
nanotechnology in agricultural high school
curricula.

- The establishment of advanced nanotechnology
plants in agricultural secondary schools.

- Educating agricultural science teachers about the
concepts and applications of nanotechnology

Conclusion and further studies

This study aimed to determine the knowledge and
attitudes of agricultural high school students about
nanotechnology and its applications, taking into account
the student's gender, and his exact specialization.
The results showed a low level of student's knowledge
about nanotechnology, as well as their attitudes towards
it. It also showed a strong relationship between students'
low knowledge and their low attitudes towards
nanotechnology. also, there is no difference in the
knowledge and attitudes of students regarding gender or
specialization

Further studies
= Conducting a study aimed at raising the level of
nanotechnology — awareness among  agricultural

secondary school students.

= Conducting a study aimed at evaluating the level of
Egyptian society's awareness of the benefits and risks
of nanotechnology.

= Conducting a study aimed at measuring the awareness of
agricultural science teachers about nanotechnology
and its applications.

1) Reconsider the success rate (30%) set by the Ministry in
the list used and increase it.
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