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ABSTRACT 

Despite the broad applications of nanotechnologies in the present age, there are 

concerns about its ecological consequences. In this regard, the purpose of this study was 

to analyze ecological consequences of nanotechnology in the field of agriculture. The 

research method was descriptive, which was carried out by a survey technique for 

gathering data. The statistical population of the study included all researchers, experts, 

and faculty members of national agricultural research institutes and centers across Iran 

(N=190); out of them, 123 individuals were selected by using Krejcie and Morgan sample 

size Table along with stratified random sampling method with proportional assignment 

(n=123). The research instrument was a questionnaire whose face and content validity 

was confirmed by a number of faculty members of agricultural extension and education 

and experts in the field of nanotechnology. The reliability of ecological consequences of 

nanotechnology items was also obtained by a pilot study using Cronbach’s alpha 

coefficient (α= 0.78). To identify the ecological consequences of nanotechnology by taking 

advantage of factor analysis, five factors entitled “social consequences”, “health-care 

consequences”, “economic consequences”, “cultural consequences”, and “biological 

consequences” were extracted. As a whole, these factors explained 58.40 percent of the 

total variance of ecological consequences of nanotechnology in the field of agriculture. 

Keywords: Ecological consequences, Cultural consequences, Economic consequences, 

Health-care consequences, Social consequences.
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INTRODUCTION

Scientific developments and technological 

innovations in the twentieth century have led 

to significant achievements in agricultural 

production in many countries (Moradi et al., 

2011). Today, human societies lie in the 

culmination of the revolution of new 

technologies and this has brought extremely 

dramatic changes in the methods and 

approaches of agricultural activities (Shiri et 

al., 2011). In fact, the convergence of the 

triple technologies, including Information and 

Communication Technologies (ICTs), 

Biotechnology, and Nanotechnology have 

been the axial focus of the contemporary 

technological advances. Undoubtedly, these 

three technologies have a profound impact on 

the future of agriculture and the environment. 

In the meantime, many experts and scholars 

believe that various fields and majors will 

have no chance for growth and expansion 

without recourse to nanotechnology in the 

coming decades (Rezaei et al., 2012).

Nanotechnology, as a new leading 

technology, has proved its importance in 

agricultural sciences and its related industries 

towards the resolution of the problems and 

shortcomings in many arenas of science and 

technology. The term Nano has been derived 

from the Greek root of Dwarf, which means 

short height or gnome and refers to the 

dimensions whose largeness equals a 
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billionth (10-9) of each quantity (Warad and 

Dutta, 2006). 

The first spark of nanotechnology (still not 

known by this name at that time) was created 

in 1959. In this year, Richard Feyman 

proposed the idea of nanotechnology via a 

speech entitled "There's Plenty of Room at 

the Bottom". He theorized that it would be 

possible to manipulate the molecules and 

atoms directly in the near future. The term 

nanotechnology was first introduced by 

Pratima Nikaljeo Taniguchi, the Professor of 

Tokyo Science University in 1974. He used 

this term to describe the precise machining of 

materials (tools) within atomic-scale 

dimensional tolerances. In 1986, this word 

was recreated and redefined by Eric 

Derecxler in a book entitled "Engines of 

Creation: The Coming Era of 

Nanotechnology". He explored this word 

more deeply in his doctoral dissertation and 

developed it later on in a book entitled 

"Nanosystems: Molecular Machinery, 

Manufacturing, and Computation" 

(Poursaeed et al., 2012). In this regard, there 

are three following features at play for the 

definition of nanotechnology from the 

perspective of National Nanotechnology 

Initiative. 

- Research and technology development at 

atomic, molecular or macromolecular levels 

on a scale of one to 100 nanometers in size, 

- The creation and use of the structures, 

devices and systems, that have novel 

properties and functions because of their 

small or middle size, and 

- Ability to control or manipulate the 

atomic level (Maghabl et al., 201l; Naghdi et 

al., 2015) 

The ecology includes humans and the 

environment as well as human relationship 

with their environment (Bijani and Hayati, 

2015). In this regard, nanotechnology 

pioneers believed that this technology enjoys 

the necessary ability in reducing ecological 

problems, particularly environmental issues 

through identification and optimal control of 

the pollutants arising from a wide range of 

sources of pollution. 

However, there has been always this 

concern regarding the emergency of a 

technology. In fact, when a technology comes 

into existence, despite tackling some 

problems, it will also bring new problems 

whose resolution requires more expensive 

and complex specialties (Nad, 2005). 

Despite the rapid development and growth 

of nanotechnology usages and applications, 

very little research has been done on 

nanoparticle risk assessment and 

measurement in eco-systems. Direct and 

indirect effects of nanotechnology on the 

environment can be evaluated from different 

aspects; and various concerns resulting from 

physical and chemical properties of 

nanoparticles are currently emerging (Xiaojia 

and Huey-Min, 2016). 

People have different orientations and 

positions regarding the use of technology. In 

terms of the effects of new technologies, 

many theoretical approaches have claimed 

that the changes resulting from the entrance 

of technology are positive in the future 

achievements and, accordingly, technology is 

a factor of development and change 

(Shahhosseini, 2015). One of the key issues 

facing the third world countries is how to 

control the consequences of the transfer of 

large industries and sophisticated 

technologies until they will enter the optimal 

path. In many cases, the advent of industry 

and technology has led to desirable economic 

outcomes; however, it has had some adverse 

environmental and social impacts on the 

community. In the meantime, severe 

environmental changes resulting from 

industries and technologies have often caused 

irreparable damages (Tavakol and Nozari, 

2013; Najafi Alamdarlo, 2018). 

Dunmade (2002) classified the effects and 

consequences of technology and industry into 

four technical, economic, socio-political, and 

environmental dimensions. In other words, he 

believed that one needs to take into 

consideration the consequences of the four 

above-mentioned domains in the assessment 

of major industries and advanced 

technologies. Dunmade (2002) considered 

some indicators for the measurement of each 
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dimension. Assessing the consequences of 

industry, he selected indicators such as 

material infrastructures and technical 

knowledge from the technical dimension and 

chose such indicators as the consumption rate 

of reserves, the release of polluting 

substances in the environment, and 

conservation of the resources from the 

environmental dimension (Valizadeh et al., 

2018). In addition, he considered such 

indicators as employment, income, usability, 

and necessary local maintenance from the 

economic dimension; and opted for such 

indicators as the socio-cultural influences, 

level of awareness, and acceptability to assess 

the socio-political dimension (Dunmade, 

2002). Accordingly, it seems that the 

economic, social, and environmental effects 

of the consequences of industry and 

technology should be given attention at the 

same time when studying them. Some experts 

believe that the notion of conflict of 

economic, social, and environmental interests 

is an axiom in the process of development; 

and this is true that economic development is 

associated with negative environmental and 

social consequences. The results of different 

studies and theories suggest that 

technological innovation is directly related to 

sustainable development. However, to 

achieve a suitable model of technological 

innovation, one needs to pay attention to 

factors, such as the correct analysis of 

environmental factors, the application of 

knowledge management, attitudes of human 

resources, the environmental effects of using 

technological innovation, and employment of 

appropriate indicators. In this way, the 

relevant ecological consequences of the 

effects of technology should receive the 

attention of professionals and experts of 

various industries in all aspects (Rezvani et 

al., 2010; Mosavi & Esmaeili, 2012). 

Nanotechnology is an emerging 

phenomenon that may bring risks to human 

ecology like any other technology in addition 

to its increasing contribution to the economy 

and life. The very small size and level of 

nanoparticles and nano-materials leads to the 

easy mobilization and new features of them 

that impose possible detrimental effects on 

human health, other creatures, and the 

environment. In 2003, Richard Errett 

Smalley, a Nobel Prize winner and one of the 

founders of nanotechnology, announced his 

concern over the issue of safety in 

technology. He stated that although 

nanotechnology encompasses all activities 

from medicine to environmental, engineering, 

biological, and legal domains, risk 

assessment and management should be 

carried out on nanotechnology like any other 

new technology (Council for Science and 

Technology, 2007). 

Despite the rapid development and growth 

of nanotechnology applications, few studies 

have been done on nanoparticle risk 

assessment and measurement in eco-systems. 

At present, researchers and members of the 

community have expressed their concerns 

about the environmental impacts and toxicity 

of nanoproducts. In this regard, studies on the 

toxicity of nanoparticles are on the rise and 

many researchers believe that the toxicity of 

nanoparticles should be considered prior to 

their implementation on a large scale. Not 

much information is available about the effect 

of nanoparticles on human health and the 

environment as well as their negative effects 

and consequences on water, soil, and plants. 

Hence, it is likely that the presence of 

nanoparticles in these resources will be a 

serious threat to the creatures living in the 

resources (Shatkin, 2012). With the massive 

production of nano-based products, it is 

essentially required to investigate their 

potential toxic effects on human body and the 

environment and to evaluate this emerging 

technology (Soleimani et al., 2015). 

Due to the rapid growth of nanotechnology, 

its numerous applications, and the possibility 

of the occurrence of a wide range of human 

exposures; it is required to develop a 

scientifically validated and integrated 

framework that can assess the risks and 

consequences arising from the growth of this 

technology in suitable dimensions (Ebrahimi 

and Chokhanizade-Moghadam, 2014). Direct 

and indirect impacts of nanotechnology on 

the environment are among the different 
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aspects that are worthy of consideration and 

investigation. The above-mentioned positive 

and negative effects should be carefully 

analyzed and identified and, thereby, 

pertinent solutions and remedies should be 

predicted to prevent the destructive 

consequences. This will be feasible only 

through doing broad and comprehensive 

research (Sabzali Parikhan et al., 2016). 

The assessment of new technologies should 

attempt to analyze and evaluate their wanted 

and unwanted achievements, opportunities, 

and risks. Technology assessment has been 

founded on this slogan that a new technology 

should be better than the previous 

technologies; otherwise, there is no need for 

such a technology. Better technology does 

not refer only to its scientific aspects, but it 

also refers to social, economic, and 

environmental dimensions. At the outset of 

the development of technology assessment, 

the research agenda focused on the social and 

economic negative capacities or unintended 

consequences of the development of new 

technologies. In this regard, the main function 

and objective was to issue the early warning 

about the effects of selecting a technology. 

For example, the use of stem cell 

technologies can bring about negative and 

unintended effects and consequences, such as 

genetic alterations, environmental pollutants, 

and so on in the long run, in addition to many 

positive effects. In recent years, technology 

assessment has become a participatory 

approach. It is notable that participatory 

approaches believe that networking and 

stakeholder engagement should be taken into 

account in the acceptance of a new 

technology in order to maximally reduce the 

negative and/or unwanted effects since any 

new technology can occasion some negative 

and unwanted effects. Thus, the influences of 

a technology should be assigned 

consideration in technology assessment; in 

other words, the identification, analysis, and 

estimation of its effects should be evaluated 

(Norozi, 2014). 

With the emergence of the harmful effects 

of human activities towards the establishment 

of a trade-off and harmony between activities 

and ecologies, different methods and 

instruments have been developed and used 

(Salehi et al., 2017). Environmental Impact 

Assessment (EIA) is among the very efficient 

methods that assess the effects of different 

sections or activities of a project on 

components of the environment through the 

analysis of the environment and 

understanding its importance. This method 

eventually proposes some strategies to create 

a greater consistency considering the 

obtained results. In general, the economic, 

social, and environmental developments 

constitute the main components of 

development. Although the purpose of such 

development is to improve the socio-

economic status of a community, it is 

possible that various problems and issues, 

especially in terms of environmental and 

health aspects, arise in case of the non-

comprehensiveness of the programs. Based 

on the proposed definition, the assessment of 

environmental consequences is the flow of a 

formal study that is used to predict the 

environmental consequences of a proposed 

project. In fact, studies on the assessment of 

environmental consequences act as a 

management tool for planners and decision-

makers and as a supplement to other 

engineering and economic studies 

(Hayeripor, 2014). The eco-system factors 

that are identified and examined in this case 

specify the current situation of the 

environment and include such components as 

physical, socio-economic, cultural, and 

biological (flora and fauna) environments as 

well as the existing environmental pollution 

(air, soil, water, sound) (Monavari, 2009). 

Thus, the purpose of this study was to 

analyze ecological consequences of 

nanotechnology in the field of agriculture. 

Theoretical Background 

Various studies have examined different 

effects and consequences of 

nanotechnology. Some studies suggest that 

nanotechnology can have numerous effects 

and consequences, including health and 
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environmental consequences, which can be 

positive or negative (Soleimani et al., 2015; 

Shoja Alsadati and Hamedi, 2014; Cheraghi 

et al., 2004). Others believe that 

nanotechnology can have significant 

positive effects on the economic growth of 

countries (Naghdi et al., 2015). Some 

studies have pointed to the conservation and 

sustainability of the culture of 

nanotechnology use. They believe that the 

use of nanotechnology can have positive 

environmental and health implications; 

furthermore, the culture of environmental 

protection can be promoted through the 

increase and production of green and clean 

materials (Pratima Nikalje, 2015). In a 

research entitled “The possible effects of 

nanoparticles on the environment and 

human”, the results showed that the 

nanoparticles that are released into the 

atmosphere by diesel engine would have 

harmful and adverse effects on human 

health, the environment, and society. It is 

noteworthy that the research had been 

conducted through the review and 

integration of the studies and experiments 

done by other researchers. For the risk 

assessment of these nanoparticles on human 

health, the whole life cycle of these particles 

should be studied. This cycle includes the 

construction, maintenance and storage, 

distribution, application, and disposal 

method of the nanoparticles. The studies and 

experiments conducted in the field of 

nanotechnology show that engineered 

nanoparticles have potential positive and 

negative effects and consequences, which 

may impact the health, environmental, and 

social dimensions of societies (Mirbakhsh et 

al., 2012). The arrival of any new material to 

the workplace and life may be associated 

with numerous potential and actual risks and 

losses. The results show that, in addition to 

the numerous benefits that it can bring in 

many aspects, nanotechnology may cause 

irreparable damage to water, soil, air, 

humans, and generally the environment in 

case of the absence of safety (Mazaheri 

Asadi and Gholami Qavamabad, 2010). 

Maynard (2007) maintains that 

nanotechnology can have a large number of 

environmental, economic, social, cultural, 

and moral impacts and, thereby, it is 

necessary to conduct research and 

investigation in this area. Bond (2003) 

argues that nanotechnology can reduce 

production costs, improve energy economy, 

alter the labor market, change wages, create 

materials and products with a long life, 

change the treatment method of cancer, and 

produce new medical drugs for diseases. 

Therefore, nanotechnology has different 

social, economic, health, and environmental 

effects and consequences. The results of a 

study undertaken in the field of science and 

nanotechnology policy-planning by UK 

Council for Science and 

Technology indicated that nanotechnology 

brings environmental, health, and safety 

effects and consequences as well as social 

and ethical dimensions. Therefore, it is 

required to propose different mechanisms, 

including the creation of a management 

structure, the planning of extensive 

discussions and debates among people and 

experts, and networking among people so 

that these consequences can be soundly 

managed (Council for Science and 

Technology, 2007). Table 1 summarizes the 

literature review about the ecological effects 

of nanotechnology in this study. 

Reflection on what was mentioned 

regarding the investigation of the possible 

consequences of nanotechnology and the 

variables used in the previous studies as well 

as the analysis of different experts' opinions 

leads one to social, economic, health, and 

cultural aspects as the factors that are 

influenced by nanotechnology. These 

consequences can be positive or negative. 

Accordingly, the following theoretical 

framework (Figure 1) has been presented. 

MATERIALS AND METHODS

The present study was an applied research 

in terms of goal, quantitative regarding its 

nature, descriptive in terms of data analysis,  
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Table 1. A summary of the titles of previous studies on various consequences of nanotechnology. 

Reference Research title  Investigated variables 

Soleimani et al. 

(2015)

Nanoparticles impact on human and 

environment: A review of toxicity, exposure, 

control strategies, and future prospects

Environmental consequences 

Naghdi et al. (2015)
Effects of nano-technology on economic 

growth in selected countries
Economic consequences 

Mirbakhsh et al. 

(2012)

The possible effects of nanoparticles on 

human health and the environment
Environmental, social, and health effects 

 Shoja Alsadati and 

Hamedi (2014)

Risk Assessment of Engineered 

Nanoparticles (ENPs)

Environmental effects (air, soil, water), 

social and health effects 

Cheraghi et al. 

(2004)

Examining the impact of nanotechnology on 

medical and environmental sciences from the 

nanometric tools perspective

The effects of nanotechnology on health, 

the effects of nanotechnology on the 

environment 

Mazaheri Asadi and 

Gholami Qavamabad 

(2010)

Health and Environmental Hazards of 

Nanotechnology

Health effects, environmental effects 

(water, soil, flora, fauna) 

Pratima Nikalje 

(2015)

Nanotechnology and its applications in 

medicine 

Health, economic, social, and 

environmental consequences of 

nanotechnology 

Bond (2003) 
Former undersecretary of commerce for 

technology 

Economic, social, health, and hygienic 

consequences 

Maynard (2007) 
Nanotechnology: the next big thing, or much 

ado about nothing? 

Environmental, economic, social, and 

cultural consequences, development of 

ethical methods, training and awareness-

raising programs and measures 

The Council for 

Science and 

Technology (2007) 

Nano-sciences and Nanotechnology: A 

Review of Governments Progress on its 

Policy Commitments 

Environmental, health, and safety 

consequences of nano-materials; social 

and ethical dimensions of nanotechnology 

   

 
Figure 1. Theoretical framework: Assessment of ecological effects of nanotechnology on agriculture. 
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and survey in terms of data collection. The 

statistical population of this research 

included 190 faculty members and 

researchers active in nanotechnology 

domain at national agricultural research 

institutes and centers. These researchers 

were engaged in nano-based activities or 

were involved in a research project in this 

area. According to Krejcei and Morgan's 

Sample Size Table (Krejcei and Morgan, 

1970), 123 participants were selected from 

the population through stratified random 

sampling method (Table 2). The data 

collection instrument included a 

questionnaire consisting of two sections, i.e. 

environmental consequences of 

nanotechnology in the field of agriculture 

and demographic and professional 

information of the nanotechnology 

researchers. In terms of the face and content 

validity of the questionnaire, it was handed 

to a panel of experts in agricultural 

extension and education and a number of 

experts active in nanotechnology in 

agriculture. To determine the reliability of 

the questionnaire, 30 copies of the 

questionnaire provided by researchers and 

faculty members at Faculty of New Sciences 

and Technologies (FNST), University of 

Tehran. After data collection, Cronbach's 

alpha was calculated for the items pertaining 

to the measurement of ecological 

consequences of nanotechnology in 

agriculture (including 28 items, Table 3), 

which was equal to 0.78 (α = 0.78). The data 

were analyzed in SPSS22. 

RESULTS AND DISCUSSION

The results of this study showed that 

63.3% of the total of 118 researchers 

participating in this study were male and 

22% of them were female. In addition, the 

mean value of 45 years was obtained for 

participants' age. In terms of education, the 

highest frequency pertained to doctoral 

degree, which constituted 58.5% of the 

statistical population and the rest of the 

participants (34.7%) held master's degree 

(No response = 6.8%). The mean value of 

12.40 years was obtained for the 

participants' research background. The data 

relating to researchers' characteristics 

showed that about 65.3% of the subjects 

participated in educational programs related 

to nanotechnology, whereas 34.7% of them 

did not participate in educational programs. 

Moreover, the results suggested that 56.8% 

of the researchers had authored a work or 

more on nanotechnology. 

Researchers' Views on Consequences of 

Nanotechnology  

The obtained results of this research in 

relation to the consequences of 

nanotechnology in the field of agriculture 

and the environment are shown in Table 3. 

Based on these research findings, the items 

of ‘enhancement of environmental 

protection culture using clean produced 

materials through nanotechnology’, 

‘nanotechnology leads to the increased 

quality of the manufactured health 

products’, ‘making water and soil pollutants 

safe and recyclability of the materials’, 

‘development of other jobs and technologies 

associated with the profession of 

agriculture’, and ‘Economical desalination 

of salt water’ are placed in the top ranks. In 

addition, research findings revealed that the 

main consequences of nanotechnology 

happen in agriculture and the environment. 

However, the respondents assigned less 

importance to the following issues: ‘creation 

of new jobs and job diversity in agricultural 

profession’, ‘nanoparticles reduce the 

growth of plant roots, such as corn, 

cucumbers, carrots, etc.’, ‘nanoparticles 

cause lung injury’, ‘the entrance of 

nanoparticles into water has some 

detrimental effects on certain kinds of fish’, 

and ‘nanoparticles cause skin inflammation 

and lesions’.  

Factor analysis was used to classify the 

items in Table 3 into a limited number of 

factors so that a better understanding of the 

ecological consequences of nanotechnology  
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Table 3. Ranking of the items pertaining to the ecological consequences of nanotechnology. 

Ecological consequences Meana SD Rank 

Enhancement of environmental protection culture using clean produced materials 

through nanotechnology 
4.04 1.11 1 

Increased quality of the manufactured health products 3.76 1.04 2 

Making water and soil pollutants safe and recyclability of the materials 3.75 1.01 3 

Development of other jobs and technologies associated with the profession of 

agriculture 
3.69 1.16 4 

Economical desalination of salt water 3.66 0.79 5 

Food security 3.60 1.02 6 

Increased distance of social classes 3.56 1.09 7 

Enhanced quality of agricultural products. 3.54 1.03 8 

Increasing marketability of different products and plants by the production of 

seeds via nanotechnology 
3.53 1.06 9 

Molecular treatment of diseases, rapid diagnosis of diseases, and enhancement of 

the ability of plants to absorb the necessary materials 
3.52 1.03 10 

Creation of positive changes in people's consumption pattern 3.49 0.99 11 

Increased resistance of the hull coatings of agricultural equipment and machinery 3.47 1.02 12 

Changes in people's demands and expectations regarding services and products 3.47 1.13 13 

Better packaging of agricultural products and foodstuffs 3.46 1.03 14 

Purification and reduction of environmental pollution by nanotechnology catalytic 

converters 
3.45 0.93 15 

Enhanced quality of life. 3.39 0.93 16 

Nanoparticles may increase the speed of bacterial mutations 3.38 1.04 17 

Establishment of new factories and companies 3.38 1.06 18 

Increased income through the production and export of agricultural products 3.37 1.07 19 

Jeopardizing the privacy of individuals 3.36 1.04 20 

Control and quick reporting and collection of environmental pollutants 3.33 1.03 21 

Increased sports activities and improved leisure time through building stronger and 

cheaper recreational equipment and tools 
3.32 1.10 22 

Injustice in the distribution of wealth through the monopoly of this technology by 

certain people in power 
3.25 1.08 23 

Creation of new jobs and job diversity in agricultural profession 3.23 1.02 24 

Reduced growth of plant roots, such as corn, cucumbers, carrots, etc. 3.15 1.09 25 

Nanoparticles cause lung injury. 3.13 1.01 26 

Entrance of nanoparticles into water has some detrimental effects on certain kinds 

of fish. 
2.92 1.13 27 

Nanoparticles cause skin inflammation and lesions. 2.91 1.19 28 

a Mean ranges from 1 to 5. Five-point Likert scale (Strongly disagree = 1; Disagree = 2; Neutral = 3; 

Agree = 4, and Strongly agree = 5). 

 
Table 4. Factor analysis of ecological consequences of nanotechnology in agriculture. 

Factor KMO Bartlett's test Sig. Eigenvalue 
Percentage of 

variance 

Cumulative 

variancea 

1 

0.78 1243.78 0.000 

7.50 27.77 27.77

2 2.32 10.29 38.06

3 1.90 7.80 45.86

4 1.59 6.69 42.55

5 1.36 5.85 58.40 

a One of the criteria to determine factors is measuring the cumulative percentage variance. In social studies, 

analysts usually extracted continue operating as much as 60 percent of the total variance of variables In some 

cases lower than 60 percent, especially when the main criteria for factor determination is eigenvalue (should 

be more than 1), we can have a cumulative percentage variance lower than 60 percent (Mansourfar, 2006; 

Abbasian et al., 2017; Majidi et al., 2017). 
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Table 5. Details of factors extracted from factor analysis. 

Factors 

Items 

Rotated factor matrix (After varimax rotation) 

No Title 
Factor and factor loading 

1 2 3 4 5 

1 

S
o

ci
al

 c
o

n
se

q
u

en
ce

s 

Nanotechnology enhances the quality of life. 0.50 a -0.21 -0.46 0.30 -0.08 

Food security for the community 0.67 0.18 -0.38 -0.03 -0.22 

Nanotechnology enhances the quality of agricultural 
products as perceived by the society. 

0.66 0.08 -0.34 0.09 0.09 

Increased distance of social classes 0.59 0.12 -0.27 -0.18 0.22 

Development of other jobs and technologies associated with 
the profession of agriculture 

0.58 0.26 -0.32 0.13 0.27 

Injustice in the distribution of wealth through the monopoly 
of this technology by certain people in power 

0.63 0.29 0.01 0.43 0.07 

Changes in people's demands and expectations regarding 
services and products 

0.50 -0.21 0.46 0.30 -0.08 

2 

H
ea

lt
h

-c
ar

e 
co

n
se

q
u

en
ce

s Nanotechnology leads to the increased quality of the 
manufactured health products 

0.157 0.56 -0.20 0.36 0.02 

Nanoparticles may increase the speed of bacterial mutations 0.224 0.46 0.34 0.29 -0.24 

Nanoparticles cause lung injury. 0.32 0.44 0.29 0.13 0.21 

Nanoparticles cause skin inflammation and lesions. 0.31 0.42 0.33 -0.42 0.08 

3 

E
co

n
o

m
ic

 
co

n
se

q
u

en
ce

s 

Better packaging of agricultural products and foodstuffs 0.17 -0.01 0.54 0.19 0.28 

Increasing marketability of different products and plants by 
the production of seeds via nanotechnology 

0.22 -0.09 0.56 0.33 -0.18 

Establishment of new factories and companies 0.21 0.14 0.45 0.41 0.36 

Creation of new jobs and job diversity in agricultural 
profession 

0.29 0.08 0.33 0.02 0.13 

Nanotechnology increases income through the production 
and export of agricultural products 

-0.28 0.04 0.54 -0.96 0.31 

4 

C
u

lt
u

ra
l 

co
n

se
q

u
en

ce
s 

Creation of positive changes in people's consumption 
pattern 

-0.23 -0.10 -0.35 0.62 -0.29 

Enhancement of environmental protection culture using 
clean produced materials through nanotechnology 

-0.28 0.03 -0.25 0.60 0.23 

Jeopardizing the privacy of individuals -0.38 0.22 0.01 0.54 0.28 

Increased sports activities and improved leisure time 
through building stronger and cheaper recreational 
equipment and tools 

-0.05 0.17 -0.05 0.56 -0.04 

5 

B
io

lo
g

ic
al

 c
o

n
se

q
u

en
ce

s 

Economic desalination of salt water -0.12 -0.01 -0.31 -0.19 0.52 

Purification and reduction of environmental pollution by 
nanotechnology catalytic converters 

0.15 0.32 0.14 0.05 0.45 

Making water and soil pollutants safe and recyclability of 
the materials 

-0.23 0.09 0.22 -0.12 0.43 

Molecular treatment of diseases, rapid diagnosis of diseases, 
and enhancement of the ability of plants to absorb the 
necessary materials 

-0.34 0.19 0.12 0.17 0.46 

Increased resistance of the hull coatings of agricultural 
equipment and machinery 

-0.16 0.34 0.14 0.32 0.48 

Control and quick reporting and collection of environmental 
pollutants 

-0.27 0.07 -0.05 0.32 0.57 

Nanoparticles reduce the growth of plant roots, such as corn, 
cucumbers, carrots, etc. 

-0.29 0.05 0.14 0.27 0.45 

The entrance of nanoparticles into water has some 
detrimental effects on certain kinds of fish. 

-0.04 0.17 -0.05 -0.04 0.56 

a Bold items indicate that the item has been loaded and it takes place on this factor. 

in agriculture could be gained. KMO 

(Kaiser-Meyer-Olkin)  measure of  0.78  and 

Bartlett's test value of 1,243.78 were 

obtained, which were significant at the level 

of 0.01 (Table 4). In addition, varimax 

rotation method was used to determine the 

simple structure of the component 

"ecological consequences of 

nanotechnology". According to the results of 

Table 5, the five extracted factors totally 

accounted for 58.40% of the total variance, 

which represented an acceptable percentage 

of the variance explained by the factors. 

The status of the variables related to the 
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Figure 2. Extracted factors from items of ecological consequences of nanotechnology. 

 

environmental consequences of 

nanotechnology in the agricultural sector of 

Iran is presented in Table 5 according to the 

extracted factors (with the loading factors 

above 0.1) after varimax rotation. On the 

whole, the factor analysis led to the 

extraction of five factors, namely, "social 

consequences", "health consequences", 

"economic consequences", "cultural 

consequences", and "biological 

consequences", which constitute the 

ecological consequences of nanotechnology 

in agriculture (Figure 2). 

CONCLUSIONS 

This study was conducted with the aim of 

evaluating the ecological consequences of 

nanotechnology in agriculture from the 

perspective of the researchers in the 

National Agricultural Research Institutes 

and Centers of Iran. The results of the study 

showed that ecological consequences of 

nanotechnology in agriculture consist of five 

main underlying factors. According to Table 

5, it is observed that the first seven items 

pertain to social issues and the improvement 

of quality of life. Therefore, the first factor 

can be named "social consequences of 

nanotechnology", which entails the 

consequences with social aspects. This 

finding is consistent with results of the 

studies done by Mazaheri Asadi and 

Gholami Qavamabad (2010); Mirbakhsh et 

al. (2012); Shoja Alsadati and Hamedi 

(2014); Maynard (2007); and Bond (2003). 

The second factor is related to the 
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consequences that affect the health of 

individuals; hence, this factor can be named 

"health-based and hygienic consequences of 

nanotechnology". This finding is consistent 

with the results of the studies conducted by 

Mazaheri Asadi and Gholami Qavamabad 

(2010); Cheraghi et al. (2004); Mirbakhsh et 

al. (2012); Pratima Nikalje (2015); 

Soleimani et al. (2015); Council for Science 

and Technology (2007); and Bond (2003). 

The third factor represents the effects and 

consequences that influence the economy. 

Therefore, this factor was named "economic 

consequences of nanotechnology". This 

finding is consistent with results of the 

studies carried out by Naghdi et al. (2015) 

Maynard (2007); and Bond (2003). 

The fourth factor is associated with 

cultural influences in society. This factor 

was called "cultural consequences of 

nanotechnology". This result is consistent 

with those of the studies undertaken by 

Pratima Nikalje (2015); and Maynard 

(2007). 

The fifth factor explains the consequences 

that nanotechnology may have on water, 

soil, flora and fauna. Thus, this factor can be 

named "biological consequences of 

nanotechnology". This is consistent with the 

research findings obtained by Soleimani et 

al. (2015); Mirbakhsh et al. (2012); Shoja 

Alsadati and Hamedi (2014); Cheraghi et al. 

(2004); Pratima Nikalje (2015); Mazaheri 

Asadi and Gholami Qavamabad (2010); 

Hodghe (2005); Council for Science and 

Technology (2007); and Bond (2003). 

Accordingly, one may reach the 

conclusion that nanotechnology has 

widespread economic, social, cultural, 

biological, and health consequences in the 

eco-system, particularly in agriculture and 

the environment, which may lead to global 

challenges. These consequences can be 

positive or negative, depending on the 

researchers' attitudes and behaviors that 

assign positive or negative direction to the 

consequences. Therefore, the improvement 

of human behavior can be effective in the 

promotion and orientation of these 

consequences towards positive and desired 

outcomes. These behaviors can be positive, 

discreet, and responsible or negative and 

against the environment. 

Based on the ranking of the items relating 

to consequences of nanotechnology and the 

review of the researchers' comments and 

opinions, it can be found that benefits have 

been generally cited by the researchers 

participating in this study prior to the 

perception of risks. Risk perception is 

essentially considered as mentioned benefits 

rather than as a major appraisal dimension. 

It is possible to greatly reduce the risk of 

such problems using preventive measures 

and solutions. Therefore, it is suggested that 

the risks and adverse effects of 

nanotechnology be minimized as much as 

possible through the improvement of the 

equipment, safety, and quality in the 

workplace; and the increase of the 

knowledge of researchers on how to treat 

nanotechnology effectively. In this regard, 

the future of nanotechnology is inevitably 

linked to interdisciplinary education and 

learning (Taqipour, 2016). The existence of 

this type of interdisciplinary education is 

absolutely necessary to tackle the important 

challenges that are created in the safety of 

nanotechnology as an emerging new field. In 

addition, safety budget must be considered 

as an integral part of the production and 

design of new products in order to contribute 

to the sustainable development of 

nanotechnology. In this context, the 

attraction of investment by the private sector 

can be of great assistance. 

The promotion of mutual cooperation 

among universities, government, and the 

industry regarding the development of nano-

safety and research on it is necessary to 

create, design, develop, and acquire value 

for nanotechnology advances along with 

public acceptance. This cooperation is not 

only necessary to generate knowledge, but it 

is also essential to provide investment 

options with knowledge-based production. 

The public are more prone to react to the 

unproven dangers and consequences and 

some of their opinions are founded upon the 

baseless reports that they receive from the 
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news media and non-governmental 

organizations. As long as there is a data 

chasm in nano-safety, the threats of known 

risks will be available despite the absence of 

necessary and sufficient evidence. This issue 

potentially prevents the development of 

market and technology. A key issue in this 

context is to effectively communicate, 

inform, and engage the public in useful 

discussions about the consequences of 

nanotechnology and clarification in this 

field.  

The favorable promotion of 

nanotechnology can have an important role 

in building confidence and trust in this 

technology if it is accompanied by providing 

a credible pyramid of information, holding 

training courses, proposing risk prevention 

strategies, and providing necessary training 

and teaching regarding the identification of 

the safe and secure products with standard 

and secure tags of nanotechnology. 

It is noteworthy that nanotechnology 

activities are being increasingly developed 

and spread in most areas, including 

agriculture, soil, water, horticulture, plant 

protection, food industry, and other areas. 

Therefore, emphasis should be placed on the 

empowerment of the necessary human 

resources as the infrastructure to provide 

scientific services and to hold training 

courses. In this way, it is possible to focus 

on positive applications of nanotechnology, 

to practice preventive strategies in 

opposition with potential risks and hazards, 

and to provide the necessary training to deal 

with the risks. 

Establishment and operation of databases 

in nanotechnology in the field of agriculture, 

reinforcement of the information network, 

and expansion of credible educational and 

information culture about nanotechnology 

products are among the measures that can 

effectively familiarize people and 

researchers with the positive and negative 

consequences of this technology. In this 

way, confidence and trust are created in the 

area of nanotechnology and its applications. 
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 پژوهشگران ی کشاورزی از دیدگاهشناختي فناوری نانو در عرصهپیامدهای بوم

 ژنيـ، ح. صدیقي، و م. بیپریخاني ر. سبزعلي

 چکیده

 زيستيهايي پيرامون پيامدهاي بومهاي نانو در عصر حاضر، دغدغهع فناوريوسي کاربردهايرغم علي

ي شناختي فناوري نانو در عرصهآن وجود دارد. بر اين اساس، هدف اين پژوهش، تحليل پيامدهاي بوم

ها استفاده آوري دادهبراي جمع يمايشبوده که از فن پ يفيتحقيق از نوع توص يناکشاورزي بود. 

تحقيقات ملي ت علمي مراکز و مؤسسات أشامل کليه پژوهشگران و اعضاي هي ،ي آماري. جامعهيدگرد

گيري از جدول کرجسي و نفر آنها با بهره 021که تعداد  (N=091ر بودند )کشاورزي در سراسر کشو

، هاآوري دادهجمعاي با انتساب متناسب انتخاب شدند. ابزار يري تصادفي طبقهگمورگان و روش نمونه

و  يجاز متخصصان ترو ينلپا ياردر اخت يي،و محتوا يظاهر ييروا ييداي بود که جهت تأپرسشنامه

قرار داده شد.  متخصصان فعال در فناوري نانو در عرصه کشاورزياز  يو تعداد يآموزش کشاورز

، با استفاده از آزمون شناختي فناورزي نانو در کشاورزيسنجش پيامدهاي بوم هاييهگو ياييپا ين،همچن

به عنوان  عامل گيري از تحليل عاملي، پنجبا بهره (.α =87/1) قرار گرفت ييدکرونباخ، مورد تأ يآلفا

پيامدهاي "، "پيامدهاي اجتماعي"تحت عناوين  در عرصه کشاورزي فناوري نانوشناختي بومپيامدهاي 

 گرديداستخراج  "زيستيپيامدهاي " و "پيامدهاي فرهنگي"، "پيامدهاي اقتصادي"، "بهداشتي ـسلامتي 

 بيين نمودند.درصد واريانس کل را ت 01/57 که در مجموع
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