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Abstract— Bionanotechnology, nanobiotechnology and 

nanobiology are terms that refer to the intersection of 

nanotechnology and biology. The subject is one that has 

only emerged very recently, nanobiotechnology serve as 

blanket terms for various related technologies. Nanoethics 

"concerns ethical and social issues associated with 

developments in nanotechnology". Nano biotechnology 

represents a rapidly growing field of interest and has a wide 

variety of applications. However, as with nanotechnology 

and biotechnology, bionanotechnology does have many 

potential ethical issues associated with it. Nano2Life ELSA 

(2006) board has identified some potential issues more 

specific to nanobiotechnology. Because of the wide gap 

between the basic science and many of the still speculative 

predictions, nanobiotechnologies are presented in a future 

oriented way, which itself poses the first ethical challenge. 

The ethical issues concerned with nanobiotechnologies are 

related to Health, Safety, Medical, Legal, Social and 

Environmental issues. Other ethical issues include 

Governance of Research, Economic Displacements, 

Anthropological Aspects and Transhumanists. Most issues 

on nanobiotechnology are still at its infancy and 

inconclusive. Thus, nanobiotechnologies act as enabling 

technologies that widen and sharpen the impact of existing 

issues. The current paper deals with an analysis of research 

students’ perspectives concerning ethical issues associated 

with nanotechnology research. The study reveals that issues 

related to Medical field (40%) is the first ethical challenge 

in nanobiotechnology followed by Environmental issues 

(30%), Health and Safety issues (20%) and Societal issues 

(10%). Most of the respondents believe that 

nanobiotechnology will pose more risks (50 - 90%) to 

human health rather than benefits (25%). Therefore, it is 

important to encourage ethics researchers to produce quality 

research proposals on ethical issues and to have the public 

involved in the discussion of the social impact of 

nanotechnology. 
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I. INTRODUCTION 

Nanobiotechnology is the application of nanotechnology to 

the life sciences and may include the application of 

biotechnology to nanotechnology (e.g., using biological 

means to manipulate materials on the nanometer scale). For 

a meaningful discussion of the ethical implications of an 

emerging technology, it would be helpful to have a working 

definition of the underlying technology. While all emerging 

technologies tend to be difficult to define, nanotechnology is 

a rare field that has produced so much confusion (Jeffrey et 

al., 2002). There are at least two important reasons for 

discussing ethical issues at this early stage of technology 

development. One is to anticipate ethical problems such as 

"preventable harms, conflicts about justice and fairness, and 

issues concerning respect for persons likely to arise from 

specific nano initiatives (Weil, 2001). The second aim is to 

foster sensitivity to ethical issues and responsibility at every 

level of decision making by both technical and policy 

people.  Despite the great interest in understanding the legal 

and ethical implications of nanobiotechnology, there seems 

to be a lag in ethics research in nanotechnology 

(Mnyusiwalla et al., 2003).  

Nanotechnology has caught a lot of ethical concern 

and attention in the last few years. Several studies have 

taken stock of potential ethical issues that are raised by 

nanotechnology. Such ethical issues include the 

environmental and health opportunities and risks of 

nanotechnology, in particular the potential risks of 

nanoparticles, privacy and control threats raised by the use 

of nanodevices, the possibilities for human disease treatment 

and enhancement and the ethical consequences thereof, and 

issues of equity, global justice and distribution of benefits 

and risks, including ethical issues with respect to patents and 

property rights. 

II. NANOETHICS 

Nanoethics concerns ethical and social issues associated 

with developments in nanotechnology. The broadness in 

scope presents difficulties for understanding the legal and 

ethical implications of nanotechnology because 

nanotechnology may represent a collection of technologies, 

each of which may have different characteristics and 

applications. Many of the early ethical concerns about 

nanotechnology had strong futuristic and science-fictional 

overtones (Schummer, 2004). The ethical issues are more 

pronounced with nanotechnology due to the sharp divide 

between those who see its great potential and opponents 

who express fears. Nanotechnology supporters believe that 

it has the potential to transform our lives dramatically, while 

opponents of nanotechnology fear that self-replicating 

"nanobots" could escape from laboratories and reduce all 

life on earth to "gray goo" (Florczyk and saha, 2007). Some 

ethical discussions have been focused on the field of 

molecular nanotechnology (Frederick and Reynolds, 1994; 

David, 2004). The lack of meritorious ethics research 

proposals may be related to the difficulty in identifying or 

anticipating ethical issues that are unique to 

nanobiotechnology, particularly its near term applications. 

While anticipating all the ethical issues arising from 

nanotechnology and its application is difficult, some ethical 

issues are so commonplace in any emerging technology that 

we can safely assume that we will encounter the same issues 

for nanotechnology. Such areas include environment and 

safety, equity, and potential conflict of interest arising from 

the interactions among government, industry, and 

universities, and intellectual property ownership. 

III. HEALTH AND SAFETY ISSUES 

The health impacts of nanotechnology are the possible 

effects that the use of nanotechnological materials and 

http://en.wikipedia.org/wiki/Nanotechnology
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devices will have on human health. As nanotechnology is an 

emerging field, there is great debate regarding to what 

extent nanotechnology will benefit or pose risks for human 

health. Nanotechnology's health impact can be split into two 

aspects: the potential for nanotechnological innovations to 

have medical applications to cure disease (nanomedicine), 

and the potential health hazards posed by exposure 

to nanomaterials (nanotoxicology). Additionally, as 

expected, we are seeing increasingly critical examinations 

concerning the safety of nanotechnology in terms of 

material toxicity and potential harm to the environment 

(Robert et al., 2002). Small nanoparticles may enter the 

human body but the health implications are yet unknown. In 

the nanobiotechnology area, the public may have legitimate 

reasons to be concerned about the safety of employing 

viruses as nanotechnology tools. Also, because of the short 

history of nanotechnology and its unparalleled power, we 

should be particularly concerned about any unforeseen 

adverse effects. 

 The difficulty facing members of the scientific 

community when studying the effects of 

nanomaterials on our health is that many of these 

studies are being performed on animals instead of 

humans. Though this is a frequent practice in 

pharmaceuticals and other disciplines, there are 

difficulties in relating reactions observed in 

animals with potential reactions in humans. 

 Toxicity studies using mice and rats suggest that 

certain nanomaterials could be more toxic than 

quartz, traditionaly thought to induce serious 

damage in humans. However, these studies directly 

injected nanoparticles into the tracheas of these 

rodents, rather than observing them inhaling the 

particles as a human might. 

 Many technology implementations in the human 

body (to protect against diseases and to offer 

enhanced immunization) would take for a human to 

no longer remain human. 

 Safety in handling of nanoparticles. 

 Use of implanting nano-devices in humans: i.e. 

implanting artificial devices. 

IV. MEDICAL ISSUES 

Many areas of biomedical applications have been suggested. 

At a conference organized by National Institutes of Health's 

Bioengineering Consortium, the following areas were 

identified for research in the coming years: synthesis and 

use of nanostructures; applications of nanotechnology in 

therapy; biomimetic nanostructures, which are synthetic 

products developed from an understanding of biological 

systems; biological  nanostructures; electronic biological 

interface; devices for early detection of diseases; 

instruments for studying individual molecules; and 

nanotechnology for tissue engineering (Malsch, 2002). 

In the diagnostic area, much of the research has 

been focused on biochips, which are devices that contain 

many biological sensors. Nanotechnology has been 

proposed to increase the density of sensors on the biochips 

(Piner et al., 1999). In the therapeutic advances, one 

potential near term application may be in drug delivery. 

Many researchers are working on using nanoparticles as 

vehicles for efficient drug delivery (Majeti, 2000; Celia, 

2002). From a long term prospective, some researchers 

envision nanorobotics that are capable of navigating 

throughout the body, repairing injuries, destroying tumors 

and even performing gene therapy. 

 Nanomedicine could be manipulated to harm the 

human body rather than healing it. 

 Particles that can’t be seen or easily controlled 

would enter the body and deliver harmful 

substances such as toxins. 

 The materials used for nano-medical technologies 

may be either toxic or eco-friendly. 

 Increasing possibilities of privacy violation or 

misused personal information: i.e. revealing a 

medical information (in a DNA chip) to an 

insurance companies.  

 Transhumanists – changing human nature itself. 

V. ENVIRONMENTAL ISSUES 

Nanopollution (waste generated by nanodevices or during 

nanomaterials manufacturing process) is a kind of waste that 

may be very dangerous because of its size. It can float in the 

air and might easily penetrate animal and plant cells causing 

unknown effects. Most human-made nanoparticles do not 

appear in nature, so living organisms may not have 

appropriate means to deal with nanowaste. To properly 

assess the health hazards of engineered nanoparticles the 

whole life cycle of these particles needs to be evaluated, 

including their fabrication, storage and distribution, 

application and potential abuse, and disposal. The impact on 

humans or the environment may vary at different stages of 

the life cycle. Environmental assessment is justified as 

nanoparticles present novel environmental impacts.  

 “Grey Goo” - At the grossest level, there is the fear 

that someone will design self-replicating 

nanorobots, capable of making copies of 

themselves from materials found in nature, and that 

will convert everything in the world into copies of 

themselves, thus wiping out the entire biosphere. 

 Release of nanoparticles which may harm the 

environment. 

VI. SOCIETAL ISSUES 

Beyond the toxicity risks to human health and the 

environment which are associated with first-generation 

nanomaterials, nanotechnology has broader societal impact 

and poses broader social challenges. Social scientists have 

suggested that nanotechnology's social issues should be 

understood and assessed not simply as "downstream" risks 

or impacts. Rather, the challenges should be factored into 

"upstream" research and decision-making in order to ensure 

technology development that meets social objectives 

(Kearnes et al., 2006). Many social scientists and 

organizations in civil society suggest that technology 

assessment and governance should also involve public 

participation. The last few years has seen a gold rush to 

claim patents at the nanoscale. Over 800 nano-related 

patents were granted in 2003, and the numbers are 

increasing year to year. Corporations are already taking out 

broad-ranging patents on nanoscale discoveries and 

inventions. 

http://en.wikipedia.org/wiki/Human_health
http://en.wikipedia.org/wiki/Nanomedicine
http://en.wikipedia.org/wiki/Nanomaterials
http://en.wikipedia.org/wiki/Technology_assessment
http://en.wikipedia.org/wiki/Technology_assessment
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 Military and terrorist uses - Unfortunately, as with 

nuclear technology, it is far easier to create 

destructive uses for nanotechnology than 

constructive ones. Nanotechnology has clear 

military and terrorist uses to release a massively 

destructive nanotechnological device. 

 Studying the societal impacts of a new technology 

examines how a product will be used, what existing 

technologies it might displace, what kind of jobs it 

might create, and what might be the potential 

economic impact of the technology.  

 New business opportunities in nanotechnology are 

beginning rapidly while current industry leaders are 

increasing their investments. Like many new 

research areas, nanotechnology has the potential to 

change industries, allowing smaller, more flexible 

businesses to overtake larger, established 

businesses. 

 Fear of decrease the gap between humans and 

robots 

VII. MATERIALS AND METHODS 

For the present study a preliminary short survey work was 

conducted that attempted to examine the perspectives of 

research scholars working in the field of nanotechnology 

concerning ethical issues associated with it. The 

Questionnaire has 12 questions which include Objective 

type (yes/no), Scaling type (1-4) and Ranking type (1-4) 

questions. The survey (Questionnaire) was sent to a total of 

40 research scholars (30 female and 10 male) working under 

nanotechnology via electronic mail, and in person during 

Dec 2014 - Jan 2015.  

VIII. RESULTS AND DISCUSSION  

All the respondents have heard of nanobiotechnology of 

which about 90% were aware of the concept of 

nanobiotechnology and few doesn’t know about it. All the 

participants responded in the same way for some questions. 

Most of the respondents agreed that nanobiotechnology will 

benefit to human health to only about 25% where else it 

poses 50 - 90% risks to human health. Most of the scholars 

were not aware of the concept of Grey Goo Scenario and 

Transhumanism regarding the application of 

nanotechnology. About 16 respondents believed that issues 

related to medical field is the first ethical challenge in 

nanobiotechnology followed by environmental issues (12), 

Health and Safety issues (8) and Societal issues (4). 

Although all the research scholars were encouraged to 

provide written comments in the survey, only one student 

(male) chose to do so. The survey statements and research 

scholars’ responses are provided in Table 1. The 

methodological approach, major findings and analyses are 

presented in the figures. 

The results agreed to the survey conducted by 

Aldrin E. Sweeney (2006) which stated that 70% of the 

respondents were agreed, 20% were neutral and only 10% 

strongly disagreed to the potential benefits of 

nanotechnology regarding the medical field. According to 

their study the respondents regarding environmental issues 

stated that 56% agreed, 32% neutral and 12% disagreed. 

Whereas the issues with respect to society 84% agreed, 18% 

neutral and 8% disagreed. From the present study analysis, 

first ethical challenge in nanobiotechnology is the Medical 

issues (40%) followed by Environmental issues (30%), 

Health and Safety issues (20%) and Societal issues (10%). 

Research Students, N=40 (30 female, 10 male) 
Ye

s 

N

o 

1. Have you heard of Nanobiotechnology? 40 - 

2. Are you aware of the concept of 

Nanobiotechnology? 
36 4 

3. Are nanoparticles easy to detect in the 

environment? 
40 - 

4. Do nanoparticles harm the environment? 40 - 

5. Is nanotechnology useful in biology? 40 - 

6. Does green nanotechnology have any 

drawbacks? 
32 8 

7. Should potentially dangerous technologies be 

banned if the risks are not yet known? 
36 4 

8. To what extent nanotechnology will benefit 

for human health? 

 Less than 25% 

 25- 50% 

 50-75% 

 Above 75% 

 

 

14 

10 

12 

4 

 

 

 

9. To what percentage nanotechnology will pose 

risks for human health? 

 Less than 10% 

 10- 50% 

 50-90% 

 Above 90% 

 

 

2 

14 

18 

6 

 

10. Have you heard about the following terms 

regarding the application of 

nanotechnology? 

 Grey Goo Scenario 

 Nanorobotics 

 Transhumanism 

 Nanomedicine 

 

 

4 

22 

8 

26 

 

 

36 

18 

32 

14 

11. According to you what is the first ethical 

challenge in nanotechnology? 

 Health and Safety Issues 

 Medical Issues 

 Environmental Issues 

 Societal Issues 

 

 

8 

16 

12 

4 

 

 

 

12. To what level the following ethical issues arise in 

nanotechnology? 

 25

% 

50

% 

75

% 

100

% 

Health and 

Safety Issues 

16 12 12 - 

Medical 

Issues 

10 14 16 - 

Environment

al Issues 

12 16 8 4 

Societal 

Issues 

14 18 2 6 

 

Table 1: Attitudes toward nanobiotechnology survey 

Numbers above refer to the number of respondents 

for a particular item. 
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Fig. 1: Analysis 

An emerging body of literature now exists with 

regard to public perceptions of nanotechnology research 

(Cobb & Macoubrie., 2004). Understanding how 

prospective and current nanotechnology researchers 

conceptualize these dimensions of their work is likely to 

provide valuable insights into the personal and professional 

motivations that stimulate specific research agenda, and also 

may be useful in helping to frame appropriate public policy 

in this area. The small number of respondents (research 

scholars) does not permit an exhaustive analysis, therefore 

an increasing number of thought-provoking and informative 

commentaries regarding “nanotechnology ethics” continue 

to be published by a variety of social science researchers 

(including ethicists, science, engineering and environmental 

educators, philosophers of science, legal analysts, etc.).  

IX. CONCLUSION 

Focusing on the ethics discussion on the long-term 

potentials is not enough. Ethics discussion about near-term 

applications is clearly needed to guide further development 

of bionanotechnology applications. Ethical guidelines are 

needed to ensure that nanotechnology is not used for 

harmful purposes. Ethics researchers and legal scholars 

should be encouraged to study the many ethical issues 

arising from the near term bionanotechnology research and 

commercialization. However, the research on the ethics of 

nanotechnology, particularly for the short-term applications, 

is lagging behind science. Therefore, it is important to 

encourage researchers to produce quality research proposals 

on ethical issues and to have the public involved in the 

discussion of the social impact of nanotechnology. 
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