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INTRODUCTION 

As nanotechnology is an ever-expanding field, it is important that the scientists and engineers of tomorrow are well-
educated on the topic today. With the help of modern media, such as television, movies, literature and the Internet, 
information on advances in nanotechnology has become increasingly accessible to the public. Of course, no new 
technology goes without scrutiny by the public on ethics and safety. Which poses the question: how are engineers 
supposed to know how to safely and ethically deal with nanotechnology? 

The simple answer to this question is to provide a curriculum that is infused with ideas on nano-safety and nano-ethics. 
Texas State University and the University of Texas at Tyler both offer courses that touch on nanotechnology issues to 
students from engineering and technology backgrounds. The programme, entitled NUE: NanoTRA-Texas Regional 
Alliance to foster Nanotechnology Environment, Health, and Safety Awareness in Tomorrow’s Engineering and 
Technology Leaders, that incorporates nanotechnology curriculum in these courses was made possible thanks to the 
grant awarded by the National Science Foundation-Nanotechnology Undergraduate Education (NSF-NUE) to both 
universities [1]. 

The programme allows for many different topics on nanotechnology safety and ethics to be discussed. These subjects 
are organised into modules that are, then, integrated with current courses taught at the universities or are used to create 
entirely new courses altogether [2]. The modules are divided into two parts: Introductory (A) and Advanced (B). 
This article will be focusing on module 7A, which is Nanotechnology in Health and Medicine. This module was most 
recently implemented in the Texas State University course Philosophy 1320: Ethics and Society. 

MODULE OBJECTIVE 

The main goal of this module is to inform students on the potential risks and issues associated with nanotechnology in 
health and medicine. Before exploring this module, however, students are required to possess a basic understanding of 
human anatomy and a chemistry background of at least a high school level. The module is split up into two lectures: 

• Lecture I: covering health, safety and general issues
• Lecture II: posing ethical questions and solutions
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Coming out of this module, students will be expected to define nanotechnology issues in health and medicine, appreciate 
the role of nanotechnology in numerous medical fields, and be able to pose ethical questions and determine courses of 
action relating to nanotechnology in health and medicine [3]. Each module infused into a course at Texas State or UT-
Tyler is required to meet ABET (Accreditation Board for Engineering and Technology) standards. These standards are 
put into place at selected universities in order to ensure graduates are receiving a quality education, and are being 
prepared to confidently enter the global workforce [4]. Module 7A meets three of the eleven required student outcomes 
of an ABET accredited course (see Table 1): 

Table 1: Module 7A relationship to ABET programme outcomes [3]. 

Reference letter Requirement 
a) An ability to apply knowledge of mathematics, science and engineering 
f) An understanding of professional and ethical responsibility 
j) A knowledge of contemporary issues 

STUDENT RECEPTION 

Certain sections of the Philosophy 1320 course offered at Texas State University are designated for science, engineering 
and technology students only. This allows for a more specific lesson plan catered towards these students’ educational 
requirements. 

At the end of the Fall 2013 semester, students enrolled in one of these courses were given the opportunity to evaluate the 
module. As seen in Figure 1, the majority of students gave the module positive marks. Over 56% of the students enrolled 
in this course gave the module an overall rating of excellent and over 68% of the students believed the module was of 
excellent quality. This feedback process helps those responsible for producing module content to make adjustments in 
order to perfect the students’ learning experience. 

Figure 1: Student responses to module 7A in PHIL 1320 course. 

TOPICS 

Lecture I 

Lecture I dives into the issues within health and medicine regarding nanotechnology. As new technology begins to 
emerge, the prioritisation of research can become scattered. Andrew Maynard specifies in his article, Nanotechnology: 
A Research Strategy for Addressing Risk, that the prioritisation of research is not simply a cut and dried process. 
It varies depending on the discretion of the science and policy communities and also must represent the standpoint of 
stakeholders. That being said, Maynard does list the control and testing of nanomaterials and safety practices as top 
priority considerations [5]. 

On another note, newly emerging nanotechnologies, primarily those with health and medicine applications, can come 
with a hefty price tag. Research conducted during a 2003 study shows that the average cost of developing and marketing 
of one new drug is roughly $800 million. It is predicted that the cost of the development and marketing of drugs using 
nanomedicine will greatly surpass that. Higher manufacturing costs result in higher retail costs, and higher retail costs 
result in fewer people receiving the medication they need. There exists a gap of disease burden between developed and 
developing countries, and the implication of high-priced nanomedicine only further widens the gap [6]. However, there 
is a light at the end of the tunnel for nanotechnology in medicine. As technology continues to grow and evolve, new, 
more efficient methods of manufacturing may come forth and help reduce the cost of producing nanomedicine and allow 
poorer regions access to new medicine and health care. 

Another big issue of nanotechnology in health and medicine is the threat of cytotoxicity or the level of which something 
is toxic to living cells. Using nanoparticles in medicine can be dangerous as these extremely small substances can have 
adverse effects on biological macromolecules in humans. Nanoparticles are small enough to penetrate cell membranes and 
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can access vital organs. Nanoparticles, with their high surface area to mass ratio, are extremely reactive and can trigger 
chemical reactions within the body or bond with other toxins and permeate cells they would normally have no access to [7]. 
Developing suitable drug delivery systems is a necessity when it comes to consumer health. In 2009, 95% of all new 
potential therapeutics had less than desired pharmacokinetics and biopharmaceutical properties. Higher quality drug 
delivery systems mean that the active drug molecule will only distribute to the affected site without harming healthy 
organs and tissues. By improving delivery systems with nanotechnology in this way, the efficiency of nanodrugs will 
increase and drug toxicity will diminish [8]. This is where nanocarriers come into play. A nanocarrier is a type of 
delivery system with the advantage of improving solubility of hydrophobic compounds in an aqueous medium. Using 
nanocarriers has been shown to increase the effectiveness and efficiency of chemotherapeutics. Two commonly used 
chemotherapeutic nanocarriers are liposomes and micelles (see Figure 2). 

Figure 2: Liposome and micelle cross-sections [9]. 

Liposomes are structures, approximately 100 nanometers in diameter, containing an aqueous core and surrounded by 
a phospholipid bilayer used for drug encapsulation. These structures are ideal for drug delivery as the internal core can 
house hydrophilic drugs, while the outer phospholipid bilayers can contain hydrophobic chemotherapeutics. 
Furthermore, the liposomes small size permits easier permeability into affected areas all, while still delivering 
a relatively large and effective dose of a drug to cancer cells. Exploiting these properties allows for the minimisation of 
unsolicited side-effects. Micelles, on the other hand, are much smaller than liposomes; only about 20-80 nanometres in 
diameter. Although they cannot carry as large a dose as liposomes due to their size, micelles can penetrate tumour tissue 
faster and easier than liposomes [10]. 

Alongside drugs and medicine, nanotechnology is also being incorporated into surgical practices. Examples of these 
nanoscale surgical tools are scalpels, forceps, etc, equipped with sensors that can be inserted into the body to accurately 
measure vitals during surgical procedures. Other applications of nanotechnology in surgery include micro-catheters 
attached to wires or optical fibres to take internal photographs of the human body, and micro-cutters that can be used to 
remove arterial plaque [11]. 

With all of these ideas and applications, nanotechnology has the potential to change medical practices altogether. 
By improving the way medicine can be delivered, the entire infrastructure of the health care system may change 
radically. Furthermore, a change in the infrastructure of the health care system would call for retooling of facilities 
(hospitals and pharmacies), and retraining of medical workers. However, as nanotechnology will improve and increase 
efficiency of medical practices, it is expected that the cost of this overhaul is to be recovered very quickly. 

Lecture II 

Following the issues in the first lecture, lecture II proposes questions around the ethics of implementing nanotechnology 
on humans. One issue is this: can newly emerging nanotechnology be used to cause detrimental effects? Who is to say 
that the nanomachines implanted in a patient cannot be reprogrammed to do harm? Also, to a lesser extent, these 
nanorobots could also be used for unsolicited surveillance and monitoring. Another question to ask is whether the 
benefits of nanotechnology outweigh the risks. Yes, the implications of these technologies are ground-breaking and 
scientists have found ways to better control them, but nanoparticles, with their small size, are still highly dangerous and 
the possibility of cytotoxicity is always conceivable [12]. 

When it comes to funding, the research for studying and inventing new nanomedicine, where should this money be 
prioritised? It can go to funding preventive medicine in order to keep the population from attaining new or existing 
diseases or it can be directed towards curative medicine to cure patients who are already sick. Within cancer research, 
funding has been seen to go more towards curative rather than preventive medicine. However, other fields of research 
may find backing preventive medicine to be the best course of action [13]. 

Once this is all said and done, the next step is to ask, who is going to receive this medicine? Are we morally obligated to 
provide personalised medicine to everyone or just to those who can afford it? The production and distribution of 
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nanomedicine can become extremely costly, and those with limited resources (low-income patients, developing 
countries) may draw the short end of the stick in this case [14]. Once these products are on the market, companies will 
want to generate a profit in order to make up for the heavy expenditures, increasing prices and limiting availability. 

If the society wants to harness the full potential of nanotechnology in medicine, one needs to assess not just how far one 
can push the technological advancement envelope, but also how to effectively deliver medicine to everyone who needs 
it. Nanotechnology has the ability to improve the quality and functionality of the lives of people who suffer from disease 
and disability. Humanity has a moral obligation to minimise suffering wherever possible and maintain the welfare of 
patients and the interests of society [15].  

CONCLUSIONS 

Nanotechnology is a field that has undoubtedly been picking up steam in recent years. The idea of using nanotechnology 
in collaboration with medicine is an ingenious, but hazardous notion. It is vital to the safety and wellbeing of society that 
tomorrow’s scientists and engineers who study and develop these technological advancements are well-educated on the 
subject matter. Understanding the societal impacts of nanotechnology is just as important as understanding the health 
risks involved; one cannot be designated over the other. Utilising this course module in amalgamation with other 
modules is a prominent way to ensure today’s students are made aware of, and are capable of, managing contemporary 
and impending issues considering nanotechnology in not just health and medicine, but in all other fields. 
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