
I. Introduction

The purpose of Canada’s Tri-Council Policy Statement on

the Ethical Conduct for Research Involving Humans1 is to

promote only research that is conducted according to the

highest ethical standards. As a condition of federal funding,

researchers who are granted federal funding or who work

within institutions that receive federal funding must comply

with the ethical principles espoused in the articles of the

TCPS. The TCPS is not law nor is it a set of rigid rules.

Rather, it is an ethical framework that is intended to provide

guidance to researchers and the research ethics boards

charged with ethical review of human subject research.

“[T]he key is sensitive and thoughtful implementation of the

spirit and requirements of the document,”2 not blind adher-

ence to rules. From the outset, it was recognized that “con-

siderations around the ethical conduct of human subjects are

complex and continually evolving” and that ethical princi-

ples must be re-evaluated and adapted to the context in

which they are applied. As the scope of nanotechnology has

inevitably grown to include human subject research, this

paper is intended to initiate discussion about the potential

impact that it may have on human subject research and to

determine whether or how this impact might best be

reflected in the TCPS.

Respect for human dignity demands that research be done

with a view to morally acceptable ends and that morally

acceptable means be used to achieve those ends. Impor-

tantly, to be considered ethical, research must also have sci-

entific merit.3 It is clear that the welfare and integrity of the

individual is the paramount consideration in research that is

ethical from the perspective of the TCPS. Steps must there-

fore be taken to ensure that individual research subjects are

not instrumentalized either during research or as a result of

human subject research.

Additionally, a number of trans-disciplinary guiding ethical

principles have emerged that express common standards,

values and aspirations of researchers. These principles

include:

• Respect for free and informed consent
• Respect for vulnerable persons
• Respect for privacy and confidentiality
• Respect for justice and inclusiveness
• Balancing harms and benefits
• Minimizing harm
• Maximizing benefit

In light of these principles, it is important to consider

whether there is anything unique about nanotechnology that

will impact the application of these ethical principles. To

answer this question and to understand the emerging issues

it is important to first define what nanotechnology is and,

second, to identify specific areas of research where we can

reasonably expect nanotechnology to be used in human sub-

jects.
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II. Technology Overview

What is Nanotechnology and how will it be used
in Human Subject Research?

Nanoscale science and engineering is a dynamic domain of

science and technology at the confluence of the physics,

chemistry, biology, information technology, biotechnology

and medicine. “Nanoscience” is the study of the first level of

organization of matter (either biological or man-made) that

determines its fundamental characteristics and function. It

has been described as “the builder’s final frontier.”4

Within the nano domain, fundamental characteristics of

materials that we typically presume immutable — including

electrical conductivity, colour, strength, and melting point

can all change. By understanding the altered characteristics

of materials at the nanoscale and by tailoring the structure of

materials in specific ways it is possible to engineer novel

materials with characteristics that are unanticipated from

macro-scale observation and measurement. By studying the

common features of nanoscale entities like nanocrystals and

nanotubes scientists are gaining new insight into natural

processes that occur in living systems and in the environ-

ment.

“Nanotechnology” is inherently hard to define. The term

represents a series of technologies used independently or in

combination to make products, perform tasks and to gain a

better understanding of science. Canada’s National

Research Council describes nanotechnology as:

[M]anufacturing at the molecular level – build-

ing things from molecular or nano-scale compo-

nents. A nanometer is one billionth of a metre

(3-4 atoms wide). Nanotechnology proposes the

construction of novel nano-scale devices pos-

sessing extraordinary properties. Through the

development of such instruments and tech-

niques it is becoming possible to study and

manipulate individual atoms. This ability is

almost in the grasp of humankind.5

Through this newfound control over the natural world,

nanoscience and the technologies derived from it are

expected to have profound societal effects – both positive

and negative. It is predicted that:

Few industries will escape the influence of

nanotechnology. Faster computers, advanced

pharmaceuticals, controlled drug delivery,

biocompatible materials, nerve and tissue

repair, surface coatings, better skin care and

protection, catalysts, sensors, telecommunica-

tions, magnetic materials and devices – these

are just some areas where nanotechnology will

have a major impact. Indeed, there is a growing

appreciation that it is difficult to find areas of

manufacturing and industry where nanoscience

and nanotechnology will not have an impact.6

It has been postulated that “[n]anotechnology today is argu-

ably at about the same stage that information technology

occupied in the early 1960s, or biotechnology at the begin-

ning of the 1980s.”7

Society appears poised to engage a deeply polarized debate

over the benefits and risks of nanotechnology.8 The ETC

Group (an action group on Erosion, Technology and Con-

centration – formerly RAFI), for example, has recom-

mended an immediate moratorium on commercial

production of new nanomaterials and the creation of a global

process to evaluate the economic, health and environmental

implications of nanotechnology.9 It recommends strict

adherence to the precautionary principle, which they advo-

cate as being “a commonsense approach to Atomtech-

nology”. Oddly, and simultaneously, they recognize that the

precautionary principle is neither uniformly defined nor

embraced.10

Greenpeace takes a less radical approach than the ETC

Group.11 It recognizes that the impact of nanotechnology

will be gradual and limited in the short term and argues that

a moratorium would likely be both impractical and harmful.

It strongly advises industry players to take the issue of pub-

lic acceptance of nanotechnology seriously. Failure to do so,

they warn, may result in a self-imposed moratorium. Com-

mitment to developing sound environmental practices and

in performing relevant research to evaluate human safety is

urged. This is particularly salient in light of an increasing

number of reports in the academic literature and in the popu-

lar press that nanoparticles may pose health risks to animals

and humans.12 It has been predicted that failure, by govern-

ment and industry, to acknowledge the concerns raised by

the critics of nanotechnology may lead to a backlash, similar

to that experienced in the context of agricultural biotechnol-

ogy.13 Early recognition of the political realities, societal

concerns, underlying environmental and human safety

issues and their potential relevance to human subject

research is essential.
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Despite the emerging concerns, Canada, like virtually all

other developed countries, is committed to building national

capacity in the area of nanotechnology.14 The National

Research Council, the province of Alberta and the Univer-

sity of Alberta are combining resources to build a national

institute at the University of Alberta.15 The National Insti-

tute for Nanotechnology, though physically located in

Alberta, aspires to attract researchers from across Canada

and around the world and catapult Canada onto the interna-

tional nanotechnology stage.

Though nanotechnology is expected to impact most sectors

of the economy, it is expected to have a profound impact on

health and health related technologies. Given that health and

healthcare provision are among

Canada’s foremost priorities16,

the government is eager to find

and to adopt more cost effective

methods of healthcare deliv-

ery.17 To the extent that

nanotechnology is perceived

able to provide solutions to cur-

rent healthcare problems, it will

inevitably receive high priority

from research funding agen-

cies, including the CIHR.18 In

the medical context, nano-

science is expected to facilitate

the development of, among other things:

• improved pharmaceutical products;
• implantable materials for tissue repair and

replacement;
• implantable devices (including sensing devices,

implantable medical devices and sensory aids;
• improved surgical tools;
• improved diagnostic imaging methods; and

improved genetic testing capabilities.19

Each of these applications are described briefly below.

Improved pharmaceutical products

Nanotechnology has the potential to enable a range of new

technologies to facilitate the optimized delivery of pharma-

ceutical products.20 Special materials, including nanoscale

liposomes, polymers, silica and hydroxyapatite are being

used to encapsulate drugs and protect them from biological

processes in the body. As compared with their microscale

counterparts, nanoparticle based encapsulation materials

tend to have improved diffusion and degradation character-

istics.21 On this basis, it is expected that nano-materials will

facilitate the delivery of drugs through the blood brain bar-

rier and into the central nervous system. As a result, effec-

tive treatments may be developed for Parkinson’s disease,

Huntington’s disease, Amyotrophic Lateral Sclerosis and

brain tumours. Similarly nano-encapsulation materials may

prove effective in the delivery of drugs to the retina of the

eye through the blood-retina barrier.

Implantable materials for tissue repair and
replacement

Nanotechnology is facilitating the development of novel

materials that can be used for

human tissue repair and

replacement.22 Novel bio-

compatible materials can be

used to make permanent

implants or temporary struc-

tures that can be reabsorbed by

the body following surgery. For

example, bone and dental

implants can be made from

biocompatible nano-materials

characterized by their increased

surface area and improved

adhesion characteristics. Tissue

regeneration scaffolds made from nanomaterials are being

developed with a view to growing a variety of complex

human organs. In addition, bioresorbable polymers can be

used to make surgical sutures and orthopedic fixation

devices that are designed to biodegrade at appropriate rates

to facilitate bone healing in a variety of circumstances. 23

It is envisioned that pharmaceutical-infused nanofibre

devices may be applied directly to affected tissue during sur-

gery. One possible application is that a mesh device may be

infused with antibiotics, painkillers and/or other medica-

tions and implanted around the heart muscle during surgery.

The objective is to provide optimized pharmaceutical effect

at the critical time via a delivery system that is implanted

and does not require surgical removal. Similarly, “smart”

nanomaterials may be devised to respond to physical

changes in the environment. For example, a change in tem-

perature or pH could stimulate a physical or chemical effect

mimicking a natural mechanism. Smart materials may

include polymers that can mimic muscle contraction or

hydrogels that dissolve according to body chemistry to

deliver drugs as needed.
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Implantable devices (including sensing devices,
implantable medical devices and sensory aids)

Nanotechnology offers the ability to develop a variety of

implantable or wearable sensing technologies and medical

devices to facilitate the continuous collection of highly

accurate medical information. Microprocessors and minia-

ture devices can be paired with sensors to diagnose disease,

transmit information and to administer treatment automati-

cally (and remotely) if required. Implantable sensors can be

used to detect a vast array of chemical or physical proper-

ties. For example, sub-dermal sensor microchips are being

developed to continuously monitor and transmit data includ-

ing, heart rate, body temperature and glucose level.

Microsensors are also being developed to monitor success

or failure of surgical procedures through the real-time

assessment of post surgical tissue circulation. Implantable

microelectromechanical (MEMS) devices24 to measure flow

rate and acceleration may be used to assess and optimize

treatment for individuals suffering from paralysis.

Implantable sensors can be engineered to work with medical

devices to automatically administer treatments for a variety

of conditions. Implantable microfluidic systems are being

developed to dispense drugs on demand. Initial applications

of these systems will likely include delivery of chemother-

apy drugs for oncology patients and the delivery of drug

treatments for patients suffering from a variety of diseases

including, autoimmune disorders, HIV/AIDS and diabetes.

Implantable sensors that monitor heart rate can also act as a

defibrillator to regulate irregular rhythms. Technology used

in implantable devices designed to improve visual or aural

perception is currently workable at the microscale. These

technologies will, in all likelihood, be further miniaturized

to the nanoscale. Work is being done to develop retinal

implants to restore vision by electronically stimulating func-

tional neurons in the retina. Cochlear implants are being

developed to offer individuals with hearing loss devices that

will be more precise and that will offer much better sound

quality than devices currently available.

Improved surgical tools

It is anticipated that nanotechnology will inspire an array of

improved surgical tools that will allow surgeons to operate

on human subjects with greater precision and safety and to

monitor patients more accurately. Nanotechnology is being

used in the development of smart instruments and surgical

robotics for use in laparoscopic or “minimally invasive” sur-

gical procedures. Smart instruments can be made with an

ability to interpret the in-vivo surgical terrain and assist the

surgeon in performing surgical procedures. Robotic systems

are already being used to give surgeons remote control over

highly precise instruments that are inserted into laparo-

scopic ports in the patient. Specifically, surgical robotics

systems are suited for use in gall bladder, prostate,

colorectal, gynecological, esophageal, gastric and lung sur-

geries.25

Medical imaging

Nanotechnology is also spawning a new wave of innovation

in the area of medical imaging. For example, nanoparticle

probes are being developed for use in magnetic resonance

imaging (MRI). Magnetic nanoparticles can be simulta-

neously attached to antibodies that specifically bind to

known antigens on cancer cells26 or other molecules of bio-

logical interest (i.e. fibrin27 and labeled with a dye that can

be visualized on MRI images. Following administration of

labeled nanoparticles, images can be taken to assess a

patient’s tumour burden. Cancer therapy can similarly be

specifically targeted to cancer cells in-vivo. Magnetic

nanoparticles can also be targeted to proteins or other mole-

cules of biological relevance and used in functional MRI

imaging to gain insight into a variety of human disease pro-

cesses.28 Radiolabelled carbon nanoparticles have been used

for over 15 years to assess lung ventilation in human

patients.29 A variety of miniaturized wireless medical

devices are being developed that can provide high quality

images that are not possible with traditional imaging

devices. Pills are being developed that contain miniature

video recording devices.30 In this way, the entire digestive

system can be imaged and assessed for various diseases

including malignancies and ulcerations. Researchers are

attempting to develop miniature x-ray devices that can be

inserted into the human body. One Israeli company,

MediRad, is attempting to make carbon nanotubes into a

needle shaped cold cathode that would emit electrons for

imaging or therapy. The idea is revolutionary in that if

developed, could allow doctors to take precision x-rays

inside the body or treat localized areas without damaging the

surrounding tissue.31

Genetic testing methods

In perhaps the most ethically challenging medical applica-

tion, nanotechnology has the potential to further revolution-

ize genetic testing methods. This is particularly relevant

given the simultaneous trend away from linkage analysis

towards large-scale population genetic research and towards

individualized medicine through the use of pharmaco-

genomics.32 Standard testing methods require large sample
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sizes and long reaction times to amplify the relevant genetic

sequence using polymerase chain reaction (PCR).

Microfluidic testing methods that are rapid and that can be

performed on small biologic samples (for example, a single

human cell) are currently being developed.

It is now possible to manufacture and to use microfluidic

chips that can perform PCR and reverse transcription of

DNA.33 Of this work, one author notes that this technology

“offers a direct route to . . . the possibility of high-through-

put sequence analysis in many practical applications.”34 It is

also now possible that, on a single chip, nanolitre volumes

can be simultaneously processed to isolate cells, lyse them

and purify their DNA or mRNA.35 Nanofluidic “nanopore

sequencers” have been described for the direct reading of

the nucleotide sequence of sin-

gle stranded DNA.36 If has been

suggested that “if DNA can be

shuttled through a 10-9m hole at

a rate of 2 million bases per sec-

ond, it would take less than 2

hours to sequence an entire

genome.”37 Benefits of minia-

turization include decreased

volumes of samples and

reagents are required, faster

reaction times, high throughput

and portability of the testing devices.

“Lab-on-a-chip” technology is being developed to facilitate

the performance of a variety of tests on a single chip. It

entails the combination of nanotechnology and

microfluidics to facilitate the integration of mixing, moving,

integration, detection and data processing on small portable

devices. This combination of arrays and fluidics can be used

to optimize the speed, accuracy and utility of genetic testing

as well as other types of testing. This technology is expected

to be useful in quantifying gene the expression of particular

sets of genes that have been found, through array profiling,

to be significant in distinguishing specific disease condi-

tions. In time, these technologies are expected to have a pro-

found impact on clinical medicine.

Other Nano-Innovations That May
Impact Human Subject Research

Importantly, it must be noted that in addition to specific

medical applications nanotechnology is also facilitating the

development of unobtrusive surveillance devices and mark-

edly improved computer storage capacity.38 These advances

will permit the collection and storage of vast quantities of

many types of human subject data for medical research,

social sciences research, market research and other — as yet

unanticipated — uses. Accordingly, nanotechnology has the

potential to profoundly impact the ways that both observa-

tional and quantitative research on human subjects is per-

formed, and the way that the data is stored and accessed.

III. Emerging Issues
General Ethical Concerns

The TCPS aims to elucidate the duties owed to research sub-

jects by researchers, institutions and the Research Ethics

Boards (REBs) that are charged with the review of human

subject research. The general

principles espoused in the docu-

ment are intended to help

researchers and REBs “to scru-

tinize the contexts and accom-

modate the needs of specialized

research disciplines.”39 To be

considered ethical, research

must be capable of answering

the scientific questions posed,

must be performed in accor-

dance with the applicable laws

and regulations and must accord with the ethical principles

espoused in the TCPS.

Applications that are enabled by nanotechnology, like all

technological applications, have the potential to be used in

ethical and unethical ways. Although science at the nano

scale is not ethically distinct from science at the macro scale

certain issues become more complex and potentially prob-

lematic than when the same or similar applications are

applied at the micro scale or larger scales.

General ethical concerns that have been raised in association

with biomedical nanotech applications include the follow-

ing:

• Biomedical nanotech applications have the potential
to medicalize normal human conditions and further
blur the distinction between “health” and “disease”.

• Applications derived from nanotechnology have the
potential to further marginalize those in society who
are perceived as disabled.
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• Biomedical nanotech applications may be used
inappropriately to further human improvement.
Nanotechnology may facilitate the development of a
variety of devices that will enable the surreptitious
collection of human subject data. There are profound
privacy and confidentiality issues that arise in light
of this possibility.

• Nanotechnology may have the effect of widening
the gap between those in the developed world and
those in the developing world, despite the emerging
ethical imperative that the results of human subject
research benefit all of humanity.

• Certain biomedical
nanotech applications
may confound the
conventional boundary
between “living” and
“non-living”. There are
profound conceptual
and philosophical
implications that arise
from this blurring.

• Biomedical
applications derived
from nanotechnology
are likely to be disruptive and are expected to have
profound impacts in the area of health service
delivery. Which applications will government fund?
How will the technology be assessed? Will
applications not funded by government be made
available for individuals who are willing to pay?

• The development of nanotechnology applications
(as with the development of virtually all biotech
applications) will depend heavily on private
investment therefore compounding ongoing
concerns that the TCPS does not apply directly to
privately funded research that is performed in the
private sector.

Specific Ethical Concerns Relevant
in the Context of Genetic Testing

As nanotechnology has the potential to greatly increase

throughput and decrease the cost of genetic testing method-

ologies, it also has the potential to magnify a number of ethi-

cal challenges previously identified in the context of human

genetics. Mass testing at low cost coupled with the trend

towards large-scale bio-banking and improved bio-informa-

tics capabilities, will inevitably inspire heightened concerns

over issues of informed consent, genetic privacy and com-

mercialization.

For example, there are a number of relevant questions that

remain unanswered that relate to a discussion of

nanotechnology-enabled genetic, genomic, proteomic and

metabolomic analyses. These include:

• Is it possible for human subjects to consent generally
to future research involving their biological samples
or genetic data derived from their biological samples
regardless of the specifics of the research to be
performed?

• Can human subjects delegate consent-granting
authority to an REB for future research that has

scientific merit and is
deemed ethical?

• Do REBs have sufficient
knowledge and experience
in dealing with genetic
research and population
genetic research to warrant
delegation of authority to
them by research subjects?

• How should a subject-
centered, autonomy driven
model of human subject

research be applied in the context of population
genetic research?

• How will the application of nanotechnology in the
area of genetic testing challenge the traditional
boundary between the patient-centered autonomy-
driven individualistic research ethics and communi-
tarian norms that underpin public health research?
How or should the principles underlying public
health apply in this context?

Law & Regulation

In addition to the ethical challenges noted above,

nanotechnology applications will, in all likelihood, prove

challenging from a regulatory perspective. Some of the

issues that need to be considered proactively include:

• How will Health Canada and Environment Canada
interact to regulate products that implicate
nanotechnology?

• How should human safety be most appropriately
measured and monitored in this context?
Are the existing environmental standards applicable
to particulate pollution and norms for pre-clinical
and clinical testing of drugs and medical devices
appropriate in the context of nanotechnology?
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• At the policy level, what steps need to be taken to
ensure the safe, ethical and timely adoption of the
products of nanotechnology?

• Are the legal norms governing informed consent in
Canada sufficiently adaptable to permit individuals
to consent to present and future (as yet undefined)
genetic research involving their biologic materials
or data derived from their biological samples? How
does this vary across provincial jurisdictions?
How will nanotechnology challenge the existing
federal and provincial privacy laws governing health
information?

• How will concerns over gene patenting and the
adverse impact of patents on the research
environment translate into the realm of nano-
technology?

Conclusions

Nanotechnology will have a broad impact on biomedical

research generally. At present, it is clear that specific bio-

medical applications in the areas of human genetic research

(especially large-scale population genetic research)

bio-informatics and pharmacogenomics are being trans-

formed, to one degree or another, by nanotechnology. It is

inevitable that, despite our best efforts, nanotechnology will

spawn an array of novel innovations that are not presently

envisioned. Having said this, it appears that the general prin-

ciples of the TCPS are applicable and appropriate to human

subject research that implicates nanotechnology.

The specific sections of the TCPS that concern free and

informed consent (Article 2), privacy and confidentiality

(Article 3), human genetic research (Article 8) and human

tissue research (Article 10) should be updated to better

reflect the ethical and legal uncertainty that has emerged

with respect to the norms of population genetic research. In

addition, a new section specifically addressing the ethical

issues arising at the interface of traditional individualistic,

autonomy-driven research ethics and communitarian public

health research ethics would help REBs to perform appro-

priate ethical review of research protocols. In addition,

nanotechnology’s potential to inspire unobtrusive surveil-

lance devices and their potential use in biomedical and other

observational research should be addressed within the

TCPS.

In sum, the medical technologies that are described in this

paper all fall well within the realm of the real or the possible.

It is only a matter of time before these, and other nano-

science-based innovations are realized. As the example of

agricultural biotechnology reveals, any progress towards

public acceptance and the legitimate introduction of new

technologies in society depends on public engagement and

public awareness of the new technologies. Public accep-

tance strongly depends on trust in government and its agen-

cies to oversee the research and development and marketing

phases of the commercial process. The “21st-Century

acceptance model” has been described as one in which

“technological innovations are received on a voluntary basis

where the perceptible usefulness of the new technology

products are balanced against associated risks that are

shown to be manageable.”40 Human subject research that is

scientifically sound, ethical and subject to insightful ongo-

ing review by REBs that are well-equipped to deal with the

issues that confront them will go a long way towards ensur-

ing public trust.
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