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Abstract 

Novel technologies and their resultant products demand fresh ways of thinking about pre-

market risk analysis and post-market surveillance. A regulatory framework that is 

responsive to emerging knowledge about the hazards of novel technologies offers 

repeatable and transparent processes and remains economically and socially feasible. 

Workers are an especially vulnerable population who are exposed to unknown hazards of 

novel technologies and serve often as unwitting sentinels of impending risks. This 

Grounded Theory-based case study identifies gaps in our current ability to regulate novel 

technologies so as to minimize occupational health risks and offers necessary 

modifications for an environment that is conducive to proper regulation. 

 Nanopharmaceuticals and the nano-based technologies at their base are used by way of 

exemplar technologies that are currently taxing the ability of the regulatory system to 

provide adequate oversight. Ambiguities of definition, absence of a tracking system (of 

who is doing nanotechnology research), and the paucity of scientific evidence to support 

risk management efforts are among the findings of the study and need to be addressed as 

ameliorative steps toward an effective regulatory structure. 
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Chapter 1 Introduction 

Novel technologies and their unknown risks push the limits of current regulatory 

practices. The system of oversight in the U.S. is faced with numerous challenges as it 

works to ensure the safety and efficacy of technologies that emerge from scientific 

endeavors. Primary among the challenges are uncertainties concerning the health 

implications of new technologies. Whether current regulatory structures and processes 

will be adequate and appropriate in the face of uncertain health hazards remains to be 

seen.  

Fundamentally, this study is an effort to begin addressing questions pertaining to the 

functional capacity of the U.S. regulatory system vis a vis emerging biomedical and 

pharmaceutical technologies and their uncertain health implications. The primary aim of 

our work is to synthesize disparate visions of “the ideal” into a cohesive model of 

regulatory structure over the processes and products of science and technology including 

at the stage of assessing emerging risks.  

Nano-based biomedical technologies and nanopharmaceuticals are current examples of 

emerging technologies. They hold great promise (Moghimi, Peer, & Langer, 2011) with 

applications ranging from imaging and diagnostics to therapeutics (see, for instance, 

Dobson, 2006; Gonda et al., 2010). At the same time, their novelty is taxing the ability of 

the existing regulatory system to provide adequate oversight (See, for instance, Kosta & 

Bowman, 2010). The absence of universal design rules that would otherwise allow for the 

stratification of manufactured nanoparticles into like categories hampers risk assessment 
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and risk management efforts (Stone et al., 2010; Marquis, Mauerer-Jones, Ersin, Yin, 

Haynes, 2011). There are major gaps in our understanding of the environmental fate of 

nano-based products pertaining to environmental release, accumulation and degradation 

profiles (Tiede, Hassellöv, Breitbarth, Chaudhry, & Boxall, 2009). Likewise, significant 

questions about in vitro effects remain unanswered in fields ranging from basic chemical 

sciences to medicine, exposure science and toxicology.  

A particularly tenuous relationship exists between this class of products and occupational 

health; residing at the beginning stages of the product development lifecycle, research 

and development (R&D) workers are especially vulnerable to repeated exposures to 

unquantified – and often unquantifiable – risks of the very products that are to improve 

the health of individual patients and the public. Yet, the occupational health and safety of 

R&D workers in nanomedical and nanopharmaceutical fields have received scant 

regulatory attention.  

About the study 

This Grounded Theory-based case study identifies gaps in our current ability to regulate 

nanoresearch so as to minimize occupational health risks to R&D workers and offers 

necessary modifications for an environment that is conducive to proper oversight. By 

way of illustrating the complexities and tensions in this relationship, we offer a case 

study research conducted at the University of Minnesota that examined the Institution‟s 

efforts at oversight of nanotechnology research.  

Consistent with the Grounded Theory approach here adopted (see Chapter 4), we propose 

no a priori hypotheses. Instead, a single curiosity grounds our inquiry; What are the 
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characteristics of an ideal system of regulation over the novel processes and products of 

science and technology? In exploring this question, we identify also barriers and 

opportunities toward a regulatory framework that can better accommodate emerging and 

novel technologies.  

A fully rational approach to the regulatory process may not be possible, especially when 

we consider the sheer number of stakeholders and agendas at play. As Vesley observes in 

the environmental health context “…standards and regulations are often deemed too strict 

by industry and conservatives while at the same time too lax by environmentalists and 

liberals” (1999, p. 3). Nonetheless, models of an ideal state may be instrumental in 

identifying barriers and structural failures standing in the way of finding common 

ground. We have explored the characteristic of an ideal system within the context of the 

federal regulatory structure in general (Chapter 3) and within the context of a research 

institution specifically (Chapter 5).  

As we have come to appreciate during the course of our inquiry, universities are at once 

the developers and the consumers of novel technologies; whereas one researcher may 

invent a novel material, her colleague down the hallway may be harnessing its potential 

in a lifesaving medical device. Thus positioned at the crossroads of discovery and 

application, the research university offers a prime vantage point from which to observe 

the strengths and weaknesses of the current U.S regulatory system.  

The relationship between science and regulation tends to be contentious. On one hand, it 

has been argued that the regulatory process has been politicized to the point that popular 

opinion and interest group advocacy outweigh prudent action informed by scientific 
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evidence and professional judgment. On the other hand, policy makers have been accused 

of paying too much attention to the scientific process to the detriment of expedient 

decision making, and often at the expense of normative values of the day. Our study 

sheds light on the structural causes of these tensions between the two great 

establishments of science and regulation.  

Assumptions 

Four assumptions guide this exploration:  

1. In terms of their efficiency and efficacy, social systems experience degrees of 

suboptimal performance.  

2.  It is possible to deploy deliberate interventions to move suboptimal systems 

toward an optimal state of performance.  

3. Optimizing system performance is an iterative process, and a continuous 

necessity.  

4. Multiple modes of intervention are possible. 

This act of envisioning an ideal state of regulatory affairs is, by nature, a subjective 

matter. The appropriateness of a regulatory framework is a value-laden judgment. In the 

interest of disclosure, we confess to an underlying desire for a regulatory framework that 

(1) strikes a balance between individual and public good, (2) encourages innovation and 

entrepreneurship, and (3) is, at a minimum, non-maleficent.  
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Significance 

Emerging technologies demand fresh ways of thinking about pre-market risk analyses 

and post-market surveillance. A regulatory framework that is responsive to emerging 

knowledge about the hazards of novel technologies; offers repeatable and transparent 

processes; and remains economically and socially feasible is expected to be a crucial step 

toward ensuring the safety and efficacy of these technologies, as well as paving the way 

for society to tap into the fuller potential of new technologies.  

Pharmaceutical sciences and medicine are leaders in setting the pace and amount of 

technological innovation. Regulation is an undeniable aspect of this scientific and 

technological process. The ability of the pharmaceutical and biomedical industry to 

continue on a path of discovery and expedient market introduction will continue to 

depend on regulatory schemes that are accommodating of new materials and their novel 

applications. Nanomedicinal products, nanopharmaceuticals and the technologies at their 

core offer a timely example of a new direction for industry that hold the promise of 

reconciling Hippocrates‟ creed of “first, do no harm” with the public health promise of 

maximizing the health and well-being of the population at large. 

On a practical level, the study identifies necessary modifications for an environment that 

is conducive to proper regulation of novel technologies. As discussed in Chapter 6, the 

resulting recommendations range from the individual level (e.g., role of Principal 

Investigators) to the systems (e.g., stakeholder engagement). We make practice 

recommendations with particular applicability to administrators, policy-makers, and 
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researchers. Our recommendations have implications also for those involved in the 

training and mentoring of future researchers. 

Scope and limitations 

The study is bounded within the context of nanotechnology, an emergent field of research 

and technological innovation. While the use of nanotechnologies in this work is for 

contextual purposes alone, secondary questions are also addressed, at least in part:  

 What is the current state of science on the hazards of nanoparticles? 

 What technical, systemic and political issues arise in assessing the safety of 

nanoparticles? 

 How does the current regulatory experience with nanoparticles prepare the 

system for future technological innovations? 

The regulatory system has broad jurisdiction far beyond what the case example of 

nanotechnologies may illuminate. In the final analysis, an ideal state of regulatory affairs 

vis a vis novel materials may be of little relevance to other realms of regulation such as 

the Securities and Exchange Commission (SEC) in its attempts to curtail new money 

market instruments from causing another market collapse; the Federal Aviation 

Administration review of new service fees by the airline industry; or, the Federal 

Communication Commission (FCC) addressing net neutrality as an issue of social equity.  

Orienting the reader 

Chapters 2 and 3 provide background information on nanotechnologies and the U.S. 

regulatory system, respectively. Chapter 4 is a discussion of the research methodology. 
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Chapter 5 reports on the findings of the case study conducted at the University of 

Minnesota. Chapter 6 is a discussion of a possible model of regulation that has emerged 

from our findings, as well as recommendations for strengthening the current regulatory 

system. Figure 1-1 offers a graphic representation of the overall research design. 

 

Figure 1-1: Flow of the study 
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Chapter 2 Nanoparticles and their applications through 

nanotechnologies 

 

An informed discussion about the regulation of nanotechnologies presupposes some 

appreciation of the scientific principles behind nanoparticles. This section begins with a 

brief review of the chemistry of matter as it relates to nanoparticles (NPs); leads into a 

discussion of nanotechnologies and the use of engineered NPs in consumer products and 

pharmaceuticals; and concludes with an overview of emerging health concerns associated 

with NP use. 

What is a nanoparticle? 

As one might recall from introductory courses in chemistry, atoms are identified as the 

building blocks of physical matter; molecules are collections of two or more atoms of the 

same element; and, compounds are collections of atoms of two or more different kinds of 

elements. Therefore, two hydrogen atoms bound chemically together (H2) is a molecule; 

water (H2O) is a compound (and a molecule); and, a rain drop is a network of water 

molecules. As illustrated in the case of hydrogen, elements can exist as a single atom; 

bonded molecular units; one of many elements in a compound; or, in a large collection of 

molecules in bulk matter (Figure 2-1).  
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Figure 2-1: Atoms are the building blocks of physical materials 

As a species that exists in an at least 4 dimensional universe, human beings perceive 

physical matter to have spatial properties of length, width and height relative to time. 

Judgments about the size of an object are based primarily on the magnitude of an object 

in these 4 dimensions. The concept of size is central to current definitions of NP. 

Nanoparticles (NPs) exist midway on the size continuum from atoms and molecules to 

bulk materials (Figure 2-2). Although consensus on an exact definition NPs remains 

elusive, it is generally accepted that for materials to be considered nano, at least one out 

of their three dimensions should be on the nanometer scale (Institut de recherche Robert-

Sauvé en santé et en sécurité du travail [IRSST], 2006).  
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Figure 2-2: Matter along physical size continuum 

The Web site for one appliance manufacturer warns consumers that “[d]espite our hopes, 

the appliances we rely on often become breeding grounds for [sic] very bacteria and [sic] 

odours we hope to remove. Just as a dirty washer never truly cleans clothes, only clean 

air conditioners and purifiers can supply clean air, and a clean, bacteria free refrigerator 

keeps food fresh longer,” and reassures that the company “has found a solution in the 

safety of silver, [sic] ionising silver into ions for an effective coating that lets your home 

appliances remain remarkably free of bacteria and [sic] odours” (Samsung, 2005).  

Regardless of marketing hype, nanoparticles are not newly discovered elements. Rather, 

NPs are collections of known elements that are either naturally occurring or engineered to 

a miniaturized in size, typically to between 100 - 300 nanometers (nm), along at least one 

dimension. Many common chemicals can exist either on the nano or macro scale: silver, 

gold, and titanium dioxide are among materials that can be in nano or bulk form. 
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The term nano comes from the Greek nanos, meaning dwarf. For a better sense of just 

how small the nanoscale is, it should be noted that a nanometer (nm) is one billionth (i.e., 

10
-9

) of a meter: that is about 3 atoms in a row. The two other dimensions of 

nanoparticles can be of nano or macroscale: indeed, scientists are actively working on 

structures that are thin enough to be nano, yet long and high enough to span great 

distances such as the distance from Earth to the Moon (Nova, 2011).  

Sources of nanoparticles 

Humankind has been familiar with naturally occurring NPs for a long time. NPs created 

by natural processes are found in volcanic ash, ocean sprays, and smog from forest fires. 

Bacteria, fungi, and viruses are other sources of naturally occurring nanoparticles. Also 

known are naturally nanoproducing systems; the bacterium Magnetosperillum 

magnetotacticum is known to digest magnetite (Fe3O4) and reduce it into nanoparticles 

which  are thought to aid the bacteria in navigating toward sources of nourishment 

(Pradeep, 2008).   

Since the dawn of the industrial age, the amount of NPs in the environment has increased 

drastically; internal combustion engines and traffic smog are major sources of ambient 

NPs. Domestic processes such as cooking over fire can also produce nanoparticles. 

Nanotechnologies: Deliberate production of nanoparticles 

The U.S. National Nanotechnology Initiative (NNI) defines nanotechnology as the 

“understanding and control of matter at dimensions of roughly 1 to 100 nanometers, 

where unique phenomena enable novel applications” (National Nanotechnology Initiative 
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[NNI], n.d.). Nanotechnologies are leading the way to increasing numbers of classes of 

engineered NPs (Table 2-1).  

 

Natural 

 

Anthropogenic 

 

 

Incidental 

 

 

Engineered 

 

Forest fires 

Volcanoes 

Ocean spray 

Viruses, macromolecules 

 

 

Cooking 

Traffic smog 

 

 

Sunscreen 

Drug delivery 

Paint 

Antimicrobial socks 

Table 2-1: Sources of potential exposure to nanoparticles (adapted from Howard, 2011) 

As nature will attest, NPs are not recent phenomena. To some extent, even the ability to 

deliberately create and modify materials at the nanoscale is not novel; many bacteria and 

viruses already possess this capability. What is new, however, is for us – humans – to 

have reached a stage of scientific and industrial capacity to design new materials at the 

nanoscale, modify them as a means of altering their function, and, increasingly, to do so 

in industrial quantities. 

In his 1959 lecture titled “There is plenty of room at the bottom”, Nobel laureate Richard 

Feynman stated that “The principles of physics, as far as I can see, do not speak against 
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the possibility of maneuvering things atom by atom” (Feynman, 1959). This lecture is 

commonly credited as sparking the scientific community‟s imagination of what is 

possible to achieve at the nanoscale. Feynman observed further that “it is interesting that 

it would be, in principle, possible (I think) for a physicist to synthesize any chemical 

substance that the chemist writes down. Give the orders and the physicist synthesizes it. 

How? Put the atoms where the chemist says, and so you make the substance.”  

However, visions of manipulating substances at the atomic level were hampered by an 

absence of necessary instrumentation. As Feynman pointed out, “The problems of 

chemistry and biology can be greatly helped if our ability to see what we are doing, and 

to do things on the atomic level, is ultimately developed – a development which I think 

cannot be avoided” (Feynman, 1959). 

Since Feynman‟s 1959 lecture, breakthroughs in chemical, physical, and materials 

sciences along with advances in analytical tools and instrumentation now allow 

unprecedented control over the size, shape, and composition of materials in sophisticated 

ways. As Pradeep (2008) puts it, “Nanotechnology involves achieving the capability to 

manipulate matter in a desired fashion, atom by atom.” And the scientific community has 

access finally to the tools that allow this kind manipulation to happen. 

As scientifically exciting as the ability to manufacture materials one atom at a time may 

be, this bottom-up approach has obvious inefficiencies within the industrial setting. To 

overcome the low through-put issue, scientists are working on self-assembling 

monolayers whereby the nanomaterial generates itself with no intervention other than the 

external conditions (e.g., acidity, temperature, surface of disposition) to guide the 
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process. Given that monolayers are no more than 1 atom in height, self-assembling 

monolayers qualify, by definition, as nanomaterials. A scan of recent scientific literature 

reveals self-assembling monolayer research with various chemicals including 1-

Octadecanethiol on a graphene surface for mercury detection (Zhang et al., 2010); 

alkanethiolates on gold for protein anchoring (Adams et al., 2010); and catechols on 

titanium dioxide for creating microscale gradients (Rodenstein, Zurcher, Tosatti, & 

Spencer, 2010).  

Advances in the deliberate production of NPs in mass quantities and under controlled 

conditions is cause for considerable excitement for research and manufacturing. At the 

nanoscale, matter exhibit optical, conductive, and chemical properties that are drastically 

different from materials with the same chemical composition but larger size. As a 

material is shrunk to the nanoscale, the proportion of atoms on the surface of the object 

versus on the interior increases drastically.  In part, it is this increased ratio of surface size 

to volume that is thought to contribute to the altered behavior of materials at the 

nanoscale.  

Top-down versus bottom-up approaches 

The deliberate production of nanoscale entities follows one of two possible approaches; 

the top-down method begins with a bulk material, and, through the use of various tools 

(e.g., lithography), the material is “brought into a smaller dimension” whereas in the 

bottom-up approach, the starting point is the atomic level whereby the desired 

nanomaterial is “built up” from its constituent elements (Pradeep, 2008, p. 182). As we 

will see in Chapter 5, whether the fabrication process uses a top-down or bottom-up 
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approach has important implications within the context of occupational health in the 

research laboratory.  

Applications 

As a result of their novel properties, nanomaterials are anticipated to hold great promise 

for a wide range of industries, medicine, and the environment. The market for engineered 

nanoparticles is projected to reach US 1 trillion dollars by 2015 (IRSST, 2006).  

Since the early 2000s, nanoparticles have found their way into many consumer products: 

„ultrafine‟ titanium dioxide is used in sunscreens for its ability to deflect ultraviolet (UV) 

light; silver nanoparticles are added to socks for their antibacterial properties so as to 

control odor; and, spherical nanoparticles of titanium dioxide and calcium carbonate are 

added to paint to soak up and eliminate harmful nitrogen oxide in the air. At a fraction of 

the weight of steel, nanoparticles are used to strengthen bike frames, and automobile 

bodies. 

In early 2011, the U.S. Food and Drug Administration (FDA) has approved the clinical 

trial of C dots, the first human trial for a nanotechnology; C dots are polyethylene glycol 

(PEG) coated silica spheres that contain dye molecules. At 8 nm in diameter, the shells 

are thought to escape detection by natural defense mechanisms. The PEG coating further 

cloaks C dots from attack by the host immune system. If clinical trials show the safety of 

bare C dots in humans, scientists will then cover these NPs with antibodies that 

selectively recognize tumor cells. Once at the tumor site, the enclosed dye can then be 

made to fluoresce with exposure to near-infrared light, and allow in vivo detection of 

tumors. The safety of C dots has been demonstrated in pre-clinical studies with mice. 
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In addition to diagnostic applications, NPs are actively explored as targeted drug-delivery 

mechanisms and as vaccines. Two studies demonstrate the range of research currently 

under way: in a series of experiments, researchers from University of California San 

Diego have demonstrated that poly(d,l-lactic-co-glycolic) acid (PLGA) NPs increase 

further the intentional immunogenicity of Hp91, a vaccine adjuvant under investigation 

(Clawson et al., 2010), while Lu and colleagues (2010) have found mesoporous silica 

nanoparticles (MSNs) loaded with an anti-tumor drug camptothecin to be well tolerated 

by mice, and to have reduced the size of tumors in animals with human cancer 

xenografts. 

 

Figure 2-3: PEG-modified fluorescent mesoporous silica nanoparticles with incorporated Fe3O4 NPs 
(Lin, 2009) 

Concerns 

An appliance manufacturer informs consumers that materials miniaturized to the 

nanoscale “may take on new properties and functions or increase the ability of that 

substance to reach and penetrate different areas. Not only does the nano size allow Ag+ 
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[silver] ions to easily penetrate cells of microorganisms, but the positive charge increases 

surface area and even draws the negatively charged elements toward them increasing 

their ability to affect more molecules” (Samsung, 2005). It is the unknown risks 

associated with these altered behaviors that are of concern among scientists and 

regulators. 

Evidence suggests that physical properties such as geometry (e.g., tubes, wires), surface 

area, size, and inner structure (e.g., honeycomb, solid) influence the behavior of NPs as 

they interact with the environment and with the human host. For the most part, the 

pharmacokinetic properties of NPs have not been established; whether nanoscale particles 

have altered absorption, distribution, metabolism, and excretion (ADME) profiles than 

their larger counterparts is under active investigation.  

NPs are known to bundle into agglomorates, and, these clumps can just as easily 

disassociate back into individual particles. Whether and to what extent nanoparticle 

agglomorates behave as NPs is an outstanding question. The question of clumping and 

de-clumping behavior is especially relevant to exposure and toxicology studies; Even in 

cases where NP agglomorates may be non-toxic, little is known about their de-clumping 

tendencies, and associated toxicity once in vivo. 

Despite major questions about their safety, NPs have gained a stronghold in common 

consumer goods. The demand for large quantities of NPs raises concerns for the 

environment, as well as the occupational health of those involved in the R&D and 

manufacturing processes. However, a lack of regulatory authority limits the ability of 

regulatory agencies to respond. In 2008, the Environmental Protection Agencies (EPA) 
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launched the Nanoscale Materials Stewardship Program, asking manufacturing 

companies to volunteer testing data related to nanoparticles. At last report in 2009, five 

companies had supplied data. The National Institute for Occupational Health and Safety 

(NIOSH) has identified laboratory safety of researchers working with nanoparticles as a 

priority area for research. The absence of acceptable exposure levels further hinders the 

regulatory process.  
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Chapter 3 Government oversight of science and technology 

 

“the emerging and uncertain nature of [nanotechnologies] 

… highlights the need for timely development of a transparent, 

consistent, and predictable regulatory pathway”  

FDA Nanotechnology Task Force Report (2007)  

The regulatory system in any given country is a product of the legal systems, and of the 

societal norms of the day. In a brief overview of factors that shape the federal regulatory 

system, we begin with a discussion of U.S. governmental structure as a federal republic. 

Next, we move onto a discussion of various risk analysis models at play within the 

regulatory system. We conclude the section with a discussion of the characteristics of an 

ideal system of regulation as suggested by data derived in the course of our study.  

Architecture of the U.S. regulatory system 

Consistent with the values and structure of a representative democracy, at the federal 

level, the interests of the public in the U.S. are represented through a network of proxy 

relationships rather than direct involvement of individual citizens. As a federal republic, 

governance is shared among the national government in Washington, D.C., and 50 local 

governments at the individual state level. Collaboration among public and private entities 

is a key element of this system. Participants in this process include the Federal and state 

governments; industries; interest groups; and, professional associations. In this fiduciary 
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model, the executive, legislative, and judicial bodies of the government each play 

distinct, yet interrelated roles (Ribicoff, 1976).  

 

Figure 3-1: U.S. regulatory structure 

Where the legislative and executive branches deem their technical expertise and internal 

resources inadequate for oversight over an industry (e.g., chemical, pharmaceutical) or an 

area of endeavor (e.g., public health, the environment), responsibilities are delegated, by 

decree of law, to departments under the executive branch, or to  independent agencies and 

government corporations. Department of Health and Human Services (HHS), Department 

of Energy (DOE), and Department of Transportation are examples of the fifteen 

departments that are part of the President‟s cabinet (Figure 3-2). The Environmental 

Protection Agency (EPA) and the Consumer Products Safety Commission (CPSC) are 
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examples of independent agencies sanctioned by Congress to “[keep] the government and 

economy running smoothly” (Bureau of Transportation Statistics, 2011).  

Regulatory responsibility is delegated further among subdivisions of executive and 

congressional agencies (e.g., Food and Drug Administration (FDA) of the Center for 

Disease Control and Prevention (CDC) within HSS; Animal and Plant Health Inspection 

Services (APHIS) of the Food Safety and Inspection Service (FSIS) within USDA). 

These surrogate entities translate the spirit of congressional laws and executive orders 

into practical rules and regulations. 

Agriculture Department (USDA), 1862 

Department of Commerce, 1903 

Department of Defense (DOD), 1947 

Department of Education, 1979 

Department of Energy (DOE), 1977 

Department of Health and Human Services (HHS), 1953 

Department of Homeland Security (DHS), 2003 

Dept. of Housing and Urban Development (HUD), 1965 

Department of the Interior (DOI), 1849 

Department of Justice (DOJ), 1870 

Department of Labor, 1913 

Department of State , 1789 

Department of Transportation (DOT), 1966 

Department of the Treasury, 1789 

Department of Veterans Affairs, 1988 

Figure 3-2: List of federal department; includes common acronym, if applicable, and year established 

The judicial branch serves as the ultimate arbitrator in the event of questions regarding 

either the constitutionality of this delegation of power or the means of its exercise. Self-

regulation by trade associations, professional groups, and industry consortia contributes 

further to the regulatory system (Jordan and Hughes, 2007).  

Regulatory entities have jurisdiction over such societal concerns as the health of our 

environment, the integrity of the financial system, and the safety of air transportation. 
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The regulatory system has oversight over a wide array of sectors and entities ranging 

from the financial industry to aviation and pharmaceuticals. The system functions 

through a diverse mechanism including passage of new regulations; enforcement of 

existing regulations; and public outreach.  

The regulatory process 

Regulations are “rule[s] or order[s] issued by an executive authority or regulatory agency 

of a government” and “have the force of law” (Webster, 2011). In practical terms, 

regulations are the translation of governmental policies and legislative law into practical, 

actionable rules with enough detail to allow for enforcement and guidance.  

Regulations are the outcomes of the larger public policy process. Dye (2008) identifies 6 

stages in the policy process: 

1. Problem identification: determining potential areas of policy focus  

2. Agenda setting: focusing public and governmental attention on specific 

issues 

3. Policy formulation: identifying possible plans of action 

4. Policy legitimation: selecting and enacting policies through governmental 

action 

5. Policy implementation: implementing public policy through government 

governmental structures, expenditures, regulations, and other activities of 

the executive branch 

6. Policy evaluation: external and internal monitoring of policies and their 

implementation 
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Regulatory agencies serve in advisory and enforcement capacities throughout the policy 

lifecycle from problem identification to policy evaluation. In line with the policy 

evaluation framework set out by Dye (2008), translation of public policy into regulation 

demands that regulatory agencies (1) know societal norms and priorities, (2) identify 

viable regulatory options, (3) know potential consequences of each alternative, (4) 

calculate the relative cost-to-benefit ratio for each alternative, and (5) recommend the 

best-fit option.  

In democratic societies, the art and science of governance requires as input sound 

evidence that is situated within the societal norms, values, and priorities of the citizenry. 

Scientists have a long history of involvement in the regulatory process. Beginning in the 

1950s, the U.S. government has actively sought the opinions and expertise of scientists 

via advisory councils (Von Hippel, 1991). However, being called to serve in an advisory 

capacity is often a matter of politics rather than scientific expertise. Whether the current 

advisory committee structures advances the integrity of the regulatory process and links 

effectively to citizen values and priorities remains an open question (Fowler and Allison, 

2009). 

Regulatory risk analysis 

An important role of the regulatory system is to monitor potential hazards and protect the 

public against their associated risks. Risks are the “probabilistic event of various 

magnitudes that can be augmented or mitigated by various actions and circumstances” 

(Palenchar & Heath, 2007, p. 121).  
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Three schools of thought guide how risks are calculated, evaluated and controlled: “(1) 

scientific positivism, whereby data and methodologies of scientists dominate… ; (2) 

constructivism/relativism, which assumes that everyone‟s opinions have equal value so 

that no opinion is better or worse than anyone else‟s; and (3) dialogue, that through 

collaborative decision-making, scientific opinion becomes integrated into policies that are 

vetted by key publics‟ values” (p. 122). As catalogued by Althaus (2005), disciplinary 

epistemologies view risks through different lenses; whereas risk is considered a cultural 

phenomena in anthropology, while it is a decisional phenomena through the lens of 

economics (Table 3-1).  

 

Table 3-1: Disciplinary view of risk (adapted from Althaus, 2005) 

Individual citizens, governments and businesses utilize formal and informal modes of risk 

analysis. Whether at the individual or collective level, risk analyses are an integral part of 

everyday life, and provide necessary background for decisions. On the individual level, 
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people consider the relative risks and benefits of alternatives to guide such personal 

decisions as what automobile to purchase, whom to marry, and which schools to choose 

for their children. Governments, health care systems, and the military utilize various risk 

analysis methods to identify, mitigate, and manage hazards that may pose threats to 

economic viability, public health, and national sovereignty.  

Risk analyses provide regulatory agencies with a disciplined approach and set of tools to 

make decisions and to take action. Analysis of risk by regulatory agencies takes into 

account the needs of multiple stakeholders. Whereas consumers seek product efficacy 

and safety, these goals may be secondary in industry to maximizing profit margins, and 

increasing market share. Striking a balance among competing priorities is a regulatory 

necessity. 

There are multiple risk-related frameworks at play across U.S. cabinet departments and 

regulatory agencies. United States Department of Agriculture (USDA) has borrowed the 

World Animal Health Organisation (Office International des Epizooties, or OIE) risk 

framework; within this context, and broadly defined, risk analysis encompasses the 

interrelated phases of hazards identification; risk assessment; risk management; and risk 

communication (Figure 3-3). The OIE risk analysis framework describes a coordinated 

effort that requires as input the identification of a potential hazard; initial identification of 

a hazard is the triggering event behind the overall process (Office of the Gene 

Technology Regulator, 2005).  
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Figure 3-3: OIE regulatory risk analysis model 

The competing framework in use at the Environmental Protection Agency (EPA) 

minimizes the distinction between risk assessment and risk management as separate 

phases, and presents risk analysis instead as a subcomponent of risk assessment. The 

EPA paradigm includes three principal elements: “(1) problem formulation, (2) analysis 

of exposure and effects, and (3) risk characterization” (Andersen, Adams, Hope, & 

Powell, 2004, p. 789). 

The Food and Drug Administration (FDA) regulates food and pharmaceutical 

products to ensure safety and efficacy, as well as to promote public health. Within FDA‟s 

food safety scope of practice, Hazard Analysis & Critical Control Points (HACCP) serves 

as the risk analysis framework. “HACCP is a science-based system used to ensure that 

food safety hazards are controlled to prevent unsafe food from reaching the consumer.” 

(Food and Drug Administration [FDA], 2009a). HACCPs exists for various food 

products including for dairy; juice; and seafood.  

The interchangeable use of risk-related terms across regulatory agencies, and their 

preferred regulatory risk models is a point of confusion. For the remainder of this paper, 

and for sake of simplicity, the discussion will follow the OIE model, with risk analysis as 
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a global term that encompasses risk assessment, risk management, and risk 

communication, and each requiring hazard identification as a necessary input. 

Risk assessment 

Risk assessments characterize the likelihood and consequences of potentially harmful 

events, and allow decision-makers to set acceptable exposure levels in the case of 

material hazards. Examples of exposure limits based on risk assessments include 

allowable antibiotic residues in meat products; allowable pesticide residues on fruits; 

allowable contamination of drinking water; autoemission limits; workplace exposures; 

and radiation limits in medical settings (Rampersaud, Foley, Shen, Williams, & Solomito, 

2000). 

Risk assessment is a term used in multiple contexts. For instance, in actuarial sciences, 

health risk assessment is “a means of objectively determining whether an individual or 

group represents a risk that is reasonably close to the population average and, if not, of 

quantifying the relative deviation from the average” (American Academy of Actuaries, 

2010). In the regulatory affairs, oversight agencies conduct risk analyses in order to 

manage and mitigate a variety of risks. Recent examples include risk assessment to 

prepare for potential outbreaks of Highly Pathogenic Avian Influenza (HPAI) virus in 

poultry and eggs (United States Department of Agriculture [USDA], 2010); and risk 

assessment to gauge the relative risks and benefits of animal cloning (FDA, 2009b).  
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Definition of risk assessment 

FDA defines risk assessment as “a science-based process used to identify hazards that 

may be present in predefined exposure scenarios, and to estimate the severity and chances 

of the outcome(s) occurring once that exposure occurs” (FDA, 2009b). Three elements of 

this definition are worthy of discussion. First, an important implication is that hazards are 

context-dependent, and need to be associated with specific exposure scenarios. It would 

be incorrect to suggest an activity is hazardous unless this claim is also accompanied by 

descriptions of specific scenarios under which hazardous elements of the activity may be 

present. For example, in assessing the risks of animal cloning, the hazards of this activity 

should be tied to a discussion of specific applications of cloning (e.g., food animal 

production).  

Second, risk assessments take as input potential hazards of an activity, and identify as 

their output the levels (e.g., low, medium, high) of risk associated with such hazards 

(Figure 3-4). Technically speaking, there is a clear distinction between a hazard and the 

potential risks that may result from exposure to the hazard. According to the FDA, a 

hazard is “an act or phenomenon that has the potential to produce an adverse outcome, 

injury, or some sort of loss or detriment” whereas a risk links “an exposure [to a hazard] 

to the likelihood of an outcome” (FDA, 2009b). In the case of animal cloning, the use of 

animal cloning (the activity) in food animal production (the context) may decrease 

consumer confidence (the hazard), which, in turn, may lead to decreased meat 

consumption (risk), and losses in agriculture revenues (risk). 
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Figure 3-4: Risk assessment process 

Third, whether and to what extent risk assessment should be a “science-based process” is 

a matter of current debate. Hazards are, to a large extent, socially constructed. Therefore, 

assessing the degree of risk associated with a hazard is based only partially on empirical 

evidence. Social values and societal priorities have been suggested as important aspects 

of risk assessment. The distinction between scientific evidence and value-based 

judgments is a crucial one to be made; within the context of risk assessment, the 

acceptable bases for decision making (e.g., empirical, moral, ethical) help determine who 

gets identified as stakeholders, and asked to provide input into the regulatory risk 

assessment process.  

Control banding 

The ability to manage the potential risks of novel technologies rests on the research 

community‟s ability to determine such risks through qualitatively and quantitative means. 

Concerning material exposures, control banding (CB) is the process of categorizing 
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various exposure levels in a qualitative manner. In recognition that “the dose makes the 

poison”, CB was originally defined in the pharmaceutical industry. CB classifies risks 

into a number of levels (Zalk & Nelson, 2008). Negligible, low, medium, and high are 

common terms in qualitative risk assessment. The definition of these terms is dependent 

on the context, and subject to interpretation.  

The qualitative approach is typically an acceptable first step in risk management. At a 

minimum, an ideal system of occupational health oversight offers regulatory guidance 

that establishes qualitative control bands for exposures to the products of novel 

technologies.  

As more data become available, qualitative risk assessments give way eventually to a 

quantified stratification of risks. The Occupational Safety and Health Administration 

(OSHA) has published quantitative levels of risk for a number of a chemicals. Known as 

Permissible Exposure Limits (PELs), these guidelines establish the highest level of 

occupational exposure before a detrimental health impact would be expected.  

Evidence and judgment 

The role of judgments in the risk assessment process is not lost on regulatory 

agencies. “Because many, if not all, of the individual steps that comprise a risk 

assessment contain various degrees of uncertainty,” the FDA cautions, “risk assessors 

should explicitly describe the sources of uncertainty and the effect(s) that the 

uncertainties may have on any judgment of risk” (FDA, 2009b). 

Classification of risks takes into account the consequences of a potentially 

hazardous activity. Here, again, the context of the activity is of great relevance. For 
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example, while chemotherapy treatment has the same list of potential hazards for all 

individuals (e.g. toxicity; nausea; loss of appetite), whether the risks are low, medium, or 

high will depend on unique consequences for each patient. In this sense, the risk 

associated with chemotherapy for an immune-compromised, elderly patient may be 

judged as relatively high as compared to administering the same hazardous cocktail of 

medicines to an otherwise healthy infant. 

In an issue brief, the American Academy of Actuaries (2010) adds “Aside from 

predictive accuracy, other criteria are important when evaluating and selecting a risk-

assessment model, including cost, ease of use, access to quality data, underlying logic of 

the model, transparency, and resistance to gaming” (p. 3). 

Risk assessments are themselves prone to being vectors of potential harm. They 

can “[provide] authoritative, but false, assurances of safety” (Montague, 2004, p. 735). 

Montague (2004) traces the root cause of harm to a difference between individual risk 

assessments versus those conducted by professional risk assessors. In his view, 

professional risk assessors: 

(a) Assess the dangers of a single option without 

examining the available alternatives, and  

(b) Assess dangers that will be borne by others, often 

without their informed consent; and  

(c) Ignore the benefits (or lack of them) to those who will 

be enduring the hazards;  
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(d) Confine decisions to science-based knowledge and 

numerical conclusions, effectively excluding other valid 

kinds of knowledge (e.g., historical, religious, ethical, 

personal observation, surveys of community 

preferences, etc.) and discouraging the engagement of 

many people who may bear the risks, thereby 

diminishing democratic participation;  

(e) Give people a false sense of safety about, and provide a 

seemingly „„scientific‟‟ and authoritative stamp of 

approval for, dangerous and destructive activities 

(Montague, 2004, p. 734) 

As Andersen and colleagues (2004) point out “by synthesizing and summarizing the best-

available science about a potentially harmful situation, a risk assessment can provide risk 

managers with a dispassionate and rational basis for their decisions and actions. Thus, a 

risk assessment forms the link between basic and applied scientific research activities and 

the public policy choices of risk managers” (p. 790). 

Risk management 

According to the Presidential and Congressional Commission on Risk Assessment and 

Risk Management (1997), risk management is “the process of identifying, evaluating, 

selecting, and implementing actions to reduce risk.” In broad terms, risk management 

involves the evaluation of alternative modes of action and “then selecting among them 

based on social, economic, ethical, and political conditions or criteria” (FDA, 2009b). 
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Technically speaking, risk management is a distinct phase of the overall risk analysis 

framework. In practice, however, the line between risk management and risk assessment 

within risk analysis is not always clearly distinguishable (Figure 3-5).  

 

Figure 3-5: Intersection of risk assessment and risk management (Montague, 2004) 

As discussed earlier, the process of risk assessment assigns a risk level (i.e., low, 

medium, high) to a potential hazard. However, risk assessments remain silent on how to 

manage or mitigate these identified risks. Whether a risk may be negligible or requires 

further regulatory engagement is a determination made in the subsequent risk assessment 

phase. Although there may not be a sharp boundary between risk assessment and risk 

management, risk managers are distinct from risk assessors in that risk managers have the 

authority “to make decisions and take actions to lessen or eliminate risk” (Andersen et al., 

2004, p. 789). 

 “The wide array of statutes and their implementing regulations have resulted in different 

definitions of negligible and unacceptable risk” (The Presidential/Congressional 

Commission on Risk Assessment and Risk Management, 1997, p. iii). While a high risk 
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hazard will almost always warrant some regulatory scrutiny, low risk hazards cannot be 

said to be exempt de facto from regulatory action; indeed, it is possible for a hazard that 

has been deemed low risk in the risk assessment phase to be classified also as non-

negligible in the risk management phase. The current controversy over childhood 

vaccines and autism may illustrate this distinction; whereas scientific evidence suggests 

that childhood vaccinations pose a low risk of subsequent onset of autism, governmental 

agencies cannot ignore the prevailing public perception to the contrary, and, as such, have 

treated the low risks of vaccines as nevertheless non-negligible as they formulate risk 

management and communication plans.  

Risk managers are encouraged to pay attention not only to scientific evidence but also to 

legal, economic, social, and cultural values, and other relevant factors outside the realm 

of science. In this regard, risk management is considered to be more value-laden than risk 

assessment; actively choosing between two or more possible courses of action often 

requires risk managers to consider their own values, and those of stakeholders (FDA, 

2009b). 

Risk communication 

The requirement for choices to be made between competing priorities, policy alternatives, 

and stakeholder voices renders the assessment and management of risk highly political 

processes. Risk communication is a crucial element of the entire risk analysis structure in 

that “those who control the discourse on risk will most likely control the political battles 

as well” (Plough & Krimsky, 1987, p. 4).  
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Risk communication can refer to “any public or private communication that informs 

individuals about the existence, nature, form, severity, or acceptability of risks” (p. 6). 

Public Service Announcements (PSAs) about teenage pregnancy, Surgeon General‟s 

warning statements on cigarette packages, and newspaper editorials on the economic and 

environmental impact of the Gulf Oil Spill of 2010 are examples of risk communications. 

The proper and timely management of risks demands recognition that risks are ever-

present and that they require constant vigil. Heath and Palenchar (2000) suggest that “a 

fully functioning risk community is one in which risks are known to occur, and this 

knowledge keeps industry, government, and citizens continually learning what to do 

during such events” (p. 156). The same vigilance applies to the communication element 

of risk analysis; communities that are adequately informed are better able to deal with 

risks as they arise; are more accepting of new technologies; and are better advocates for 

their rights. However, because consumers have limited information processing systems, 

increased transparency may not necessarily lead to better informed citizenry, but to 

information overload instead.  
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Chapter 4 Methodology 

The goal of the study is to examine the current regulatory system in order to arrive at a 

new framework that is better capable of tapping into the full potential of novel 

technologies, and accommodating their emergent risks. The study is influenced equally 

by Grounded Theory research as defined and popularized by Glaser and Strauss (1967), 

and by case study design. The study was conducted over a 8 month period from January, 

2011 to August 2011. Nanotechnology research within a university and the institution‟s 

struggles to ensure occupational health in this realm served as an illustrative case study at 

the local level whereas federal regulatory efforts to provide nanotechnology oversight 

served as a case study at the governmental level. 

The purpose of this chapter is fourfold: first, to outline the philosophical stance that 

informs my research approach in general; second, to describe the theoretical framework I 

have used to sensitize myself to the nuances within the area of inquiry; third, to detail the 

techniques that were used to collect and interpret data; and, finally, to discuss the 

approach to dissemination of the resulting information and proposed regulatory 

framework.  

For sake of clarity, I use methods to refer to the practical tools and techniques for data 

collection, and analysis; theoretical framework refers to the theories that have influenced 

my approach to the research questions; and, methodology as the totality of these 

underlying beliefs, theories, and techniques to address questions of a particular study 

(Figure 4-1).  
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Figure 4-1: Methodology and its components 

Knowledge stance 

This section begins with a reflection on the nature of knowledge and knowledge claims. 

Explicating one‟s stance on knowledge as part of a discussion on methodology is of 

relevance in so far as it offers further indications to reviewers as to the merit of the 

research and its suggested findings. 

Personal beliefs shape the questions that a researcher poses, and the types of answers that 

she expects to be possible. Epistemological beliefs are at the heart of scientific inquiry, 

influencing the type of questions that a researcher perceives to be worthy of pursuit, and 

to whom and what she may turn for answers. Depending on what one believes to be 

legitimate sources of knowledge, the written word may offer the same level of comfort as 

direct observation. Much as a scientist looks down the scope of his microscope for first 

hand observations of life at a minute scale, a devout Christian may turn to the New 

Testament for clues to answer existential questions.  

Knowledge 
Stance 

Theoretical 

Framework 

Methods 

Methodology 
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The concept of epistemology is of relevance in the context of a chapter on research 

methodology. Simply put, epistemology addresses the questions of “[h]ow do we know 

what we know and how do we choose what and whom to believe?” (Hofer, 2001, p. 354).  

Whereas it is our ontology that determines what we consider to be real, our epistemology 

determines what we consider to be within the limits of human comprehension. 

My stance on knowledge allows for the co-existence of those that can be known
1
 and 

those that cannot be known. I divide the former further into what we can know now 

versus in the future. For instance, I believe that, given a consorted effort of inquiry, we 

have the ability to discover sources of renewable energy in the present day. On the other 

hand, I believe that the regeneration of replacement organs will remain beyond our reach 

until we, as a species, develop further sophistication of scientific knowledge.  

By contrast to such knowables (e.g., sources of renewable energy; organ regeneration) 

whether by discovery or by production, there remain, in my belief system, unknowables 

that are simply outside the possibility of human comprehension, regardless of the level of 

intellectual or technical sophistication. For example, I believe that what might have 

preceded the Big Bang, and whether there are parallel universes will remain forever 

unknown. 

It is also possible for an individual to hold seemingly conflicting sources of knowledge in 

equal regard. Indeed, the desire to reconcile multiple perspectives is the hallmark of my 

personal epistemology; on one hand, I believe strongly that meaning and understanding 

are highly contextual. The questions I ask as a scientist – no matter the means of 

                                                 
1
 I use the verb to know in a sense that encompasses all forms of human intellectual endeavors 

ranging from learning to discovery and invention. 
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answering them – are products of the time and place of my existence. Subjectivity is an 

inescapable element of existence. On the other hand, I share in the perhaps delusional 

goal of objectivity that the scientific method promises. Thus, as in the hypothetical – yet, 

probable – case of a laboratory researcher who is also a practicing Christian, I find myself 

a devout constructivist with strong positivist tendencies.  

Whereas a researcher‟s philosophical bend may remain stable throughout her career, her 

arsenal of research tools (i.e., methods) may grow in response to professional training and 

preparation. For instance, a researcher who subscribes to the socially constructed nature 

of reality may, through training, learn to adapt such “quantitative tools” as surveys and 

statistical manipulations to address otherwise “qualitative questions”.  

In practical terms, epistemology determines the methods of inquiry for scientific 

questions. Discussions of methods are complicated, however, by “a tendency for 

philosophical issues and technical issues to be treated simultaneously and occasionally to 

be confused” (Bryman, 1984, p. 75).  

Tools and techniques of data collection and analysis are of a school of thought (e.g., 

interpretative, positivistic) only the extent to which a researcher‟s philosophical stance is. 

Methods are at the mercy of the researcher and her conscious and unconscious leanings. 

In the same vain as the famous aphorism (attributed alternatively to Mark Twain or 

Benjamin Disraeli), “there are lies, damned lies, and methods”. Otherwise, and on their 

own, methods are agnostic.  

The popular distinction of qualitative and quantitative methods is no more descriptive 

than identifying one‟s research as dealing with either words or numbers. The term mixed 
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methods offers no further illumination except to validate this arbitrary distinction by way 

of suggesting that an approach combining both is possible.  

Thus rejecting arbitrary lines of delineation among research techniques, I hold a belief 

that all claims of knowledge serve ultimately qualitative ends (i.e., understanding the 

world). This attitude opens up for my research the way to multiple research methods. 

Eschewing the qualitative-quantitative-mixed methods taxonomy, I choose instead to 

classify the tools of my research based on the mechanics of data collection. By way of 

illustration, the act of gathering information through conversation has no “qualitative 

method” label in this discussion; instead, it exists simply as the interview method. 

Theoretical framework 

In this study, the processes of data collection and analysis have been informed by a 

number of research methodologies. While no single formula has been followed 

completely, a combination of Grounded Theory (GT) and case study research as 

proposed by Eisenhardt (1989) has provided significant inspiration for the research 

approach.  

Eisenhardt contends that, while theory building has been a process that relies on previous 

literature, common sense, and experience, “the tie to actual data has often been tenous” 

(p. 532). Despite the implications of its name, Grounded Theory research has not been 

immune from a similar lack of empirical mooring. Eisenhardt (1989) suggests case study 

research as a possible approach to rectify the disconnect between theory and reality. In 

her discussion, she lays out an 8-step approach to merge the empirical strength of case 

study research with the inductive ambitions of Grounded Theory: 
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1. Getting started 

2. Selecting cases 

3. Crafting instruments and protocols 

4. Entering the field 

5. Analyzing data 

6. Shaping hypotheses 

7. Enfolding literature 

8. Reaching closure 

Although not entirely in lock-step, I have remained largely faithful to this approach as 

reflected by the general structure of this research report. 

Grounded Theory 

Grounded Theory (GT) is a mode of research with a post-positivist epistemology of 

knowledge, as well as a recommended collection of tools and techniques for collecting, 

organizing, and, ultimately, making meaning of data. First introduced by Glaser and 

Strauss in 1969, GT has come to enjoy popularity in the social sciences where research 

questions defy strictly numerical approaches.  

Grounded theory research is a viable methodological option in cases of relatively poor 

theoretical base or absence of prior studies. It is particularly conducive to addressing 

questions of individual motivation, choice, and action. As such, there is a high affinity 

between GT and policy research.  

In their seminal work on Grounded Theory, Glaser and Strauss (1967) chastise graduate 

students for lack of self-confidence as theoreticians. They encourage junior researchers to 
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go beyond simply verifying others‟ theories to, instead, have the courage to advance the 

state of knowledge through generation of new theories.  

According to Glaser and Strauss, a theory provides “predictions, explanations, 

interpretations and applications” (1967, p. 1). The inductive journey from data collection 

to theory generation passes through multiple stages. Facts serve as the starting point, and 

culminate in concepts which, according to Glaser and Strauss, are “relevant theoretical 

abstracts” (p. 23).  

Through the course of the study, the researcher is likely to gather data that are not 

congruent with categories suggested by previous pieces of data. At such analytical 

junctures, the researcher is faced with two options; either, she can revise her categorical 

schema to fit the realities suggested by the emerging data, or she can create additional 

categories to accommodate both the old and the new data. While such categorical 

flexibility is an underlying value of the GT analytical process, Glaser and Strauss 

encourage the researcher to also trust her initial intuitions, and to be reluctant in 

discarding categories.  

The GT process of categorical revision is reminiscent of the constructivist pedagogy of 

Jean Piaget. First formulated by Piaget in early 20
th

 century, the theory of cognitive 

development suggests that individuals use their previous experiences to understand and 

adapt to their current situation (Avan & Kirkwood, 2010). Through the process of 

assimilation, individuals incorporate a new experience into an already existing mental 

framework. In the event that an existing understanding of the world fails to explain a new 
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experience, individuals are then faced with the process of accommodation whereby 

failures result in new mental schemes and learning.  

The beginnings of GT can be traced back to a desire within the community of 

sociologists to create theories to rival those of their positivistic colleagues. Much as 

theories in the natural sciences, theories generated through GT are subject to the positivist 

ideal of falsifiability. Indeed, “the published word is not the final one, but only a pause in 

the never-ending process of generating theory” (Glaser & Strauss, 1967, p. 40).  

 In Grounded Theory research, generation of theory is the ultimate purpose of empirical 

inquiry. While they do not offer a definitive distinction, Glaser and Strauss differentiate 

between formal and substantive theories, with the latter existing midway along the 

continuum from minor working hypotheses to middle range theories to all-inclusive, 

grand theories (Figure 4-2).  

 

Figure 4-2: Substantive to formal theory continuum 

GT research places considerable importance on secondary sources of data. Mindful of the 

fact that “more men have lived than are now alive”, Glaser and Strauss encourage the 

Integration of categories 

Formal theories 

Middle-range theories 

Substantive theories 

Minor working hypotheses based on initial data 

Conceptual categories 
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researcher to consider library research a significant aspect of the theory generation 

process (p. 176). Indeed, GT methodology views review of literature as part of the data 

collection process. Famously admonishing researchers “not to read great men, [but to] be 

a great man,” Glaser and Strauss have adamantly opposed literature reviews as the initial 

step in the research process. 

Subsequent writers on GT have encouraged graduate students and other junior 

researchers to use the literature review as an anchor because “without a theoretical 

context to draw on, new investigators find themselves rapidly mired in data” (Morse in 

Schreiber & Stern (eds.), 2001, p. 9). Review of literature allows the researcher an 

opportunity to compare her work with those of others, and, in the process, to build 

confidence in her abilities. As an added benefit, awareness of the work of others protects 

the researcher from the problem of “same concept, different name” (Morse in Schreiber 

& Stern (eds.), 2001).  

Although Glaser and Strauss frown upon literature reviews, they do advocate for a level 

of a priori familiarity with the area of research that allows for theoretical sensitivity, the 

ability to see possible theories through the clutter of data. Theoretical sensitivity is the 

polar opposite of a doctrinaire approach to research; theoretically sensitive researchers 

can see around their „pet theories‟ and are open to challenges to their mental frameworks. 

While Glaser and Strauss (1967) do not offer details on how a researcher develops such 

sensitivity, they suggest that theoretical sensitivity involves “a personal and 

temperamental bent” (p. 46). 
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Initial methods for GT research were borrowed from the natural sciences and 

mathematics. However, the need for tools and techniques sensitive to the goals of social 

science research soon became apparent. Glaser and Strauss were the first to suggest a 

formal methodology to address such needs. Their conceptualization of GT is open to the 

use of various research tools. Ironically, since the days of Glaser and Strauss, judgments 

of what is and is not considered appropriate GT modalities of data collection and analysis 

have become more rigid. For example, in her discussion of GT in nursing research, 

Morse (in Schreiber & Stern (eds.), 2001) characterizes focus group data as “disjointed, 

snap shot data, poorly suited for grounded theory” (p. 7) collected in “contrived 

situations” (p. 29).  

Theoretical sampling, defined as the “process of data collection for generation of theory 

whereby the analyst jointly collects, codes, and analyzes his data and decides what data to 

collect next and where to find them, in order to develop his theory as it emerges”, is the 

corner stone of GT methodology (Glaser & Strauss, 1967, p. 45). Theoretical sampling 

differs from mathematical sampling models in that the quantity and nature of data sources 

are determined concomitantly as the research progresses. “Since we [the researchers] are 

not concerned with the accuracy of a novelist‟s perceptions, but only with using his book 

to stimulate our generation of categories,” Glaser and Strauss admit, “we can throw aside 

an unstimulating book in favor of those that help us” (1967, p. 170). The process of data 

collection through flexible sampling continues until a point of saturation, whereby 

additional sources of data do not lead to the generation of new categories. 
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Case study research 

Case study research can serve various purposes: to describe a situation; to test theory; or 

to generate theory (Eisenhardt, 1989). It is a research strategy that “focuses on the 

dynamics present within a single setting” (p. 534).  

A case study is a detailed description of an event, process, or setting toward descriptive, 

exploratory, or explanatory ends. According to Yin (2009), it “investigates a 

contemporary phenomenon in depth and within its real-life context, especially when the 

boundaries between phenomenon and context are not clearly evident” (p. 18). 

The setting of a case study is not necessarily a place; people, organizations, processes, or 

events can also be the focus. More than a single case (e.g., all the teams in a league; 

multiple companies in a sector) can be included in case study research. Moreover, the 

analysis can be on multiple levels (e.g., federal agency and firm).  

Methods 

Data collection 

Consistent with the Grounded Theory concepts of data saturation and redundancy 

(Strauss and Corbin, 1994), multiple methods of data collection were utilized until 

additional attempts yielded no new categories. The use of triangulated sources of data 

contributes to the credibility and rigor of the study (Fry, 2008). The primary methods 

were:  

1) Meta-synthesis of the literature related to regulation of science and technology 

2) Document analysis 



47 

 

 

3) Personal observations  

4) Semi-structured interviews  

5) Fields notes  

Meta-synthesis of the literature 

Review of literature for this work follows an integrative approach informed by the five-

stage research model proposed by Cooper (1982). Defining the integrative research 

review as “the synthesis of separate empirical findings into a coherent whole,” Cooper 

conceptualizes this form of inquiry as akin to primary research, and subject to the same 

level of rigor and meticulousness of effort (p. 291). In further elaboration, Cooper 

proposes problem formulation; data collection; evaluation of data points; data analysis 

and interpretation; and presentation of results as the five fundamental stages of the 

scientific process of an integrative research review.  

Critical reflection on existing literature that advances the discussion beyond merely 

listing and summarizing former works is among the hallmarks of a good literature review 

(Cooper, 1982; Cooper, 1988; Boote & Beile, 2005). The individual unit of analysis for 

this effort was at the article level. Impressions gleaned from each unit were then 

synthesized as a whole to arrive at a better understanding of patterns, trends and other 

intra-group commonalities as well as possible gaps in research.  

Using a combination of keyword searches (e.g., regulatory affairs; nanotechnology; 

occupational health), relevant literature in (a) science and technology studies (STS), (b) 

health policy and administration, (c) occupational health, and (e) law were reviewed. In 
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addition, literature from natural sciences was culled for background information on novel 

technologies, particularly nanotechnologies and nanomaterials.  

Boote and Beile (2005) point out that the literature review is a dynamic process, often 

requiring the researcher to revisit items in light of her expanding understanding of the 

topic. Consistent with the idea of recursivity, each article was read multiple times; 

initially, in alphabetical order according to last name of the first author, and, in 

subsequent readings, within three clusters: 1) empirical studies on regulatory affairs, 2) 

literature reviews about occupational health issues, and 3) articles on regulation of 

nanotechnologies. Articles were revisited further when the need for clarification arose.  

The special issue of the Journal of Law, Medicine and Ethics titled Developing oversight 

approaches to nanobiotechnoloy: the lessons of history was of particular relevance to the 

case study portion of this study (See Chapter 4: Case Study) 

Field notes  

Being privileged with an academic affiliation with the University of Minnesota, I had 

fruitful opportunities to be exposed to the opinions of key thought leaders in the area of 

regulation of novel technologies. In addition, I had the opportunity to interact with 

scientists, regulators, and other stakeholders with an interest in the regulatory system at 

conferences and professional meetings. Venues included: 

1. Consortium on Law and Values in Health, Environment, and the Life Sciences 

conference on regulation of nanobiotechnologies (2010; 2011) 

2. Dr. Alta Charo Lecture, Deinard Memorial Lecture on Law and Medicine, 

Minneapolis, MN, February 2, 2011 
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3. Dr. John Howard, Director, NIOSH, keynote address, American Society of Safety 

Engineers Conference, St. Paul, MN, February 3, 2011 

4. Dr. David Pui, Professor of Mechanical Engineering, lecture. Center for 

Nanostructure Applications (CNA), University of Minnesota, Seminar Series, 

February 7, 2011 

5. American Association for the Advancement of Science (AAAS) Annual Meeting, 

Washington, D.C., February 17 – 20, 2011  

6. 5
th

 International Symposium on Nanotechnology and Occupational and 

Environmental Health, Boston, MA, August 10-12, 2011 

7. American Public Health Association (APHA) Annual Meeting, Washington, 

D.C., November 28 – December 2, 2011 

Sample field notes are included in Appendix F: Sample field notes. 

Document analysis 

Documentary sources are full of “voices begging to be heard” (Glaser & Strauss, 1967, p. 

163). Documents with relevance to the regulation of nanotechnologies were identified 

during the course of the interviews. We were particularly interested in the content of a 

document when multiple interviewees mentioned it. For instance, three interviewees 

recommended that our analysis should include a review of the Guide for Care and Use of 

Laboratory Animals published by the National Research Council (NRC). There were also 

recommendations for various committee and taskforce reports.  

As our research progressed, so did our network of connections. Our contacts helped us 

identify and locate documents in various stages of development. One academic researcher 
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shared with us a draft report he had co-authored in response to a request by the local state 

government on the economic and public health implications of nanotechnologies 

(Campbell et al., 2011). Another participant pointed us to an Organisation for Economic 

Cooperation and Development (OECD) document prepared by a steering committee on 

researcher safety that he had chaired. These documents have proven invaluable to our 

research. It was only through personal connections that we were able to gain access to 

them. 

The willingness to help us obtain documents varied by individual. In a few instances, we 

were granted limited access to documents with the condition that we would clear our 

interpretation of the document prior to publication of our study. Although such promises 

were not mandated by either of our IRB approvals, we granted them in the general spirit 

of honoring the wishes of study participants, and eliciting their continuing collaboration. 

As suggested by Bloomberg (in Volpe, ed., 2008), we used document summary forms to 

capture key ideas.  

Personal observations 

As the primary investigator for this study, I benefited from my professional experience in 

laboratory research in an academic setting. Two years as a research fellow in a 

nanotechnology laboratory offered me an insider‟s vantage point over researchers‟ 

perspectives on regulations and science. I had the privilege of working with a group of 

scientists who appreciated the potential implications of their work on the health and well 

being of society in general. Indeed, we documented and published our reflections on the 

regulatory challenges facing scientists working on novel nanotechnology applications 
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(Marquis, Mauerer-Jones & Ersin, et al., 2011). It is also during this period that I have 

had the opportunity to observe occupational health practices in the context of 

nanoresearch. These personal observations are reflected in Chapter 5: Case Study 1: 

Nanoresearch and occupational health. 

Interviews 

Epistemologically, I am of the opinion that preliminary investigations of this nature 

require high-touch methods with significant direct, personal contact between the 

researcher and the participants. Unearthing underlying attitudes, value sets, and biases is 

attainable through guided conversations. Semi-structured interviews are especially well 

suited for a study of this nature where the research questions probe human attitudes, and 

motivations. By not restricting the conversation to a pre-set list of questions only, semi-

structured interviews allow for the dialog to evolve along with the rapport between the 

researcher and the participant (Lindlof and Taylor, 2002).  

In October 2010, I was awarded a training grant by the National Institute of Occupational 

Health and Safety (NIOSH) to support my dissertation research (see Acknowledgement & 

Disclaimer). Administered through the Midwest Center for Occupational Health and 

Safety, the grant allowed me access to researchers and administrators at my home 

institution at the University of Minnesota who share my interest in the regulation of novel 

technologies, particularly nanotechnologies. Through my interactions with the Center and 

its affiliates, I identified 3 potential interview participants who were all gracious enough 

to agree to participate in this study. Utilizing a snowball approach, a purposive sample of 
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8 additional individuals were identified and interviewed (Appendix C: Summary of 

interview participants).  

In order to build rapport, and to alleviate possible anxiety felt by the participant, the 

interviews started with questions that are relatively easy to answer (e.g., demographic 

information), and not necessarily directly related to the actual research questions of 

interest. A semi-structured interview guide was utilized based on information gleaned 

from the full literature review (Appendix B: Semi-structured interview guide). 

The grant allowed for funds to hire a graduate student (Ahmet Baysal) who accompanied 

me during the interviews. In preparation for each interview, we searched the University 

web site to gather background information on the interviewee (e.g., position title, areas of 

research interest, reporting line). We revised the semi-structured interview guide prior to 

each interview, and modified the questions to elicit the most relevant information from 

the interviewee.   

Prior to each interview, and in keeping with the IRB requirements, each participant 

received via email a summary of the research; a list of potential interview questions; and, 

a consent form (Appendix A: Interview participant consent form).  

Consistent with the recommendation from Grounded Theory that encourages relevance 

over accuracy (Glaser, 1998), interviews were not recorded. Instead, we took extensive 

notes. The interviews were between 50 to 75 minutes long.  

The interviews followed a general flow: 

1. Introductions: We introduced ourselves, and the purpose of our study. During 

follow-up interviews, we debriefed the interviewee on the progress of our 
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research since our last meeting. We asked the interviewee to help us understand 

his/her position in the University, how (s)he felt their role fit in the regulatory 

process. 

2. General background: We asked the interviewee to describe the laboratory safety 

process at the University. 

3. Novel technologies: We asked the interviewee his/her experience with ensuring 

safety in laboratories working with novel materials and technologies. 

4. Nanotechnology safety: We invited the interviewee to share his/her knowledge of 

nanotechnologies in general, and, within the context of occupational and 

environmental health in particular. 

5. Gaps: The interviewee was encouraged to identify gaps in the current laboratory 

safety process at the University, and to relate these gaps to the larger regulatory 

environment. 

6. Elicitation: We invited the interviewee to share with us questions that (s)he would 

have asked, if (s)he had been the researcher. 

7. Summary: We reviewed our notes with the interviewee to confirm understanding. 

8. We invited the interviewee to contact us if (s)he wished to share additional 

information. 

Immediately after each interview, my co-interviewer and I compared our notes 

(Appendix D: Sample interview notes). The intention for these debriefing sessions was 

threefold. First, the debriefings allowed us to combine our notes into one document. 

Second, we were able to check for inconsistencies in our notes, and improved the validity 
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of our subsequent analyses. And, third, we identified follow-up items (e.g., additional 

interview questions, new documents, potential interviewees). Data from previous 

interviews were used as starting points for subsequent interviews. 

At the conclusion of each debriefing, one of the two of us typed up the combined notes 

and posted the resulting document in Dropbox, a cloud computing platform (Appendix E: 

Sample debriefing notes).The site is password protected to ensure confidentiality, and is 

backed up periodically to provide data protection.  
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Data analysis 

Per methodological principles of Grounded Theory (e.g., constant comparison, variable 

coding), data analysis was iterative and concurrent with data collection to accommodate 

themes as they emerged. Connections between emerging themes were explored through 

Visio, a visualization software that allows for on-the-fly changes to representation of 

relationships between key constructs.  

Validity 

To advance the validity of findings, a set of interview participants who had expressed an 

interest for continued involvement in the research beyond the interviews were asked to 

review our interpretations and analyses of emergent themes, and to offer suggestions. The 

active recruitment of study participants to serve as ad hoc researchers is an important 

element of Grounded Theory research.  

The interview team (Ersin and Baysal) held debriefings after each interview and 

discussed our interpretations of interview notes. The four other sources of data (i.e., 

existing literature, documents, field notes, personal observations) were analyzed by Ersin 

alone. 

As noted in the Discussion chapter of this dissertation, there were plenty of instances 

where disagreements among study participants and other sources of information 

abounded. The goal of our study was to understand the regulatory landscape of novel 

technologies in its current state vis a vis nanotechnologies. As such, we did not seek 

consensus among our interviewees, or look for the emergence of a common ground. 
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Instead, we noted points of disagreement in our analysis as future targets for regulatory 

discussion. 

Auditability 

Ersin kept a journal of research activities in chronological order. The journal was used as 

an active part of the data collection and data analysis efforts, and offers an audit trail. 

Besides serving as an audit mechanism, the journal is an intriguing window into the 

evolving interpretations of the researcher as she was immersed deeper into data. As 

mentioned earlier, notes from interviews and debriefings are also available in an 

electronic format in a secure online site, and offer further opportunities for review, as 

needed.  

Presentation of findings 

Results of this study are presented in the form of a written dissertation in partial 

fulfillment of the requirements of a doctoral degree. As discussed in the final chapter of 

this dissertation, special care has been taken to translate the findings of this study into 

real-world applications that may impact regulatory oversight of novel technologies. 

Furthermore, and consistent with the spirit of public engagement, I have submitted my 

research for consideration to professional and academic conferences. As a stipulation of 

the NIOSH funding, results from the case study portion of the research were presented at 

multiple local and national conferences (See Appenix G: Sample public presentation of 

research). 
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Chapter 5 Case Study: Nanoresearch and occupational health  

Previously, we have provided background information on the regulatory structure at the 

federal level. In the present chapter, we move the discussion to the local level. By way of 

anchoring our research within a context smaller than the federal regulatory structure, we 

offer a case study of a research university and its occupational health oversight efforts 

aimed toward nanotechnology research.  

The case study is presented in three sections; it begins with a discussion of the study 

methodology; offers background information on the case context; and presents study 

findings. 

Methodology 

This chapter is a case study report bounded within the context of the Twin Cities campus 

of the University of Minnesota. The University is home to a sizable number of 

researchers, students, and support personnel who work with and are otherwise exposed to 

novel materials. As such, the setting serves as a microcosm of the overall research and 

development (R&D) enterprise in the U.S.  

Why nanotechnology? 

We focused our attention on the design and discovery of nanotechnologies. For sake of 

brevity, we will refer to these processes as nanotechnology research, or nanoresearch, 

for short.  
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The choice of nanotechnology as a representative novel technology was based on a 

number of factors. First, there is no comprehensive framework for nanotechnologies. 

Absence of a comprehensive regulatory oversight is a defining characteristic of novel 

technologies in the U.S. regulatory context. Second, the use of nanotechnologies in 

commercial products remains controversial. The ongoing debate on the safety and 

efficacy of nanotechnologies offers a rich source of materials by which to examine 

regulation of novel technologies.  Third, the primary investigator (Ersin) has worked in a 

nanotechnology research laboratory and gained a passable level of expertise to 

communicate with study participants in the discipline-specific jargon of 

nanotechnologies. 

Why occupational health? 

Research activities at the University are under many types of oversight (e.g., finance, 

conflict of interest, animal use). We chose to focus our inquiry on occupational health 

oversight. University of Minnesota has begun considering occupational implications of 

previously unregulated materials only recently. The absence of established practices 

allowed us fruitful opportunities for observing and inquiring into an emerging regulatory 

structure. 
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Figure 5-1: Graphic representation of methodology 

Methods 

Data were obtained and analyzed following the methodology detailed in Chapter 4: 

Methodology. Briefly, our methods for the case study included in-depth, semi-structured 

interviews and personal observations. Our study did not seek a representative sample, nor 

did we strive to establish consensus among participants. As such, individual opinions are 

not necessarily representative.  

Two points on our writing style are worth noting. First, in referring to our participants, 

we have used the male pronoun he so as not to hint at actual identities. And, second, 

while all phrases and sentences in quotation marks are attributable to specific 
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participants, and identities can be traced back within our research notes, we have noted 

the source only where the role of the participant added additional strength to the point. 

Background 

Founded in 1851, the University of Minnesota (the University) is a public land-grant 

institution situated in the Twin Cities, a large metropolitan area covering the cities of St. 

Paul (the State capitol) and Minneapolis. In addition to its Twin Cities campus, the 

University has 4 coordinate campuses across Minnesota in the cities of Crookston, 

Duluth, Morris, and Rochester. The chancellors of each campus and a cadre of executives 

report to the University president, who, in turn, is accountable to the University‟s Board 

of Regents.  

The University has been ranked eighth among public institutions in the U.S. (University 

of Minnesota, 2009).Research is big business at the University; since 2005, sponsored 

programs have been generating over 500 million USD annually. In 2010, sponsored 

research and sponsored training and public service accounted for 83% and 17% of the 

total amount, respectively. On the Twin Cities campus, nanoresearch laboratories are 

concentrated on the Minneapolis side of the campus, and this is the geographical location 

where we have focused our study. 

Findings 

Several factors impact the effectiveness of occupational health and safety measures at this 

institution. The following is a discussion of the key findings of our study. 
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Finding 1: Ambiguities in definition 

When we began our research, our intention was to explore the regulation of novel 

technologies as exemplified by nanopharmaceuticals and the nanotechnologies at their 

core. Our study suggests two ambiguities with direct relevance to regulations and 

oversight; what is nano-? and what is novel? 

What is nano-? 

In Chapter 2, we presented background materials on nanoparticles and nanotechnologies. 

In the course of our research, however, it has become apparent that an even more 

fundamental question begs to be asked; “what do you call the thing that needs to be 

regulated?” Our data suggest four competing answers to this question: 

1. Nanotechnologies  

2. Nanoparticles 

3. Nanomaterials 

4. Nanoresearch 

For the purposes of this study, we use the National Nanotechnology Initiative (NNI) 

definition of nanotechnology as the “understanding and control of matter at dimensions 

of roughly 1 to 100 nanometers, where unique phenomena enable novel applications”. 

The NNI definition of nanotechnology has embedded within it an ambiguous definition 

of nanoparticles as “matter at dimensions of roughly 1 to 100 nanometers.” However, and 

as discussed in Chapter 2, there is no consensus on the definition of a nanoparticle; NNI‟s 

size parameter (i.e., measuring less than 100 nm along one dimension) appears to be used 

as a placeholder until an evidence-based definition becomes available.  
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Indeed, skepticism surrounding the definition of nanoparticles is warranted when one 

considers the qualifier “where unique phenomena enable novel applications” embedded 

within the NNI definition. Implied within the NNI definition is the assumption that 

“unique phenomena” are associated with the 1 to 100 nanometer size range. However, to 

the best of our understanding of the literature in chemical and physical sciences, unique 

phenomena (e.g., optical, physical, chemical) have been observed with particles that have 

dimensions larger than 100 nanometers. 

The definition of nanoparticles leaves the field with a conundrum; if nanoparticles 

deserve regulatory attention solely based on their size, and regardless of the emergence of 

unique properties, what is the scientific basis for specifying the size range of relevance as 

1-100 nanometers?  If, on the other hand, it is not the size of the particle but whether they 

exhibit unique properties that warrants attenion, then regulatory attention will be better 

focused on materials with novel properties rather than on nanoparticles that are less than 

100 nm (and may or may not possess novel properties). In the latter event, whether 

unique properties are present may be a better trigger of regulatory oversight rather than 

what size the particle happens to be.  

Further complicating the matter, while conducting field work for this study, we began to 

suspect a further distinction yet to be made between the terms nanoparticles and 

nanomaterials. Most notably, we observed a panel of experts at an American Association 

for the Advancement of Science (AAAS) meeting as they debated this very point and 

failed to reach a consensus.  
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Upon returning to the University campus and resuming our interviews for the present 

case study, we began probing participants on whether they considered nanoparticles and 

nanomaterials to be distinct entities. While no consensus was reached on campus, either, 

there was the vague admission of the possibility that a nanomaterial may contain 

nanoscale features, yet not be on the nanoscale itself.  

An example is in order here to illustrate the nanoparticle / nanomaterial ambiguity. 

Consider an otherwise macroscale material such as a large sheet of gold. Technology 

exists today to drill nanoscale holes (see, for instance, Wu, Ross, & Lee, 2009) or deposit 

nanoparticles to create nanopeaks (see, for instance, Garno et al., 2003) on the surface of 

an otherwise macroscale material such as this sheet of gold. Once imbued with 

nanofeatures, what is the resultant classification of what was once clearly a macro 

material? When presented with this example, our participants expressed divergent views 

on how to classify a macroscale material (e.g., sheet of gold) with nanoscale surface 

features (e.g., nanopeaks, nanoholes). There was no consensus on whether the material 

was a nanomaterial or a macromaterial with nano features. 

We found the term nanoresearch to offer us the greatest amount of flexibility to engage 

our participants in conversation without getting mired down in the technicalities of 

definition. For instance, one of our research participants – a scientist – admitted to using 

nanoparticles in his research, yet did not consider himself to be working on 

nanotechnology per se. The phrase nanoresearch was broad enough to be inclusive of his 

research.  
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   Definition 

Nanoparticle 1 to 100 nanometers (NNI); no consensus on scientific basis of 

definition 

Nanotechnology understanding and control of matter at dimensions of roughly 1 to 100 

nanometers (NNI); no consensus 

Nanomaterials May have nano- features, but not be NPs per se; no consensus 

Nanoresearch Research on and with nano-scale matter; no consensus 

Table 2: Competing perspectives  

While the use of the term nanoresearch has allowed us to continue our interviews with 

study participants, it represents a scientifically unsatisfactory compromise as it creates the 

illusion of a common understanding of what it is that needs to be regulated whereas no 

such consensus actually exists. 

What is novel? 

Whether regulators consider novelty to lie in the engineering of nanoparticles, in their 

applications or somewhere in between have important implications for when and how 

regulatory attention gets triggered. As illustrated by the case of the researcher who uses 

nanoparticles in his research, yet does not consider his work to fall under the 

nanotechnology rubric, there appears to be a need to distinguish the creation of new 

products of nanotechnology from their [novel] uses.  

The criteria for classifying nano- as new have not been established in regulatory 

mechanisms. For example, one of our participants pointed out that “[historically] gold 
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and silica have not been known to be toxic all by themselves. However,…” At this point, 

he let his voice trail off, in implied recognition that less is known about the toxicity of 

gold and silica when these materials are miniaturized to the nanoscale. Yet, in our 

interviews, the assumption appeared to be that if a material was not known to be toxic in 

its bulk form, chances were in its favor that its nano form would be non-toxic as well.  

There is a paradox here to be reckoned with. On one hand, the very definition of 

nanoparticles as advanced by the NNI‟s national panel of experts recognizes the 

possibility for emergent (hence, unpredictable) properties. On the other hand, regulatory 

agencies have declared their intention to treat nanoscale materials as equivalent to their 

bulk form until scientific evidence may suggest otherwise (see, for instance, FDA Draft 

Guidance Document, 2011). As one participant mused, we may be “creating committees 

for something that does not even exist.” The question, then, is how to define new within 

the context of already-known and deceivingly familiar materials such as gold and silica.  

Finding 2: Absence of empirical basis for regulations 

Existing oversight mechanisms are not well equipped to deal with the occupational health 

implications of novel technologies. In the words of one participant, research activities 

involving nanoparticles and nanomaterials are taking regulations “outside the normal 

chemical realm”. In the face of a brave new world of materials and byproducts, the 

University is struggling with assessing the occupational health risks of novel 

technologies.  

The lack of empirical evidence to inform regulatory oversight is felt outside the 

Institution as well. When we presented preliminary findings of our research at a public 
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forum held at the University, an individual who identified himself as working for the 

local Occupational Safety and Health Administration (OSHA) office expressed 

bafflement over nanotechnologies and displayed enthusiasm over our research interest in 

nanotechnologies and occupational health. “If someone [engaged in nanoresearch] came 

to me with a [occupational safety] complaint”, he said, “I wouldn‟t know what to say.”  

Indeed, one of our interview participants from within the University expressed a similar 

sentiment about OSHA‟s current inability to offer proactive guidance. He suggested that, 

in the event that OSHA were to receive a complaint from a University employee involved 

in nanoresearch, the agency would most likely inform the individual that “no permissible 

exposure limit is established”, and would invoke the “general duty clause to cover their 

[expletive]”. When we asked for a definition, he explained, in a dismissive tone, that the 

clause is a vague suggestion that “every employer must provide a safe workplace.”
 2

 

According to one Department of Environmental Health and Safety (DEHS) participant, 

the University has encountered a similar lack of expertise in the mid 1980s with research 

in microelectronic labs where toxic gases were being produced as byproducts of research 

activities.  

                                                 
2
 The wording of the so-called General Duty Clause in the Occupational Safety and Health (OSH) 

Act of 1970 is as follows:  
(a) Each employer – 
 

 (1) shall furnish to each of his employees employment and a place of employment which are 
free from recognized hazards that are causing or are likely to cause death or serious physical 
harm to his employees; 
(2) shall comply with occupational safety and health standards promulgated under this Act. 

 
(b)   Each employee shall comply with occupational safety and health standards and all rules, 

regulations, and orders issued pursuant to this Act which are applicable to his own actions and 
conduct. (Occupational Safety and Health Administration [OSHA], 1970)  
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In that case, microelectronic research was limited to a known number of laboratories, 

and, therefore, easier to monitor. By contrast, nanoparticle use today is “wide and varied” 

and requires “more tools in the toolbox.” Unlike microelectronic research where 

byproducts are limited in number and can be identified readily, the number of potential 

types of nanoparticles that can be engineered is, at this moment in time, limited only by 

the imagination and technical aptitude of the researcher. 

In the event that a nanoresearch laboratory approaches DEHS for occupational health 

recommendations, the range of available options for risk mitigation is limited to existing 

instruments and processes. According to one DEHS staffer, “working exclusively in the 

fume hood” and “providing ventilation” are among standard recommendations when 

working with hazardous substances. Whether existing controls are effective in the context 

of nanoresearch has not yet been established empirically. One participant expressed 

concern over the potential inadequacy of existing risk mitigation strategies especially 

when the research activity may be “actively generating particles.” A combination of 

engineering controls and respiratory ventilation is desirable. However, in the absence of 

absolute exposure levels for NPs, the efficacy of such measures in the context of 

nanoresearch remains an outstanding question. 

Epidemiological data 

In Chapter 3, we defined the use of control banding as an initial step in exposure 

assessment that leads eventually to more quantitative measures (e.g., Permissible 

Exposure Limits). “As epidemiological data accumulates,” one participant explained, 
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“you can assign values to levels.” However, epidemiological data have been slow to 

emerge.  

Institutional resource limitations have been offered as a detriment to epidemiological 

tracking. Based on our observations, we offer three additional explanations for the 

paucity of epidemiological data: 

1. Lack of toxicity design rules: The nature of nanoresearch is such that it is 

possible to generate nanoparticles of vastly different composition and 

characteristics with only minimal variations in experimental conditions (e.g., 

pH, temperature). There are potentially an unlimited number of possible 

variations. In the absence of widely recognized and empirically established 

design rules, it is difficult to create guidelines for assessing toxicity of new 

materials (e.g., nanotitanium dioxide in composition X and with shape Y is 

toxic as established by Assay Z). The inability to assess toxicity translates to a 

hampered ability to track epidemiological health trends. 

2. Nature of workforce: The research workforce at the University is composed 

largely of graduate students and other trainees; this population of workers has 

limited tenure on any given research project as their time-on-task correlates 

with the relatively short amount of time it takes to complete the requirements 

of a graduate degree or post-doctoral assignment. There are no established 

epidemiological protocols for tracking this somewhat migrant workforce 

beyond their time at the University, or to relate their health status to their 

research project history. As the ability to gather epidemiological data rests on 



70 

 

 

the presence of an identifiable and traceable sample over time, the work 

patterns of graduate and postdoctoral researchers present a methodological 

challenge for collection of epidemiological occupational health data. 

3. Will to track: Study participants who were researchers at the University listed 

their involvement in a variety of areas including NP characterization; 

exposure assessment and toxicity; drug delivery; and, abetment by filtration, 

to name a few. However, during our interviews and observations, we have 

noted a paradoxical attitude toward the potential impacts of nanoresearch on 

human health. On one hand, researchers and administrators admitted readily 

that the potential health impacts of nanoparticles remain to be discovered. 

Indeed, the University has secured funding for a number of projects to explore 

the potential toxicity of nanoparticles. On the other hand, there appears to be 

the assumption among some researchers and administrators that experimental 

amounts of nanoparticles may not be harmful to workers in the laboratory 

setting. There appeared to be no consensus on what constitutes an 

experimental amount of nanoparticles. Further complicating the issue, whether 

amount (rather than other factors such as timing, duration, nature of NPs) may 

be the key determinant of NP-associated toxicity has not been established. The 

seeming assumption about the supposed innocuous nature of small exposures 

appears to diminish the institutional will to track epidemiological data.  
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Threshold levels 

Previously, we described that risk assessments tend to move from a qualitative approach 

to a quantitative approach as more data become available (Chapter 3). It became apparent 

in the course of our study, however, that the presence of quantitative exposure levels does 

not necessarily correlate with a scientific basis for those numbers. Non-empirical factors 

(e.g., politics, funding) play an undeniable role in how regulatory agencies set 

quantitative exposure levels. 

One participant with expertise in occupational health criticized OSHA for being overly 

sensitive to matters of feasibility and cost effectiveness, and letting such non-scientific 

factors influence its Permissible Exposure Level (PEL) standards. This participant was 

critical also of OSHA for not having updated PELs as new data emerged. The participant 

promoted instead the use of Threshold Limit Values (TLVs) and Biological Exposure 

Indices (BEI) as set by the American Conference of Governmental Industrial Hygienists 

(ACGIH) on an annual basis. According to this participant, when OSHA was established 

in 1970, the agency based its initial rules for occupational exposure levels on TLVs from 

the ACGIH. However, OSHA has subsequently established its own PELs; yet PELs are 

not updated at nearly the same frequency as TLVs. A switch back to TLVs would require 

the agency to go through the legislative rule making process. Of great pertinence to our 

study, there are neither OSHA TLVs nor ACGIH PELs for nanoparticles. 

In the absence of regulatory guidance, one participant suggested that occupational risk 

assessments can “rely on University wide chemical hygiene as a baseline” for 

occupational health best practices. University chemical hygiene guidelines are based, in 
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part, on the Prudent Practices for Handling Hazardous Chemicals in Laboratories. 

Published initially in 1981 by the National Research Council (NRC), Prudent Practices 

was prepared in “response to the growing recognition of the central place of chemistry in 

society, the special risks that are encountered by people who work with chemicals in the 

laboratory, and the potential hazards that are presented to the public by their use, 

transport, and disposal.” The document claims further that “Increased appreciation of the 

hazards related to certain chemicals has fostered a new „culture of safety‟ in many 

laboratories where chemicals are handled and chemical waste is generated and disposed 

of” (National Research Council [NRC], 1995). The document encourages behaving with 

caution when handling chemicals in the laboratory; exercising personal responsibility; 

utilizing experimental designs that minimize both the amount and extent of exposures; 

and, practicing proper disposal at the conclusion of experiments. Another participant 

suggested that the “Prudent Practices in the Lab” manual may be used as a guidance 

document, especially in the context of nanoresearch where no other occupational safety 

guidance exists. 

Establishing acceptable occupational exposure limits is a crucial step toward setting 

health standards for workplace contaminants. Acceptable exposure limits may help 

determine the types of monitoring instrumentation that the University will need. Lack of 

guidance on exposure limits has significant implications for occupational health 

measures. In the word of one participant, “we can measure [the amount of nanoparticle 

exposure] but we don‟t know what the data [sic] means necessarily.” Setting the exposure 
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limit at zero would, in practice, mean having to suspend nanoresearch activities. As such 

action is not feasible, a zero-sum exposure level is not an acceptable option. 

Route of exposure 

The process of setting exposure limits needs to take into account the particular route of 

exposure. As reflected in the PELs and TLVs, the convention for setting exposure levels 

has been to assume inhalation as the route of exposure. There appeared to be a consensus 

among our participants that inhalation was, indeed, the most significant route of exposure 

in the workplace. One participant suggested that the recognition that hosts have limited 

defenses against inhaled particles accounts for the occupational health community‟s 

emphasis of this particular route over others. However, multiple participants pointed out 

also that contact dermatitis is a common occupational ailment where the route of 

exposure is the skin. Unfortunately, neither TLVs nor PELs exist for other exposure 

routes than inhalation. 

Finding 3: Absence of inventory tools 

The absence of an institution-wide inventory of “who is doing what [research]” is a major 

impediment to occupational health efforts. We were introduced to this concept in our first 

interview which happened to be with a DEHS staffer; after asking our standard, semi-

structured interview questions that had been approved by IRB, we invited the participant 

to suggest additional questions that should have been part of our script. After only a brief 

pause, “yes,” the participant replied, “you should have asked me „how do you know what 

the researchers have?‟” Indeed, this line of inquiry regarding inventory of research 
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activities proved to be very fruitful in subsequent interviews; as it turned out, a major 

problem facing occupational health and safety in the nanoresearch context is knowing 

who is involved in this kind of research activity in the first place. 

Without mandatory reporting expectations from PIs, administrators and environmental 

health staff do not necessarily know what type of research is being conducted in campus 

laboratories. In one anecdote, a participant relayed with humor an incident from another 

research university where a laboratory changed the signage on its door to now include the 

phrase “nanotechnology”. Upon seeing the new sign, the institutional occupational health 

expert reacted with surprise. “So,” he said, “that’s what you do!” The ability to identify 

and take inventory of potentially hazardous research activities is seriously hampered in 

the university setting. 

Participants were unanimous in their support for better means of identifying and tracking 

nanoresearch. As one participant suggested, understanding how PIs are using 

nanoparticles will help “discover scope of work [for occupational health interventions], 

and prioritize hazard and risk assessments.” However, there was less agreement on 

whether a reliable inventory was possible. According to one participant who is also a 

laboratory PI, taking inventory of nanoparticle use ahead of time was a near 

impossibility; the use of NPs in research is frequently a “spur of the moment” decision 

made at the bench side.  

When the inclination toward providing oversight of nanoresearch began emerging, the 

University did not know which laboratories and researchers to approach as there is no 

institutional mandate for reporting nanoresearch. So they improvised. As one participant 
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shared, research involving animals “has a finer filter” for meeting the regulatory 

requirements of funders. Therefore, the University began its nanoparticle inventory by 

culling grant proposals submitted to the Institutional Animal Care and Use Committee 

(IACUC) for evidence of nanoparticle use.  

The most obvious limitation of this approach is that only a small subset of nanoresearch 

projects involve the use of animals, and, therefore, would even go through an IACUC 

review. Although participants did not know the exact prevalence of animal use in 

nanoresearch, there was some agreement that the majority of nanoresearch at the 

University involves the engineering – rather than the use of – novel nanomaterials, and, 

therefore, would not involve testing on animals and the requisite IACUC review. 

Potential sources of inventory data 

There is no institutional requirement for reporting nanoresearch activities per se. The 

exception is when the nanoresearch protocol involves an element of interest to an existing 

oversight body and falls under its purview. Three such entities emerged from our 

interviews:  

1) Institutional Animal Care and Use Committee (IACUC) where the research involves 

use of laboratory animals 

2) Institutional Review Board (IRB) where human subjects are involved (e.g., clinical 

trials), and,  

3) Institutional Biosafety Committee (IBC) where government controlled biological 

agents or recombinant DNA technologies may be involved. 
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In the case of research involving laboratory animals specifically, the IACUC protocol 

includes an optional document (i.e., Appendix G of the protocol document) that is to be 

filled out when a hazardous chemical may be involved (Appendix H: Animal Care and 

Use Protocol). The list of hazardous chemicals may potentially include nanoparticles. 

However, our participants questioned the reliability of this process; PIs are asked whether 

the proposed research involves exposing laboratory animals to chemical hazards. If the PI 

does not believe NPs to constitute a chemical hazard, he is under no obligation to fill out 

Appendix G to report NP use. In the event that a PI misinforms the committee – through 

willful neglect or ignorance – which is not detected, no further review ensues. 

Besides the above mentioned institutional committees, the Center for Nanostructure 

Applications (CNA) was also mentioned as an informal source of information on 

nanoresearch activities at the University. Established by the University in 2006, CNA 

offers seed funding to promising nanoresearch projects; organizes educational activities 

to create “an intellectually diverse set of researchers interested in the applications of 

nanotechnology”; and, “[collects and disseminates] information about faculty who are 

currently engaged in nano-related research and work to make connections between 

internal groups and between the University and industry.”
3
 As such, using CNA as an 

informal source of nanoresearch inventory – at least, initially – seems within the realm of 

reason.  

Another potential source of information for an inventory of nanoresearch activities is the 

University‟s Nanofabrication Center (NFC). NFC is an internal service organization 

                                                 
3
 http://www.nano.umn.edu/overview.jsp 
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(ISO) that houses shared resources and expertise that the University research community 

can utilize for a fee. Indeed, during Özlem‟s tenure at a University laboratory, her 

colleagues utilized the NFC on a regular basis both to fabricate new devices and also to 

characterize them. However, our interview with the director of the Center revealed that 

only a fraction of the nanoresearch activities has a connection with NFC; the Center 

serves mostly those researchers who are interested in the top-down design of 

nanomaterials whereby computer-aided design is used to produce NPs with 

predetermined characteristics. The majority of nanoresearch at the University, however, 

is thought to follow the alternative bottom-up approach where “nature takes its course” 

once the desired chemicals are combined. The characteristics of NPs engineered in this 

manner are determined in a post hoc manner, and would, therefore, use the Center on a 

limited basis. 

One participant suggested tracking the purchase of research equipment as a fourth source 

of gathering a nanoresearch inventory. He suggested that there may be equipment known 

to be associated with nanoresearch although he was not able to name any. He also 

suggested that the purchase of commonly used equipment such as biosafety cabinets and 

fume hoods may indicate possible nanoparticle use and nanoresearch in a laboratory. 

Given the ubiquitous use of fume hoods and biosafety cabinets across University 

laboratories, tracking the purchase of this type of laboratory equipment may be only an 

indirect and inefficient means of unearthing nanoresearch.   

A fifth suggestion for tracking nanoresearch was to monitor power usage patterns by 

research laboratories. Tracking power usage is an established method of forensic 



78 

 

 

surveillance to crack down on illegal marijuana growers in residential settings (see, for 

instance, Meier, Rainer & Greenberg, 1992, for an early reference to the method). 

However, there is no established evidence to suggest that nanoresearch facilities have an 

identifiable power usage pattern that would uniquely set them apart from other 

laboratories on campus. 

The five sources of inventory data suggested by our participants (i.e., institutional review 

documents, CNA, NFC, purchase orders, power usage) represent at best indirect and ad 

hoc means of gathering information on nanoresearch activities at the University. For 

example, in the absence of institutional guidelines around NPs, whether a PI fills out 

Appendix G of the IACUC protocol depends on his personal view of the hazardous 

nature of NPs that may be involved in his research. As such, any potential engagement by 

occupational safety and industrial hygiene specialists remains haphazard and 

opportunistic. 

Finding 4: Emerging enforcement roles for Principal Investigators (PIs) 

The principal investigator (PI) was mentioned by all participants as holding a crucial role 

in occupational health in the laboratory setting.  However, there was not a unanimous 

agreement on the exact function of the PI in this capacity. Opinions ranged from allowing 

the PIs “to run the show” to asking them to serve as consultants to staff occupational 

health experts. Perhaps not surprisingly, those participants with faculty ties were in favor 

of a greatly expanded role for the PIs. As one such participant put it, “Safety is an 

individual PI responsibility, not DEHS,” and suggested that “big decisions” should be left 
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to faculty. Participant with administrative and staff roles tended to advocate a more 

subdued role for PIs along the lines of counsel for staff experts on occupational health. 

The University defines a PI as “the primary individual in charge of a research grant, 

cooperative agreement, training or public service project, contract, or other sponsored 

project.”
4
 Enforcement of occupational health measures in the nanoresearch context 

depends in large part on the willing and truthful cooperation, and goodwill of PIs and 

laboratory safety officers. In terms of delegating occupational health responsibilities to 

PIs, our participants – including those advocating for an expanded role for PIs – pointed 

out several limitations: 

1. Awareness: PIs may not be aware of occupational health hazards of NPs, 

especially where there is no consensus emerging from the occupational health 

experts and regulatory bodies. Participants from DEHS expressed their 

willingness to engage with PIs and offer them counsel on available hazard 

mitigation strategies and tools. There appears some reluctance from PIs, 

however, to engage with DEHS proactively. As one participant commented 

“the last thing that a researcher will do is to go to DEHS voluntarily.”  

2. Knowledge: PIs may not know how to mitigate known hazards of NPs, a 

particularly problematic issue since very little guidance (e.g., use fume hoods, 

respiratory ventilators) or protective equipment known to be effective exist. 

3. Resources: PIs are overwhelmed with a multitude of organizational 

expectations (e.g., research productivity, promotion and tenure process, 

                                                 
4
 http://cflegacy.research.umn.edu/spp/roles/pi.html 
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teaching). As one participant put it, occupational health oversight represents 

an additional task on an “already crowded agenda”. 

4. Values: PIs may not consider occupational health as an important value. Their 

own graduate education and work experiences may not have prepared PIs to 

take the occupational health of their graduate students and research staff 

seriously. 

5. Conflicts of interest: PIs may have conflicting interests that pitch their self 

interest against the interests of those who work in their labs. As one 

sympathetic administrator put it “Well-meaning researchers want to be able to 

do what they want to do.” 

On the latter point, intellectual curiosity, desire for personal recognition, and tenure 

pressures were cited as additional drivers of conflicts of interest. One participant offered 

the anecdotal example of a biomedical researcher who was mandated by IBC to receive a 

vaccination as a precondition for institutional approval to work with a highly pathogenic 

organism. The researcher was later discovered to have lied about his vaccination status in 

an attempt to forego the vaccination and yet continue his research; he had been allergic to 

this particular vaccine and would not have been able to receive it without an allergic 

reaction. The researcher was sanctioned for his misconduct, and has since left the 

University. As this example illustrates, relying solely on the goodwill and cooperation of 

PIs for enforcement of occupational health measures (e.g., vaccinations against research 

pathogens) may run into conflicts of interest scenarios where the researcher chooses to 

mislead the institution in order to pursue his line of research.   
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Professional socialization 

More than one participant mentioned the existence of “multiple cultures” of occupational 

safety on campus. However, no consensus on what these cultures may be has emerged 

during the course of our study. Our research provides some evidence that whether PIs 

hold occupational health to be of value depends on their history of socialization into the 

role of a researcher and their work experiences. 

One participant – an administrator – told us that PIs and other researchers engaged in 

biomedical sciences were more sensitive to occupational health implications of their 

research than their colleagues in engineering and natural science research may be. This 

individual emphasized the point by gesturing from “this side of Washington Avenue” 

from his office on the south side of the street to the north side.  

On face value, the choice of Washington Avenue as a geographical representation of 

multiple cultures may be appropriate; biomedical buildings and the University hospital 

are congregated on the south side of Washington Avenue whereas the buildings housing 

departments of engineering, chemistry, and physics are on the north side, in an area 

known as the Mall.  

While all subsequent interviewees agreed with the multiple cultures of occupational 

health hypothesis, the disciplinary line of separation was highly contested. One 

participant – an engineer – claimed that engineers were as sensitive to occupational 

health issues as their biomedical colleagues and definitely more so than their colleagues 

in basic sciences. In a gesture similar to the administrator‟s, he pointed from his office on 
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the east side of the Mall area where the engineering departments are located toward the 

west side of the Mall where the departments of physics, and chemistry are housed. 

Lest the previous anecdotes create the impression that biomedical researchers are 

uniformly sensitive to issues of occupational health, we offer a third encounter: when we 

asked a biomedical researcher his opinion about the multiple cultures of occupational 

health hypothesis and whether Washington Avenue was an appropriate metaphor, he 

pointed from his office (on the southern side of the Avenue) toward the direction of the 

university hospital further south by the Mississippi River, and told us that there were as 

many cultures of occupational health on the biomedical side of the Avenue as on the 

other (Figure 5-3).  

 

Figure 5-2: Layout of research facilities 
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We had contacted one of the participants - a well known nanoresearcher in one of the 

engineering related departments – initially for help in writing the background chapter on 

nanoparticles and nanotechnologies (see Chapter 2). To our absolute delight, we found 

out in the course of the interview that he has been instrumental in organizing an 

international conference on nanoresearch and occupational health
5
. We took the 

opportunity to solicit his thoughts on the multiple cultures of occupational health 

hypothesis. He agreed with the basic premise that multiple attitudes do exist on one 

campus. However, similar to the opinion expressed by the biomedical researcher, he did 

not view membership in a particular discipline as a predictor of attitudes toward 

occupational health.  

As someone who had helped organize a conference on this topic, he was clearly 

interested in occupational health. We probed him further about the roots of his own 

affinity. He offered two explanations.  

1. Socialization: His laboratory is engaged in engineering personal protective 

devices (PPEs) for use in industry. In the course of his research, he has come 

into professional contact with industrial hygienists who, in his opinion, have 

helped sensitized him to issues of occupational health. 

2. Funding: He has been successful in gaining funding to develop equipment for 

occupational health and safety (e.g., filtration devices). According to him, 

filtration technologies represent a multibillion dollar market opportunity. The 

                                                 
5
 We have since presented our preliminary findings of this study at this conference. 
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availability of funding has further focused his attention on occupational 

health. 

Therefore, our research suggest three potential occupational health roles for the principal 

investigator; first as an enforcer of existing rules and regulations; second as an expert and 

peer-reviewer on campus regulatory bodies; and, third as a role model and mentor to help 

sensitize future researchers to occupational health matters. 

Finding 5: Organizational complexity as hindrance  

In the words of one participant “One would hope we could self-regulate, but it‟s hard to 

tell if it‟ll come to pass.” Organizational complexity is a hindrance to oversight efficacy 

and efficiency in this institution. There are many research laboratories spread across a 

large campus, and with varying reporting lines and overlap in roles in staff and 

administrative positions.  

Role confusion is an important aspect of organizational complexity. For example, one 

participant from DEHS informed us of the interchangeable use of industrial hygiene and 

occupational health at the University. When we asked for clarification, he described 

industrial hygienists as “pump jockeys”, in reference to exposure monitoring instruments 

used in the course of their work. He further defined the role of industrial hygienists as 

involving “hazard assessment, exposure assessment, and exposure control.” He praised 

industrial hygiene as a “proactive discipline” and an industrial hygienist as an individual 

who “thinks of things chemists may not have thought of.” By contrast, occupational 

health “has a tendency toward medicine and health care delivery,” and “uses industrial 

hygiene as input.” Although none of the other participants drew as clear a distinction 
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between industrial hygiene and occupational health, the point is well taken, and points to 

a possible lack of appreciation for otherwise distinct roles. 

In 2010, local legislators asked the University for a report on the state of nanotechnology 

research in Minnesota. As part of this effort, DEHS was asked to contribute to the report. 

The Department made recommendations to University administration including the 

consolidation of the various chemical and occupational oversight roles under one entity, 

and the creation of a Chemical Safety Committee for “novel and high hazard chemicals”. 

As one participant lamented, the University has “not been aggressive with 

implementation” of proposed recommendations. 

One participant – from an administrator‟s perspective – suggested that the make-up of 

existing oversight committees may not be ideal. This person told us that “engineers, 

chemists, and physicists are not part of the fabric of existing structures.” This particular 

administrator expressed further a need for “thought leaders to help communicate 

[occupational] protections.” One implication of this statement relates to the role of 

faculty in decision making; when participants expressed a preference for PIs to “run the 

show”, perhaps the intent was not for the actual PI of the proposed research to be 

involved in the review process, but rather faculty members from across the University 

with specialized knowledge to serve as part of a peer-review process.  

The University appears to have a higher tolerance for a precautionary approach than may 

be tolerated by industry. In the words of one participant the “research environment is 

more unpredictable” and therefore, “is exactly the place to be more precautionary.” The 

exposures are smaller, and shorter in length but “we should not conclude they are safe, 
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but that we know little and should take extra care.” This tolerance presents an ideal 

environment for occupational health oversight. 

However, organizational complexity and the absence of a national model for organizing 

the oversight structure hinder institutional efforts at occupational health oversight over 

nanotechnologies. When asked directly, our participants could not identify a regulatory 

structure within the current complexities of the University. Indeed, what emerged were 

strong opinions about – yet little consensus on - the ideal way of organizing oversight in 

the academic context.  
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Chapter 6 Emerging regulatory model and recommendations 

A single curiosity has grounded our inquiry; What are the characteristics of an ideal 

system of regulation over the novel processes and products of science and technology? 

To that end, we have focused our attention at the intersection of nanoresearch and 

occupational health in the academic research setting. This chapter highlights an emerging 

model of regulations and proposes a number of steps for improving regulatory oversight 

vis a vis nanoresearch. 

Model of regulatory structure 

Multiple regulatory risk assessment frameworks are at play at the federal and local levels 

(see Chapter 3). Regardless of the flavor favored by a particular agency, risk assessment 

models are characterized by a linear structure that gets triggered by the identification of a 

specific hazard. Hazard identification typically leads into first a qualitative and then, as 

evidence accumulates, a quantitative characterization of associated risks, culminating 

ideally in a comprehensive plan for managing and alleviating foreseen and real risks 

(Figure 6-1). 
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Figure 6-1: Risk avoidance 

Our initial assumption as laid out in Chapter 1:  Introduction – that there may be multiple 

and equally acceptable ways of organizing regulatory structures –  found support within 

the context of the research university that served as the context of our case study and our 

field observations. Study participants suggested numerous actions to strengthen the 

regulatory structure with no clear consensus on a possible “ideal” situation.  

Indeed, existing oversight structures can be said to cover the gamut and focus their efforts 

on different factors. For instance, The Institutional Review Board (IRB) and the 

Institutional Animal Care and Use Committee (IACUC) organize their work around the 

protection of human subjects and laboratory animals, respectively, whereas the 

Institutional Biosafety Committee (IBC) focuses on the hazards of research (e.g., 

radiation exposure) regardless of the type of study subject.  

Upon further reflection, we observed a similar selectivity of attention among federal 

regulatory entities. For example, the regulatory attention of the Food and Drug 

Administration (FDA) gets triggered only when a new hazard has been identified within 

the context of food products, pharmaceuticals, medical devices, and cosmetics, and this 

attention is regardless of whether the intended user of these products are humans or 
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animals. By contrast, the Environmental Protection Agency (EPA), as its name portends, 

is allowed a more precautionary approach that is independent of an intent to 

commercialize; EPA does not limit its scope of practice to the hazards of commercial 

products as is the case with FDA.  

Oversight linked to commercial activity 

At the federal level, regulatory agencies tend to establish their jurisdictions around 

classes of commercial products. For instance, Food and Drug Administration (FDA) 

concerns itself with the risks of pharmaceuticals, medical devices, food products, and 

cosmetics. Regulated industries are mandated to obtain pre-market approval from the 

relevant regulatory agency prior to offering new commercial products. 

Focus on risks and hazards 

Hazards and their associated risks constitute the focal point for oversight agencies. The 

primary motivation of oversight is to identify hazards and mitigate their risks before they 

become problematic for an identified segment of the population (e.g., medication users, 

financial investors). While ongoing vigilance is within the realm of possibility for 

agencies, post-market surveillance for new hazards is not typically a high priority. 

At the level of the research institution, the federal model of regulation is exemplified by 

the Institutional Biosafety Committee (IBC); the Committee has wide jurisdiction over a 

list of specific hazards (e.g., research involving radiation; the use of recombinant DNA 

technology). Declaration of intent to include any of the named technologies in research 

protocol is adequate grounds for review by IBC. 
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What is next? 

We now turn our attention to the future with a number of observations for strengthening 

the ability of the current regulatory system to provide oversight over novel and emerging 

technologies. 

Stakeholder engagement 

The timely and appropriate engagement of stakeholders is a fundamental aspect of a fully 

functional regulatory system. The desire to engage the public in the regulation and 

oversight of science is not a uniquely U.S. phenomenon. Science and technology are 

playing an increasingly important role in areas ranging from environmental protection, 

and agriculture to telecommunications, and energy (Guston, Jones & Branscomb, 1997). 

Since the early 1970s, stakeholder participation in the regulatory process has become a 

desired – albeit elusive – goal. In 2008, the Organisation for Economic Co-operation and 

Development (OECD) organized a conference in Delft, the Netherlands on the larger 

topic of public engagement with nanotechnology. In addition to the desire to educate and 

inform the public on the implications of nanotechnologies, delegates from OECD 

member countries cited improved oversight as a benefit of public engagement 

(Organisation for Economic Cooperation and Development [OECD], 2008).  

Public engagement and the professions 

Members of professions have esoteric knowledge, and specialized skills that grant them 

special social status to carry out actions beyond what is allowed for by the lay members 

of society (Maute, 2002). It is this social contract that allows physicians to diagnose 

disease and prescribe therapies; pharmacists to dispense medications; and lawyers to 
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argue cases in court. In exchange for the “monopoly use of knowledge, practice 

autonomy, and the right to self-regulate” (Gruen, Pearson, and Brennan, 2004), 

professions encourage their members to share their skills and talents freely and toward 

betterment of the public good. Professional codes of conduct define the obligations of 

professionals beyond the immediate realm of their area of practice. Advocacy journalism, 

pro bono legal services, and free community health clinics are practical manifestations of 

this spirit of noblesse oblige – the noble obligation – of the professional. 

Whether service to the public is a voluntary or an expected aspect of professional practice 

depends on the mores of particular professions. For example, the medical profession has 

a long history of engagement with the public through policy and advocacy. Reasons for 

engagement are “first, community and socioeconomic characteristics affect many health 

problems and access to health care; second, physicians‟ expertise is essential for properly 

addressing major quality, access, public health, and policy concerns; and, third, clear and 

visible leadership in the interests of the public‟s health is regarded by many as the best 

way for the medical profession to regain and retain the public trust that has diminished in 

recent decades” (Gruen, Pearson, and Brennan, 2004, p. 94).  

Ironically, scientific progress may be hurting the level of engagement by professionals. 

For instance, “[p]ublic roles, however, have become less familiar to physicians because 

the medical profession has forged its expertise, identity, and influence on remarkable 

advances in biotechnology” (Gruen, Pearson, and Brennan, 2004, p. 94). Increased 

specialization offers an alternative explanation for diminished engagement; as a 

profession gets more sub-specialized, and its bureaucratic structure more complex - 
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including who, within the community, does the “work of engagement” - engagement may 

become the work of a few or fewer professionals, or of their professional organizations 

(e.g., AMA). Gruen, Pearson, and Brennan (2004) suggest that increasing demands on 

professionals, and declining reimbursements may also discourage „public-spiritedness‟.  

 Scientists and engagement in regulatory affairs 

Understanding the role of the public in regulatory affairs may shed some light on their 

role in risk analysis. Historically, direct participation of the general public in scientific 

oversight has been limited to sporadic, one-time events such as consensus conferences, 

public hearings, surveys, and citizen review meetings. The last three decades, however, 

have seen a push for an increased and more direct role for the non-scientist in science and 

technology. Researchers have cited improved public confidence in the products of 

science (Kuzma, Najmaie, and Larson, 2009), and, increases in availability of resources 

for research and development (Rowe, Rawsthorne, Scarpella, & Dainty, 2010) as benefits 

of public engagement in regulation of science and technology. 

Despite growing demands for direct public involvement in regulation, and an abundance 

of opinion pieces on the importance of public engagement in science and technology, 

only a handful of studies have attempted empirical explorations of the role of public in 

regulatory affairs. Our understanding of the role of the public in regulation of science 

remains elementary, with fundamental questions remaining unanswered; who, if not the 

government and its regulatory agencies, should represent “the public”? What is the 

practical embodiment of the rhetoric of “public engagement in regulation”? What are the 
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expected end-products of such involvement? when deemed necessary, how can public 

engagement in regulation be encouraged, and supported? 

Gruen, Pearson, and Brennan draw a distinction between professional responsibility and 

aspirational goals, and suggest there need to be limits to the extent to public engagement 

(2004, p. 95). Historically, scientists have served the purpose of legitimizing policy 

decisions. “The appeal to science,” argues Bruce Smith (1992, p. 9), “has been the 

coinage of political legitimacy in the nation since we shed the theocracies of the colonial 

era.” A call for extended engagement of scientists in regulatory affairs is warranted; 

usually the first ones to discover and develop new materials and technologies, scientists 

are likely to have, through their intimate knowledge of the technologies, developed a 

sense for the opportunities and challenges that lie ahead. Thus, it stands to reason that 

scientists are uniquely positioned to serve as harbingers of the dangers – and the 

opportunities - associated with emerging technologies. 

Scientists are a special population within the larger context of “the public” and have a 

long history of involvement in the regulatory process. Beginning in the 1950s, U.S. 

government has actively sought the opinions and expertise of scientists via advisory 

councils (Von Hippel, 1991). While the exact number of scientific advisory committees is 

unknown, estimates place it around one thousand. However, being called to serve in an 

advisory capacity is often a matter of politics. Whether advisory committees advance the 

integrity of the regulatory process is an open question. Unsolicited engagement in 

regulation of scientists who hold no official advisory appointments or have not otherwise 

been asked to contribute their opinions has not been an active area of inquiry. 
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Role clarity 
Role clarity is an important prerequisite to stakeholder engagement. Currently at the 

University, the chemical hygiene staff is under the organizational umbrella of the 

Department of Environmental Health and Safety (DEHS). There has been talk about 

moving these staff either into the Colleges where research takes place or into the Office 

of Occupational Health and Safety (OHS) of the Academic Health Center. OHS was 

established in 2008 and placed under interim management. At the time of this writing, the 

University is conducting a national search for a permanent director after an earlier failed 

attempt. 

OHS receives strategic direction from the Occupational Health and Safety Steering 

Committee. DEHS has made a recommendation to the Steering Committee for the 

formation of an advisory committee on chemical and physical safety hazards associated 

with “out of the ordinary” materials where existing expertise may be limited and standard 

operating procedures (SOPs) may not exist. All in all, roles around occupational health 

and safety appear to be in a state of flux, with little clarity of leadership and direction. 

Engagement with other institutions 

Availability of funding has led to an explosion of nanoresearch at universities across the 

nation. Multiple participants observed that the occupational health efforts at the 

University of Minnesota may benefit from sharing institutional best practices with other 

research institutions. Two participants mentioned an online module developed by the 

University of Iowa to train its researchers on the hazards of nanoparticles and safety 

measures. Another participant shared with us a presentation on nanoresearch safety from 
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Stanford University, and offered to help us get in touch with the author. We were also 

advised to contact colleagues from University of Hong Kong where the institution has 

formalized its inventory efforts regarding research involving nanoparticles. In the 

absence of clear guidelines for the regulation of nanoresearch in university laboratories, it 

behooves universities to tap into their collective expertise; forums such as blue ribbon 

panels may help gather and evaluate best-practices from individual institutions and 

propose a regulatory structure that protects the academic workforce against the relatively 

little understood risks of novel materials and associated research. The creation and 

adoption of guidelines by academe may then, in turn, serve as a blueprint for federal 

guidelines and industry practices. 

Evidence-based oversight 
Regulatory oversight appears to help institutions prioritize which tasks - among many 

others with demands on limited resources - get attention. In the words of one participant 

“the stuff that gets regulated tends to get done.” As the same participant pointed out, 

given the presence of many chemical and physical hazards with negative implications for 

national security (e.g., via theft, bioterrorism) and for occupational health, novel 

technologies with hazards that are not yet apparent do not necessarily rise to the top of 

institutional priorities.  

Regulatory agencies offer little guidance for the occupational health risks of novel 

technologies and materials. The occupational health community is familiar with the 

hazards of incidental and natural nanoparticles (e.g., mold, fungal particles) and the 

means of reducing associated risks. However, there is very little mitigation guidance for 
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deliberately made NPs which represents a major gap in occupational health knowledge.  

In addition to a lack of governmental standards, there is no apparent consensus standard 

in the occupational health community. 

A word about “evidence” 

There appears to be a tendency toward a preference for quantitative data as evidence 

when exploring potential hazards and related risks. However, qualitative and particularly 

normative factors are just as important a part of the evidentiary basis for decision making. 

Take the case of childhood vaccines. While quantitative empirical data points to no 

correlation between MMRIs and the onset of autism, there is increasing reluctance among 

parents to have children vaccinated. This reluctance is not correlated with SES or parents‟ 

educational attainment. Should policy makers use scientific evidence as the sole basis for 

decision making, they may create policies of sound evidentiary basis that fail to gain 

acceptance from parents. 

Enabling oversight 

Reliable inventory  

The absence of a reliable inventory of who is doing what kind of nanoresearch is a 

serious impediment to the occupational health oversight of these novel technologies.  

Inventory analysis enables the identification of those who may be exposed to 

nanoparticles through their work; implement engineering and training controls to reduce 

exposures; and, determine how to remediate possible exposures. The benefits of 

understanding how PIs are using nanoparticles can be summarized as: 
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1. Discover scope of work for preventive occupational health interventions 

2. Prioritize the order of foreseen hazard and risk assessments 

3. Identify significant occupational exposure groups 

4. Determine tactics to remediate exposure 

5. Implement appropriate training and orientation activities 

Appropriate instrumentation  

The ability to assign quantitative values to risk levels requires the ability to: 

1. conduct ongoing surveillance of occupational exposures 

2. conduct ongoing surveillance of worker health 

3. relate exposure data to worker health status 

Surveillance and monitoring data are critical to regulatory oversight. In turn, the ability to 

conduct surveillance is dependent on the availability of instruments that can reliably 

detect and quantify potential hazards. In the case of nanoparticles, the paucity of 

equipment sensitive enough to monitor particles on this scale hampers oversight efforts. 

We recommend that federal funding agencies (e.g., NIH, NSF) encourage would-be 

awardees to include in nanoresearch proposals a request for funding for development of 

instrumentation relevant to the potential by-products of their research. 

Questions and further research 

While our research has shed some light on the regulation and oversight of novel materials 

and research on university campuses, it has also unveiled many more questions. For 

instance, we have encountered a level of reluctance among our researcher participants to 
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ask staff from centrally administered offices (e.g., DEHS, IRB) for consultative input. 

What are the root causes for this hesitation we have observed? Is the reluctance endemic 

among academic researchers in general? What institutional interventions are appropriate 

to move administrative bodies toward a collaborative, consultative role?  

As we have discussed, principal investigators have a critically important role to play in 

occupational health and safety. Our findings suggest varying attitudes among PIs toward 

their engagement in OHS. What are the sources of these attitudes? Is the “multiple 

cultures” phenomenon that our study has unveiled prevalent at other institutions? What is 

the role of prior socialization in the formation of PI attitudes toward OHS? 

We have discussed the tendency of regulatory affairs to lean toward risk avoidance. Yet, 

review of literature suggests the possibility for a model that combines risk avoidance with 

a more proactive, positive-leaning attitude of actively tapping into the potential benefits 

of new materials and technologies. What are the societal, legal, and other contextual 

factors that support what we might call a championship model of regulations? 

As more materials and technologies emerge from research laboratories, it is imperative 

that academic institutions and regulatory entities remain vigilant in their efforts to 

proactively monitor the possible risks of such advances. On one hand, the number of new 

questions that has emerged from our study is indicative of many unknowns. On the other 

hand, there are rich possibilities for research and collaboration between academic 

researchers and regulatory bodies united around the common goal of regulating the 

unknown.  
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Appendix A: Interview participant consent form 
 

Consent to Participate in Research 
 

You are being asked to participate in a research study.  

Before you agree, the investigator must tell you about (i) the purposes, procedures, and 

duration of the research; (ii) any procedures which are experimental; (iii) any reasonably 

foreseeable risks, discomforts, and benefits of the research; (iv) any potentially beneficial 

alternative procedures or treatments; and (v) how confidentiality will be maintained.  

Where applicable, the investigator must also tell you about (i) any available 

compensation or medical treatment if injury occurs; (ii) the possibility of unforeseeable 

risks; (iii) circumstances when the investigator may halt your participation; (iv) any 

added costs to you; (v) what happens if you decide to stop participating; (vi) when you 

will be told about new findings which may affect your willingness to participate; and (vii) 

how many people will be in the study.  

If you agree to participate, you must be given a signed copy of this document and a 

written summary of the research.  

You may contact Özlem H. Ersin at phone number (612) 626-5282 any time you have 

questions about the research.  

You may contact the University of Minnesota Institutional Review Board at phone 

number 612-626-1650 if you have questions about your rights as a research subject or 

what to do if you are injured.  

Your participation in this research is voluntary, and you will not be penalized or lose 

benefits if you refuse to participate or decide to stop.  

Signing this document means that the research study, including the above information, 

has been described to you orally, and that you voluntarily agree to participate.  

 

_____________________________ ____________  

Signature of participant date  
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Research Summary Information 

You are being asked to participate in a research study. This brief document summarizes 

the background for the research, and the research questions. A full version of the research 

proposal and the Institutional Review Board (IRB) application are available upon request. 

About the research 

Emerging and novel technologies push the boundaries of already challenged regulatory 

structures and frameworks. Questions regarding proper regulatory classification of new 

products, regulatory agency assignment, and post-market risk assessment for novel 

technologies with as-of-yet unknown applications do not necessarily benefit from 

regulatory venues and schemes created for their traditional, and established counterparts. 

The need for a new regulatory framework to accommodate novel technologies is 

especially pertinent for “oversight for laboratory research, human subjects research, 

manufacturing, marketed products, and disposal” (Paradise, Wolf, Kuzma et al. 2009, 

p.543). Due to their novel characteristics, nanotechnologies are a particularly challenging 

category of emerging technologies for risk assessment for regulatory purposes (Choi, 

Ramachandran, & Kandlikar, 2009; Tyshenko & Krewski, 2008). 

Purpose and benefits 

The goal of this proposed pilot study is to explore the challenges faced by academic 

institutions as they attempt to regulate laboratory research involving novel technologies 

and materials. Specifically, the focus will be on occupational health and safety.  
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Appendix B: Semi-structured interview guide 
 

1. Let‟s start with introductions. Please tell me your status as graduate student, faculty, 

or otherwise, and which institution you are affiliated with. 

 

2. You were asked to participate in this research for your involvement [with either the 

development or regulation of nanotechnologies]. Please remind me the nature of your 

involvement with nanoparticles. 

 

3. What is it that is known about the risks of these particles that you believe regulators 

may not be aware of? 

 

4. What is it that scientists should share with you in the development stages that would 

make mitigation of risks through regulation more efficient and effective? 

 

5.  [I will follow up on each “perspective”]. On perspective X, what are some structural 

interventions that may be helpful? 

 

6. On perspective X, what are some educational interventions (e.g., during the training 

of scientists) that may be helpful? 

 

7. Before nanomaterials and nanotechnologies become commercially available, and, 

therefore, go regulatory review by FDA, researchers, laboratory technicians, and 

graduate students are potentially exposed to these materials in the course of research 

and development efforts. What are current safety measures that your institution has 

undertaken to ensure occupational safety? 

 

8. What areas of occupational safety are hard to implement within a laboratory safety 

framework? 

 

9. What are the challenges in ensuring laboratory safety for those working with novel 

nanoparticles? 
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Appendix C: Summary of interview participants 
 

Participant 
 
 

Organizational unit 
 
 

Position category 
 
 

Interest in 
occupational health 

and safety 
 

1 Department of Environmental Health 
and Safety (DEHS) 

Administrator Staff responsibility 

2 Department of Environmental Health 
and Safety (DEHS) 

Administrator; 
faculty 

Staff responsibility; 
researcher 

3 Occupational Health and Safety (OHS) Administrator Staff responsibility 

4 College of Science and Engineering 
(CSE) 

Faculty Researcher / PI 

5 School of Public Health (SPH) Faculty Researcher / PI 

6 School of Public Health (SPH) Faculty Researcher / PI 

7 College of Pharmacy (CoP) Administrator Staff responsibility 

8 Institutional Review Board (IRB) Administrator Staff responsibility 

9 Institutional Review Board (IRB) Administrator Staff responsibility 

10 School of Public Health (SPH) Faculty Researcher / PI 

11 College of Pharmacy (CoP) Faculty Researcher / PI; 
administrator 
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Appendix D: Sample interview notes 
 

Date: 1/12/11 

Interviewer(s): O. Ersin; A. Baysal 

Participant: Administrator, Department of Environmental Health and Safety (DEHS) 

Notes:  

 May want to talk to Ross Janssen, Privacy and Security Officer, Occupational 

Health and Safety; Betty Kupskay, Biosafety Officer; Mike Austin, DEHS; Paul 

Allwood, DEHS; Institutional Biosafety Committee (IBC); Moira Keane, 

Executive Director, Human Research Protection Program, Office of the Vice 

President for Research 

 Was part of task force on nanotechnology safety 

 DEHS has chemical hygiene staff; Office of Occupational Health and Safety (3 

year old office) is awaiting a director appointment; reports to Academic Health 

Center (AHC) 

 Authored report to Minnesota legislature on state of nanotechnology along with 

Steve Campbell, Gurumurthy Ramachandran, both of University of Minnesota; 

Mike Austin, DEHS, drafted the tactics 

 Previous report to University leadership; “not aggressive with implementation” 

 Recommendations relied on U-wide chemical hygiene as a baseline 

 Each department is required to develop hazardous material standards and a lab 

safety plan 

 Where none exists, follow NRC‟s Prudent Practices in the Laboratory 

 Next steps: 

o Discover scope of work (how PIs are using nanoparticles - NPs) 

o Prioritize hazards and risk assessment (based on inventory analysis) 

o Significant exposure groups (Ramachandran‟s suggestions) 

o Tactics to remediate exposure 

 Engineering controls 

 Particles used and generated 

o Training and orientation 

 Iowa State has a model for nanotech safety (online) 

 There are gaps in knowledge regarding hazards of deliberately made NPs 

 No health standards for NPs like other workplace contaminants 
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 Hazards may be similar to the biological area (mold, fungal particles) 

 No consensus or government standard – all relative; no absolute standard 

 DEHS staff moves 

o Biosafety and radiation stays in DEHS 

o Chemical hygiene will be located in colleges and will collaborate with 

DEHS 

 Advisory committee on chemical and physical hazards was recommended to 

Occupational Health and Safety Steering Committee (recommendation has not 

been implemented) 

 Advisory committee would have looked into practices where standard operating 

procedures not adequate (e.g., organic mercury, very explosive compounds) and 

would have included NPs 

 Similar lack of standards in mid-1980s – microelectronics labs (MECS), toxic 

gases, the use was limited 

 Versus with NPs the use is wide and varied – “need more tools in the toolbox” 

 When actively generating particles, work exclusively in the fume hood or provide 

ventilation  engineering controls, plus respiratory ventilation 

 Model proposed in American Industrial Hygiene Synergist newsletter based on 

control banding and physical measurement 

 In response to “what other questions would you have asked in this interview?” 

o “how do you know what the researchers have?”- and the response was not 

knowing who is doing nanoresearch is an issue  

 Unlike other research, animal research has a “fine filter” (as part of 

grant requirements); can use IACUC documents to identify initial 

list of NP researchers at the University 

 Process depends on PI knowledge 

o “what tools should the departments buy to mitigate risks?” – and the 

response was biosafety cabinet and chemical fume hood as safety 

equipment 

o “what are you going to do about this issue?” – a work plan is required 

 NPs are outside “the normal chemical realm” 

 “the stuff that gets regulated tends to get done” 
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Appendix E: Sample debriefing notes 
 

Date: 1/12/11 

Debriefing: Interview with [name withheld for anonyminity] on 1/12/11 

O. Ersin; A. Baysal 

Are regulations necessary precondition to ensure lab safety of NPs? 

 If it is, what would trigger policy making / change? 

Who does DEHS report to? 

Does European Precautionary Principle get applied to pre-commercialized products (or 

research safety?) 

Ask Debb Grove about going rate for research help. How do I initiate payment? 
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Appendix F: Sample field notes 

Date: 2/2/11 

Event: New technologies and old statutes: Challenges for the 21
st
 century food and 

medical product regulation, Dr. Alta Charo, Deinard Memorial Lecture on Law and 

Medicine 

“a fish is not a drug” questioning FDA engagement in salmon question 

Drug animal human food chain 

National Environmental Policy Act (NEPA) triggers environmental review  economic 

and social dislocations 

Public perception 

 regulations do not cover new needs 

 not adequate 

“some emerging technologies some do not consider so emerging anymore” 

Nanotech  ordinary materials shrunk in size 

Emerging versus mature technologies 

 rapidly changing research base (e.g., stem cells) 

 exponential growth in research papers 

 range of applications is huge 

nanodrug delivery to circumvent systemic effects 

uncertain scope of risk 

 what happens to NPs washed from socks? 

 Do we care? Should we? 

Unknown applications 

 Range of hazards  calculate risks 

 Remediation steps unknown 
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 Human factor – labor market, occupational health and safety 

Manufacturing  application  hazard risk  remediation 

 Cultural perceptions 

Old statutes were designed on different model  

 domestic rather than global 

Manufacturing, supply lines 

 Coming from different cultures and regulatory environments 

o Ability to trace components 

o Cross contamination through production lines 

“I am not going to shut down until you prove to me that it‟s my problem” 

 Assumed separate products (e.g., nutraceuticals – “products neither beast nor 

fowl”) 

o Not only the new product not separate, nor is the surrounding process 

o Combination product  combination process (personalized medicine) 

o Drug  + laboratory  separate regulatory process 

o Enforcement discretion 

o No requirement to demonstrate that diagnostic test is analytically valid, 

clinically effective 

 Assumed one market 

o New reality of personalized medicine  segmented market with attractive 

RIO 

 Assumes certain institutional practices 

o Risk categories with hospital context in mind, human factor 

o Now  homecare with family members and semi-professionals 

o Current regulations based on intended use, not context 

New model  nimble, not command-and-control 

Nanosalts (?) 

Regulation writing process too long; guidances hard to issue due to OMB rules; not 

binding 

Regulatory science  targeted investment 
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NIH does not fund research with regulatory application 

Focus on those things with the greatest public health impact 

 Numbers 

 Magnitude of impact (e.g., vulnerable populations) 

 Cultural 

Soft regulation (Susan Wolf) – collaboration between industry, government, nations 

Hone in on gaps / best practices so industry knows where to expect to run into issues 

Drugs used to be used for a short amount of time, one at a time 

Move from preclinical studies to post market surveillance 

DISCUSSANTS 

Pamela Crop, General Counsel, St. Jude Medical (Fortune 500) 

50% of revenue from abroad 

Neuromodulation 

Not emerging but evolving technologies 

3 years in discussions with FDA (while it got approved in Japan) 

FDA is not the issue 

 political environment is. It is easier to turn down a product than to approve it. 

 Has moved from risk averse to risk intolerant 

 Too much turnover, lost expertise 

The Sentinel Initiative (?) 

Shaun Kennedy, National Center for Food Protection and Defense (NCFPD) 

Changes in regulatory system – Food Safety Modernization Act 

Hazard identification – “foreseeable hazards” 

 “what does it mean for industry?” 
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 Whose responsibility is it to provide a framework? 

Hazard analysis framework not yet published by FDA, yet industry is already required to 

do it. 

Not prescriptive, need for translation 

New requirement for lab certification – process not yet detailed 

Tariffs 

Security classification 

Security considerations for dual-use drugs/foods 

Regulatory science master‟s program – Ohio State / UMN 

GENERAL DISCUSSION 

Role for states to get involved. NY is requiring certification of lab diagnostic tests, plus 

consumer agencies who follow consumer preferences (regardless of the science) 

Genetically modified salmon 20 years in the works, not yet approved 

We don‟t have the fine-grained, nuanced regulations and we are not using the ones that 

we do have. 

Nanofood – currently either do not go to market unless with food petition (very long 

delays) or it goes to market and no idea what is on the market 

We need a middle ground – go to market but with a post market surveillance plan 

Product liability litigation – personalized medicine  increased efficacy and avoidance 

of risk 

Personal genotype vs statistical power – how to strike a balance? 

How do you police effective personal medicine from going off-label? 

Diet pills – risks to people who are 10-lbs overweight outweigh benefits to the obese 

Off-label use / intended use / predicted use 
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Cost may prohibit off-label use 

Not much collaboration with Europe 

EU has harmonized so it is not impossible 

FDA ICH – committee on harmonization 

Too many inspection points even though we may have different values 

Global Food Safety Collaboration, UK. 
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Appendix G: Sample public presentation of research 
 

Slide 1 

 

Regulating the unknown:

Pre-market oversight of 

nanopharmaceuticals

Özlem H. Ersin

Social and Administrative Pharmacy

College of Pharmacy, University of Minnesota

Nov. 10, 2011

 

 

Slide 2 

 

What is Social and Administrative 

Pharmacy?
• Initial focus on 

“pharmacoeconomics”

• Then “practice 

improvement”, “comparative 

effectiveness” and 

“outcomes research”

• Increasing emphasis now on 

“the patient” and his/her 

“medication experience”

Sorensen, Mount, & Christensen (2003). The concept of social pharmacy. The Chronic Ill, 7(Summer):8-11. 
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Slide 3 

 

Nanopharmaceuticals

http://www.prweb.com/releases/2011/6/prweb8590302.htm

 

 

 

Slide 4 

 

The Potential

• Nanospheres through hepatic artery to block 

blood supply to cancer cells

• “VeriChips”: under-the–skin 

tags for medical information

• In vivo imaging of metastatic tumor cells

Dobson (2006). Nanomedicine. 1(1): 31-37.

Kosta & Bowman (2010), Law & Policy, 33(2): 256-275.

Gonda et al (2010). J Bio Chem. 285: 2750-2757.

Image from NIST

 

 

Slide 5 
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Novel Biotechnologies

• Introduce potential benefits and hazards

• Society imposes rules and regulations

Gilbert, SF (2000). Developmental Biology. 6th edition.

 

 

Slide 6 

 

Ideally…

Reap benefits

AND

minimize

(perceived / real)  

harm

Image from http://blogs.venturacountystar.com/greenberg/archives/2007/07/gmo_animals.html

 

 

 

Slide 7 

 



121 

 

 

What is Nano?

Atoms

Molecules / Compounds

Nanoparticles

Bulk materials

Increasing size

Size:

< 100 nm

~ 3 atoms

 

 

Slide 8 

 

Nanoparticles

Natural

Anthropogenic

Incidental Engineered

Forest fires
Volcanoes

Ocean spray
Viruses

Macromolecules

Cooking
Traffic smog

Sunscreen
Paint

Antimicrobial socks
Drug delivery 

systems
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Slide 9 

 

Control over Shape

Image courtesy of Devarakonda, V. (2011). Personal Communication. 

Engineered Hematite Nanoparticles

iron(III) oxide (Fe2O3)

 

 

Slide 10 

 

How to Classify Nanoparticles?

• Size

– “< 100 nm”

• “Emerging properties”

– Surface charge

– Surface area : volume ratio

– Shape
• Quantum wells; quantum wires; quantum dots

• Nanotubes
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Slide 11 

 

Porosity

• Hemolysis as indicative of 

toxicity

• Variable impact by pore 

structure 

• “Pore stability” correlates 

with hemolytic activity

Lin & Haynes (2010). J Am Chem Soc.

 

 

Slide 12 

 

http://www.nanosafe.org/home/liblocal/docs/Oral%20presentations/PL1_Aitken.pdf

Particles to Nanopharmaceuticals
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Slide 13 

 

Methodology

Field observations
- Laboratory visits

- Professional meetings

Document analyses
- Institutional documents

- Expert reports

Interviews
-Faculty 

- Staff

GOAL: Theory development 

(not generalizability)

Grounded Theory Research

 

 

Slide 14 

 

Identifying Institutional Experts

• State legislative request for information

• University identified respondents

– Faculty

• Public health, engineering, natural sciences

– Staff

• Department of Environmental Health and Safety 

(DEHS)
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Slide 15 

 

Why Focus on Academic R&D?

• R&D is the earliest phase of product 

lifecycle

• R&D workers are early sentinels

• Academic institutions = industry?

 

 

Slide 16 

 

Oversight of Nanoresearch

• Current state of oversight

• Moving to an ideal state of oversight?
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Slide 17 

 

Current State

1. Nature of academic nano-

2. Beliefs about nano-

3. Attitudes toward nano-

 

 

Slide 18 

 

1. Academic Nano-

• Highly diverse workforce

– Age; experience with task; literacy; attitudes

• Oversight attention based on triggers

– Human subjects (IRB)… Laboratory animals (IACUC)… 

Bioagents (IBC)… And workers?

• Student workforce particularly vulnerable group

– Low training; low on power hierarchy
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Slide 19 

 

2. Beliefs about Nano-

1. What is safe?

– In liquid solution

– In “experimental doses”

– Unless inhaled

– “Known chemicals”

2. “Standard precautions are effective”

3. “OSHA will tell us what to focus on”

 

 

Slide 20 

 

3. Attitudes toward Nano-

1. Biased risk perception

“Risk lies with novelty; there is nothing novel 

about titanium dioxide”

2. Power of magical thinking

“I am a researcher, not a worker” 

3. Occupational health: hindrance or inconvenience

“I won’t do it unless I am told to”
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Slide 21 

 

Implications

Institutional

Pharmaceutical

Epidemiological

 

 

Slide 22 

 

Institutional Implications

• Necessity of academic research inventory

– “Who’s got nano?”

• Make-up of research review panels

– Peer Review versus Expert Review?

• Campaign to change hearts and minds
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Slide 23 

 

Epidemiological Implications

• Sub-specialization fragments population

• Longitudinal follow-up problematic

• Logistics of baseline, medical surveillance

 

 

Slide 24 

 

Pharmaceutical Implications

• Occupational health of pharmaceutical 

workers, compounding pharmacists

• Patenting product or engineering process?

• Framework for post-market surveillance

 

 

  



130 

 

 

Slide 25 

 

 

 

Slide 26 

 

Contact information

Özlem H. Ersin

ersin001@umn.edu

Social and Administrative Pharmacy

College of Pharmacy, University of Minnesota

www.pharmacy.umn.edu/pchs/saph
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Appendix H: Animal Care and Use Protocol (ACUP) 
 

Appendix G 

                    Health and Safety 
 

NOTE: Complying with the guidelines and expectations of DEHS and/or OHS to ensure 

appropriate safety procedures is a condition of IACUC approval to conduct activities 

associated with potentially hazardous agents listed in Appendix G.  Representatives from 

DEHS and OHS review all IACUC submissions and may contact you for further 

information or guidance about your lab safety training, agent specific SOPs or other 

health and safety issues related to the conduct of activities in this protocol.  DEHS, OHS 

and/or IBC will determine if hazardous agent administration in animals requires 

notification to RAR (or other animal care staff if animals are not housed in RAR). Such 

notification would be needed a minimum of two weeks in advance of administering a 

hazardous agent to an animal. Information about the agent and exposure control 

procedures must be provided to the animal facility staff and safety-training offered as 

needed.  To request information on appropriate safety procedures on any of the sections 

below call DEHS at 612-626-6002, or visit the web at http://www.dehs.umn.edu .  For 

occupational health questions, call OHS at 612-626-5008, or visit the web at 

http://www.ohs.umn.edu . 

 

1. LABORATORY SAFETY PLAN AND ANNUAL SAFETY TRAINING - Please 

verify that the following requirements are in effect:   

 

Your laboratory personnel must have read and have access to your department's 

current (updated within the last calendar year) Laboratory Safety Plan.  The 

departmental Laboratory Safety Plan can be obtained from your Research Safety 

Officer (RSO).  Information and templates are available from DEHS (612-626-6002) 

or on the web at http://www.dehs.umn.edu/ressafety_rsp.htm.  All laboratory workers 

(including PI) listed on this protocol must have completed their annual update 

laboratory specific safety training.   

 Yes, this laboratory has a current laboratory safety plan and personnel are 

current on lab safety training requirements. 
 

Note: To self-report training in PeopleSoft, log onto http://hrss.umn.edu/, click on Training 

Registration/History in the right hand column of the gray shaded box, click on Personal 

Training Record in the right hand side of the page under "Track your Training History", scroll 

down to bottom and click on "Report completed training... ", and follow the instructions.   

 

http://www.dehs.umn.edu/
http://www.ohs.umn.edu/
http://www.dehs.umn.edu/PDFs/Training.pdf
http://www.dehs.umn.edu/ressafety_rsp.htm
http://hrss.umn.edu/
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2.  ANESTHETIC GASES – Please verify that all halogenated anesthetic gas use is in 

accordance with DEHS Policy:  http://www.dehs.umn.edu/PDFs/AnestheticGases.pdf .  A 

training module on the safe use of anesthetic gases is available at: 

http://www.dehs.umn.edu/PDFs/WAG%20training.pdf. All personnel that use anesthetic 

gases must receive training and a record of the training must be available or 

accessible in your laboratory.    

Anesthetic gas(es) 

Room where used  

(Bldg, Room number) Delivery Method(s) 

Scavenging 

Method(s) 

                       
If other, describe:       

           
If other, describe: 

      

 

 Yes, this laboratory has verified that all anesthetic gas use complies with 

DEHS policy and all relevant personnel have been trained on the safe use of 

anesthetic gases. 

3. CHEMICALS – List all chemicals, drugs, nanoparticles, etc. that may cause adverse 

human health effects due to exposure during research, including those that could cause 

treated animals or their   excrement to be hazardous.  Types of chemicals that should be 

listed include: agents that require specific prophylactic measures, specific pre-placement 

or surveillance measures, have specific contraindications such as pregnancy or 

immunosuppression, have potential for significant human health effects, or that require 

specific work practices, engineering controls or personal protective equipment to prevent 

human health effects. Contact DEHS, 612-626-6002, dehs@umn.edu, if you have 

questions regarding what to include. 

 

Chemical 
 

Room where 

used  (Bldg, 

Room number) 

Dose Regimen 

(dose, frequency of 

dosing, total 

number of doses) 

Is a 

fume 

hood 

used? 

Special handling of 

carcass/cage/ bedding 

needed? Describe.   

                                   

                                   

                                   

                                   

                                   

 

NOTE: When normal laboratory practices, consistent with your department‟s lab safety 

plan, are insufficient to protect personnel from potential health effects of exposure to high 

hazard agents, you may be notified by DEHS or OHS to submit agent specific SOP(s) for 

review.  Information describing the classes of high hazard chemicals and materials that 

might require an SOP may be found at 

www.dehs.umn.edu/Docs/High_Hazard_Chemicals_and_Materials.doc . 

 

  

http://www.dehs.umn.edu/PDFs/AnestheticGases.pdf
http://www.dehs.umn.edu/PDFs/WAG%20training.pdf
http://www.dehs.umn.edu/Docs/High_Hazard_Chemicals_and_Materials.doc
http://www.dehs.umn.edu/Docs/High_Hazard_Chemicals_and_Materials.doc
http://www.dehs.umn.edu/Docs/AppI%20SOP%20Template.doc
http://www.dehs.umn.edu/Docs/High_Hazard_Chemicals_and_Materials.doc
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3a. HAZARDOUS WASTE - Any hazardous wastes generated by your research 

activities will require special handling and disposal.  All University personal that 

generate hazardous wastes must complete annual Hazardous Waste training. 

 Yes, this Laboratory has verified that all personnel are current on Hazardous 

Waste training requirements. 

 

 No, this protocol will not generate hazardous wastes. 

 

4. RADIATION - Contact Radiation Protection (612-626-6764) for radiation protection 

forms or assistance, or visit the web at http://www.dehs.umn.edu/rad.htm  

 

Where will the radiation be used (building and room no.)?       

Is this an RAR facility?            

Name of approved radioisotope permit holder or source owner:       

Duration of permit:       

 

Radioisotope or 

radiation source 

Route of 

Administration 

Dosage 

(activity) 

Route of excretion (Is 

bedding/cage 

radioactive?) 

Is the carcass 

radioactive? 

                                   
                                   
                                   

 

Describe safety procedures for animal care staff handling animals/cages/bedding:  

 

5.  HUMAN blood, body fluids, normal or neoplastic tissue (including human cell 

lines): 

Will human tissue, human cells, blood or body fluid be used in your research?  Note:  

Universal Precautions must be followed when handling human blood, body fluids, or 

tissues. 

 

No   Yes - Type:           
  

  Yes - Yes, this laboratory has verified that all relevant personnel have 

completed 

 

Bloodborne pathogen training and immunizations. 

 

************************************************************************

********* 

NOTE: Use of any of the items identified in sections (6-8) requires an application to, 

and approval from, the Institutional Biosafety Committee (IBC) prior to IACUC 

      

 

http://www.dehs.umn.edu/training.htm#hw
http://www.dehs.umn.edu/rad.htm
http://www.dehs.umn.edu/bio_pracprin_blood_bpt.htm
http://www.research.umn.edu/ibc/
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approval.  If you are unsure or have questions, please contact the IBC at 612-626-

5654. 

 

6.  INFECTIOUS AGENTS (including bacteria, viruses, parasites, prions). 
 

Name of agent Biosafety Level Animal Species 

Route of 

Administration 

Where will the agent be 

used (Bldg, Room #)? 

                              

                              

                              

 

IBC Code # and Project Title for Infectious Agents.  If you have already submitted an 

application to the IBC, provide the title and IBC Code # for the activities described in this ACUP.  

 

7. BIOLOGICALLY-DERIVED TOXINS (derived from plants, bacteria, fungi, 

etc.)   
   

Name of toxin 

Where will the toxin be used 

(Bldg, Room #)? 

Animal Species 

Inoculated /Used 

Route of 

Administrati

on 

                        

                        

                        

 

IBC Code # and Project Title for toxins.   If you have already submitted an application to 

the IBC, provide the title and IBC Code # for the activities described in this ACUP. 

 

8.  RECOMBINANT DNA:       Yes   No 

 

IBC Code # and Project Title for rDNA.   If you have already submitted an application to 

the IBC, provide the title and IBC Code # for the activities described in this ACUP. 

 

         

 

         

 

         


