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Preface

When I began this project in 2005, regulatory agencies in the United States offered
only a limited amount of information as to how nanotechnology and nanomaterials
would be regulated under environmental laws. Thus, at that time, it made sense to
look at biotechnology as a model for how this other new and emerging technology
would likely be regulated. But now, in 2013, a number of different regulatory
agencies have issued policy papers or guidance documents outlining their
regulatory stance toward nanotechnology. Nonetheless, the policy positions of
these agencies still need to be fully developed. Therefore, biotechnology—due to
its longer regulatory history—continues to provide a good comparison for those
seeking to understand the current and potentially future regulation of
nanotechnology. Moreover, the controversies that have surrounded certain uses of
biotechnology, such as genetically modified foods, offer insight into the pitfalls that
can challenge a new technology in terms of rapidly shifting—and potentially
severely negative—public opinion and the ramifications for regulatory action.

This book covers a diverse number of laws that affect a wide-ranging set of
industries and that are administered by a variety of agencies. It can be correctly
pointed out that the topics discussed are worthy of books themselves. And there
are, in fact, books solely covering most of the topics discussed in this book,
including, but not limited to, risk analysis, regulation of foods, regulation of drugs,
regulation of medical devices, and laws dealing with chemicals. However, this
volume is intended to offer the reader a uniquely comprehensive view of the overall
scheme of environmental, health, and safety laws as they apply to both
biotechnology and nanotechnology. From a practitioner’s perspective, there are
many sections of the book that detail the specific steps that must be taken in order
to obtain approval for a product, while offering insight into the perspective that the
applicable regulatory agency or agencies may adopt. In addition, and likely of
interest to academics, the book discusses not only the regulations themselves, but
also the historical context in which they were created, and offers an understanding
of the political dynamics and economic realities that inevitably shape the laws that
are developed.

While research and writing is a lonely exercise, many of my friends provided
encouragement during the long process. If I were to list each person, I fear I would
miss someone. Thus, I can only say, you know who you are. However, there are a
number of people who directly assisted me with this project, and I am deeply
grateful for all their efforts. With respect to my original manuscript published by
Oxford University Press, I would like to thank Hetal Dhagat, Dawn Munson,
Deborah Low, Mandy Lundstrom, Jonathan Barron, Phil Seliger, and Nicole
Behesnilian for their research and editing assistance. Barbara Tanzer was most
helpful in finding journal articles and other secondary sources. I am especially
grateful to Rebecca Halford Harris, Roger Pitt, Paul Stimers, Eric Stone, Suzan
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Onel, and Eric Kaminskas for their review of various sections of the original
manuscript and their extremely helpful comments. I’m also thankful to the support
that I received from my firm, K&L Gates; LLP, which allowed me the resources
and time to complete this project, and especially to Woody Collins and Bill Hyatt. I
have special gratitude for Jean Reyes, who reviewed numerous rough drafts and
provided insightful comments for original manuscript as well as for the 2013
updates. Eugenia Frenzel receives my heartfelt thanks for all her tireless assistance
with research and editing for both the original manuscript and the 2013 updates.

Naturally, the project would not have gotten off the ground were it not for the folks
at Oxford University Press. I would also like to thank Matt Gallaway who
encouraged me to continue updating this book for Lexis.

Instrumental in almost every step of the process was my mentor and colleague Don
Stever, who was generous with his time in providing numerous insightful
suggestions on the original manuscript as well as the 2013 updates.

Finally, I would like to thank my parents Karikutla R. Naidu and Elizabeth Naidu
for their love of learning and teaching, which they instilled in me. And certainly the
most important person in this entire process is my wife Andrea J. Stein, without
whose unfailing love, support, and encouragement I could not have completed the
original manuscript or subsequent update. I dedicate this work to her and our boys,
Ravi and Kieran
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Chapter 1

INTRODUCTION TO
REGULATION OF
BIOTECHNOLOGY AND
NANOTECHNOLOGY

Synopsis
§ 1.01 Introduction

§ 1.01 Introduction

The twenty-first century may be shaped in significant measure by the
development of two different technologies: biotechnology and nanotechnol-
ogy. A broad range of industries and products are impacted by both of these
technologies, including medicine, medical devices, food and food additives,
pesticides, cosmetics, other consumer products, chemicals, and many others.
When it comes to the law, the fundamental question that each technology
presents is the same: are the environmental, health, and safety laws that were
formulated mainly during the latter half of the twentieth century both
adequate to protect us from the risks associated with these technologies and
permissive enough to allow us to obtain the benefits these technologies have
to offer?

Because research into, and manufacture of, products using genetic
modification began nearly two decades before nanomaterials reached the
marketplace, regulators and stakeholders in biotechnology have had almost
two additional decades to wrestle with the critical question of how to balance
these competing interests while also developing a regulatory structure that is
neither too permissive nor too restrictive. Nonetheless, as will be evident in
subsequent chapters, regulators are still struggling with these issues in the
biotechnology field. As technology advances, and new products that were
previously only theoretical possibilities become reality, agencies must stake

1



§ 1.01 Biotechnology & Nanotechnology 2

out policy positions in previously uncharted territory—and modify the
regulatory structure accordingly.

As for those working in the field of nanotechnology, they too must now
also confront the issue of whether the laws enacted decades ago are adequate
and appropriate to regulate products that not only did not exist at the time of
their enactment, but were unlikely to have even been contemplated. To their
benefit, however, these people have the biotechnology experience from
which to learn. That is, they can see how the regulations have shifted and
changed in the face of new products made possible due to biotechnology
advances as well as public concern about the risks of these new technologies.

To address this fundamental legal question, this book provides a review of
the major laws and regulations that govern biotechnology and nanotechnol-
ogy in certain key fields. These include a number of key environmental
health and safety laws, as well as other laws that do not traditionally fall
under the rubric of “environmental laws,” such as the Food, Drug, and
Cosmetic Act. Each of these laws has spawned a complex and detailed
regulatory program administered by a number of different agencies. Any
attempt to explain such a complex set of laws and regulations—especially
one concerning a subject matter as technical as that addressed in this
book—requires a degree of simplification. As a result, it is presumed that the
reader, if he or she is interested, will in conjunction with reading this book
also review as appropriate the relevant statute, Code of Federal Regulations,
or agency policy position paper.

Another important point concerning the law goveming these technologies
relates to the use of guidance documents, agency policy statements, and even
draft guidance documents in this book to outline an agency’s position. These
types of documents are not necessarily predictive of agency behavior, even
though many agencies use them as “firm” policy, because it has been well
settled that an agency is not bound by such statements. These documents
merely serve as an agency’s current interpretations of applicable statutes or
regulations. An agency is free to choose different standards, procedures, or
policies provided they meet the applicable statute and regulations. Yet
despite the limitations of such documents, in those instances in which the
agency has not released final rules or regulations but has, in fact, issued
guidance documents or interpretative statements that specifically address the
applicability of the underlying statute to biotechnology or nanotechnology,
those guidance documents and interpretive statements are discussed. The
reader is cautioned to remember the limitations of such documents.

The organization of the book reflects the view that, before reviewing the
statutes and regulations applicable to these technologies, it is necessary to
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examine certain background issues. As detailed below, Chapters 2 through 4
lay out the groundwork for the chapters that follow—offering historical
background and discussion of the theoretical underpinnings of the regulatory
structure with respect to biotechnology and nanotechnology. Chapters 5
through 10 focus on specific industry sectors and the particular issues that
arise in the regulation of each. This is not to suggest that statutes in one
section are applicable only to that section. For example, the Occupational
Safety and Health Act applies to a vast number of industries, and is not
simply limited to the chemical manufacturing industry.

Chapter 2 offers a starting point for the discussion and provides those not
familiar with the historical development of biotechnology or nanotechnol-
ogy with some basic information, including some nontechnical definitions
for specific nanomaterials referenced in other chapters. Additionally, it will
offer examples of how these technologies are currently being used.

Chapter 3 offers a survey of the various factors (e.g., health and
environmental risks, economic and ethical considerations, and public
opinion) that have influenced discussions of biotechnology and nanotech-
nology. The risks discussed in this chapter serve as the basis for the way
biotechnology and nanotechnology are currently regulated. The biotechnol-
ogy discussion in this chapter focuses in particular on agricultural biotech-
nology because it is that area (as opposed, e.g., to medicines or medical
devices) that has generated the most significant controversy. The risks
described in this chapter are divided into human health risks and environ-
mental risks. In examining human health risks, the chapter focuses on two
elements: toxicity (e.g., food allergens) and exposure (e.g., bioaccumulation
and persistence in the environment and pathways into the human body). As
to environmental issues, Chapter 3 examines the potential adverse conse-
quences (e.g., impacts to microbial and aquatic communities) associated
with products made from these technologies if they are released into the
environment. The chapter will then focus on other factors that influence how
a product is regulated—namely, the economic and societal impacts of the
product, any uncertainty associated with what is known about the product,
and public perceptions. Finally, the chapter will provide a brief discussion of
an alternative mechanism for regulation: the application of a stringent
version of the precautionary principle.

Chapter 4 provides a discussion on the evolution of the regulatory
structure governing biotechnology and the current regulations governing
nanotechnology. Because of the longer historical time line for biotechnol-
ogy, it is possible to examine the early efforts at regulation in the late 1970s
and compare them with the later regulatory structure imposed in the



