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Abstract

This dissertation is a sociological examination of the emergence of genetic/genomic

disciplinarity in the environmental health sciences, 1950-2000. Drawing on data

from in-depth interviews and ethnographic fieldwork, I trace the development,

diffusion, and translation of genetic/genomic tools, work objects, experimental

Systems, conceptual frameworks, and applications in human environmental health

research. My findings include the following: (1) Molecular epidemiology,

environmental genomics, and toxicogenomics are emerging at intersections of

multiple social worlds in the arena of environmental health in the United States.

These intersections both shape and are shaped by extant knowledge relations,

institutional structures, market concerns, and political tensions in the arena; (2) New

tools, such as the polymerase chain reaction, high throughput sequencing machines,

molecular biomarkers, and cDNA microarrays, are being adapted by environmental

health scientists as “the right tools for the jobs” of environmental health research.

Such tools, in turn, enable the construction of new work objects for studying the

human body at the molecular level. Through processes of co-construction, these new

tools and work objects enable transformations of the research agendas, work

practices, and organization of the environmental health sciences; (3) The translation

of molecular epidemiology, environmental genomics, toxicogenomics, and the

knowledge which they produce is itself a condition of their emergence. Scientist

entrepreneurs are endeavoring to translate molecular epidemiology, environmental

genomics, and toxicogenomics for applications in biomedicine, public health,

environmental health risk assessment, and regulation. Translation occurs at “staged
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intersections” and through technologically mediated processes of incorporation and

standardization; (4) Taken together, the translations of molecular epidemiology,

environmental genomics, and toxicogenomics greatly extend the focus of the

environmental health Sciences from the external, ambient environment - that is, air,

water, and soil and the ways in which they are contaminated - to the internal,

molecular environment—the human body its genetic variations. As such, they bring

the environmental health sciences within the molecular regime of truth of the

contemporary life Sciences and may instantiate new forms of biosociality and risk

politics in the arena of environmental health.
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Chapter 1

At the Intersections of Genetics/Genomics and Environmental Health

This dissertation is a study of the emergence of genetic/genomic concepts, tools,

work objects, practices and disciplines in the environmental health sciences. It traces the

emergence of genetic/genomic concerns and practices from the middle of the twentieth

century through the first years of the twenty-first, though it focuses most intensely on the

period 1970-2000. During this period, three hybrid scientific practices, each of which

takes some aspect(s) of the relationship(s) between human genetics/genomics and the

environment as its subject of inquiry, emerged as the “Big News” (Park 1952) in the

environmental health Sciences: molecular epidemiology, environmental genomics, and

toxicogenomics. This dissertation examines how each of these practices emerged, in

what kinds of relationships, and with what consequences for the environmental health

sciences, their markets and audiences, and the broader arena of environmental health in

the United States.

My analysis of the emergence trajectories of molecular epidemiology,

environmental genomics, and toxicogenomics concerns, in part, what has been described

as one of the distinctive “events” in molecular biology in recent decades: “the rapid

transformation of concepts into objects into technologies into experimental systems into

concepts and all the permutations thereof.” (Rabinow 1999: 35). As such, one focus of

this dissertation is on the processes through which genetic/genomic concepts, tools, work

objects and experimental systems materialize, concretize, and organize resources for new

knowledge relations. It then examines the relationships among these rapid formations

and transformations to disciplinarity, that is, “the means by which ensembles of diverse



parts are brought into particular types of knowledge relations with each other” (Messer

Davidow, Shumway, and Sylvan 1993:3)

In seeking to describe how a signal event of molecular biology has come to and

unfolded within the environmental health sciences, this dissertation is fundamentally a

study of intersections among lines of inquiry and social worlds in the arena of

environmental health in the United States. In particular, I address the ways in which

concepts, objects, and tools both construct and are constructed by intersections among the

social worlds of practitioners of molecular biology, genetics, genomics, epidemiology

and toxicology. If tools and objects are reified, material representations and

manifestations of theories and concepts (Latour and Woolgar, 1979: 278) then the

emergence of hybrid tools, objects and experimental systems, material combinations of

the ideas and concepts of two social worlds (e.g., the “environmental genome”), must be

understood as an intersectional achievement. Therefore, in this analysis of disciplinarity,

questions regarding how such intersections are accomplished and with what

consequences for relations of knowledge in the environmental health sciences are

explored at length.

My project also explores intersections between “the old” and “the new.” Many of

the concepts, tools, objects, and experimental systems emerging at these intersections are

“(partially) new” forms (Rabinow 1999: 43). Therefore, I attend to the histories of these

emerging forms, tracing the ways in which new theories, technologies, and work objects

incorporate previous ideas, tools, and experimental systems. Additionally, many

emergent forms, standards, and practices require fresh articulation (Strauss 1988) with

extant theories, technologies, and experimental systems in the environmental health



sciences. Therefore, I examine the processes through which new technologies, practices,

and disciplines simultaneously transform and are grounded in extant systems of

knowledge production (Timmermans and Berg 1997).

I also examine the ways in which advocates of molecular epidemiology,

environmental genomics, and toxicogenomics seek to establish service roles and markets

for the technologies and knowledge that they produce. Therefore, this dissertation is also

study of the translation of environmental health science. In examining the translation of

the environmental health sciences, I focus on the processes and attributions which allow

specific technologies, objects, and concepts to move from one location (e.g., the

laboratory, the research institute) to another (e.g., the clinic, the regulatory agency)

(Rose 1996: 43). In particular, I describe the construction of intersections among

molecular epidemiology, environmental genomics, and toxicogenomics and potential

service markets in biomedicine, public health, and environmental health risk assessment

and regulation. I consider how new concepts, tools, work objects, practices and

disciplines come to matter (or fail to come to matter) through the construction of

audiences, service roles, and/or markets in the wider domain of environmental health. As

detailed in Chapter 2, this arena includes audiences and markets in laboratory science,

biomedicine, public health, community-based and national environmental health and

environmental justice groups, and the world of risk assessment and regulatory science.

Finally, this dissertation is a study of the effects, both intended and unintended, of

emergent ideas, tools, objects, and practices of molecular epidemiology, environmental

genomics, and toxicogenomics in the broader arena of environmental health in the United

States. What is “at stake” in these emergent ways of knowing in the environmental



health sciences is the definition of environmental and genetic risks and their relationship

to human health and illness. Therefore, I define “effects” widely. My analysis

encompasses transformations in laboratory-based scientific research, in practices of

biomedicine, and public health, in techniques of environmental health risk assessment

and regulation, and in environmental health politics. Across and within each of these

social worlds, I explore how emerging molecular epidemiological, environmental

genomic, and toxicogenomic practices locate risk differentially within individuals,

populations, and environments. I argue that in shifting the focus of environmental health

from outside to inside the human body and, moreover, to the molecular level, molecular

epidemiology, environmental genomics, and toxicogenomics bring the environmental

health sciences within the molecular' regime of truth in the life sciences (Foucault 1980.

131-133; Rose 2001: 13). In turn, this enables productive intersections between

environmental health science, clinical practice, public health, regulation and policy

making, and the biotech and pharmaceutical industries. I draw extensively on the

observation that molecularization is not “merely a matter of the framing of explanations

at the molecular level. Nor...simply a matter of the use of artefacts fabricated at the

molecular level.” Rather, molecularization is a “reorganization of the gaze of the life

sciences, their institutions, procedures, instruments, spaces of operation and forms of

capitalization” (Rose 2001: 13). Therefore, I conclude with an analysis of the

consequences of these locations for an emerging biopolitics (Foucault 1978/1990; Rose

2001) of environmental health.

'Molecularization refers to the visualization of human life processes at the submicroscopic level: between
10° and 10 º’. The molecularization of biology began in the 1930s (Kay 1993:5) and has extended
throughout the life sciences (de Chadarevian and Kamminga 1998; Rose 2001). My focus in this
dissertation is on the molecularization of the environmental health sciences.



Theoretical Engagements

In conducting this research, it has not been my intention to try “to insert

movements, figures, stories, activities into some larger organization that predates and

survives them” (Rajchman 1998, in Rabinow 1999: 174) nor to “identify the instance of a

generality nor the concretization of an abstraction” (Rabinow 1999:174). Indeed, part of

my enthusiasm for this project is that it offered the opportunity to engage “an

experimental mode of inquiry...where one confronts a problem whose answer is not

known in advance” (Rabinow 1999: 174). Nonetheless, each of the analytic explorations

introduced in the preceding pages has been shaped by my active engagements with

several modes of theorizing in the contemporary social sciences in general, and in social

studies of science, technology and medicine in particular.

Sociologies of Scientific Knowledge, Sociologies of Scientific Disciplines

The study of Scientific “specialties” or disciplines was an early concern of the

sociology of science. In his essay, “The Normative Structure of Science” (1942/1973),

Robert K. Merton argued that the norms of science (e.g., universalism, communism,

disinterestedness, organized skepticism) were unique to its institutional function, “the

asking and answering of questions about Nature” (1942/1973:270). According to such a

functionalist perspective, disciplines “carve Nature at its joints”; that is, by reflecting the

organization of nature itself, Scientific disciplines allow science to exist and function

effectively (Collins 1983: 266-267).



The Sociology of Scientific Knowledge (SSK) perspective that emerged in the

early 1970s (especially among British sociologists) took the content of scientific

knowledge as its object of analysis: “The sociology of scientific knowledge is concerned

precisely with what counts as scientific knowledge and how it comes to count” (Collins

1983: 267). That is, in contrast to functionalist perspectives that idealized and “black

boxed” scientific knowledge, SSK proffered a relativist and constructivist project that

questioned the universality of nature and the “naturalness” of scientific rationality.

In contesting the idealist notion that science and scientific disciplines simply

reflect the “given-ness” of Nature, SSK also posed a challenge to functionalist

perspectives on scientific disciplines. Beginning in the mid-1970s, a variety of empirical

studies explored disciplinary emergence in sciences as diverse as radio astronomy (Edge

and Mulkay 1976), phage biology (Mullins 1972), x-ray crystallography (Law 1976), and

biochemistry (Kohler 1982). Based on these and other studies, sociologists and historians

of Science began to develop constructivist perspectives on the construction and

maintenance of scientific disciplines (Holton 1975; Lemaine, et al. 1976; Mulkay 1974),

even while they continued to debate exactly what a discipline is (Becher 1989).

In a recent review of the sociology of scientific disciplines, Frickel notes that

while each of these early studies of disciplinary emergence was different in its details and

its substantive foci, together they generated what he calls “the standard account” of

disciplinary formation (2000: 28-32). The standard account is characterized by its focus

on how individual and social pressures “built into” the social structures of science shape

disciplinary formation, its assumption that “the engine of disciplinary growth is tightly

* For a discussion of the range of variations in relativist stances within SSK, see Hess (1997: 82-84).



bound up with knowledge production,” and its conceptualization of “mature” disciplines

as “marked by theoretical coherence, clear boundaries, and professional autonomy....as

exemplary instances of academic success.” (Frickel 2000: 28-29)." Predicated upon but

then moving beyond the “standard account” are “new knowledge studies” (Clarke 1998:

14) approaches to the study of scientific disciplines:

Where the standard account views disciplines as relatively unified wholes
that represent the primary unit of analysis, these [new] studies find
fragmentation and disunity ...Where the standard account is concerned to
understand the internal and external factors that shape discipline
formation, newer approaches problematize the notion that there is in
science an uncomplicated “inside” and “outside,” focusing instead on the
relationships connecting the two...Where the standard account sees
science as primarily theory driven, more recent work pays attention to the
scientific practices that shape and ground scientific knowledge... (Frickel
2000:33)

Based on his analysis of the emergence of genetic toxicology, Frickel argues that the

standard account is insufficient for analysis of the emergence of new interdisciplinary

fields wherein “the overriding goal...is likely to revolve around the solution to complex

and multi-faceted problems that have major social, economic, or environmental

implications” (2000:34). This insight holds true for the emergent disciplines that are the

subject of this dissertation. Moreover, one important consequence of this situation is that

the institutions which are most interested in the solution to these “multi-faceted

* Certainly, there are different kinds of “knowledge production” represented in accounts of disciplinary
formation. Compare, for example, Kuhn's conceptualization on the role of knowledge production in his
theory of the structure of scientific revolutions (1962/1996) to Bourdieu's contention that scientific fields
develop based on the accumulation of “scientific capital” (1975:32).
“Frickel finds three specific deficiencies in the standard account: First, by treating disciplines as relatively
self-contained entities, “the standard account pays scant attention to the inter-field dimensions of discipline
building” (2000: 30). Second, the standard account seems to assume that disciplinary emergence is
primarily an exclusionary process, thereby ignoring inter-field aspects of discipline formation and
maintenance (2000: 31). Third, and related, embedded in the standard account is the “notion that discipline
building is motivated largely by professional commitments – a motive running counter to interdisciplinary
commitments” (2000: 31).



problems” may then also play significant roles in the fostering of (inter)disciplinary fields

to address them.

Moving beyond the standard account requires an expansion and a shift of the

scope of inquiry. For example, as Clarke notes, the “new knowledge studies” approaches

contend that “adequate accounts of disciplinary formation require addressing what were

called “internalist” and “externalist” dimensions, including theories, ideas, people,

research materials, instrument, institutions, research funding, and contiguous fields”

(Clarke 1998:14).” In my effort to include analysis of all these dimensions of

knowledge production and their effects (including how they change over time), I draw

upon both symbolic interactionist and social worlds/arenas theory and on the work of

Foucault and his interlocutors as approaches to the study of science, technology, and

medicine.

Symbolic Interactionism: Science as Work and Social Worlds/Arenas Theory

Symbolic interactionist (SI) perspectives have been applied to a wide variety of

questions and projects in the study of science, technology and medicine." This

dissertation has been shaped by two foci within SI. First, I incorporate SI’s analytic

conceptualization of science as work and therefore examine “what people do as well as

what they say they do, situated in the larger contexts of careers, materials, techniques,

theories, organizations, and professions” (Clarke and Star 2003: 2). Second, I take up

* Rosenberg (1979) refers to these more inclusive approaches as studies of “the ecology of knowledge” (in
Clarke 1998:14). Fujimura (1996) refers to such analysis as an “ecology of action” approach, while Clarke
(forthcoming) frames such research in terms of “situational analysis.” Despite the varying inflections in
each of these terms, they all gesture towards the power of an inclusive and contextualist (Lenoir 1997)
approach to disciplinary studies.
“For a comprehensive review see Clarke and Star (2003).



SI’s focus on social worlds and their inter-relations, especially in arenas and in

intersections, as a means of studying interactions among scientific and nonscientific

actors and institutions. In recognition of the importance of these perspectives to my

research, I elaborate on these concepts below.

Science as Work

Several insights from SI perspectives on science as work have shaped this

dissertation. First, conceptualizing science as work suggests that analysis of emerging

disciplines must attend not only to scientific ideas, but also to the materials, practices,

and objects of emergent forms of scientific research (Clarke 1998; Clarke and Fujimura

1992; Fujimura 1996). Therefore, this research project focuses intently not only on

descriptions of scientific ideas and theories, but on actual scientific practices and the

material objects which enable (and often are enabled by) them. Thus, I take up questions

about the ways in which genetic/genomic tools have entered the environmental health

sciences and how they have been constructed as the “right tools for the job” (Clarke and

Fujimura 1992) of environmental health research.

Second, and related, symbolic interactionist studies suggest that the construction

” contributes to disciplinary emergence (Casper 1998:19). In thisof new “work objects

analysis, I particularly attend to the relationship between new tools, new work objects

and new relations of knowledge in the environmental health sciences. Specifically, I

examine how genetic/genomic tools have enabled environmental health scientists to

expand their jurisdictions to encompass new work objects (e.g., molecular

epidemiology’s expansion “inside the black box of the human body”). I have also

'Work objects are “material entit■ ies] around which people make meaning and organize their work
practices” (Casper 1998:19)



considered how new tools render new dimensions of extant work objects accessible to

environmental health Scientists (e.g., moving from gross pathology to molecular

phenotypes as the “outcome of interest” in toxicological research).

Third, symbolic interactionist approaches have demonstrated that “tools,” “jobs,”

and “rightness” are co-constructed through interaction and negotiation in scientific

practice (Clarke and Fujimura 1992). In this dissertation, I highlight the co-construction

of tools, work objects, and relations of knowledge in the environmental health sciences.

Over the course of the work, I demonstrate that such processes of co-construction have

been central to processes of disciplinary emergence in the environmental health sciences

over the past fifty years.

This dissertation also elaborates a symbolic interactionist approach to the study of

the standardization of new tools, work objects, practices, and/or “jobs” in the

environmental health sciences. Drawing on perspectives from SI, Timmermans and Berg

(1997) have described how medical standards and protocols must manage the tension of

being grounded in old standards and work practices while extending and transforming

those very standards and practices. Taking up and extending their insights, I describe the

efforts of environmental health scientists to incorporate genetic/genomic tools and work

objects into environmental health research through processes of incorporation and

standardization. Specifically, I describe processes through which equivalences are

established between old and new standards, often by relating them both to an extant

(known) work object. I also examine the construction of relational databases as a means

of linking old and new grammars and old and new work objects in the environmental

health sciences, in general, and toxicology, in particular. Finally, I look at the relation(s)

10



amongst and between the standardization of knowledge production in the environmental

health sciences and environmental health regulatory standards.

Social Worlds/Arenas

One of the major contributions of symbolic interactionist perspectives in the study

of domain of science, technology, and medicine is the elaboration of the social

worlds/arenas analytic framework (Clarke and Star 2003). This approach was pioneered

by Shibutani (1955), Strauss (1978), and Becker (1982) in studies of neighborhoods,

hospitals, and art worlds. It was brought to science studies by their students, several of

whom have applied it to studies of disciplinary emergence (Casper 1998; Clarke 1998;

Fujimura 1996; Star 1989). Social worlds/arenas analysis provides a method for locating

scientific knowledge production and consumption, “whether, to echo Michel de Certeau,

the space of inquiry is a routine, practiced place or a negotiated, contested space” (Klein

1999:3).

Social worlds are defined as “groups with shared commitments to certain

activities, sharing resources of many kinds to achieve their goals and building shared

ideologies about how to go about their business” (Clarke 1997:130). Social worlds are

“building blocks” of collective action and “in each social world at least one primary

activity (along with related activities) is striking evident” (Strauss 1978: 122, in Clarke

and Star 2002:9). The intention of social worlds theory is “capturing, describing, and

thus rendering susceptible to analysis the multiple, simultaneous organized actions of

individuals, groups of various sorts, and formal organizations” (Clarke 1997:131). Social

worlds analysis articulates well with studies of science as work, as “placing work in the

analytic foreground permits the analysis of social worlds qua worlds” (Clarke 1997: 70).

11



Social worlds theory conceptualizes the structure of social worlds as fluid and in

motion. Social worlds may intersect to form a new world or segment into two or more

new worlds (Bucher 1988). Nor are social worlds monolithic: “Every complex world

characteristically has subdivisions or subworlds, shifting as patterns of commitment alter,

reorganize and realign” (Clarke 1997:133; Strauss 1978). Thus, with its emphasis on

contingency, social worlds analysis is particularly well suited to the study of changes in

the materials, organization, and practice of science. In this dissertation, I have been

particularly interested in exploring the environmental health sciences as “going concerns”

(Hughes 1971: 53) and social worlds in the arena of environmental health and how they

are constructed (and reconstructed) by the emergence of genetic/genomic tools, work

objects, and research practices.

The social worlds approach also addresses modes and processes of relationships

and interactions between worlds. For example, arenas exist when “all the social worlds

that focus on a given issue and are prepared to act in some way come together” (Strauss

et al. 1964, p. 377 quoted in Clarke 1997:133). In arenas, “various issues are debated,

negotiated, fought out, forced and manipulated by representatives” (Strauss 1978:124).

The social worlds that constitute the environmental health sciences and the broader

environmental health arena, in which the products (and meaning) of the environmental

health sciences are considered, consumed, and contested, have served as primary foci for

analysis in this dissertation research. * As I describe in this dissertation, the

* Social worlds theory offers the possibility of more than one unit of analysis. In Shibutani's formulation
(1955) the unit of analysis was individuals in relation to their social worlds (Clarke 1997:132). In contrast,
the social worlds theory developed by Anselm Strauss (1987) and his students (Clarke 1997, 1998;
Fujimura 1997; Star 1989), social worlds, subworlds, and arenas are the unit of analysis (Clarke 1991).
Taking social worlds/arenas as units of analysis has made it my analytic task to define the social worlds of
the environmental health sciences and the worlds with which they are in relation(s). This approach has
been especially useful to me as I examine complex institutions, such as the National Institute of
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environmental health Sciences are shaped, in significant ways, by their location in the

broader domain of the (molecularizing) life sciences and within the contentious and

politicized arena of environmental health in the United States. Indeed, I contend that

processes and forms of disciplinary emergence in the environmental health sciences

cannot be completely understood without attention to the arenas in which they are

located. In particular, the environmental health sciences (and their products) are

commodities “in a marketplace with producers, audiences, sponsors and consumers”

(Clarke 1998:17) in the wider environmental health arena. The “wide angle view”

(Clarke 1998: 5) of social worlds/arenas analysis lends itself to the study of this complex

array of producers and consumers of environmental health science. It also supports an

analysis of the environmental health sciences as “situated knowledges” (Haraway 1991)

that have been shaped their locatedness in the broader arenas of the life science and of

environmental health.”

Intersections among worlds are another analytic focus of social worlds analysis, in

general, and of this dissertation, in particular. Social worlds intersect “when two or more

lines of work come together...[or] when a single activity or cluster of closely related

Environmental Health Sciences, which participate in multiple social worlds and are shaped, in part, by their
efforts to meet their multiple, and sometimes competing, commitments to those worlds.
"In a recent critique of SI and social worlds/arenas analysis in studies of science, technology, and
biomedicine, Kleinman argues that these studies tend to “ignore, underplay, or dismiss the possibility that
historically established, structurally stable attributes of the world may systemically shape laboratory
practice” (Kleinman 1998: 285). The critique faults the focus of SI on processes of cooperation for
precluding analysis of “the ways in which some worlds are capable of shaping the practices of others”
(Kleinman 1998: 288). A related critique alleges that by focusing on processes of construction, SI analyses
“can never explore the effects of already constituted structures” or develop a theory of power (Kleinman
1998: 290). There are two primary problems with this critique. First, it elides the work of social
worlds/arenas theorists on questions of institutions, markets, ideology, and power. For example, see Clarke
on the political economy of disciplinary formation (1998:17) and on the agonistic field as a location of
disciplinary emergence (1998: 267); Clarke and Montini (1993) on the structural invisibility of implicated
actors; Casper and Christensen on the politics of implication (2000); Fujimura on standardization as a
hegemonic practice (1996:72); Star on the destruction of worlds and the silencing of social actors as a
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activities simultaneously comes to be a part of two or more lines of work” (Clarke 1997:

75; see also Bucher 1988). This dissertation examines the intersection of

genetics/genomics with epidemiology and toxicology. It draws on concepts from social

worlds theory, such as “bandwagons” (Fujimura 1996) and “boundary objects” (Star and

Griesemer 1989) to explore how intersections are accomplished and maintained."

• * * *Expanding on the conceptualization of social worlds as “universes of mutual discourse”

(Clarke 1998: 16) bounded not by geography or formal membership “but by the limits of

effective communication” (Shibutani 1955: 566), I also explore processes of translation"

across social worlds in the broad arena of environmental health. I have been particularly

interested in modes of translation that allow for intersections between scientific social

worlds and the service markets for their products. In this analysis, I also describe the

ways in which technologies of translation, such as archives and relational databases,

consequence of scientific entrepreneurship (1991: 49). Second, it poses an unnecessary opposition between
analysis of social worlds/arenas and analysis of the institutional structure of social action in science.
"A scientific bandwagon exists when large numbers of people, laboratories, and organizations commit
their resources to one approach to a problem (Fujimura 1996: 2-3). Boundary objects are ideas, things,
people, or processes that “inhabit several intersecting social worlds...and satisfy the informational
requirements of each of them” (Star and Griesemer 1989: 393). Boundary objects facilitate cooperation
among actors from different social worlds by providing a basis of cooperation and coordination without
requiring a complete consensus among actors: “They have different meanings in different social worlds but
their structure is common enough to more than one world to make them recognizable, a means of
translation” (Star and Griesemer 1989:393). They facilitate the coordination of communication and work
across social worlds so that actors from different worlds are able to “get behind” the boundary object and
work together towards a common goal (Gieryn 1995:415).
"My use of the term “translation” is informed by actor network theory's (ANT) conceptualization of
translation as “the means by which one entity gives a role to others” (Hess 1997: 109; Callon 1995). I
draw upon insights from ANT on the importance of attending to “the operations that link technical devices,
statements, and human beings” (Callon 1995:50). Similarly, I am interested in how the definition of
technical problems contributes to the definition of the space of circulation for the knowledge that is
produced (Callon 1995: 52). However, my analysis also diverges from ANT emphases in several ways. In
contrast to ANT's typical narrative of “a great man and the network he created” (Hess 1997: 110) my
intention is to include a wide range of actors, social worlds, and institutions in my analysis of translation.
As I do not assume that translation is a one-way endeavor (Star 1991), this account attends to the processes
through which multiple social worlds and social actors in the environmental health arena negotiate the
translation of emergent forms and disciplines and thereby reshape, resist, and reinvent them. Third, as Law
(1999: 8) notes, “this term “translation’ tells us nothing at all about how it is that links are made.” In
contrast, in Chapter 5, my analysis focuses on the specific technologies and practices that constitute the
work of translation.
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allow scientists to establish equivalences between modes of statement making across

extant and emergent social worlds.

While simultaneously enabling the analysis of knowledge claims as “a primary

target[s] for the analysis of power” (Frickel 2000: 33; cf. Abir-Am 1987), social

worlds/arenas theory approaches locate the systems of knowledge production and their

effects in specific situations. As I demonstrate in the following chapters, social

worlds/arenas approaches support (rather than obviate) inquiries about “the effects of

already constituted structures” (cf., Kleinman 1998) including, in this case, disciplines,

institutions, ongoing political struggles and their constituents, and techniques of

government.

Foucault and His Interlocutors: Power/Knowledge, Discourse and Disciplinarity, Risk

and Governmentality

For Foucault, the disciplines are inextricably bound up with and instrumental in

the exercise of power. Techniques of power are dependent upon and take their form in

knowledge: “Between techniques of knowledge and strategies of power there is no

exteriority, even if they have specific roles and are linked together on the basis of their

difference” (Foucault 1978:98). Indeed, Foucault argued that power and knowledge are

inseparable, joined together in “discourses of truth” and their constitution of the

individual subject. Thus, discursive production accomplishes both the propagation of

power and the development of knowledge as dual and simultaneous processes:

In a society such as ours, but basically in any society, there are manifold
relations of power which permeate, characterize, and constitute the social
body, and these relations of power cannot themselves be established,

:
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consolidated, nor implemented without the production, accumulation,
circulation, and functioning of a discourse. There can be no possible
exercise of power without a certain economy of discourses of truth which
operates through and on the basis of this association. We are subjected to
the production of truth through power and we cannot exercise power
except through the production of truth (1980: 93)

Thus, in Foucault’s view, relations of power are embedded in the rules for the production

of truth and knowledge (Lenoir 1997:47-48). These rules reside in (and produce)

disciplines: “Disciplines constitute a system of control in the production of discourse,

fixing its limits through the action of an identity taking the form of a permanent

reactivation of the rules” (1972: 224, quoted in Dreyfus and Rabinow 1982: 60).

Disciplines, then, are the “bearers of a discourse” (1980: 106) and, since the seventeenth

and eighteenth centuries, have been general forms of domination (1979: 137). This has

several significant implications for this study of the emergence of new modes of

disciplinarity in the environmental health sciences.

First, if power and its objects are constituted in and through disciplines, then

disciplines themselves must be understood as “institutionalized formations for organizing

schemes of perception, appreciations, and action, and for inculcating them as tools of

cognition and communication” (Lenoir 1997: 47) – and of power. As such, disciplines

can be examined as “essential structures for systematizing, organizing, and embodying

the social and institutional practices upon which both coherent discourse and the

legitimate exercise of power depend” (Lenoir 1997:48-49). Moreover, as this and other

analyses demonstrate, disciplines structure relationships between the producers and

consumers of knowledge; they are “political structures that mediate crucially between the

political economy and the production of knowledge” (Lenoir 1997: 47). Taken together,

these perspectives suggest that as a study of emergent disciplines in the environmental
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health Sciences, this dissertation is also a study of the emergence of a new set of relations

of power. These dimensions of disciplinarity are particularly important to my analysis of

the translation of molecular epidemiology, environmental genomics, and toxicogenomics

for service roles in biomedicine, public health, risk assessment, and regulation.

Second, following Foucault's definition of discourses as “practices which

systematically form the objects of which they speak” (Foucault 1972:49), this theoretical

perspective directs analysis to the kinds of statements and objects that are configured

together in a particular discourse or discipline (Lenoir 1997:49). Foucault contests the

notion that there is an “enigmatic treasure of things anterior to discourse” (Foucault 1972,

quoted in Lenoir 1997: 49), rather, “objects emerge only in discourse” (Lenoir 1997:49).

Drawing on these insights, in this dissertation, I explore disciplinary emergence qua

transformations the ways in which tools, objects, experimental systems and concepts are

configured in the environmental health sciences. In particular, I look at how emergent

disciplines both make use of and transform extant discursive formations through

technologies such as archives and relational databases.

Third, in this dissertation, attention to disciplines extends from concerns about

knowledge production, institutions and practices in the environmental health sciences to

concerns about the human bodies and populations that are their subjects. Indeed,

“attention to discipline is not merely a concern about institutions and professionalization;

it is, above all, concern about bodies — human bodies” (Lenoir 1997: 47). These

considerations draw on Foucault’s conceptualization of “biopower” as that which brings

life and its mechanisms “into the realm of explicit calculation and ma[kes] knowledge

power an agent of transformation of human life” (1978: 143) Like other discursive
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formations, bio-power both forms and takes form in disciplines and institutions, and

particularly in those “continuous regulatory and corrective mechanisms” which enable “a

power whose task it is to take charge of life” (Foucault 1978:143-144). This power over

life takes two basic forms. The first pole centers on the body as a machine, “its

disciplining, the optimization of its capabilities, the extortion of its forces, the parallel

increase of its usefulness and docility, its integration into systems of efficient and

economic controls...” (Foucault 1978: 139). The second is focused on the species body,

“the body imbued with the mechanics of life and serving as the basis for biological

processes: propagation, births and mortality, the level of health, life expectancy and

longevity, with all the conditions that can cause these to vary” (Foucault 1978: 139). The

supervision of the species body and all its functions is effected through a series of

interventions and regulatory controls, which Foucault calls “a bio-politics of the

population.” At both poles, biopower inheres in the action of effecting distributions

around a norm, first by qualifying, calibrating, measuring, appraising and hierarchizing,

and then by correcting and regulating.

My contention in this dissertation is that molecular epidemiology, environmental

genomics, toxicogenomics and the scientific, clinical, and regulatory practices that they

enable, constitute emergent forms of biopower. As I demonstrate throughout the

dissertation, the disciplinary projects of molecular epidemiology, environmental

genomics, and toxicogenomics are normalizing projects par excellence. Each seeks,

through its own unique configuration of tools, objects, and concepts, to define “normal”

human bodies vis-à-vis their responses to the environment.”

* “A normalizing society is the historical outcome of a technology of power centered on life” (Foucault
1978:144).

t

;
f
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This move to normalize is most evident in the efforts of practitioners in all three

modes of knowledge production to identify individuals and populations who, by virtue of

“genetic variations,” are especially “susceptible” or “at risk” for adverse health outcomes

following exposure to environmental chemicals. According to environmental health

scientists such variability in response to exposure was once thought of as only a source of

error in environmental health research, however it is now a parameter of interest (Hattis

1996). Toxicologists express this new interest in terms of their emerging focus on the

two “ends” of a dose-response curve, depicted in Figure 1.1 below:

Figure 1.1”

response O
‘normal'

population

dose

A = “susceptible population”
B = “resistant population”

Whereas previously “susceptible populations” and “resistant populations” were identified

only so that they could be excluded from analysis, more recently they have emerged as

primary foci of analysis.

* This figure was drawn by many respondents to illustrate, and to help me to understand, their emerging
interest in genetic variation in susceptibility to xenobiotics. It is also published in the scientific literature
(Puga, et al. 1996.)

.
:
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If one characteristic of biopolitics is that “rule must be exercised in the light of a

knowledge of that which is to be ruled” (Rose 1996:44), increasing investment and

knowledge production focused on “susceptible” and “resistant” populations and

individuals can be examined as an extension of biopolitical power to the realm of

environmental health. Or, to paraphrase Foucault (1978: 98): If environmental

genetic/genomic susceptibility was constituted as an area of investigation, this was only

because relations of power had established it as a possible object; and, conversely, if

power was able to take it as a target, this was because techniques of knowledge and

procedures of discourse were capable of investing it. Indeed, as I discuss in detail in

Chapter 5, in their proposed reconfigurations in techniques of risk assessment and

regulation, these emergent normalizing practices fundamentally shift the environmental

health regulatory regime “from enhanced control over external nature (i.e., the world

around us) to the harnessing and transformation of internal nature (i.e., biological

processes of human and nonhuman life forms)” (Clarke et al., 2003: 164).

One key means through which technologies and normalization and a new

biopolitics of environmental health are emerging is in the (re)definition of environmental

and genetic risks in and through the objects, practices, and statements which constitute

(and are constituted by) molecular epidemiology, environmental genomics, and

toxicogenomics. From a Foucauldian perspective, calculations of risk and risk-based

identities are both mechanisms and outcomes of a normalizing society. While Foucault

did not write about risk per se, his writings on governmentality lay a foundation for

analysis of risk (Castel 1991: Foucault 1991; Petersen 1997; Turner 1997).
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Governmentality refers to the “art of government” or the “conduct of conduct”:

“...a form of activity aiming to shape, guide, or affect the conduct of some person or

persons” (Gordon 1991:2-3). Foucault understood the governmentality of contemporary

neo-liberal Societies as oriented to “the population as a datum, as a field of intervention,

and as an objective of governmental techniques, and the process which isolates the

economy as a specific sector of reality...” (Gordon 1991:2-3). Governmentalities, then,

“are to be analyzed as practices for the ‘formulations and justification of idealized

schema for representing reality, analyzing it and rectifying it” (Rose 1996: 42).

The notion of risk and the discourses through which risk is produced and

managed are conceptualized by theorists working in the Foucauldian tradition as one

means by which the shaping of population, subjects, and conduct is accomplished. This

transformation of individual subjects into various “types of risk” or “risk categories”

enables the identification and control of “flows of population,” defined by “the collation

of a range of abstract factors deemed liable to produce risk in general” (Castel 1991:

281). As such, risk is simultaneously produced by and requires new forms of

surveillance (Castel 1991:288), such as those instantiated in molecular epidemiology,

environmental genomics, and toxicogenomics, which emphasize predetection,

prevention, and “early” intervention.

These modes of surveillance and the subjects they produce may transform the

bases of subjectivity, identity and society (Rabinow 1996; Novas and Rose 2000;

Petersen and Lupton 1996). Drawing upon and extending the work of Foucault and

Castels, Rabinow asserts that

the new genetics will prove to be a greater force for reshaping society and
life than was the revolution in physics, because it will be embedded
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throughout the social fabric at the micro-level by a variety of biopolitical
practices and discourses [and] will be a circulation network of identity
terms and restriction loci, around which and through which a truly new
type of autoproduction will emerge (1992/1996: 98-99).

This new type of autoproduction is biosociality, in which “nature will be modeled on

culture understood as practice...nature will be known and remade through technique and

will finally become artificial, just as cultural becomes natural” (Rabinow 1992/1996:99).

As biomedical practices become more oriented to “risk factors,” surveillance shifts from

“individuals and groups thought to be dangerous or ill (for disciplinary or therapeutic

purposes” and towards “projecting risk factors that deconstruct and reconstruct the

individual or group subject” (Rabinow 1992/1996: 100). That is, as the location of

possible, dangerous irruptions increasingly occurs “through the identification of sites

statistically locatable in relation to norms and means,” a new biomedical subject emerges.

This subject is “nonsubjective” in a double sense: “it is objectively arrived at and does

not apply to a subject in anything like the older sense of the word (that º the suffering,

meaningfully situated, integrator of social, historical, and bodily experiences)” (Rabinow

1992/1996: 100). Therefore, part of what is at stake as new disciplines, definitions of

risk, and modes of Surveillance emerge in the environmental health sciences is precisely

how such new biosocial individual and group identities may join with, cross cut, partially

supersede, become grounds for contest over, and perhaps eventually redefine older

categories of “bio-identity,” such as gender, race, class, and age.

Finally, then, I argue that in fostering and promoting the hybrid practices of

molecular epidemiology, environmental genomics, and toxicogenomics, the

environmental health sciences are becoming a part of the molecular regime of truth in the

contemporary life sciences. A “regime of truth” is
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the body of practices and the types of discourses that a society accepts and
makes function as true; the mechanisms and instances that enable one to
distinguish true and false statements and the means by which each is
Sanctioned; the techniques and procedures accorded value in the
acquisition of truth; and the status of those who are charged with saying
what counts as true (Lenoir 1997: 48)

Drawing on Rose (2001), I contend that the contiguous and overlapping fields of

molecular biology, genetics, and genomics together constitute the molecular regime of

truth of the contemporary life sciences. Therefore, in order to fully participate in

knowledge production in the contemporary life sciences (e.g., to receive funding, to have

access to technologies and experimental systems, to find venues for the publication of

ones research, to establish service roles for ones products), a discipline must participate

in the discursive practices of molecular biology, genetics and/or genomics. I argue that

this is the deeper reality behind the comments of environmental health scientists who

have noted that molecular biological techniques are required in order to make

epidemiology an acceptable research partner (Vandenbroucke 1988). Related, scientists

assert that if toxicology fails to integrate genomic technologies, it will become an

“anachronistic science” and the National Toxicology Program would be “only of

historical interest.” Thus, this dissertation is about the disciplining of institutions and

infrastructures of science at the same time that it addresses the disciplining of human

bodies and populations.

Social and Cultural Studies of Genetics/Genomics

This dissertation is part of a burgeoning social scientific literature on

genetics/genomics. The extant sociological and anthropological literatures are
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staggeringly heterogeneous, with researchers focusing on the practices of genetic

knowledge and technology (Hilgartner 1995; Rabinow 1996; Rabinow 1999; Rapp 1999);

the development of national and international research programs in genetics/genomics

(Balmer 1996); the effects of genetic technologies on particular processes, such as

pregnancy, and on specific populations, including Blacks, women, and people with

inherited or inheritable traits and/or disease (Duster 1990; Heath 1998; Katz Rothman

1998; Kevles 1985; Lippman 1992; Nelkin 1996; Rabinow 1999; Rapp 1999); the

depiction of the gene in popular and/or technoscientific cultures (Haraway 1997; Nelkin

and Lindee 1995). This diversity of approaches to the study of genetics/genomics is

reflective of the myriad complexities surrounding the production of genetic knowledges

and their effects.

This dissertation has been shaped by this literature in two primary ways. First,

genetic determinism, reductionism, geneticization, and molecularization have been

“sensitizing concepts” (Blumer 1969/1986: 140-152) for me, playing critical roles in

both study design and data analysis. Second, previous multi-sited and itinerant

sociological and anthropological studies of contemporary genetics/genomics helped me

to develop the research strategy utilized in this dissertation.

Geneticization: Reductionism, Determinism, Molecularization

“In contrast to “definitive concepts,” which “refer precisely to what is common to a class of objects, by
the aid of a clear definition in terms of attributes or fixed benchmarks,” a sensitizing concept “does not
enable the user to move directly to the instance and its relevant content,” but rather “gives the user a
general sense of reference and guidance in approaching empirical instances.” Indeed, “whereas definitive
concepts provide prescriptions of what to see, sensitizing concepts mere suggest directions along which to
look" (Blumer 1969/1986: 147-148, emphasis added).
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In developing a theory of the biopolitics of emergent genetics/genomics in the

environmental health Sciences, I both draw on and critique current social scientific

perspectives in this area. On the one hand, this dissertation takes up critiques of genetic

reductionism and genetic determinism and their expression in “geneticization” (Lippman

1992). However, I also demonstrate that viewing emergent disciplines in the

environmental health sciences from Foucauldian perspectives offers a different

conceptualization of the relation between political subjects and expertise. Specifically,

rather than seeing science as a tool used to constrict the visions or actions of subjects,

these perspectives frame analysis of modes of governance in which “the injunctions of

the experts merge with our own projects for self-mastery and the enhancement of our

lives” (Rose 1996: 61).

The sociology of knowledge provided some of the earliest tools for sociological

investigations of genetics. Working from this perspective, Yoxen (1984), one of the first

Sociologists to examine the construction of genetic diseases, suggested that sociological

analyses genetic explanations of disease should ask the three following sets of questions:

1) What kinds of evidence and explanation persuade when organized in this basic
conceptual form, when they do so, and why?

2) Which conditions are apprehended in genetic terms, which are not so considered
at a given time? To whom are genetic models of disease particularly attractive
and to whom are they not?

3) What affects the way that knowledge is put to work in encounters between
medical experts and lay people seeking their assistance?
(Yoxen 1984: 42).

Troy Duster (1984) offered a similar framework, arguing that there are two primary

approaches to a sociological study of genetics. First, one can examine which questions
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get asked and why. Second, one can examine the internal structure of knowledge, such as

research questions, canons of evidence, systems of categorizing, strategies and techniques

of investigation, arraying of answers (Duster 1984; 3-5). Researchers working with

these, and similar, approaches have developed important critiques of genetic

reductionism, determinism, and geneticization.

The tendency towards reductionism has been the subject of multiple social

scientific critiques of genetic framings of “risk.” Such critiques of genetic reductionism

are aimed not at the heuristic methodological reductionism of the biological sciences, but

to the extension of such methodological approaches to matters of ontology (Sloan, 2000:

16-17; Opitz, 2000:446). Genetic reductionism refers to an interpretation of “the gene”

as the material entity that is the singular underlying “true cause” of expressed bodily

traits and/or “human nature” (Sloan, 2000:17). For example, in her pioneering analysis

of “geneticization,” Lippman described the process by which “priority is given to

searching for variations in DNA sequences that differentiate people from each other and

to attributing some hereditary basis to most disorders, behaviors and physiological

variations” (1992: 13). To the extent that this “single conceptual model...is increasingly

elicited to reveal and explain health and disease, normality and abnormality, and that is

directing the application of intellectual and financial resources for resolving health

problems, profoundly affecting our values and attitudes,” Lippman predicted a

concomitant lack of attention to the environmental context of disease:

Recently, a genetic variation said to be associated with increased susceptibility to
lead poisoning was described in the literature, with the authors implying this
might be a useful objective for a screening program. Do we really want to screen
for genes rather than clean out lead to prevent the avoidable damage known to
affect the millions of children unnecessarily exposed annually to this toxic agent?
(1992: 27)

26



Sociologist Troy Duster levied a similar critique, arguing that the tremendous

expenditure on genetic research would disproportionately and negatively impact

Blacks by diverting attention and resources from away from the environmental

factors which are most likely responsible for the increasing rates of lung cancer and

cardiovascular morbidity and mortality in the African American population (Duster,

1990: 116). His arguments highlighted the potential consequences of genetic

framings of disease: “To conceptualize problems as primarily genetic is to chart a

range of actions set in motion by the purported explanatory power of the genes...it is

hardly neutral, unpackaged scientific “facts” that are influencing whether one heads

down one path or another” (Duster, 1990: 55). These critics contend that to focus on

genetic contributions to disease is to obfuscate, displace, and thereby fail to address,

the social and environmental causes of illness (Di Chiro, 2002; Draper, 1991).

An associated critique pertains to genetic determinism, that is, the assumption that

a genetic association is sufficient for explaining phenotypic expression, independent of

any other factors (Lippman, 1992; Alper & Beckwith, 1993). Genetic determinist

arguments are common among advocates of genetics, though many scientists, both

biological and social, have tried to curb the rhetorical excesses of their colleagues

(Cunningham-Burley & Kerr, 1999: 156-7). Concern about genetic determinism has

been particularly pronounced in the area of behavioral genetics (Billings, Beckwith &

Alper, 1992; Conrad 1999). Conrad notes that the “one gene one disease” (OGOD)

model predominates popular discourse about genetics, despite the fact that single-gene

disorders are relatively rare (Conrad 1999: 231). This tendency is also manifest in
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discourse about finding “the gene for a particular trait, as if our genes are our destiny

(Billings Beckwith & Alper, 1992; Conrad 1999).

Hedgecoe (2000), while still situating his empirical research on the “enlightened

genetics” of schizophrenia within the theoretical concerns interpellated by the concept of

“geneticization,” argues for an analytic shift to the study of “molecularization.”

Molecularization refers to the visualization of life at the submicroscopic level - between

10° and 10 º' - which began in the 1930s (Kay 1993) and has been extended throughout

the life sciences (de Chadarevian and Kamminga 1998). Thus, “molecularization” can be

historically contextualized and specific: “this means that the use of genetic explanations

is simply the latest in a long line of attempts to analyze the body in terms of molecules,

rather than just an opportunistic tactic employed by doctors to gain power over patients”

(Hedgecoe 2000: 877). Moreover, focusing on molecularization allows one to ask

questions about the ethics of genetics/genomics, which may be precluded by the “ethical

loading” of the term “geneticization.” As Hedgecoe notes, “If geneticization is a process

of colonization with genetic technologies, it is very hard...to say anything good about it”

(Hedgecoe 2000:877). I take up the concept of molecularization in part due to

Hedgecoe's observations, but also in part to frame analytic space for the observations of a

number of scholars regarding the limits of geneticization in conceptualizing

genetics/genomics and their effects.
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Genetic Governmentalities: Practices, Locations, Constituencies

An important emerging critique of the concept of “geneticization” is that it

ignores the productive or creative effects of genetic discourse and practices (Novas and

Rose 2000). For example, Novas and Rose argue that the “key event” in the emergence

of the contemporary category “genetic risk” is “the creation of the person genetically at

risk” (2000: 485). Through specific practices, such as genetic counseling, this person

may “rethink their relation to their families” and/or “reshape their form of life – lifestyle,

diet leisure activities, alcohol, smoking — which also reshapes their relations with those

with whom they interact” (Novas and Rose 2000: 490). These authors propose that “the

person genetically at risk” is one example of the somatization of individual identity and

ethical practice. Thus, being identified as genetically “at risk” maybe not only a

repressive, but also a productive identification which may both close and open

possibilities for ethical practice, for being a “responsible genetic subject” (Novas and

Rose 2000: 504). This critique of the concept of geneticization demonstrates the

differences between the analytic approaches that focus on geneticization and those that

focus on genetic governmentality.

There is a growing literature in the social sciences which considers

genetics/genomics as a strategy for the government of “life itself,” that is, as a technique

of biopower. This dissertation joins these studies in examining genetic/genomic

governmentalities and the sites at which they are produced.

The concept of “genetic governmentality” is developed in Flower and Heath’s

(1993) analysis of the Human Genome Project (HGP). They conceptualize the “genetic

code” as a “political trope with the potential to make the subcellular elements of “the"
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human body the identification and control of both designated individuals and

populations” (Flower and Heath 1993:28). They see the HGP as a conjoining of

anatomo-politics, that is “the imposition or inducement of a particular conduct on the

bodies of groups of individuals,” with “practices designed to administer and control

entire populations” (Flower and Heath 1993: 29). The HGP functions as an “engine of

genetic governmentality” become visible when “the meaning of individual genetic

difference or variation within these categories is sought” (1993:35). Molecular

epidemiology, environmental genomics, and toxicogenomics share this focus on genetic

differences and the meaning of genetic variations in regards to environmental exposures

and environmental health.

In their analysis and critique of genetic testing, Nelkin and Tancredi draw on

Foucauldian theory in conceptualizing tests as instruments of control: “The power to

define the normal can impose standards of conformity, while the ability to measure

individual deviations can justify classification and hierarchy” (1989: 17). In Dangerous

Diagnostics, these authors predict the development of a new genetic panoptics or means

of discipline.” While Nelkin and Tancredi focus on occupational applications of genetic

testing, community and environmental health applications function on the same

normalizing principles.

Foucauldian inflected social scientific studies of genetics/genomics have also

highlighted the varying locations at which genetic/genomic tools, practices, and identities

* Nelkin also applies and extends political economic theory, noting that predictive screening often is driven
by industrial and/or entrepreneurial interests. Such economic interests exist for those who stand to benefit
financially from the marketing of the tests themselves (Nelkin 1996:540). But both the state and industry,
as employers and providers of health insurance coverage for a large proportion of the population, also stand
to benefit to the extent that genetic tests and associated changes in institutional and/or individual behavior
reduce morbidity and/or mortality (Nelkin 1996:541). Therefore, Nelkin argues, no matter what the intent
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(co)emerge. For example, in her study of the location of Marfan Syndrome, Heath

analyzes conferences where researchers, advocates, and funders of genetic research are

brought together as “articulation sites that localize translocal processes” and provide

opportunities for multiple constituencies to engage in commentary, dispute, and

negotiation (1998:25). In her multisited ethnography of amniocentesis, Rapp (1999)

follows the “open-ended complex cultural object” of amniocentesis across multiple

locations and constituencies. These locations included hospital-based counseling

sessions at multiple hospitals in New York City, two public cytogenetics laboratory,

fifteen North American programs that offer master’s degrees in genetic counseling, a

support group for parents of children with Downs syndrome; constituencies interviewed

included women undergoing genetic testing and counseling during prenatal care,

geneticists, and parents and siblings of children with Downs syndrome (Rapp 1999:5-8).

Both of these studies make a strong case for itinerant ethnographic research methods

when studying genetics/genomics.

The roles of biotechnology companies, state biomedical research infrastructures,

and patient groups in the emergence of genetics/genomics are highlighted in the research

of Paul Rabinow (1996; 1999). His work Making PCR: A Story of Biotechnology is

ethnographic account of “distinctive subjects, the site in which they worked, and the

object they invented” (Rabinow 1996: 2, emphasis in original). The subjects are

“scientists, technicians, and business people”; the milieu is “Cetus Corporation during the

1980s”; and the invention is the polymerase chain reaction (PCR) (1996:1). In this

account, Rabinow describes the emergence of a contingently assembled practice which

of scientists who produce genetic knowledges and genetic technologies, we should expect them to be co
opted by both public and private administrative interests.

31



brought together “a distinctive configuration of scientific, technical, cultural, social,

economic, political, and legal elements, each of which had its own separate trajectory

over the preceding decades” (1996:2). In French DNA, Rabinow examines the collapse

of a commercial collaborative venture between an American biotechnology company,

Millennium Pharmaceuticals, and France's premier genomics laboratory, the Centre

d’Etude du Polymorphisme Humain (CEPH) (Rabinow 1999:1). In analyzing this event

and the objects it created (e.g., “French DNA”), we are brought into “the heterogeneous

zone where genomics, bioethics, patient groups, venture capital, nations, and the state

meet” (1999:4-5). In describing this site, Rabinow emphasizes both the power of local

histories and ethical frameworks and their wide ranging effects as “the future is carved

out of the present” (Rabinow 1999: 5). While my dissertation research did not take me

inside biotechnology companies, I do map some of the traffic between biotech and the

environmental health sciences. The transfer of technologies and concepts between

pharmaceutical and toxicological researchers is also especially critical to the emergence

trajectories I describe.

Together, these studies suggest that social scientific investigations of the

genetics/genomics as a technique of governmentality must focus simultaneously on both

knowledge production and knowledge consumption across multiple sites. They

emphasize the importance of historicizing observations, attending to the specificities of

time, place and location, even as we follow our objects of analysis (Latour 1987) across

the boundaries of each of these categories. Moreover, the work that has been done to

date demands that we pay attention to issues of power/knowledge and the ways in which

the new genetics/genomics allows for and/or promotes new disciplines, discourses, and

32



forms of biopower. In convergence with the theoretical perspectives detailed above, this

literature has guided the development of my research strategy for studying the emergence

of genetic/genomic disciplines in the environmental health sciences.

Research Methods, Data Sources, Analysis

Methods

This dissertation draws on data from a multi-sited ethnographic project that I

conducted from September 2000 through September 2002." Multi-site ethnography

“moves out from the single sites and local situations of conventional ethnographic

research designs to examine the circulation of cultural meanings, objects, and identities in

diffuse time-space” (Marcus 1995/1998: 79). It is a methodology well suited to

following “open-ended complex cultural object[s],” such as tools, work objects, and

concepts, across multiple locations and constituencies (Rapp 1999:3). I contend that

multi-sited ethnography is particularly well suited to analysis of emergent scientific

disciplines precisely because the construction of scientific knowledge and technologies is

shaped in multiple sites (university, industry and government research centers and

laboratories, government regulatory agencies, biomedical and public health practice,

policy and legal controversies, popular media and public discourse) and over time. Thus,

to study the constitution and effects of “multiply inflected cultural objects” necessarily

situates the researcher at “the intersection of...multiple constituencies, contexts and

conflicts” which may best be explored through a multi-sited ethnographic analysis (Rapp

16 From September 2000 through June 2001, I conducted background research, including the literature
*View, wrote my dissertation research proposal and applied for grant support for my research. In June
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1999: 12). An itinerant ethnographic approach allowed for this type of movement, as it

enabled me to follow the trajectories of the technologies, work objects, experimental

systems, concepts, people, institutions, research funding, and contiguous fields that have

been involved in the emergence of genetic/genomic practices in the environmental health

sciences. Importantly, this itinerant approach also helped me to better map (Clarke,

forthcoming) and understand the relationship between molecular epidemiology,

environmental genomics, and toxicogenomics.

Data

Literature

This project began with a review of the published literature on genetics/genomics

and the environmental health sciences from 1950-2000. First, articles were identified

* * * *through a PubMed search with the keywords “ecogenetics,” “genetic epidemiology,”

** < *“molecular epidemiology,” “environmental genomics,” and “toxicogenomics.” I also

combined keywords for the three following searches: “environmental health science

AND genetics”; “epidemiology AND genetics”: “toxicology AND genetics.” Second, I

considered chapters from major texts in the following areas: environmental health

Science, genetic epidemiology, molecular epidemiology, pharmacogenetics,

toxicogenomics, occupational health, and toxicology. Third, I reviewed reports of

relevant symposia and conferences that have been published as special issues of journals

or as independent government reports (many of which I found by searching the

bibliographies of journal articles and textbooks).

*-

*01, my dissertation proposal was approved by my committee and my research protocols were approved
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This textual analysis had four foci. First, it helped me to identify the people,

places, technologies, and practices involved in the emergence of the sciences of

molecular epidemiology, environmental genomics, and toxicogenomics. Second, it

provided a vista on the “public face” of the social relations and processes that have

occurred during the emergence of molecular epidemiology, environmental genomics, and

toxicogenomics. Third, the literature itself is a sort of map for tracing the histories of

tools, work objects, experimental systems and concepts in the environmental health

sciences. Finally, the published literature was a wonderful place to examine how

scientists were framing the roles, especially the service roles, of their research products.

Interviews

The primary mode of data collection for this dissertation was in-depth qualitative

interviews. A total of 59 interviews were conducted, from August 2001-September 2002.

The majority of my interviews were with scientists formally educated and/or working in

the fields of molecular biology, genetics, genomics, epidemiology, and toxicology, as

well as scientists working in molecular epidemiology, environmental genomics, and

toxicogenomics." Most of these interviews were conducted with scientists working in

university-based environmental health science research centers and/or at the National

Institutes of Health (n=43). In addition, I interviewed seven regulatory scientists and

administrators based at the U.S. Environmental Protection Agency or the Food and Drug

b the UCSF Committee on Human Research. Soon thereafter, I began primary data collection.
Given the multiple educational backgrounds and career trajectories of these scientists, I have refrained

from providing the number of interviews conducted with scientists in each discipline. In reporting their
disciplinary affiliations in the dissertation, I have relied on their self-identification whenever possible.
Additionally, I have made every effort to note instances wherein a respondent’s disciplinary identity differs
dramatically from his/her work practices (e.g., a doctor who is working as a molecular epidemiologist).
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Administration. Finally, I was able to interview two scientists working in the chemical

and pharmaceutical industries. Respondents were identified first through an extensive

literature review (described above) and also through snowball sampling. Whenever

possible interviews were conducted in person. All interviews were audiotaped (as

permitted), transcribed and coded.

A second set of seven interviews was with environmental advocates, community

activists and lawyers who specialize in “toxic torts.” Some respondents for this sample

were identified through the literature review. Most, however, were identified during

participant observations and through snowball sampling. These interviews tended to be

less “formal” than the interviews with scientists, with many more respondents requesting

that I not audiotape our conversation. Transcripts, when available, and field notes were

coded and analyzed as primary data.

Participant Observation

Participant observation was the second major source of primary data for this

analysis. I conducted participant observation at a variety of scientific conferences,

meetings, and symposia. These included the following:

1) The Society of Toxicology’s “State-of-the-Art Workshop: Uses of Genomics in
Risk Assessment.” November 7–8, 2001;

2) The National Institute of Health/National Institute of Environmental Health
Sciences’ Symposium: “Gene Expression and Proteomics in Environmental
Health Research.” December 3-4, 2002

3) The American Association of Cancer Research Annual Meeting. April 5-10,
2002.
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4) The West Harlem Environmental Action conference: “Human Genetics,
Environments, and Communities of Color: Ethical, Legal, and Social
Implications.” February 3-5, 2002.

I also attended a variety of public symposia and lectures at the University of California,

San Francisco. These included a seminar on molecular epidemiology by Dr. John

Weincke, an “introduction to genetics” by Dr. Ira Herskowitz, a campus wide symposium

on pharmacogenomics, and a lecture on environmental health tracking and surveillance

systems by Dr. Gina Solomon of the National Resources Defense Council. My field

notes from all of these public forums include both my notes on papers and presentations

given, and also my reflections on discussions I had with other members of the audience.

All of these notes have been coded and analyzed as primary data in this dissertation.

Finally, I spent three months as a “summer intern” in the Program on

Environmental Health Policy and Ethics (PEHPE) at the National Institute of

Environmental Health Sciences (NIEHS). I took copious field notes throughout these

three months which I have utilized as primary data in my analysis. These field notes

encompass a wide variety of interactions both at and with the NIEHS, including

presentations by various branch and program directors as part of the week long

orientation for PEHPE interns, formal papers presented by intramural and extramural

scientists during the summer, and both corridor and cafeteria conversations.” My

primary responsibility for the internship was to serve as a liaison to the Ethical, Legal,

"This was the first national meeting for environmental justice activists to gather to talk about their
responses to developments in genetics/genomics.
” There is only one cafeteria on the NIEHS campus. Therefore, at any given lunch hour, it was a
wonderful place to “hang out” and talk informally with NIEHS scientists and administrators. One of the
most interesting conversations I had about “the public's fear of toxicogenomics” was at the NIEHS
cafeteria salad bar.

37



and Social Implications Working Group of the National Center for Toxicogenomics.”

While I have respected the request of the Working Group coordinator that I not use the

verbatim transcripts of Working Group meetings as primary data, I have included my

field notes from those meetings in my analysis.

Analysis

All of the data detailed above were coded and analyzed using the general

principles of grounded theory (Glaser and Strauss 1967; Strauss 1987; Strauss and Corbin

1998). Grounded theory focuses on uncovering social practices and processes,

elucidating the conditions that shape the phenomena observed, and tracing out their

effects and consequences. Previous research has demonstrated that grounded theory is

especially amenable to historical sociological research (Clarke 1998: 278). It is a

systematic process that includes but then moves beyond description, enabling inductive

theory formation and, through the process of constant comparison, theory evaluation. It

is also an ideal analytic approach for a multi-sited and multi-method research project

such as this, wherein analysis was ongoing throughout the research. Data collection itself

was guided by the results of early sampling and analysis for range of variation and

pursuit of specific analytic issues (theoretical sampling) (Clarke 1998: 278).

According to the grounded theory approach, analysis begins as data is collected

and then moves through a process of “densification” which allows data to be integrated

* In this capacity, I reviewed research articles on toxicogenomics and assembled binders for the ELSI
Working Group members to review prior to their July meeting. I helped to organize a public forum and a
ELSI Working Group meeting at the Woodrow Wilson Center in Washington, DC (July 18-19, 2002). I
also facilitated working sessions on genomics and public health during a closed session of that meeting. At
moments during this experience, I was extremely uncomfortable with the degree to which I was
participating in the very processes that I had gone to study at the NIEHS. However, I also believe that
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into an analysis of the substantive area(s) (Strauss 1987). In first round of coding, “open

coding,” concepts were labeled and grouped into categories. After categories were

developed and their properties and dimensions (roughly) defined, “axial coding” enabled

me to identify and label connections between categories. This process eventually

allowed me to generate the basis for constructing major analytic categories and theorizing

the conditions and the contexts within which the phenomena of interest have come to

being in different, varied, and never inevitable forms which they now take.

My analytic process was greatly facilitated by the Atlas.ti qualitative data analysis

Software package. After coding several interviews “by hand,” I entered all interviews

and field notes into Atlas.ti. The only materials that I did not enter into Atlas.ti were

those gathered during the literature review. However, I did code and enter some of my

reading notes on those materials. I did all of my open coding and all of my

“densification” in Atlas.ti, which enabled me to label, compare, combine, and make

linkages between codes and sets of codes. I also wrote memos on many of my open and

axial coding schemes within Atlas.ti, though I did not use it for longer, theoretical

IT1CITIOS.

Plan of the Work

Chapter Two provides an overview of the social worlds that have an interest in

issues of human health and illness in the “post-natural” environment of late modernity

(Kroll-Smith, Brown, Gunter, 2000) and therefore constitute the arena of environmental

health in the United States. This chapter focuses on the key issues of the arena, which

* -->having obtained an “insider’s” view – even for that very brief time – has been extremely valuable to my
analysis.
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include questions about the roles of environmental health science and scientific expertise

in protecting human health, struggles over the meaning of environmental health risk

assessment, contests regarding the regulation of industry, and mobilization around issues

of environmental justice. Here I also describe how various social worlds are configured

in response to these issues. This overview of the arena of environmental health “sets the

stage” for my subsequent analysis of the emergence of new disciplinary projects within

the environmental health sciences - molecular epidemiology, environmental genomics,

and toxicogenomics - and their consequences across the environmental health arena.

Chapter Three describes two divergent conceptualizations of “gene-environment

interaction,” one of which focuses on genetic susceptibility to environmental exposures,

while the other focuses on genetic damage caused by environmental exposures. I begin

by tracing the histories of the semiotic and material entities (Haraway 1997) which

constitute (and are constituted by) each meaning of gene-environment interaction and by

locating them within (and at the intersections among) particular social worlds. I then

discuss the ways in which the internal heterogeneity and multiple meanings of the

concept of gene-environment interaction have allowed it to work as a “boundary object”

(Star and Griesemer 1989) in the environmental health sciences. I conclude by

examining scientists’ understanding of “the gene” as the “core” of the concept of in gene

environment interaction and explore how this has contributed to the emergence of genes

and genomes as central foci in the environmental health sciences.

Chapter Four is an examination of the (co)emergence of genetic/genomic

technologies, work objects, and research practices in the environmental health sciences. I

focus in particular on the ways in which new tools, such as molecular biomarkers, the
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polymerase chain reaction (PCR), high throughput gene sequencing machines, and cDNA

microarrays, have contributed to the development of molecular work objects in the

environmental health sciences. Such new work objects include the molecular terrain of

the human body, environmental response genes, the “environmental genome” and human

gene expression. I then consider how these tools and work objects have been used to

organize extant resources for initiatives to transform research practices in environmental

epidemiology and toxicology. I conclude that emergent constellations of tools, work

objects, and research practices are being used to reconfigure relations of knowledge in the

environmental health sciences.

Chapter Five examines the translation of the work objects, practices, and concepts

of molecular epidemiology, environmental genomics, and toxicogenomics to specific

audiences and service markets. Specifically, I explore various institutional strategies and

technologies which endeavor to translate molecular epidemiology, environmental

genomics, and toxicogenomics for service roles in biomedicine, public health, and

environmental health risk assessment and regulation. Here I also make the argument that

proposed translations of molecular epidemiology, environmental genomics, and

toxicogenomics molecularize the environmental health sciences and thereby contribute to

a new form of biopolitics (Foucault 1978/1990) or risk politics (Rose 2001) in the

environmental health arena.

Chapter Six, the final chapter of this work, explores possible implications of the

molecularization of the environmental health sciences and the emergence of a molecular

biopolitics of environmental health and illness. I argue for the importance of attending to

“the politics of implication” (Casper and Christensen 2000), that is, the differential
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effects of new modes of knowledge production, subjectivity, and governance for

individual and collective actors with unequal access to key resources. I also delineate the

theoretical implications of this research and highlight several directions for future

research on genetics/genomics and disciplinary emergence in the environmental health

Sciences.



Chapter 2

The Arena of Environmental Health in the United States

In February of 2003, two articles in the San Francisco Chronicle reported on the

results of a study of nine people who had been tested for 210 chemicals commonly found

in consumer products and industrial pollution (Kay 2003; Rosen 2003). The “body

burden” testing of these individuals found “167 chemicals, with an average of 91

chemicals per volunteer.” Moreover, “on average, each person had 50 or more chemicals

linked to cancer in humans and lab animals, considered toxic to the brain and nervous

' None of thesystem or known to interfere with the hormone and reproductive systems.”

volunteers in the study had worked with chemicals and or lived near industrial plants.

As a result, one study participant noted that she was left wondering how she had become

“a walking toxic waste site.” Indeed, as noted in the articles,

no one is sure how industrial and synthetic chemical residues - even
long-banned pesticides such as DDT - end up in our bodies. But
scientists suspect that chemicals first pollute the air, soil, food and
water, then climb through the food chain and finally accumulate in our
blood, fat, mother's milk, semen and urine (Kay 2003).

In response to the study, the Environmental Working Group of Oakland and

Washington (which, along with the Mt. Sinai School of Medicine and Commonweal, had

collaborated on the study) called for "the reform of the Toxics Substance Control Act,

under which chemical companies may put new compounds on the market without any

studies of their effect on people or the environment." As Michael Lerner of

Commonweal argued, “...we are unwilling participants in a huge chemical experiment,

which would never be permitted by the FDA [Food and Drug Administration] if these

'For a detailed account of the study findings, see http://www.ewg.org/reports/bodyburden■ es.php.
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chemicals came to us as drugs. But because these chemicals enter us from industrial and

agricultural sources, they are not subject to testing that would ensure our safety." His

argument was bolstered by a study that had been released by the Centers for Disease

Control (CDC) the previous week, described by the CDC as a “report card on the body

**burden of chemicals carried by Americans.” Using data from 2,500 anonymous donors,

the CDC report provided further evidence that chemical residues can be found in many

human bodies. In response to the CDC study, Environmental Protection Agency (EPA)

spokeswoman Laura Gentile said the EPA had instituted numerous regulatory and

scientific measures to protect the public from unreasonable exposure to chemicals. She

said the EPA "will continue to work closely with CDC on the important issues regarding

chemical exposures." However, the article concluded with the observation that “lobbyists

for the chemical industry resist further regulation.” As a result, one study volunteer -

breast cancer survivor and activist Andrea Martin - stated, “we’re living in a toxic stew

and they are, quite literally, getting away with murder."

As vividly depicted in these accounts, the “issues” of environmental chemicals

and their consequences for human health are distributed across a wide variety of social

worlds and actors. These include the following: 1) people exposed to environmental

chemicals in their communities and at their work place (and their organizations, where

they exist); 2) scientists (in university, government, and industry laboratories) trying to

understand the effects of chemicals (singly and in combination) in human bodies; 3)

industries that produce chemicals and/or use them in their production processes (many of

which resist efforts to limit their distribution and/or emission); 4) state and federal

regulatory agencies, such as the EPA and the FDA, charged with implementing and
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enforcing regulations to protect the public’s health; 5) government agencies, such as the

CDC and the National Institutes of Health (NIH), whose missions include research on

illnesses, their prevention and treatment; 6) environmental health groups, who pursue

various strategies at local, state, national, and increasingly international levels to improve

environmental health and ensure environmental justice (see Figure 2.1). The goal of this

chapter is to provide an overview of these social worlds and the environmental health

arena that they both construct and are constructed by. This overview of the arena of

environmental health “sets the stage” for my subsequent analysis of the emergence of

new disciplinary projects - molecular epidemiology, environmental genomics, and

toxicogenomics - within the environmental health sciences.

Toward this end, I examine here several major issues that are central to the

environmental health arena in the U.S., explore the positions taken by key social worlds

on these issues, and delineate how these shape the arena as a whole. I begin with a brief

discussion of questions about human health and illness in a “post-natural” environment,

that is, an environment that may be hazardous to human health because it is suffused with

manufactured products and chemicals (Kroll-Smith, Brown, Gunter, 2000). I then

describe the role of the environmental health sciences as a distinctive mode of knowledge

production about the environment and its consequences for human health. This is

followed by an overview of the primary conflicts that characterize the environmental

health arena. These include contests over environmental health risk assessment and

regulation, the role of science in protecting human health, and issues of environmental

justice. Taken together, these concerns shape the situation into which new environmental

health sciences have begun to emerge.
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Environmental Health and Illness in a “Postnatural” World

The defining issues of the arena of environmental health in the United States

concern the presence of chemicals in the environment and their consequences for human

health and illness. The particular forms taken by these issues are shaped by the fact that

environmental chemicals are often neither visible nor perceptible to persons being

exposed to them. Additionally, many toxic elements have a lengthy latency period before

the effects of exposure emerge, while others effect the offspring of the person exposed

(Steingraber 2002). As a result, knowledge of hazards is contingent upon “the ‘sensory

organs of Science’ - theories, experiments, measuring instruments - in order to become

visible or interpretable as hazards at all” (Beck 1992:27, emphasis in original). That is,

while members of public may perceive or fear a risk, the visibility and definition of a risk

most often requires the tools, language, and legitimacy of science: “So long as risks are

not recognized scientifically, they do not exist - at least not legally, medically,

technologically, or socially, and they are thus not prevented, treated or compensated for.

No amount of collective moaning can change this, only science” (Beck 1992: 71). The

activities pursued and positions taken by the various social worlds in the environmental

health arena on these two issues define their relationships both to each other and the

arena as a whole.

There is no single, comprehensive source providing documentation of the

presence of industrial chemicals in the environment. However, statistics “culled from

several sources” by Kroll-Smith and Floyd (1997:24-25) are suggestive of the prevalence

of industrial chemicals:
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- In 1940, the annual production of synthetic organic compounds in the U.S. was
2.2 billion pounds. By 1991, it had increased to over 214 billion pounds, an
increase of 200 percent in 50 years (NRC 1991:21).

- The EPA can ensure the safety of only 6 out of 600 active pesticide ingredients
under its control (Duehring and Wilson 1994:10).

- Less than 10 percent of the seventy thousand chemicals now in commercial use
have been tested for their possible adverse effects on the nervous system and only
a handful have been evaluated thoroughly, according to the National Research
Council (Duehring and Wilson 1994: 10).

- The EPA has identified over nine hundred volatile organic chemicals in ordinary
indoor environments, including offices and homes.

- An EPA summary on chemicals in human tissues found measurable levels of
styrene and ethyl phenol in 100% of adults living in the U.S. The summary also
found 96% of adults with clinical levels of chlorobenzene, benzene, and ethyl
benzene: 91% with toluene; and 83% with polychlorinated byphenols (Stanley
1986). Each of these chemicals is classified as a human carcinogen or a probable
human carcinogen (Harte, et al., 1991)

There is an increasing amount of knowledge on the presence of these chemicals in human

bodies. In the past two years, the CDC has released two national reports on the human

exposure to environmental chemicals, documenting human exposure for 116 chemicals in

a sample of the U.S. population (CDC 2003). However, the CDC is careful to state that

body burden data themselves do not prove that environmental exposures are a significant

source of disease burden in the U.S. Indeed, in the executive summary of the second

national report, the CDC states

Just because people have an environmental chemical in their blood or
urine, does not mean that the chemical causes disease...research studies,
separate from the Report, are required to determine which levels of a
chemical may cause disease and which are of negligible health concern
(2003: 6).

It is precisely the health consequences of these exposures that are the foci of negotiation,

contestation, and investiture in the arena of environmental health.

In the U.S., and in many countries worldwide, there is increasing concern about

the environmental exposures and their potential adverse health effects. Relying on

48



survey data from a Dunlap and Gallup poll, Kroll-Smith, Brown, and Gunter (1997:3)

report the following statistics:

- Between 1982 and 1992, the percentage of a random sample of British citizens
reporting that they believed that their health was adversely affected by
environmental causes rose almost 100% (from 27% to 53%). Moreover, 79% of
those same respondents reported that they believed that the environment would
adversely affect the health of their children over the next 25 years.

- In the U.S. in 1992, 67% of American citizens surveyed reported that the
environment was adversely affecting their health (compared to 45% in 1982).
85% of the U.S. sample reported that they believed that the environment would
adversely affect the health of their children over the next 25 years.

- In all 22 countries surveyed, there was a substantial increase in the number of
people who believed that their bodies were at risk due to chemicals in the
environment.

- An average of 73% of respondents in all 22 countries surveyed reported that they
believed that the environment would pose a risk to the health of their children
over the next 25 years.

As noted by social theorist Ulrich Beck (1992), in a “risk society,” individuals often

become highly aware of and anxious about environmental exposures. As detailed in the

following pages, efforts to answer questions and address concerns about environmental

health and illness take multiple forms in the environmental health arena and structure

relationships within the arena itself.

The Environmental Health Sciences

Answering questions about the human health effects of environmental exposures

is the goal of research in the disciplines of environmental epidemiology and toxicology.

As detailed below, these two disciplines have different histories and modes of knowledge

production. However, collectively they constitute “the environmental health sciences.”

“Of course, practitioners in other scientific disciplines may study compounds, mechanisms and processes
relevant to environmental health. However, environmental epidemiology and toxicology are the
contemporary major social worlds in which the primary activity is producing knowledge about
environmental health and illness.
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Epidemiology is the study of “disease occurrence in human populations and the

factors that influence these patterns” (Lillienfiled and Stolley 1994; 3).” Epidemiology

emerged as a specific field of research in France and England in the mid-eighteenth

century. The growth of the sanitation movement provided the raison d’etre for

epidemiology (Lillienfiled and Stolley 1994), while its practices were made possible by

developments in statistical techniques, the calculus of probabilities, and methods of

gathering data on social groups or “populations” (Petersen and Lupton 1996: 28).

Contemporary epidemiology is a markedly heterogeneous field, with a wide range

of variation in outcomes of research interest (e.g., cancer, cardiovascular disease,

injuries), etiologic factors (e.g., environmental exposures, behaviors, social class), and

research methods (secondary data analysis, laboratory research, survey research).

However, all fields of epidemiology share a focus on human health and illness. The

explicit goals of epidemiologic inquiry include the following (Lillienfield and Stolley

1994:4):

1) To elucidate the etiology of a specific disease or group of diseases by combining
epidemiologic data with information from other disciplines such as genetics,
biochemistry, and microbiology;

2) To evaluate the consistency of epidemiologic data with etiological hypotheses
developed either clinically (at the bedside) or experimentally (in the laboratory);

3) To provide the basis for developing and evaluating preventive procedures and
public health practices.

Since World War II, all fields of epidemiology have been increasingly focused on

identifying and quantifying risk factors, risk groups, and apparent causes of disease

(Petersen and Lupton 1996; Susser and Susser 1996a).

* Amsterdamska (forthcoming), Lillienfield and Stolley (1994), Porter (1995), Susser and Susser (1996a-b)
offer historical perspectives on the emergence of epidemiology in the United States and Britain. Petersen
and Lupton (1996) offer a critical (Foucauldian) analysis of epidemiology.
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Toxicology is “the study of the adverse effects of xenobiotics” (Gallo 1996: 3).”

Toxicology includes both the study of absorption, distribution, excretion,

biotransformation of such agents and analysis of basic toxicologic processes within

specific organ systems. While toxicology is ultimately concerned with human health and

illness.” toxicologic knowledge production relies heavily on animal models, in vitro

bioassays, and laboratory research.

Historically, the practices of contemporary American environmental health

science emerged from the practices and knowledge base of industrial hygienists, “the first

group of health professionals in the United States to concentrate on industrial chemicals

and to embrace quantitative, experimental methods for studying and controlling them...”

(Sellers 1997: 2-3). Indeed, as extensively documented by Sellers:

By separating out one aspect of this historicized nature of the workplace in
general – the causal links between chemical and physical working
conditions and worker physiology – the hygienists aimed to forge a new
potential for certainty, generality, and agreement about the biological
impact of the industrial habitat on its denizens (1997; 3).

Over time, the knowledge produced by industrial hygienists provided a rationale for

studying chemicals in the environment beyond the workplace: “Their accomplishments

raised insistent questions about the interactions between the newly understood internal

dynamics and the external environment” (Sellers 1997: 221). For example, one of the

data sources in Rachel Carson's Silent Spring was Wilhelm Hueper, a scientist who spent

much of his career studying the health and illness of industrial workers (Sellers 1997:2)."

“Klaassen (1996) provides a detailed history and comprehensive overview of toxicology.
* There is an emergent toxicology specialty “environmental toxicology” which studies primarily the effects
of chemicals on plants and animals.
* Hueper was also a leader in the institutionalization of environmental health research, as the first director
of the Environmental Cancer Section of the National Cancer Institute.
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Industrial hygiene also shaped the structure of the relationship between

environmental health Science, risk assessment, and regulation:

They [industrial hygienists] were the first to make regular use of
environmental and chemical measurements, the first to tabulate lists of
threshold concentration levels, and the first to devise the kinds of precise
delineations between the normal and the abnormal that underlie today’s
environmental law and policy, as well as its science. In their confrontation
with the microenvironment of the factory, they concocted what are
arguably our most important means for regulating the environment as a
whole (Sellers 1997: 2-3).

Today, the environmental health sciences function not only as explanations for the

etiology of human health and illness nor only as the bases for clinical interventions.

Rather, the environmental health sciences are central components of the process of risk

assessment and regulation that is supposed to minimize the incidence and prevalence of

disease caused by environmental exposures.

As such, producing knowledge about environmental exposures and their

consequences for human health and illness is a concern of multiple social worlds in the

environmental health arena. Government agencies that fund and conduct research on

environmental health are one set of social worlds in the arena of environmental health.

Government research in the environmental health sciences is primarily located at the

National Institute of Environmental Health Sciences (NIEHS), the CDC’s National

Center for Environmental Health (NCEH), and the EPA, which both reviews and

conducts research in support of its regulatory mandate. In addition to their intramural

research endeavors, these government institutes and agencies also provide extensive

funding for research conducted by university and medical researchers.

Funding for environmental health research is also provided by industry trade

councils and organizations. Industry provides research support both to individual
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academic researchers and to research enterprises, such as the Chemical Industry Institute

of Toxicology (CIIT). Additionally, because of the interest of pharmaceutical

researchers in the toxicity of potential pharmaceutical compounds, toxicologic research

also is undertaken by pharmaceutical and biotechnology corporations. Likewise, some

toxicologic research is coordinated by the International Life Sciences Institute (ILSI)

which organizes research projects across individual pharmaceutical and biotech

companies. While this research does not explicitly address questions regarding

environmental chemicals, pharmaceutical and biotechnology projects occasionally

produce what environmental health scientists call “collateral information.” This refers to

data generated in pharmaceutical or biotech research that applies to environmental as well

as pharmacological compounds (and/or mechanisms of toxicity, etc.)."

Finally, and increasingly, environmental health advocacy groups and community

organizations also conduct environmental health research, either independently or, as

described above, in collaboration with university researchers. For many of these groups,

environmental health Science is most significant for its potential applications in risk

assessment and regulatory review. These are major activities and concerns for all the

social worlds in the environmental health arena in the United States.

Risk Assessment: Industry, Regulation, and the Problems of Scientific Uncertainty

The social worlds of Science, industry, environmental advocacy, and government

regulatory science intersect, often in conflict, around the issues of risk assessment and the

regulation of chemicals in the environment. In part, the worlds of risk assessment and

regulatory science are important to the environmental health arena because it is their

'Chapter 3 will discuss the historical and conceptual overlaps between toxicology and pharmacology.
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project to establish and enforce the regulations that determine the kinds and amounts of

chemicals that industry may release into the environment each year. However, they are

also important worlds of action as the controversies in which they often are engaged

(both with industry and with environmental groups) highlight the uncertainty of

contemporary environmental health science and motivate research agendas in

epidemiology and toxicology.

Risk assessment refers to “the systematic scientific characterization of potential

adverse health effects resulting from human exposures to hazardous agents or situations”

(NRC 1983: 1). Risk assessment is almost always a quantitative analysis that includes

the following components:

1) description of potential adverse health effects, based on the results of
epidemiological, toxicological, clinical, and environmental research;

2) extrapolation from those results to predict the type and estimate the extent of
health effects in humans under given conditions of exposure;

3) judgments as to the number and characteristics of persons exposed at varying
intensities and durations;

4) summary judgments on the existence and overall magnitude of the public health
problem;

5) characterization of the uncertainties inherent in the process of inferring risk.
(Corn 1992: 52)

The results of risk assessment serve as the empirical basis for decision making about

regulatory standards or policy actions to deal with the hazards identified in the risk

assessment.”

Risk assessment as an organized activity performed by the federal agencies began

in the 1970s (Faustman and Omenn 1996: 75). At that time, federal agencies, most

* At the same time, there is wide recognition that other “statutory, engineering, economic, social, and
political factors” play a significant role in the evaluation and selection of regulatory options (Faustman and
Omenn 1996; NRC 1983).
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especially the newly formed EPA and the older FDA.” were ordered by Congress" to

take increasing responsibility for complex predictive analyses of the risks and benefits of

hazardous substances and technologies (Jasanoff 1995)." Significantly, their mandate

included not only the control of technologies and substances that were known to be

harmful, but also the identification and regulation of hazards which could, if not

regulated, pose serious threats to health, safety, and/or the environment. Risk,

understood as the possibility of harm, rather than harm itself, and the assessment of risks

took center stage in the regulatory process (Jasanoff 1995: 71).

The shift from an actual harm-based to a risk-based standard for regulatory action

greatly expanded the discretionary power of the agencies: “To justify intervention,

administrators no longer needed visible evidence of dying workers, decaying forests...the

mandate to assess risks at once expanded the categories of evidence that administrators

could view as relevant and the range of activities they could characterize as dangerous”

(Jasanoff 1995: 72). Not surprisingly, these new programs of social regulation quickly

became sites of contestation about the nature and precision of scientific knowledge,

measurement of risks, and techniques of risk management.

The politics surrounding regulation certainly contributed to these contestations,

especially as analysis was often posed in terms of trade-offs between risks to health and

to the environment, on the one hand, and the economic and Social costs of regulation, on

* The regulation of workplace environments is the responsibility of the Occupational Safety and Health
Administration (OSHA).
"Corn (1992: 59) provides a listing of the major legislative acts through which the contemporary federal
regulatory system was established.
"In this section, Irely extensively on the work of Sheila Jasanoff whose pioneering scholarship has
focused on the development of regulatory science in the U.S. and abroad.
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the other (Jasanoff 1990:3). However, elements of risk assessment itself left the

agencies vulnerable to attack from industry:

...industry leaders recognized that the risk assessments upon which
agencies were building their programs of preventive regulation presented
an easy target. Based on untried methods of data collection and novel,
often cross-disciplinary interpretive judgments, agency risk assessments
lacked the institutional credibility of normal science... (Jasanoff 1995: 72)

In response, a massive expansion of governmental research capabilities (of which the

National Institute of Environmental Health Sciences was a part) was designed to generate

new and better sciences and to identify omissions, mistakes and biases in extant data,

especially those obtained from nongovernmental sources, such as industry (Jasanoff

1990: 41). Moreover, it was the advent of new forms of science which “made it possible

to link chemicals with effects of public health and the environment, even in cases in

which a causal association could not be definitely established” (Jasanoff 1995: 118).

Significantly, the “advances” in science which made risk assessment possible, indeed

which constitute the process of risk assessment, are simultaneously those practices which

are most contested in the regulatory contests described below:

Techniques for studying the effects of chemicals on laboratory animals
gained acceptance as a substitute for assessing risk in humans. Methods
for detecting chemicals in the environment and measuring levels of human
exposure also developed rapidly...advances in the understanding of
molecular and cellular processes expanded the basis for connecting
chemical exposure with the induction of diseases...quantitative methods
for predicting human risk from indirect evidence - formally known as risk
assessment - came increasingly into vogue as a basis for setting
environmental standards (Jasanoff 1995: 118).

The risk assessment framework for regulatory decision making was initially

shaped by court decisions to a far greater extent than by the congressional mandates that

formed the mission of the regulatory agencies. Jasanoff refers to the paradigm which
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emerged from these early decisions as the “science policy paradigm,” comprising three

key elements:

The first is the notion that agencies should be permitted to make
regulatory decisions even on the basis of imperfect knowledge (that is
suggestive rather than conclusive evidence). The second element, a
corollary of the first, is that a science policy determination may be
regarded as valid even if the scientific community does not universally
accept it as such. A third and closely related principle is that when experts
disagree about the validity or interpretation of relevant data, the
administrative agency should have the authority to resolve the dispute
consistently with its overall legal mandate. Put another way, when science
alone is incapable of providing unique answers to questions about risk,
the choice among conflicting answers should be made by the politically
accountable agency in accordance with its lawful regulatory mission
(Jasanoff 1990: 50, emphasis added).

In the series of legal decisions that shaped the science policy paradigm, the courts

enhanced the authority of the agencies, emphasizing that their responsibility to protect

public health might sometimes justify a less rigorous or elaborate procedure than would

be necessary to establish scientific validity. However, subsequent to the establishment of

this paradigm, the courts then exhibited little deference for the decisions made by the

agencies, thereby weakening the agencies’ authority and encouraging industry to seek

relief from “burdensome” regulations from the judiciary and heightening the debate about

the relative merits of “regulatory science.” As Jasanoff concludes, “Inconsistent

decisions and wavering judicial support underscored the political fragility of the science

policy paradigm and added weight to industry’s demands for better quality control on

regulatory science...” (Jasanoff 1990: 57-9). The United States judiciary has been

exceptionally involved in regulatory policy making. Whereas most European regulatory

agencies can assume that their decisions are final and binding, no significant

*
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administrative action in the United States is assured of finality until it has undergone

judicial review (Jasanoff 1995: 67).

The adversarial and litigious nature of the regulatory process in the United States

is a major element that shapes research agendas and practices in the environmental health

sciences. The readiness of the courts to steep themselves in Science has given litigating

parties incentives to reframe fundamentally political cleavages as disputes over scientific

evidence (Jasanoff 1995: 67, emphasis added; see also Markowitz and Rosner 2002; Ong

and Glantz 2001; Proctor 1995). The heterogeneity of risk assessment practices only

adds to these controversies. First, there are multiple paradigms for environmental health

risk assessment. The methodologies used by epidemiologists differ from those employed

by toxicologists and biostatisticians. Empirical evidence suggests that these different

methodologies are consequential for public perception of hazard and for policy making:

“...the risk of cancer from exposure to environmental chemicals...has frequently aroused

greater concern in the United States, where the techniques of probabilistic assessment are

most widely used, than in countries like Britain, where health risk assessment is

dominated by epidemiologists rather than toxicologists or biostatisticians” (Jasanoff

1990: 81).

Second, even within the toxicology paradigm that dominates risk assessment in

the United States, there are myriad technical disputes. One area of contention centers

around attempts to quantify overall risks, a procedure which makes comparison to

“costs” possible but, from the point of view of some scientists misrepresents the

knowledge that toxicology creates. For example, one scientist critiqued the quantitative

risk estimates for the insecticide ethylene dibromide (EDB) as “an attempt to use
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statistical models to convert inadequate toxicological data into precise values for human

risk” (Jasanoff 1990: 137; see also Star 1986).

Another set of critical issues includes controversies about the use of animal data

to predict risk to humans, the regulatory significance of in vitro bioassays, and how to

translate data from experiments where animals receive the maximum tolerated dose

(MTD) into risk estimates for humans consuming smaller doses, though perhaps over a

longer time period:

When does cancer induction in mice or rats provide genuine grounds for
concern about human beings? How should decision makers deal with
conflicting results from different test systems? What interpretation should
be placed on the fact that responses in the exposed animals do not always
correspond to epidemiologically observable effects in humans? When
animals are exposed at high doses so as to detect relatively minor risks,
what do the results imply for risks at much lower exposure? (Jasanoff
1990: 182).

Or, as phrased by a recent chapter on the uses of animal models in FDA risk assessment,

“Who cares if the rat dies?” (Busch, Tanaka, and Gunter 2000). In the making of

regulatory science, these issues are compounded by the length of the policy making

process, during which the state of knowledge itself may undergo repeated redefinition,

often as a result of purposeful Scientific activity undertaken by parties to the rulemaking

proceedings (Jasanoff 1990:180). As such, environmental health scientists constantly

strive to produce new methods and technologies that may minimize the methodological

uncertainties of risk assessment. Regulatory science, of necessity, is done at the margins

of existing knowledge and in the middle of highly politically charged controversies.

These controversies illuminate both the preeminence and the vulnerability of “science” in

risk assessment and policy making.
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The EPA’s conflicts with industry over a variety of substances (e.g., EDB,

dicofol, Alar) also highlighted the contingent and uncertain nature of risk estimates

(Jasanoff 1990). Repeatedly, the recorded proceedings of the EPA’s Scientific Advisory

Panel and court records revealed scientists in conflict with each other over the practices

of risk assessment. In each case, the government agency and agrochemical industry

chose different conventions to determine whether the existing data were scientifically

acceptable and a suitable basis for risk assessment. And, in each case the “scientific

paradigm” advocated by each side was consistent with its overarching institutional

imperative (Jasanoff 1990: 149).

Thus, the adversarial regulatory process in the U.S. is a central dynamic of the

environmental health arena in the U.S. In controversies over regulatory science and its

consequences, industry, government, and environmental health organizations (often

representing individuals at risk of exposure to environmental chemicals) encounter each

other, usually in conflict and, occasionally, in negotiation and compromise. That these

political conflicts are often articulated in terms of disputes over scientific evidence means

that the government has strong interests in improving models and methods of risk

assessment. In particular, technologies and knowledge that might reduce sources of

scientific uncertainty (e.g., extrapolation from animal models) are highly desired by

regulatory scientists and by many environmental groups. However, at the same time,

some environmental groups are challenging the fundamental principles of environmental

health science and risk assessment.
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Popular Epidemiology and the Precautionary Principle

In recent years, communities and individuals exposed to environmental chemicals

have begun to question the entire enterprise of environmental health science and its

applications in risk assessment. At stake in these controversies is the role of

environmental health scientists as “experts” and the value of risk assessment in protecting

human health. Challenges have come from advocates of “popular epidemiology” and of

the precautionary principle.

Popular epidemiology refers to “the process by which lay persons gather scientific

data and other information and direct and marshall the knowledge and resources of

experts to understand the epidemiology of a disease” (Brown and Mikkelsen 1994: 126

7). Popular epidemiology is both an agent and a manifestation of the growing skepticism

of individuals and communities about whether their health is protected by environmental

health risk assessment and regulation. Popular epidemiology focuses on local

knowledges and concerns about hazardous exposures. This perspective asserts that lay

people often have access to data about themselves and their environment that are

inaccessible to scientists (Brown and Mikkelsen 1994: 127).” Therefore, popular

epidemiology emphasizes public participation, especially that of individuals in

communities which may have been exposed to hazardous substances. Moreover, popular

epidemiology often highlights social structural factors in disease causation and attempts

* For example, residents of Yellow Creek, Kentucky were the first to identify a polychlorinated biphenyl
(PCB) spill near their community when they notices fish kills, the disappearance of small animals native to
the area, and corrosion of screens and other materials (Brown and Mikkelsen 1994: 127). Therefore, even
before measurable adverse human health outcomes become apparent, lay observation in the form of “street
wise or creek-side environmental monitoring” may be an important source of data for identifying
environmental hazards.
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to unite lay and scientific perspectives in an effort to forge explicit links between science

and politics. In so doing, popular epidemiology challenges the basic assumptions of

traditional epidemiology, risk assessment and public health regulation (Brown and

Mikkelsen 1994: 127).

Popular epidemiology specifically criticizes the idea that traditional epidemiology

is a value neutral scientific enterprise that can be conducted in a sociopolitical vacuum

and explicitly challenges the assumption that only scientific experts can “do” risk

assessment (Brown and Mikkelsen 1994: 132). This critique has several dimensions.

First, advocates of popular epidemiology are critical of classical epidemiology as “a

scientific endeavor more concerned with ‘multiple regression’ and ‘statistical

significance’ than the realities of ordinary people with these environmental problems”

(Novotny 1998: 141). In contrast, popular epidemiologists argue that the statistical

significance of epidemiological data should not be the only “evidence” used to determine

the existence of a health problem: “an increased rate of disease may be of great public

health significance, even if statistical probabilities are not reached” (Brown and

Mikkelsen 1994: 134). They also argue that more evidence is needed to achieve

scientific statements of probability in a laboratory study than may be necessary to

determine that something should be done to eliminate a health threat within a clinical or a

community setting (Brown and Mikkelsen 1994: 134). Advocates of popular

epidemiology further believe that science is limited in its conceptualization of what

problems are legitimate, how they should be studied, and by what means they should be

redressed. They argue that just as citizens often need scientists to help them measure

and understand environmental risks in their communities, so too, scientists need
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community participation to help them identify risks, the local circumstances most

relevant to their diffusion, and how to measure, monitor, and ameliorate their effects.

Additionally, in recent years, environmental health activists have begun to call for

the abandonment of risk assessment in favor of the “precautionary principle” (Davis

2002; Steingraber 2002). There are two general versions of the precautionary principle

(Morris 2000). The “strong precautionary principle” states that no action should be taken

unless there is full certainty that it will do no harm; the “weak precautionary principle”

states that “lack of full certainty is not a justification for preventing an action that might

be harmful” (Morris 2000: 1). In the environmental health arena, debates about the

precautionary principle center on how and when industry should proceed with the

introduction of new substances or products (Markowitz and Rosner 2002:6). A

precautionary principle approach in this arena would require that “suspect substances

must be held off the market until their potential dangers are more clearly understood and

their safety is better established” (Markowitz and Rosner 2002:6). Likewise, the

precautionary principle would enable regulatory action to reduce extant substances in the

environment “even before the existing data absolutely prove danger” (Markowitz and

Rosner 2002:6).

Although critics of the precautionary principle claim that it is “anti-science,” its

advocates counter that they simply want to curtail both the exploitation of scientific

uncertainty and calls for more scientific evidence as stalling tactics by industry. They

note that given the complexities of environmental health science, “definitive proof” may

take many years and may never come. Additionally, research on the tobacco, asbestos,

chemical, and lead industries has documented that industries deliberately engage in lying
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and obfuscation regarding the health effects of their products (Markowitz and Rosner

2002; Ong and Glantz 2001; Proctor 1995).” Such research has also indicated that

industries invest heavily in scientific research specifically intended to “insinuate

ambiguity and forestall regulation” (Proctor 1995: 102). Indeed, calls for regulatory

delays on the grounds of insufficient and/or incomplete evidence “are a regular part of the

PR package of the tobacco, petrochemical, and other industries...the net effect is to shift

the focus from the need to eliminate a probable hazard to the need to resolve a certain

ambiguity” (Proctor 1995: 130). In light of these dynamics, advocates of the

precautionary principle argue that “society must require a certain degree of confidence in

a material’s safety before allowing it into the human environment” (Markowitz and

Rosner 2002: 287). In some localities (e.g., San Francisco, California), there is evidence

of some movement towards incorporating the precautionary principle into public policy

making, however, risk assessment remains the foundation of environmental health

regulation in the United States.

Environmental Health and Environmental Justice

Another line of critique of extant environmental health science, risk assessment,

and regulation comes from the environmental justice movement (EJM). The

environmental justice movement is an organized political response to disparities in the

distribution of environmental health hazards in the United States. Specifically, it has

”See also Kroll-Smith, Brown, and Gunter (2000:12-13) on “The Problem of Organizational Deceit”:
“organizational deceit is most likely to occur in cases where risks are ambiguous and there is thus a greater
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mobilized in response to patterns of racial and class disparities in environmental

exposures and environmental illnesses, which it terms “environmental racism.” The

environmental justice movement has brought the issues of race, class, and environmental

health and illness to the attention of multiple social worlds in the environmental health

a■ CIla.

For example, in the past two decades, studies of multiple regions and geographic

units of the United States and the distribution of a variety of types of environmental

hazards indicate that “race and class are important determinants of environmental

exposure and environmental health effects” (Brown 1995:15). First, research on

proximity to known environmental hazards and exposure to pollution documents an

association between race, class, and exposure. " Research also found that “whether

using a general proximity measure or a precise distance measure, race has an independent

effect on the locations of waste sites and proves to be a stronger predictor than income”

(Brown 1995: 18). What this means, in concrete terms, is that if you are Black or Latino,

your chances of living within a mile of such a facility are about four and a half times

greater than if you are White (Mohai and Bryant 1992). More than 15 million Blacks and

8 million Latinos live in communities with one or more uncontrolled toxic waste sites

(Pinderhughes 1996:236). Similarly, research on race and class differences in exposure

to air pollution indicates that “Blacks face higher exposures at all income levels than

need to appear in charge” (2000: 12).
“The groundbreaking research in this area was conducted by the Commission on Racial Justice of the
United Church of Christ (UCC 1987; Brown 1995:17). The first UCC study, which was conducted in
1986, found that “those communities with the greatest percentages of minority residents had the most toxic
waste facilities...” and that “percentage of minority population proved to be the strongest predictor of
communities with the greatest number of waste facilities and the largest landfills” (Brown 1995:17). A
second UCC study found that “three of five Black and Hispanic individuals resided in a community with a
CERCLIS site” and that “three of five of the largest commercial hazardous waste landfills in the U.S.,
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Whites” (Brown 1995: 20). Additionally, research on regulation, amelioration and clean

up also indicates significant inequities associated with race.” Finally, research found that

there are race and class differences in siting proposals for new incinerators, hazardous

waste sites, and nuclear storage sites: “There have been numbers of case studies

concerning siting decisions, and in all these cases the communities facing sitings are

Black, Latino, or Native American” (Brown 1995: 24).

Most histories of the EJM mark its initiating and “defining moment” as the

September 1982 protests in Warren County, North Carolina. There had been social

activism around toxic contamination before this event, such as the struggle against the

Hooker Chemical Company at Love Canal, New York in the late 1970s. However, the

Warren County protests were the first to identify connections between race, poverty, and

environmental exposures (Di Chiro 1995:303)." The EJM is now a multi-organization

making up 40% of the nation’s total capacity for hazardous waste landfills, were located in predominantly
Black or Hispanic communities” (Brown 1995:17).
* For example, a study which gathered information from a computer-assisted analysis of census data, the
civil court case docket of the EPA, and the agency’s own record of performance at 1,177 Superfund sites
came to the following conclusions: 1) Penalties under hazardous waste laws at sites having the greatest
white population were about 500 percent higher than penalties at sites with the greatest minority
population. Hazardous waste...is the type of pollution most concentrated in minority communities; 2) For
all the federal environmental laws aimed at protecting citizens from air, water, and waste pollution,
penalties in white communities were 46 percent higher than in minority communities; 3) Under the
Superfund clean-up program, abandoned hazardous waste sites in minority areas take 20 percent longer to
be placed on the national priority action list than those in white areas; 4) In more than one-half of the ten
autonomous regions that administer EPA programs around the country, action on Superfund sites begins
from 12 to 42 percent later at minority sites than at white sites; 5) At the minority sites, the EPA chooses
“containment,” the capping- or walling-off of a hazardous dump site 7 percent more frequently than the
clean up method preferred under the law, that is, permanent “treatment,” which eliminates the waste or rids
it of its toxins. At white sites, the EPA orders treatment 22 percent more often than containment (Lavelle
and Coyle 1992: 137).
“The Warren County protests focused on the siting of a toxic chemical disposal dump in the largely
African-American (75%) and very poor (97th in per capita income among North Carolina's 100 counties)
community of Shocco Township (Bryant 1995: 4; Bullard 1994: 5; Di Chiro 1995:303). The protests
against the landfill in Warren County included a number of the national civil rights action groups, including
the United Church of Christ Commission for Racial Justice, the Southern Christian Leadership Conference,
and the Congressional Black Caucus, along with local residents and their families. Although the protests
were unsuccessful in halting the construction of the landfill, this was “the first time in history that poor
African Americans banded together - with the support of civil rights and environmental groups on a
national level - to fight an environmental battle affecting a poor, minority community” (Newton 1996:2).
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network involved in informing, assisting and organizing communities endangered by

environmental conditions, proposing research and policy agendas, and insisting on new

approaches to the creation and management of hazardous wastes (Bryant 1995; Bullard

1994; Di Chiro 1995; Newton 1996; Szaz 1994). EJM activists have been involved in

protests similar to that in Warren County, some of which have succeeded in changing the

siting of hazardous waste landfills in communities of color (Newton 1996). Many of

these organizations work at multiple levels of government and meet together to share and

develop agendas, strategies, and tactics. In addition to successes in local struggles

against the siting of hazardous waste dumps, the EJM has mobilized for the development

and promulgation of “environmental justice” as a concept and an analytic framework for

“uncovering the underlying assumptions that may influence environmental decision

making” and analyzing and promoting “strategies to eliminate unfair, unjust and

inequitable conditions and decisions” (Bullard 1994: 10).

Environmental justice has been taken up as a concern at the level of the federal

government, though it is defined varyingly by different government agencies."

In 1994, President Clinton signed Executive Order 12898 (“Federal Actions to Address

Environmental Justice in Minority Populations and Low-Income Populations”).

Executive Order 12898 explicitly moved environmental justice to the agenda of every

federal agency. Specifically, it states that

To the greatest extent practicable and permitted by law...each Federal
agency shall make achieving environmental justice part of its mission by
identifying and addressing, as appropriate, disproportionately high and

"For example, the definition offered by the Department of Health and Human Services focuses on the
health effects of pollutants: “Environmental justice seeks to ensure that no population is forced to shoulder
a disproportionate burden of the negative human health and environmental impacts of pollution or other
environmental hazards” (DHHS 1995). In contrast, the EPA definition of environmental justice
emphasizes equity in the processes through which risks are distributed.
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adverse human health and/or environmental effects of its programs,
policies and activities on minority populations and low income
populations in the United States and its territories and possessions...
(Section 1-101)

The order set up an interagency working group on environmental justice (to report to the

President) and mandated that each agency set up an agency-wide environmental justice

strategy (Section 1-102). It also called for both increased public participation regarding

issues of environmental justice (Section 1-103) and extensive research, data collection,

and analysis pertaining to the human health and environmental effects of environmental

hazards (Section 3).

The environmental justice movement also has begun to make demands upon

environmental health Science researchers. For example, environmental justice activists

assert that environmental health scientists ought to be responsive to the concerns and

questions of the environmentally exposed communities whose bodies they often wish to

study. Many environmental justice activists also encourage community members to

refuse to participate in studies unless scientists are willing to “partner” with community

groups to address their concerns about their environments. There are increasing number

of examples of community-university partnerships in the environmental health arena,

enabling both “partners” to conduct environmental health science research that would not

otherwise be possible (EHP 2002). Thus, environmental justice movement highlights

issues of race, class, and justice across the arena of environmental health

Situating Disciplinary Emergence

Together, the issues detailed above comprise the major concerns of the

environmental health arena in the United States. Additionally, the ways in which various
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social worlds engage with these issues – and with each other — shape the structure,

political “mood” and negotiated ordering in the arena of environmental health. Most

importantly for this project, the roles of the environmental health sciences within the

arena are shaped by the quest for certainty in environmental health science tools and

methodologies and by critiques regarding extant practices. Concomitantly, and

increasingly, the raison d’etre of the environmental health sciences is the prevention of

environmental illness through improvements to risk assessment, regulation, and

policymaking, in addition to (and possibly to the exclusion of) diagnosis and treatment of

environmental illness. Moreover, as we will see in the coming pages, that risk

assessment, regulation, and policymaking constitute one of the major service markets for

the environmental health sciences has been consequential for their development, both

historically and at the current moment.

This dissertation examines the emergence and changing role(s) of genetics and

genomics within the arena of environmental health via transformations in the

environmental health sciences. Specifically, I describe the emergence of new subworlds

of the environmental health sciences dedicated to developing genetic/genomic tools for

environmental health research and to translating those tools for use in biomedicine,

environmental health risk assessment, regulation, and policy. Such emerging

environmental genetic/genomic tools and their applications have potential consequences

for each of the worlds in the environmental health arena, as they differentially endeavor

to transform the practices of the environmental health sciences and the practices of

environmental health medicine, environmental health risk assessment, regulation, and

policy. Thus, such tools and their applications are of interest not only to environmental
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health Scientists, but also to risk assessors, regulatory agencies, and local, state, and

national environmental health and environmental justice advocacy groups.

Moreover, given that many of the emerging tools and environmental health

subworlds focused on genetics/genomics take up questions of acquired and inherited

“genetic susceptibilities” to environmental exposures, they raise issues of gender, race,

and age. In this way, they intersect with the concerns of the environmental justice

movement. Thus, the emergence of genetic/genomic disciplines within the

environmental health sciences may constitute new “biosocial” (Rabinow 1992/1996)

subjects of and for the environmental health sciences, a matter that I will take up in the

conclusions of this work.

However, at the same time that the arena of environmental health shapes the

development of the environmental health sciences, the events within the social worlds of

the environmental health science also come from their own situatedness within the larger

arena of the life sciences. In the coming pages, I examine the ways in which the social

worlds of the environmental health arena engage with and are engaged by

transformations within the contemporary life sciences, in general, and in the worlds of

molecular biology, genetics, and genomics, in particular. The primary discourse

facilitating the development of genetic/genomic strategies in the environmental health

arena is that of “gene-environment interaction.” Therefore, in the following chapter I

turn to an analysis of the emergence of the discourse of gene-environment interaction, its

function as a “boundary object” (Star and Griesemer 1989) within the arena of

environmental health, and its consequences for disciplinary emergence in the

environmental health sciences.
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Chapter 3

Concerning Gene-Environment Interaction

The theory that “gene-environment interaction” is the cause of common, multi

factorial diseases is today ascendant within the arena of environmental health. Over the

past ten years, the environmental health sciences have been transformed by ever

increasing commitments to and investments in knowledge production and technology

development focused on processes and mechanisms of “gene-environment interaction”

and their consequences for human health and illness. The self proclaimed “mantra” of

the NIEHS is that all human health and illness is the result of the interaction between

genes and the environment, as influenced by age and stage of development. The NIEHS

has placed “gene-environment interaction” at the center of the U.S. national

environmental health research agenda, providing millions of dollars of research funding

distributed across university, industry, and government laboratories. The Centers of

Disease Control (CDC) has called for “Clinical and epidemiologic research ...to assess

the interaction between genetics and environment in causing disease...” and, in 1997,

established an Office of Genetics and Disease Prevention' (Khoury, et al. 1993; Khoury,

et al. 1996; Khoury 1997; Khoury, et al. 2000). Three new scientific

disciplines/specialties have emerged which take gene-environment interaction as their

subject: molecular epidemiology, environmental genomics, and toxicogenomics. There

is a gene-environment interaction “bandwagon” in the environmental health sciences, that

is, a proliferation of multiple, cascading commitments across multiple social worlds to

this approach to environmental health and illness (Fujimura 1996: 2).

'In 2002, this was renamed “The Office of Genomics and Disease Prevention” (at URL
<http://www.cdc.gov-, accessed 10/07/02).
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This chapter provides a history of “gene-environment interaction” and endeavors

to provide an explanation of the work that it is doing in the environmental health

sciences. I begin by considering various incarnations of the semiotic and material entities

which constitute (and are constituted by) contemporary understandings of gene

environment interaction (Haraway 1997) and by locating them within particular social

worlds. However, I do this not to construct a seamless, evolutionary narrative (nor a

series of seamless narratives) of the history of gene-environment interaction. Rather, my

goal is locate the heterogeneous constructions of gene-environment interaction and their

multiple meanings in the arena of environmental health.

These histories are consequential for two reasons. First, I contend that it is, in

part, the very heterogeneity of meanings, multiplicity of units of analysis, and diverse

social locations of discourses of gene-environment interaction that have allowed the

formation of a gene-environment interaction bandwagon in the environmental health

sciences. As such, I conceptualize the discourse of gene-environment interaction as a

“boundary object” in the broader arena of environmental health (Star and Griesemer

1989). Following Star and Griesemer, I understand boundary objects to “inhabit several

intersecting social worlds...and satisfy the informational requirements of each of them,”

as they are

both plastic enough to adopt to local needs and the constraints of the
several parties employing them, yet robust enough to maintain a common
identity across sites...they have different meanings in different social
worlds but their structure is common enough to more than one world to
make them recognizable, a means of translation (Star and Griesemer 1989:
393).

Boundary objects facilitate the coordination of communication and work across social

worlds so that actors from different worlds are able to “get behind” the boundary object
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and work together towards a common goal (Gieryn 1995:415). The “boundary nature”

of such objects is reflected “by the fact that they are simultaneously concrete and

abstract, specific and general, conventionalized and customized” (Star and Griesemer

1989: 408). For example, gene-environment interaction has specific meanings in

practice in a lab, but operates more abstractly in the arena at large, where it has different

meanings for actors inhabiting different social worlds. Indeed, a unique and defining

characteristic of a boundary object is that it provides a basis of cooperation and

coordination without necessarily requiring a complete consensus among actors.

Additionally, in tracing the histories of gene-environment interaction and the

emergence of a gene-environment interaction bandwagon, I also argue that the supposed

concreteness of “the gene” in gene-environment interaction has been critical to the

success of gene-environment interaction as a boundary object. As I detail in the

following pages, while many scientists disagree on the exact meaning of “environment”

and “interaction,” there is a consensus that “the gene” is an objective and measurable

entity.” I demonstrate that the relatively unquestioned ontological and epistemological

status accorded to “the gene” in the otherwise heterogeneous concept of ‘gene

environment interaction’ contributes to its overall success as a boundary object. Thus,

with the “gene-environment interaction” bandwagon, “the gene” and technologies for

measuring “the gene” are allocated increasingly prominent roles in the environmental

health sciences.

Second, and related, the semiotic and material entities, explanatory frameworks

and experimental systems, networks and infrastructures produced in discourses of gene
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environment interaction over the past fifty years are being re-represented and re

incorporated as new disciplines emerge in the environmental health sciences. Thus, I

argue that the emergence of molecular epidemiology, environmental genomics, and

toxicogenomics are best understood if one begins with the histories of “gene-environment

interaction” in the environmental health sciences.

Histories of Gene Environment Interactions

The internal heterogeneity of gene-environment interaction derives from its

origins in two distinct social worlds within the broader environmental health sciences

(Shostak 2003). Figure 3.1 provides an overview of these two lines of development. One

theory of gene-environment interaction emerged first from the efforts of geneticists

understand basic properties of human genetic materials, such as chromosomes and DNA,

via the study of mutations. This line of research was later reframed by genetic

toxicologists whose primary interest was in gene-environment interaction in

environmental mutagenesis, that is, the damage to chromosomes or DNA caused by

environmental exposures (and transformation, thereby, of gene expression and protein

synthesis) (Frickel 2000; Walker 2000). Gene-environment interaction emerged second

from clinical, pharmacological, and, later, “ecogenetic” research on individual and

subpopulation susceptibility to environmental exposures. This line of research focuses

on genes as modifiers of biological response to environmental exposures and on the

differential susceptibility to adverse effects conferred by different forms (or

“polymorphisms”) of these genes (Calabrese 1996).

*This consensus is, itself, socially constructed. Fogel describes the emergence of “the consensus gene...a
collection of flexibly applied parameters derived from features of well-characterized genes” as a strategy
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Both of these lines of research are entangled in the contemporary meaning of

“gene-environment interaction,” however, they have very different histories and very

different consequences for understanding human health and illness. Therefore, in the

coming sections, I provide a brief description and history of each definition of gene

environment interaction, and the ideas, practices, professions, disciplines, and institutions

it mobilizes (and is mobilized by).

Figure 3.1 Gene-Environment Interaction: Meanings, Histories, Effects

Environmental Mutagenesis Susceptibility to Environmental
Exposures

Focus of The damage to chromosomes and Genetic variations associated with
Inquiry DNA caused by environmental individual and/or subpopulation

exposures (including associated susceptibility (or resistance) to
changes in gene expression and environmental exposures
protein synthesis)

Origins Geneticists’ studies of radiation and Clinical observations of variations in
chemically induced mutagenesis; response to industrial chemicals and
Genetic toxicology pharmaceuticals; pharmacogenetics;

ecogenetics
Key Social Oak Ridge National Laboratory; Pharmacogenetics and
Worlds/ National Institute of Environmental pharmacogenomics; Ecogenetic
Locations Health Sciences (esp. the research at university based

Environmental Mutagenesis Branch); environmental health science research
University, Industry, and Government centers; National Institute of
research centers Environmental Health Sciences (esp.

the Environmental Genome Project)
Service Risk assessment of the mutagenicity Proposed roles in improvements in
Market (and, often, carcinogenicity) of drug development, risk assessments of

potentially harmful substances; environmental chemicals, and
Regulatory Science; Proposed roles in identification of “susceptible” persons
identification, biomonitoring and and populations
treatment of exposed persons

Current Role Mandated by the Toxic Substances None

in Control Act as part of regulatory
Environmental review at the Environmental

Health Policy Protection Agency

for uniting disparate molecular phenomena “under one banner, the gene” (2000: 3-6).
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Theories of Environmental Mutagenesis

Many researchers whom I interviewed told me that the environmental health

sciences had “always” been focused on gene-environment interaction. When pressed

about the definition of the “gene-environment interaction” that had “always” been the

focus of environmental health research, respondents explained that they were referring to

a concern with environmental exposures that created mutations in DNA or other forms of

damage in human genetic material, such a chromosome breakage. The “prehistory” of

this line of research lies in the development of the fields of radiation and chemical

mutagenesis. These two fields, in turn, were mobilized in the 1960s and 1970s by a

“scientists’ social movement” to create the new discipline of “genetic toxicology,”

(Frickel 2000), the study of the effects of environmental exposures on human genetic

material.

Inducing Mutations: Radiation and Chemical Mutagenesis

As detailed by Lindee (1994), Kohler (1994), and Frickel (2000), the study of

mutations was a central concern of American geneticists in the early 1900s. Speaking to

students and faculty at the University of Texas in 1916, American geneticist Herman J.

Muller announced that “the central problem of biology is the nature of mutation” (in

Pauly 1987: 179). Mutations provided geneticists with a mechanism for studying genetic

variation (Frickel 2000: 47–50) and identifying the relationship between genotypic and

phenotypic variation. In 1952, speaking at a Cold Spring Harbor Symposium on

Quantitative Biology, Richard Goldschmidt told his audience “All our knowledge of the

genetic material...is derived from the study of mutation. In classical genetics, the gene is
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an extrapolation of the mutant locus” (in Lindee 1994: 169). Mutations were a tool for

understanding genetic variation and inheritance (Lindee 1994: 169). As such, mutations

in the experimental population of a given genetics laboratory were a highly desired

occurrence. Geneticists chose their experimental organisms, such as the fruit fly

Drosophila melanogaster, in part, to meet the demands of research programs focused on

mutations (Kohler 1994). Moreover, in their work with such experimental organisms,

geneticists searched not just for mutations for but for means of increasing their

occurrence (Kohler 1994: 47)

Radiation induced mutagenesis was first described in the lab of Herbert J. Muller,

a geneticist at the University of Texas who had been a member of Thomas Hunt

Morgan’s “fly room” at Columbia University. In 1927, Muller published two papers

announcing the possibility of “artificial transmutation of the gene” and reporting on a

series of experiments in which thousand of male and female Drosophila (fruit flies) had

been exposed to x-rays and then mated with untreated flies (Muller 1927a; 1927b). The

offspring of these matings were examined for a variety of mutational lesions (Frickel

2000: 52–53). The result was a staggering rise in the mutation rate of fifteen thousand

percent (over that in the “untreated” germ cells”) (Muller 1927a). Within a year, other

geneticists had demonstrated similar effects with other laboratory animals and over the

next three decades geneticists had produced a huge literature cataloguing the effects of

ionizing radiation on complex organisms (Drake 1970 in Frickel 2000: 55). The field of
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radiation genetics expanded rapidly, bolstered by interest in the diverse applications of

this knowledge in biomedical, eugenic, and research practices. 3

In his pursuit of methods for increasing the mutation rate of Drosophila, Muller

had also run experiments using lead arsenate, magnesium chloride, and industrial dyes

(Carlson 1981: 153). None of these experiments yielded the results he was seeking

(Auerbach, Robson, and Carr 1947 in Frickel 2000: 59). Rather, chemical mutagenesis

was first demonstrated in the work of Charlotte Auerbach and J.M. Robson at the

University of Edinburgh. Their study was part of a larger effort by scientists in the U.S.

and the U.K. to characterize the pharmacological and clinical action of mustard gas. As

such, their results were considered confidential and their findings were not reported until

after the end of WWII (Frickel 2000: 57). However, detailed reports of their experiments

appeared in 1947, and in 1948 Auerbach presented a paper on “Chemical Induction of

Mutations” at the Eighth International Congress of Genetics (Frickel 2000:58).”

The fields of radiation mutagenesis and chemical mutagenesis remained

intertwined well into the 1950s and 1960s. They shared central theoretical concerns (the

nature of mutation and of the gene), key institutional locations, experimental systems and

methods, in no small part because researchers studying chemical mutagenesis often

adapted bioassays developed for use with ionizing or ultraviolet radiation (Frickel 2000:

65). Moreover, many researchers conducted experiments involving both radiation and

chemical mutagenesis, as the infrastructural requirements for “adding” chemical

mutagenesis to ones research program were relatively insignificant (Frickel 2000: 79).

* Frickel (2000: 53) notes that there is some evidence that Muller's interest in mutagenesis was related to
his longstanding interest in eugenic concerns. However, Muller was also “an early and vociferous
opponent of the clinical use of x-rays as a birth control technology” (see also Paul 1987; Pauly 1987: 179).
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One journal, Mutation Research, established in 1964 by a group of North American and

European geneticists, published results on both types of mutagenesis research.

Instituting Environmental Mutagenesis

In the late 1960s and 1970s, several intellectual and intellectual transformations

both supported and were supported by the emergence of a scientists’ social movement to

establish environmental mutagenesis as a legitimate object of scientific inquiry (Frickel

2000). These included the expansion of research programs in existing institutions to

encompass environmental health science, the creation of new institutions focused

specifically on environmental health research, support from elite actors in government

and science policy (Frickel 2000: 95), and the rise of the environmental health movement

(Sellers 1997). Following the publicity surrounding 1968 publication and an article

entitled “Chemical Risk to Future Generations” written by population geneticist J.F.

Crow, Scientists and activists increasingly reframed chemical mutagenesis as

environmental mutagenesis. The shift here was in understanding chemical mutagenesis

as not only a method for understanding the gene, but also as a threat to the health of both

current and future generations (Frickel 2000: 154-157).

Research on environmental mutagenesis was demanded by multiple social actors,

including scientists themselves (Frickel 2000), environmental health activists (Sellers

1997), and policymakers. Such research was institutionalized both at the Oak Ridge

National Laboratory and at the newly formed National Institute of Environmental Health

“Auerbach promoted chemical mutagenesis as a research tool similar to radiation mutagenesis, as a means
of increasing the production efficiency of experimental systems (Frickel 2000: 59).
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Sciences.” The Mutagenesis Branch was established at the NIEHS in 1972, with the

primary research task of identifying and assessing the risks posed by environmental

agents to “human germinal and somatic tissues” (in Frickel 2000). This branch was

renamed the Environmental Mutagenesis Branch in 1974 and has served as the

institutional niche for the development of genetic toxicology (Frickel 2000: 115). As

noted by Frickel (2000: 117), the NIEHS and genetic toxicology functioned to legitimate

each other:

Within the NIEHS, the EMB functioned as an important disciplinary
building mechanism that, among other things, secured the nascent
interdisciplinary field of genetic toxicology to the infrastructure of
government science... [in turn, newly developed mutagenicity tests
formed the centerpiece of an NIEHS appeal for increased congressional
funding.

Newly developed mutagenicity tests also increased the utility and perceived relevance of

the field of environmental mutagenesis to larger concerns about environmental safety,

regulation, and policy. Indeed, scientist-activists often framed the risk of chemical

exposure as a consequence of legislative and regulatory inaction (Frickel 2000: 162).

The Toxic Substances Control Act: Genetic Toxicology at the Environmental Protection

Agency

In 1971, the Toxic Substances Control Act (TSCA) bill was introduced in the U.S.

Congress. In the five years before TSCA became law, data on chemical mutagenicity and

genetic toxicology was deployed to generate political and scientific support for the

legislation: “environmental mutagenesis made new chemical regulation not only relevant

but necessary” (Frickel 2000: 118). In turn, the passage of TSCA solidified a market for

* The National Institute of Health had opened a Division of Environmental Health Sciences in 1966. The
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genetic toxicology testing, by mandating mutagenicity testing for all new chemical

compounds (Frickel 2000: 129). Two years after the passage of TSCA, the

Environmental Protection Agency issued standardized protocols for mutagencity testing

as part of the registration (regulatory review) for all new chemical compounds. Genetic

toxicology thereby became an entrenched aspect of environmental risk assessment and

regulation. Often, standardization and institutionalization decrease the amount of

uncertainty and controversy surrounding a new science (Frickel 2000). In contrast, the

standardization and institutionalization of genetic toxicology as part of the risk

assessment and regulatory process at the EPA secured its position at the very center of

controversies about environmental exposures and their effects. In fact, critiques of the

limits of toxicology testing as an empirical basis for risk assessment and regulation are

one rationale for the development of new subfields of toxicology and new technologies

for studying gene-environment interaction.

Environmental mutagenesis is of great interest to environmental health scientists

and has been championed especially by those who study cancer (e.g., Perera 1997; Perera

and Weinstein 1999). However, while such research has contributed to scientific

understanding of disease etiology and progression, environmental medicine remains a

marginal subspecialty with few intervention strategies beyond the identification,

elimination or prevention of harmful exposures. Therefore, it is as a basis for risk

assessment, regulation, and policy that research on environmental mutagenesis has been

mobilized on behalf of the public’s health. Put differently, the theory of gene

environment interaction articulated within the social worlds most interested in

environmental mutagenesis, is a boundary object both at the intersection of the scientific

NIEHS was established as one of the National Institutes of Health in 1969.
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social worlds of genetic toxicology, exposure assessment, and some emerging fields of

molecular biology (e.g., DNA repair and excision) which focus on DNA damage, and for

the worlds of environmental regulation and policy making. As we will see below, these

are different social worlds than those brought together by the definition of gene

environment interaction as intrinsic susceptibility.

Theories of Susceptibility to Environmental Exposures

Historical, clinical, and occupational commentaries contain observations of

variations in individual responses to foods, dyes, and, later, chemicals, many of which

date back many hundreds of years. For example, Herodotus' writings include the

observation that the Egyptians had banned their priests from eating the fava bean, as

among some people, fava bean consumption induced disease (“favism”). Likewise, in

the 1930s and 1940s, industrial hygienists noticed the similarity between “favism” and

“certain hemolytic reactions exhibited by industrial workers, particularly those in the

chemical and dye industries” (Tarlov, et al. 1962). Geneticists have speculated about the

possibility of genetic differences in susceptibility to environmental exposures since at

least 1902, when Archibald Garrod advanced the hypothesis that genetically determined

differences in biochemical processes could be the basis for adverse responses to certain

drugs (Mancinelli, et al. 2001). Likewise, the proposition that a system of governance

built upon knowledge of these genetic differences might serve to reduce morbidity and

mortality dates to at least 1938, when the British geneticist J.B.S. Haldane mused on the

implications of his belief that genetic differences explained the differential responses of

potters to industrial exposures:
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...But while I am sure that our standards on industrial hygiene are
shamefully low, it is important to realize that there is a side to this
question that has been completely ignored. The majority of potters do not
die of bronchitis. It is quite possible that if we really understood the
causation of this disease, we should find that only a fraction of potters are
of a constitution that rendered them liable to it...There are two sides to

most of these questions involving unfavorable environments. Not only
could the environment be improved, but susceptible individuals could be
excluded...” (Haldane 1938: 102).

It was the response of individuals to anti-malarial drugs (e.g., pamaquine and

primaquine) that first inspired systematic research into variations in response to

xenobiotics. The first report of the potential danger of hemolytic anemia as a response to

the antimalarial drug pamaquine was published in a report by Cordes in 1926 (see Tarlov,

et al. 1962) and reporting of many similar individual cases followed. Then, during

WWII, antimalarials were administered to thousands of men who had been conscripted

by the U.S. and the U.K. for overseas service. During this mass administration of

pharmaceuticals, military doctors observed that a proportion of those receiving

antimalarial drugs experienced “serious untoward side effects,” especially acute

hemolytic anemia (Jensen 1962). Researchers were particularly intrigued by apparent

subpopulation variation in these responses, noting that “pamaquine caused hemolysis in

5-10% of American Negroes (sic) but rarely in Caucasians,” among the U.S. service men,

and was more prevalent among the Indian, Israeli, and Greek men serving in the British

army (Tarlov, et al. 1962:214). The U.S. Army and the Office of the Surgeon General

provided funding to the University of Chicago Army Malaria Research Unit to identify

the basis of this response and to chart its clinical course (Dern, et al. 1954; Beutler, et al.

1954). This research was undertaken using “volunteers” from the Illinois State

Penitentiary, who were given antimalarial compounds (and, later, transfusions of
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radiochromium labeled erythrocytes) in closely monitored clinical settings. The

researchers observed that adverse effects (hemolytic crisis) “is a phenomena almost

exclusively limited to a few susceptible members of heavily pigmented races” and

concluded that “the drug induced hemolytic reaction occurring in primaquine sensitive

subjects is due to a unique susceptibility of the red blood cell...” (Dern, et al. 1954).

Researchers posited, though they could not identify, a “metabolic product” that caused

injury “upon sensitive erythrocytes.” They also demonstrated that this injury to the {

erythrocyte (and subsequent hemolytic anemia) was the same as that caused by both fava

beans and certain industrial chemicals and dyes (Jensen 1962: 212). This condition was

known simply as “primaquine sensitivity,” until it was renamed glucose-6-phosphate

dehydrogenase (G-6-PD) deficiency (Carson, et al. 1956), a nomenclature based on the

“major known enzymatic defect in primaquine sensitive individuals” (Tarlov, et al.

1962). In 1962, Tarlov and colleagues published an article in the Archives of Internal

Medicine in which they argued that G-6-PD deficiency is “a genetically transmitted

inborn error of metabolism” and described both the “mode of inheritance” and

distribution of the trait. Jensen hailed this work “as an example of a disease which, in

the past, was looked upon as a reaction of idiosyncratic nature or as a hypersensitivity

phenomenon and which is now better defined in terms of genetic abnormality and

biochemical mediation of disease” (1962: 212). As such, drug sensitivities emerged as

phenomena that could be best understood not at the experiential or organismic, but at the

molecular level.

* There is, of course, no association between pigmentation and susceptibility to hemolytic anemia. It is
now recognized that G-6-PD deficiency, the cause of this “susceptibility” is widely distributed among
populations historically exposed to falciprum malaria. Like the trait for sickle cell anemia, the G-6-PD trait
appears to confer some protection against malaria (Calabrese 1996).
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At about the same time that G-6-PD deficiency was being characterized by

American researchers, in the 1950s and 1960s, several people in Berlin died after

receiving a local anesthetic, procaine. These deaths attracted the attention of a young

doctor, Werner Kalow, who posited that there might be an interaction between nutrition

and the enzyme that metabolized procain (n-acetyltransferase) that could explain these

deaths. Kalow relocated briefly to the U.S. and then went to the University of Toronto,

where n-acetyltransferase had been discovered and set about developing a method for

measuring the activity of the enzyme. In an effort to validate the sensitivity of the

technique, Kalow tested it using plasma from psychiatric patients, who had been shown

to have lower levels of this form of enzymatic activity. To his surprise, Kalow found that

the enzymatic activity among this population was not just lower, but of a “different

quality” – a difference that “could only be genetic” (Kalow, personal communication).

Excited by the possibility of identifying the genetic control of the enzyme, Kalow

undertook a study of the “genetic appearance of the enzyme in the families of these

patients” and demonstrated genetic control of a drug metabolizing enzyme. His work

demonstrated that differences in response to pharmaceuticals could be caused by

differences in drug metabolizing enzymes, as well as by enzymatic “deficiencies” (such

as G-6-PD).

Pharmacogenetics

Although Kalow is often referred to as “the father of pharmacogenetics,” the term

was actually coined by F. Vogel, in 1959, to broadly describe the study of “interaction of

heredity and environment in the pathogenesis of disease” (Calabrese 1986; 1096). The
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first book on pharmacogenetics was published by Kalow in 1962. For the most part,

Kalow used the book to summarize his work on the resistance of microorganisms and

insects to drugs and insecticides, respectively, however, he also addressed human genetic

conditions affecting drug toxicity and described “racial” differences in response to drugs

(Calabrese 1986: 1097). In 1963, Hans Meier published a book on Experimental

Pharmacogenetics that detailed the genetic factors in animal models that affect drug

toxicity. That same year, the first review article on pharmacogenetics was published in

the Journal of the American Medical Association, which detailed a wide variety of

genetically determined variations in response to drugs as documented in clinical

observations and/or scientific research (Evans 1963). Interestingly, Evans was more

interested in the “revelation” of genetic variations via drug response than by the drug

responses themselves, as evident in his proffered definition of pharmacogenetics as “the

study of genetically determined variations that are revealed solely by the effects of drugs”

(1963: 639). This focus has shifted in recent years, as pharmacogenetic and

pharmacogenomic research increasingly is oriented towards the development of

pharmaceuticals for populations carrying specific genetic traits and/or developing tests

for such traits (either to identify drug targets or to improve the safety and efficacy of

extant drugs).

Ecogenetics

In 1957, Arno Motulsky, an American geneticist, first noted that the individual

variations observed in response to drugs might be related to susceptibility or resistance to

*5. 44conditions other than “drug idiosyncrasies”: “...genetically conditioned drug reactions
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not only are of practical significance, but may be considered pertinent models for

demonstrating the interaction of heredity and environment in the pathogenesis of disease”

(Motulsky 1957: 836). In 1962, at the same time that Kalow, Motulsky and others were

publishing papers and books specific to drug toxicities, three articles in the Journal of the

American Industrial Hygiene Association and the Archives of Environmental Health

suggested the use of biochemical indicators to predict an industrial worker’s

susceptibility to chemical agents (Stokinger 1962; Zavon 1962; Jensen 1962). The next

year, three papers appearing in the Archives of Environmental Health and the Journal of

Occupational Medicine reported on specific genetic factors associated with a

predisposition for industrial pollutant-induced toxicities (Brieger 1963; Mountain 1963;

Stokinger 1963).

The term “ecogenetics” was first used in a publication by Brewer to make the

proposition that through pharmacogenetics “we may be seeing the first tip of the iceberg

of ‘ecogenetics,” as “from our knowledge of genetic variability and pharmacogenetics,

we can be sure that other pollutants are even now finding genetically susceptible

targets...” (Brewer 1971: 93). Pharmacogenetic research and writing clearly created the

first analytic spaces and institutional resources for investigating susceptibility to

environmental exposures. For example, in a 1963 paper entitled “Detecting

Hypersusceptibility to Toxic Substances,” J.T. Mountain described his research on

genetic susceptibility to the air pollutants of ozone and nitrogen dioxide as based on a

model developed in pharmacogenetic studies of G-6-PD deficiency and hemolytic anemia

(Mountain 1963: 360). Similarly, sensitivity to isoniazid (an antibiotic used to treat

tuberculosis and one of the first substances studied by pharmacogeneticists) is an

87



indication of an individual’s n-acetylation rate, which, in turn, is relevant to

understanding the detoxification and excretion of environmental exposures (Schulte and

Perera 1993: 282). Ecogenetics emerged as an umbrella term for studying variations in

susceptibility across “the entire field of gene-environment interactions (e.g. ionizing

radiation, heavy metals, herbicides, foods, drugs, alcohol) of which pharmacogenetics

and pharmacogenomics would be regarded as subsets” (Nebert 1999).

Early ecogenetic researchers focused on the workplace (Stokinger 1962; Zavon

1962; Jensen 1962). It is unsurprising, therefore, that the first applications of ecogenetic

“governance” were in regards to recommendations of genetic testing for susceptibility to

chemical exposures were for “the hypersensitive worker” (Stokinger 1968). Other early

developments in ecogenetics included a 1981 conference on “Protection of the

Hypersensitive Worker” sponsored by the American Conference of Governmental

Industrial Hygienists. The application of ecogenetics in industrial settings became a

contentious political issue in 1980, when a four-part story in the New York Times

problematized the lack of any consistent policy toward genetic testing in the workplace,

the apparent inconsistencies in screening practices across industries, and the lacunae in

the scientific evidence base which proponents were using to advocate for such screening

(Calabrese 1986: 1098). This article prompted political activity by labor unions which

decried the identification of hypersusceptible individuals as a form of workplace

discrimination and, eventually, to congressional hearings and an Office of Technology

Assessment investigation (Nelkin, 1989: 96).”

"Following this controversy, only five major companies would admit to performing any kind of genetic
testing (Nelkin 1989:97). However, in the late 1990's court cases against companies’ use of genetic
testing (often without the knowledge or informed consent of workers) brought renewed attention to
workplace applications (and misapplications) of genetics. For example, Burlington Northern Santa Fe
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Ecogenetic concerns beyond the workplace were also present in the

environmental health sciences throughout the 1970s and 1980s. In 1975, a report by the

National Academy of Sciences featured a separate section on the role of genetic

metabolic “errors” as predisposing factors in the development of toxicity from

occupational and environmental pollutants. An appendix to the report listed 92 “genetic

disorders” which research suggested could predispose affected persons to toxic effects of

pollutants (NAS 1973/1975:337-339). In 1983, the Cold Spring Harbor Laboratory

hosted a conference on genetic factors enhancing susceptibility to chemical agents

(Omenn and Gelboin 1983). The first book on ecogenetics, entitled Ecogenetics: Genetic

Variation in Susceptibility to Environmental Agents, was published in 1984 (Calabrese

1984). In 1978, an EPA conference was held on high-risk groups and pollutants which

included a major section on genetic factors. In the late 1980s and early 1990s, Centers

for Ecogenetics were established at the University of Cincinnati and the University of

Washington.

Ecogenetics itself enabled the intersection, collaboration and coordination of work

across scientific social worlds focused on pharmacology, industrial hygiene, toxicology,

and genetics. Ecogenetics was not only an “umbrella term,” but a flexible representation

of the shared interests of different social worlds in the mechanisms and processes

involved in genetic susceptibility to different kinds of exposures. It has been embraced

by scientists because of its intersectional nature. As Gil Omenn, a student of Motulsky’s,

later recalled in an interview:

Railroad settled the suit brought by the Equal Employment Opportunity that challenged its secret genetic
screening of employees for a genetic trait that may be associated with carpal tunnel syndrome. Rothstein
(1997) provides a comprehensive overview of issues pertaining to genetic testing in occupational settings.
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we used and promoted the term ecogenetics and applied it to a whole array
of things . . . for pharmaceuticals, for environmental chemical, for diet and
nutrition, for allergens and food additives, for risk of infectious
agents...all of that comes together in what we call ecogenetics, and that
was really mobilized in the early 70's.

Researchers who had differing disciplinary orientations, research objects, applied

interests, and politics, could nonetheless come together around the question of how genes

modified responses to environmental exposures as diverse as drugs, chemicals, foods, and

vitamins.

However, despite these concordances, activities, events, and institutionalizations

throughout the 1970s and 1980s, ecogenetic considerations did not become a central part

of public health, risk assessment, regulation, or policymaking. This marks a clear

difference with environmental mutagenesis, which, as noted above, became a mandated

part of toxic substance risk assessment at the EPA. In contrast, genetically defined at-risk

groups have never been conceptually integrated into EPA regulations. Beginning in

1978, the EPA has required that contractors, who write health effects documents, to

include in their reports to the Agency consideration of the effects of the chemical agent in

question on “persons at higher-than-normal risk” (Calabrese 1986: 1098). However, the

EPA definition of high risk groups has focused on gender, age, and morbidities, such as

respiratory illness, rather than on genetic susceptibilities, per se. As we will see below,

the absence of ecogenetic considerations from risk assessment and regulation processes

has been taken up by current advocates of research on genetic susceptibility who argue

for the importance of an intersection between ecogenetics and public policy, by claiming

that these lacunae compromise the integrity of environmental policy.
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Research into genetic susceptibility accelerated in the 1980s and 1990s, in part,

because new technologies have increased the number of genetic susceptibilities that can

be studied. This expanded category now includes not only genes involved in xenobiotic

metabolism, which were the original focus of ecogenetics, but genes encoding proteins

involved in a wide variety of biological pathways within the cell (Puga, et al. 1996).”

Advocates of the genetic susceptibility research agenda claim that such research is and/or

will become an integral component of clinical and public health practice. However, there

are few examples of identified gene-environment interactions that have served as the

basis for public health interventions. Moreover, while a screening and intervention

program is being planned for one well characterized gene-environment interaction – the

susceptibility of some individuals to lung disease following occupational exposure to

beryllium – whether this provides a model for a new public health practice remains hotly

contested (Schulte, et al. 1999).

The Two Worlds of Gene-Environment Interaction

These two lines of research and their definitions of gene-environment interaction

-- environmental mutagenesis and genetic susceptibility -- coexisted and developed

alongside each other within the environmental health sciences for several decades as

mostly independent modes of knowledge production. To be sure, there were researchers

interested in both research programs. However, the two subfields occupied different, if

*These include genes involved in the cell function of receptors, ion channels, multidrug resistance protein
pumps, second messenger pathways, DNA repair, and the chelation of metals (Puga et al. 1996).
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often adjacent, social worlds.” Likewise, they had largely distinct end-users, audiences,

and markets. Environmental mutagenesis was a central concern of toxicology,

environmental risk assessment and regulation (and its interested parties). In contrast,

susceptibility to environmental exposures has been a focus of laboratory research in

pharmacogenetics and ecogenetics. Gene-environment interaction served as a boundary

object at the intersection of scientific social worlds and at the boundary between each

scientific world and its markets. However, these two constellations of scientific social

worlds and their markets remained mostly separate and their usages and meanings of

gene-environment interaction therefore, also remained distinct.

The Meaning(s) of Gene-Environment Interaction

Beginning in the 1980s and accelerating in the 1990s, the phrase “gene

environment interaction” became increasingly prominent in the environmental health

sciences. As one NIEHS Scientist commented in response to a question about the history

of the phrase: “...I would suspect that if you were here 20 years ago, you would not have

heard that expression, or it would not have been as prevalent." As it proliferates, the

concept of gene-environment interaction continues to “hold” both of its historic meanings

and active research continues in both the social worlds of genetic susceptibility and

environmental mutagenesis research.

However, beginning in the 1990s, “gene-environment interaction” has

increasingly been used by environmental health scientists to refer solely to research on

* For example, the University of Cincinnati's Center for Environmental Genetic has separate and distinctive
research “cores” in both ecogenetics and genetic toxicology. This core structure is common in academic
environmental health science research centers.
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genetic susceptibility to environmental exposures. The following statement typifies this

framing: “The study of interaction between the environment and genetics...has identified

variations in human genes which under certain environmental exposures, increase the risk

of acquiring cancer” (Simmons and Portier 2002: 903). The process by which gene

environment interaction has come to refer to susceptibility is naturalized by many

environmental health scientists, who articulate it as a result of the “evolution” of the

environmental health sciences. For example, one researcher told me that while “the

initial concerns” of research on gene-environment interaction “were on exposures that

could cause alterations in DNA...that affect health,” now gene-environment interaction

means “studying genes and enzymes [which they code for] that are important modifiers

of response to environmental exposures” (S47). Another researcher commented that

while “originally, you would’ve seen more of a descriptive approach to environmental

chemicals and their effects on human health” now scientists are able to study genetic

susceptibility (S39).

Despite this rhetoric of the “natural evolution” of the environmental health

sciences, the National Institute of Environmental Health Sciences (NIEHS) has clearly

had a significant and deliberate role in bringing genetic/genomic technologies and

concepts to the environmental health sciences and has been a major advocate of the study

of gene-environment interaction qua susceptibility. Throughout the 1990s, many of the

“flag raising” initiatives of the National Institute of Environmental Health Sciences

focused on the issue of genetic variation and intrinsic susceptibility (Albers 1997; Kaiser

"If you search for “gene-environment interaction” in PubMed, you will find 30 articles on the topic
published from 1974-1990, 25 published from 1990-1995, and 197 published from 1995-2001.
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1997; NIEHS 1997; NIEHS 2000a)." Moreover, gene-environment interaction was one

of the program priorities for the Extramural Branch of the NIEHS, which meant that the

recipients of NIEHS funding (e.g., at academic environmental health science research

centers) had a financial incentive to “refocus” their research on questions of susceptibility

to environmental contaminants (S10). Speaking at a symposium of environmental justice

activists, the deputy director of the NIEHS defined gene-environment interaction as

follows:"

Genes controlling responses to environmental factors have variations in
their DNA sequences. That’s just a fact that we’ve begun to appreciate.
We see that there are variations. There are many examples where a
combination of an exposure AND a gene variant are required for an
adverse health effect. This is the gene-environment interaction concept
(field notes).

Over time, the NIEHS has become increasingly strong in its assertions that

understanding, promoting, and protecting environmental health requires understanding

gene-environment interaction, in general, and genetic susceptibility to xenobiotics, in

particular (NIEHS 1997; NIEHS 2000a).

There has been remarkably little resistance in the environmental health sciences to

the ascendance of gene-environment qua genetic susceptibility as a central focus of the

environmental health research. I argue that this is because the concept of gene

environment interaction is internally heterogeneous enough to accomplish intersections

among varying lines of inquiry, research projects, and social worlds in the environmental

"In Chapters 4 and 5, I describe these processes in my account of two NIEHS initiatives: “The
Environmental Genome Project” and “The National Center for Toxicogenomics.”
* There has been resistance to this reframing from environmental health and environmental justice
activists. As a breast cancer activist commented to me, “The National Cancer Institute has jumped headfirst
into the gene pool. All they're interested in is genetic susceptibility. Whereas we're interested in gene
environment interaction. You know what that is, right? Looking at the ways that chemicals in the
environment cause DNA damage. Like the polycyclic aromatic hydrocarbons, that cause DNA adducts”
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health sciences. It is a boundary object, both flexible and robust enough to build bridges

between the worlds of genetic susceptibility and environmental mutagenesis. As noted

by Star and Griesemer, in their seminal work on boundary objects, “people coming

together from different social worlds frequently have the experience of addressing an

object that has different meanings for each of them” (1989:412). Gene-environment

interaction is one such multiply meaningful object. The multiplicity of meanings

attributed to gene-environment interaction derive both from its dual and largely

independent histories, which I have detailed in the preceding pages, and from myriad

differences in scientific understanding of its component parts.

Currently, there are multiple (and contested) perspectives on the meaning of the

“environment” and the “interaction” in gene-environment interaction. Environmental

health scientists themselves problematize these terms. For example, one molecular

epidemiologist asserted that “the word “environment doesn’t mean anything” (S18).

This is particularly unacceptable, according to him, because “we know about the causes

of cancer” and the term “the environment” does not sufficiently identify them:

we know too much about the causes of cancer to have to use such a vague,
non-specific term... everything’s the environment and yet nothing is
because it’s such a diffuse term. It means nothing. It is not specific,
whereas genes are specific. The word “environment’ is very non-specific
(S18).

Similarly, a molecular epidemiologist who studies cancer told me that the critical role of

“lifestyle” or “behavioral” factors are obfuscated by the NIEHS’s inclusion of lifestyle

and behaviorally related exposures, such as smoking or drinking alcohol, under the rubric

of “environment.” Yet another scientist claimed that research into gene-environment

(emphasis added). In her comment, gene-environment interaction is located in the study of environmental
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interaction reflected the jurisdictional domain of the NIEHS, rather than the “known”

causes of cancer:

Their whole mantra is the environment because that’s what they get
funded to study and they prefer a very vague, loose definition of the term,
because then anything is . . . you know, basically anything’s a candidate.
But that’s not what we know about human cancer causation; it’s not so
vague and imprecise, so that’s why I don’t like the term because it’s not a
scientific term in the sense that it means anything relative to human cancer
(S19).

As suggested by these critiques, “the environment” in gene-environment interaction is

heterogeneous enough to encompass the research projects of a wide range of

environmental health scientists.

Similarly, respondents noted definitional differences regarding the meaning of the

term “interaction.” For example, the comment of this molecular epidemiologist

differentiated his use of “interaction” from that used in statistics:

...gene/environment interactions have different meanings to different
people. There is a statistical meaning of interaction...there are certainly
people who are interested in gene/environment interaction in sort of that
classical, statistical sense. That the effects of genes in environment are not
additive, but there are some multiplicative effects in determining risk. So
[in my work] I’m really talking more probably of modification rather than
interaction (S.17).

Likewise, then, the term “interaction” is somewhat indeterminate.

I contend that it is, in part, due to this very nonspecificity and internal

heterogeneity that the concept of gene-environment interaction allows researchers who

study chemical exposures, behavioral and lifestyle exposures, genetics, statistics, and so

forth, to collectively participate (and receive funding) in the larger arena of the

environmental health sciences. Gene-environment interaction is conceptually vague

mutagenesis and is proposed as an alternative to research on intrinsic susceptibility.
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enough enable coordination across these social worlds, even when it is receives widely

divergent operationalizations in specific laboratory protocols. In a successful boundary

object one expects to see representations which are not consensual and which bear “the

traces of multiple viewpoints, translations, and incomplete battles” which are,

nonetheless, robust enough to serve as bridges between diverse social worlds (Star and

Griesemer 1989: 413).” This is very much the case with gene-environment interaction.

However, as I describe in the following pages, the success of gene-environment

interaction as a boundary object is achieved not only by its internal heterogeneity, but

also by the attributed durability of one component of the otherwise ambiguous gene

environment interaction assemblage: the gene.

“The Gene" in Gene-Environment Interaction

While the meanings of “gene-environment interaction” as a whole remain

entangled, contested and/or ambiguous, gene-environment interaction contains a

component that appears relatively unproblematized and stable across the social worlds of

the environmental health sciences: the gene. Unlike “environment” and “interaction,” the

environmental health researchers who I spoke with did not question the ontological status

or the meaning of the gene. Rather, respondents noted the ease of identifying genes:

“Genes you can say, this is a gene. You know, it’s something you can sequence...”

(S18). In contrast, “the environment is a much more complicated place to be” (S07).

Indeed, compared to “environment” and “interactions,” genes are seen as easier to

"In contrast, where the boundary object fails to emerge (or to continue to be viable), one expects to see
other means of satisfying potentially conflicting sets of concerns, such as the “imperialist imposition of
representations, coercion, silencing and fragmentation” (Star and Griesemer 1989: 413).
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quantify and characterize, especially with the advent of high throughput gene sequencing

technologies.

Environmental health researchers continue to study genes for different reasons,

and focus on different “gene actions.” However, there is consensus that gene exists and

that it can be worked with in a laboratory setting: “[This is] one reason why the genetic

testing side is so successful. You can test and know that it is correct. It is

straightforward. The methodology is clean... Genetics took off because it works [in the

lab)” (S26). Even scientists who complain that the availability of new technologies

places too much emphasis on gene sequencing as “the job” of environmental health

scientists - what they characterize as the “pick the low hanging fruit approach” - do not

contest that gene sequencing “works.” The gene provides a common, specific thread that

winds through the multiple inflected definitions of gene-environment interaction. “The

gene” is the solid core of gene-environment interaction.

Most strikingly, and perhaps most consequentially, in the scientific domain, “the

gene” in gene-environment interaction has facilitated the intersection of social worlds

focused on gene-environment interaction as susceptibility with those who conceptualize

gene-environment interaction as environmental mutagenesis. Environmental health

scientists who conceptualize gene-environment interaction as intrinsic susceptibility

study inherited variations in the gene. Environmental health scientists who conceptualize

gene-environment interaction as a consequence of environmental mutagenesis study

acquired variations in the gene. Scientists from both social worlds, then, are interested in

variations in genes. Their interests intersect in varying ways.
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First, environmental health researchers whose primary focus is on environmental

mutagenesis have put gene-environment interaction to work for themselves by studying

acquired genetic susceptibility (Perera and Weinstein, 1999: 517). This work creates an

intersections between research on DNA damage – such as DNA adducts and

chromosome breakage – that result from environmental exposures, with and research on,

individual susceptibility. In a review article on molecular epidemiology, its founders

noted that “...perhaps the greatest contribution of molecular epidemiology has been the

insights it has provided into interindividual variation in human cancer risk and the

complex interactions between environmental factors and host susceptibility factors, both

inherited and acquired...” (Perera & Weinstein, 1999: 517, emphasis added). In another

article, Perera asserts that only 5% of cancer incidence can be explained by genetic

factors alone and “the remainder can be attributed to external, ‘environmental’ factors

that act in conjunction with both genetic and acquired susceptibility” (Perera, 1997: 1068,

emphasis added). Such framings of genetic susceptibilities and their interactions with

environmental exposures build bridges between the social worlds of those environmental

health scientists who are primarily interested in exposure and those who are primarily

interested in genetic susceptibility.

Second, the intersection between the social worlds of exposure and genetic

research is especially manifest in the work of environmental health scientists who

primarily study the effects of environmental exposure but have begun to include markers

of genetic susceptibility in their research. Gene-environment interaction allows these

scientists to maintain their primary focus – environmental exposure and its effects within
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the human body – while maintaining funding, credibility, and markets for their

knowledge in a scientific domain that is increasingly focused on genetic susceptibility.

There are several “models” for such intersectional work. One type of gene

environment interaction research links genetic polymorphisms and environmental

exposures not to explicate genetic variation per se, but to use it as a tool to study

mechanisms of environmental mutagenesis:

Many of the compounds, the carcinogens that we’re exposed to, are not
carcinogenic in the form in which we are exposed to them, but they are
metabolized in vivo to reactive forms. And as part of the metabolism of
the body, trying to get them into a form where they become more water
soluble and can be excreted. But one of the byproducts can be highly
mutagenic, carcinogenic damage to the DNA (S10).

Therefore, researchers studying DNA damage (a form of environmental mutagenesis)

also have begun to focus on questions of individual and subpopulation susceptibility, as

their research points to “huge variations” in response to identical exposures. Researchers

assumed that “some” of the variation was likely to derive from other environmental

exposures, such as nutrition, but posited a role for genetic susceptibility as well.

Describing her research on the DNA damage caused by smoking tobacco, this biochemist

turned epidemiologist explained:

And so we had this huge inter-individual variability, and so some of it
might be due to life style factors. As a matter of fact, in that same study
we extended to look at antioxidant vitamin levels, and showed that there
was an inverse relationship between serum levels of certain micro
nutrients and DNA damage levels. That probably explains part of that
large inter-individual variability, but we also clearly knew that genetics
had to have something to do with it (S10).

Likewise, genetic susceptibilities were conceptualized by environmental health scientists

as a tool for understanding the pathway of chemicals inside the human body. For

example, this environmental epidemiologist stated that he studies genetic polymorphisms
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that may modify response to xenobiotic exposure as a means of elucidating the molecular

mechanisms that lead from environmental exposure to clinical manifestations of

environmental disease:

I’m interested in gene/environment interaction because if we identify a
polymorphic gene that modifies the risk of health effects from chemicals,
it allows us to start a general hypothesis about how that chemical effects
health, because if it differs by the two forms of the gene, then the chemical
presumably must be acting as the product of that gene to cause the health
problem (S11).

For these researchers, genetic susceptibility is not itself the primary focus of analysis, but

a mean to an end that is much more aligned with the environmental mutagenesis research

program. A similar commitment is evident in the following framing of the value of

genetic susceptibility research as a means of controlling confounding in studies of the

effects of environmental exposures, such as lead:

The question of how genes are involved has only been asked for the past
couple of decades and most of the papers that have been written on
lead/gene interaction have been in the last five years... So as we started
trying to really understand the health effects of lead, you can argue that if
there are genes that modify the health effects, we don’t really understand
the health effects well without trying to measure genetic polymorphisms.
So for example, you know, we know that asbestos causes lung cancer, but
if we don’t deal with cigarette smoking, our estimates of the risk are
confounded by cigarette smoking. Similarly, if there is a subgroup who
are working with lead who are at much greater risk for the health effects of
lead, then we can underestimate the risk in that group if we don’t account
for their genetic variability (S11).

These multiple, heterogeneous usages of gene-environment interaction have reached the

senior leadership of the NIEHS, the major federal source for funding on research into

gene-environment interaction. In October 2002, the director of the NIEHS convened an

advisory committee to address the following issue: Should the NIEHS continue to invest

resources in studying genetic polymorphisms as independent risk factors for adverse
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outcomes following environmental exposure? Or should such “genetic susceptibilities”

be studied only as they pertain to improving scientific methods for assessing

environmental exposures and/or explicating the underlying mechanisms of toxicity? The

answer to this question is still being debated within the NIEHS. However, the fact that it

was posed at all highlights the intersectional character of gene-environment interaction in

the contemporary environmental health sciences. It also highlights the growing centrality

of “the gene” for identifying and calculating inherited and acquired “risks” in

environmental health research.

Gene-environment interaction and (Inter)Disciplinary Emergence in the

Environmental Health Sciences

This chapter has documented the two histories of environmental health research

on gene-environment interaction and the recent intersection(s) of the social worlds in

which they are located. In it, I have argued that such intersections are made possible by

the role of gene-environment interaction as a boundary object in the domain of the

environmental health sciences. Three characteristics of gene-environment interaction, in

particular, have allowed it to facilitate intersections between the social worlds of

environmental mutagenesis research and genetic susceptibility research. First, as it has

histories in two different social worlds, the concept of gene-environment interaction

holds two entangled meanings. Second, two of the three component parts of gene

environment interaction, “environment” and “interaction,” are conceptually ambiguous

enough to encompass a wide variety of research foci and practices. Third, at the same

time that it holds these ambiguities and divergences, gene-environment interaction
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contains one entity, “the gene” which contemporary environmental health scientists

perceive as an ontologically and epistemologically durable entity.

As a boundary object, gene-environment interaction has facilitated intersections

between the social worlds of epidemiology, toxicology, genetics/genomics, and

molecular biology. These intersections and the resources directed to them by institutions

such as the NIEHS and the CDC, in turn, have supported the emergence of hybrid

specialties in the environmental health sciences that take gene-environment interaction,

varyingly defined as either/both genetic susceptibility and environmental mutagenesis, as

their focus. By the late-1990s three new (sub)disciplines had emerged in the

environmental health sciences that studied gene-environment interaction: molecular

epidemiology, environmental genomics, and toxicogenomics.

In the next chapter, I examine the emergence of the tools, work objects and

practices and of these new modes of knowledge production in the environmental health

sciences. Whereas in this chapter I focused on the histories of the concepts of gene

environment interaction, in the next chapter I examine the emerging assemblages of

technologies, work objects, and experimental systems that take - and create - gene

environment interaction as their object.
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Chapter 4

Tools, Objects, Work Practices: Reconfiguring Relations of Knowledge in the
Environmental Health Sciences

This chapter describes emergent constellations of genetic/genomic tools, work

objects, and research practices and their relationships to processes of disciplinary

emergence in the environmental health sciences. My point of departure for this analysis

is the insight that “conceptual change in science...is based in individual and collective

changes in the ways scientists organize their work” (Fujimura 1997: 97, emphasis added).

Therefore, one way to examine the emergence of genetic/genomic disciplines in the

environmental health sciences is to look their changing definitions of the “right tools” for

their jobs (Clarke and Fujimura 1992), their primary “work objects” (Casper 1998) and

consequent transformations in work practices. Indeed, this chapter demonstrates that in

studying disciplinarity as “the means by which ensembles of diverse parts are brought

into particular types of knowledge relations with each other” (Messer-Davidow,

Shumway, and Sylvan 1993:3), there is much to be learned from attention to ways in

which new tools and work objects materialize, concretize, and organize resources for new

knowledge relations.

In this analysis, I also draw on Lenoir's (1997) writings on discursive analyses of

science and medicine. Specifically, Lenoir argues that analysis of a discourse ought to

focus on the types of statements that can be made and how they are configured together,

especially to the exclusion of other types of statements:

“Analysis of clinical medicine as a discursive formation attempts to
capture the connections that emerged in the nineteenth century among
statements concerning pathological anatomy, comparative anatomy,
tissues, lesions, autopsy, percussion, auscultation, case histories, the
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hospital, statistical method, etc. The claim is not that statements of these
types could not have been or were not uttered previously, but rather, that
in this period they came to be configured together, while other statements
concerning, say, miasmas, humors, faculties, and the like were excluded
from the discourse of the physician....”
(Lenoir 1997:49)

Similarly, I am interested in how statements about genes, genomes, and gene

environment interaction became common in the environmental health sciences, how they

are configured together, and what kinds of statements they exclude. However, while

Lenoir (1997) focuses on varying types of statements and the relationships between them,

I purposively put technologies, work objects, and practices alongside statements at the

center of my analysis. Drawing on the insights of symbolic interactionist analyses of

science as work (Casper 1998; Clarke 1998; Clarke and Fujimura 1992; Fujimura 1996;

Star 1985), I argue that new statements about genetics/genomics, gene-environment

interaction, and human health and illness co-emerge with new constellations of

technologies, work objects, and work practices in the environmental health sciences. At

the same time, mine is not a technologically determinist argument. Rather, I examine the

ways in which tools, objects, practices, and knowledge are co-constructed in particular

institutional settings and work sites (Clarke and Fujimura 1992).

Indeed, in this analysis, I analyze “tools” and “work objects” based on their uses

in particular scientific practices within specific situations (Clarke and Fujimura 1992:5).

I conceptualize tools as technologies, artifacts, or other instruments used to accomplish

some form of work. In contrast, work objects are defined as the specific focus of the

work, the “material entities] around which people make meaning and organize their
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work practices” (Casper 1998:19).' Whether a given artifact is a “tool” or a “work

object” depends on who is doing the work, what the goals or products of the work are,

and how it is organized (Clarke and Fujimura 1992; Moore 1997). For example, for the

molecular biologist at a biotechnology firm focused on the development of a new DNA

chip to market to toxicologists, the chip is a work object (and various technologies used

to create it are tools). For the toxicologist using a new DNA chip to study how genes

respond to a particular environmental exposure, the chip is a tool that enables research

practices with gene expression profiles as their work object(s).

In this chapter, I describe three new types of tools, the work objects they

(co)constitute, and the research practices which they have helped to (re)configure in the

environmental health sciences. First, I describe the development of molecular

biomarkers, the signal technology of molecular epidemiology. Molecular biomarkers are

tools which concretize an intersection between molecular biology and epidemiologic

practice. These intersectional tools have enabled epidemiologists, in general, and

environmental epidemiologists, in particular, to claim the molecular terrain of the human

body as their work object. Second, I consider the application of the polymerase chain

reaction (PCR) and high throughput gene sequencing technology within the

environmental health sciences. I then explore efforts at the NIEHS to craft

“environmental disease susceptibility genes” (later called “environmental response

genes”) and “the environmental genome” as new work objects for the study of

susceptibility to environmental exposures. Finally, I examine the efforts of NIEHS

scientists to adapt microarray chip technology to toxicological research by creating a

'Conceptually, this is an elaboration of Mead's (1934) notion that a social object “is defined according to
the meanings that it has for the actors for whom it is an object” (Casper 1998:19)
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genomic tool for toxicological research, the ToxChip. In so doing, I argue, they

facilitated the development of a new practice of toxicology — toxicogenomics — that takes

human gene expression as its work object. I then describe the efforts of the NIEHS to

“foster” toxicogenomics as a new discipline. In each of these cases, my goal is to

elucidate the various processes in which new constellations of genetic/genomic tools,

work objects, and practices have been constructed and deployed and how they contribute

to contemporary (re)configurations of disciplinarity in the environmental health sciences.

Molecular Biomarkers and “The Black Box of the Human Body”

New Tools: Molecular Biomarkers

Molecular epidemiology is defined by “the incorporation of molecular, cellular,

and other biologic measurements into epidemiologic research” (Schulte 1993:3). More

specifically, molecular epidemiology uses molecular biomarkers to study the distribution

of determinants of health related events in populations and the application of this study to

control health problems (Last 1988).

A variety of biologic markers had been used for many years as tools in biomedical

and epidemiologic research (Schulte 1993: 3-44). For example, immunologists have

long relied on white cell counts and antibody titers as indicators of infection (Schulte

1993:19). Likewise, medical studies had begun to incorporate biochemical markers as

early as the 1930s (Kohler 1982). More recently, cardiovascular epidemiologists relied

on blood pressure, serum cholesterol and lipids, as markers in their studies of

cardiovascular disease (Shields and Harris 1991).

■
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Beginning in the 1970s, molecular biological techniques were commonly utilized

by epidemiologists who studied particular disease vectors or “agents” of disease.”

Indeed, the first use of the term “molecular epidemiology” was in 1973, in a publication

entitled “The Molecular Epidemiology of Influenza” (Kilbourne 1973). In contrast,

contemporary molecular epidemiology uses molecular biomarkers are indicators

signaling events in human biological systems or samples at the molecular or biochemical

level, such as DNA adducts, gene mutations, and chromosomal aberrations (Perera and

Weinstein 1999: 518). As currently constituted, they are tools for measuring molecular

events occurring within human bodies. For molecular epidemiology, the focus is on/in

the human “host.”

The 1982 publication of a paper in the Journal of Chronic Disease, by Columbia

University researchers Frederica Perera and Bernard Weinstein, based on Perera's

dissertation research, is most often cited as the birthing moment of the practice of

contemporary “molecular epidemiology” (Perera and Weinstein 1982).” This article, and

the research that was both described and launched by it, marked the beginning of a

deliberate effort to bring molecular biological techniques to epidemiology in the form of

molecular biomarker development, validation, and application and to focus those

techniques within “the black box” of the human body (NY Times 5/2001).

* The terminology of “host,” “agent,” and “environment” comes from the “epidemiological triangle” which
is a heuristic device for focusing epidemiologic inquiry on these three entities and their relationship(s) to
each other (Lillienfield and Stolley 1994).
* In an interview in 2002, Perera recounted: “It seemed a natural thing. I wrote my dissertation on the
subject. How this concept could be defined, what kinds of biomarkers could be useful, and how would we
categorize them, how would we interpret them. I did a study of measuring, actually detecting and
measuring carcinogen DNA damage in blood cells and tissues in patients with cancer, as a first step in
seeing whether, (a) they could detect these fingerprints and (b), whether they were in someway leading to
the risk of cancer. So it was a first step in validation of molecular epidemiology, using this kind of
molecular dosimetry. I was fortunate to have a good advisor in Dr. Bernie Weinstein with his laboratory.
He was very intrigued by me when I proposed the idea of a dissertation like this. He was enthusiastic,
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While later conceptual and empirical discussions of molecular epidemiology

identify a strikingly wide scope of applications for molecular biomarkers (see, for

example, Christiani 1996; McMichael 1994: Perera 1997), Perera and Weinstein's 1982

paper focused on the ways in which molecular biomarkers could help epidemiologists

identify and evaluate specific human carcinogens (especially those in the environment)

and “prevent a significant proportion of human cancer” (593). Their article was

structured around two main arguments. First, the authors asserted that existing

epidemiologic approaches were insufficient for detecting and evaluating environmental

hazards and their role in human cancer causation. They pointed to the limitations of

laboratory bioassays for quantifying the magnitude of risk posed by a substance in the

environment, the uncertainties produced by extrapolating from animal models to humans,

the challenges posed by the latency period between exposure and clinical manifestation

of disease, and the insufficiency of existing dosimeters" (Perera and Weinstein 1982:

581-584). Second, they claimed that molecular biological tools offered a means of

transcending these limitations. In support of this claim, they introduced the practice(s) of

“molecular cancer epidemiology,” which they defined as “an approach in which

advanced laboratory methods are used in combination with analytical epidemiology to

identify, at the molecular level, specific exogenous agents and/or host factors that play a

role in human cancer causation (Perera and Weinstein 1982: 585). These methods

included the following:

1) techniques to assess specific host factors that may influence
susceptibility to carcinogens;

2) assays that detect carcinogens in human tissues, cells, or fluids;

which wasn't the case with everyone whom I approached with the proposal. We worked together on a
number of articles. So that's how I got started.”
“In general, a dosimeter is a tool for measuring the dose of a given exposure.

~
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3)

4)

assays at the cellular level of biologically effective doses of
carcinogens;
methods to measure early biologic and biochemical responses to
carcinogenic agents

(Perera and Weinstein 1982: 584).

Based on these types of methods, Perera and Weinstein identified four major categories

of biomarkers, with some overlap between them:

1)

2)

3)

4)

Molecular biomarkers of internal dose indicate the actual level of a
compound within the body and/or specific tissues and compartments;
Molecular biomarkers of biologically effective dose indicate the
amount of a compound that has reacted with specific cellular
macromolecules;
Molecular biomarkers of effect identify early biological effects
resulting from exposure;
Molecular biomarkers of susceptibility are used to identify individual
and population differences in susceptibility to adverse outcomes
following environmental exposures

(Perera and Weinstein 1982; Perera and Weinstein 1999: 518–519).

The paper concluded with an analysis of the data from a molecular epidemiologic study

of benzo(a)pyrene-DNA adducts which, the authors contended, demonstrated the

potential of molecular biomarkers in overcoming the limitations of “conventional

epidemiology” in studying carcinogenesis in humans. The findings of the study

suggested that carcinogen-DNA adducts, as a new tool for epidemiologists could

1) serve as dosimeters in human studies of environmental and
occupational carcinogenesis; and 2)...provide human dosimetry data that
can be compared with data obtained from cell culture systems, laboratory
animals, and other epidemiology approaches, thus providing a more
rational basis for extrapolation between various systems (Perera and
Weinstein 1982: 593, emphasis added).

Therefore, molecular biomarkers might help epidemiologists to identify and evaluate

specific carcinogens in human (rather than in animal or in vitro) studies. Thus, these new

tools helped to constitute new, human and molecular work objects for epidemiologists.
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In years following Perera and Weinstein’s call for a “molecular cancer

epidemiology,” research on all four types of molecular biomarkers has burgeoned. As

one measure of productivity in the field (as well as its growing dominance), 81%

(400/496) of all paper and poster submissions to the “Epidemiology Section” of the 2002

meeting of the American Association of Cancer Research, reported on the results of

molecular epidemiologic research (field notes 2002).

This is not to say that all epidemiologists rushed to embrace molecular biomarkers

in their research. Rather, researchers who were excited about the potential of molecular

biomarkers as tools for epidemiologic research worked hard to develop and validate

them:

Ten years ago, when we started trying to interact with the epidemiologists
...there was a certain resistance on many of the epidemiologists' part to
start employing new techniques that, in many cases, had not been proven
or validated. And it wasn't possible always to get money to validate these
new markers. So we spent a good part of the last ten years trying to
educate people about these markers, develop methods, validate the
methods in small studies, convince funding agencies to fund validation
studies, and gradually there has been an acceptance, in the field, of the use
of biomarkers (S.11).

Molecular biomarkers became the “tools of the trade” as a network was built around

them, that included research laboratories, funding agencies, and other important

audiences” “in the field” that accepted, supported, and promoted molecular biomarker

research.

* I borrow the metaphor of “the network” from actor-network theory (especially Latour 1987), even while
my analysis of how networks are constructed differs from that of many actor-network theorists. For
examples of social worlds/ecologies of action approaches to the building of networks see Clarke (1998) and
Fujimura (1996).
“The audiences and service roles for molecular epidemiology are examined at length in the following
chapter.
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With the increasing validation of molecular epidemiologic research methods, as

noted above, molecular biomarkers have become incorporated as a “standard” part of

study design in epidemiology. As one epidemiologist stated:

I think in a few years, more epidemiological studies will be using
molecular methods and biomarkers than don't. If you design an
epi■ demiology] study now and you're not at least considering saving
tissues or samples or buccal swabs, or blood or urine, or something, for
analysis later, you're probably missing the boat. I mean, it's become more
accepted and I think it will become the primary approach in the near future
(S12).

As elaborated by Fujimura, the “standardization” of a scientific tool, such as molecular

biomarkers, has two often conflated meanings (1996:29-30). First, standardization

suggests an increasing consensus about the properties and applicability of a tool, an

increasing uniformity in definition and application across sites. Second, standardization

indicates that a tool is increasingly becoming “the right tool” or “the gold standard” for a

specific kind of inquiry (such that one would be “missing the boat” not to use it).

Molecular biomarkers are increasingly standard in both senses of the word. Moreover, as

molecular biomarkers have become standardized, they have also contributed to the

standardization of molecular tools and practices across the field of epidemiology.

Molecular biomarkers and their applications have been developed by

epidemiologists working not only in cancer epidemiology, but also in cardiovascular,

infectious disease, pulmonary, reproductive, genitourinary, neurologic, musculoskeletal

and genetic epidemiology (for an overview of these fields, see Schulte and Perera 1993:

277-563). As one would expect, given the variety of substantive areas in which

molecular biomarkers are now used, there are a wide variety of diverse molecular entities

which now serve as “molecular biomarkers” in epidemiologic study. For example,
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carcinogen-DNA adducts (such as the benzo(a)pyrene-DNA adducts described by Perera

and Weinstein in 1982) and chromosomal aberrations are important molecular

biomarkers for epidemiologists who study cancer. Reproductive epidemiologists, in

contrast, will use sperm-DNA adducts in assessing the environmental exposures and their

effects on male fertility. Infectious disease epidemiologists are more likely to search for

genetic polymorphisms that may confer resistance or susceptibility to bacteria or viruses,

such as the XRCC1 polymorphism, which has been implicated in response to HIV

exposure. Molecular biomarkers are also incorporated in epidemiolgic studies that focus

on social structural variables. For example, molecular epidemiologists hope that

evaluating biomarkers of susceptibility to lead exposure will help them to untangle the

relative contributions of multiple factors in the etiology of neurocognitive decline:

And we're trying to do studies now that go from genes to neighborhoods,
or neurons to neighborhoods. We're trying to look at genetic factors,
environmental factors, individual behavioral factors, and what are called
contextual factors... social capital, social support, social networks, social
disintegration that could also contribute. Now in the next years if we find
that neighborhoods and neighborhood decay is more important to
cognitive decline than our genes, we're going to be less interested in genes
and more interested in neighborhoods (S.11).

Across substantive domains of epidemiology, what molecular biomarkers have in

common is that each materializes an intersection between epidemiology and

molecular biology, bridging lines of research in the two fields and enabling

epidemiologists to conduct research at the molecular level, within the human

body.

New Spaces, New Languages: Epidemiology and the Laboratory
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The development, validation, and application of molecular biomarkers has

wrought profound changes in the practice of epidemiologic research. First, the practice

of molecular epidemiology requires, at a minimum, some means of forging a

collaboration between the conceptual frames, languages, and tools of epidemiology –

with its focus on human populations -- and laboratory based molecular biology. There is

recognition among molecular epidemiologists that “the language of the lab” and “the

language of the epidemiologist” are not the same. Generally, epidemiologists’

descriptions of these differences focus on the “narrow” or “mechanistic” focus of

molecular biologists who “don’t understand the complexities of study design with human

populations, with real people” and the applications of statistical techniques (S25). In

contrast, cytogeneticists and molecular biologists contend that epidemiologists often

“don’t know how cells work” and are unfamiliar with basic laboratory techniques (S.26).

Molecular epidemiologists themselves employ several strategies for bridging

these differences. First, some molecular epidemiologic studies are the result of explicit

collaborations between epidemiologists and molecular biologists. In these cases,

collaborators from each specialty learn enough of the language of the other to perform

his/her specific task to bring the project to fruition. Such intersectional projects are quite

challenging. One molecular epidemiologist described the difficulties posed by such

collaborations as “one of the issues” in the field of molecular epidemiology :

To be able to function in this area, one has to be aware of the strength and
limitations of your cooperators, and you have to find one or two or three
or five people who are at least aware of the potential and they will look to
create a functional entity and who want to understand one another. So this
is one of the issues (S25).
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Second, contemporary molecular epidemiologists also emphasize the increasing

proportion of molecular epidemiologists who are being trained in “both languages,”

either as graduate students or as post-doctoral fellows. As indicated in the following

comment, some molecular epidemiologists have a “primary language,” though

increasingly many are “bilingual”:

Some will get very rigorous epidemiology training and then some lab
experience, or often there are very good lab people who will then get
epidemiology training. They tend to emphasize one or the other, although
there are a few coming here who really are quite fluent in both. And there
will be a new generation that will be pretty fluent in these two languages
(S26).

Third, molecular epidemiologists have consciously endeavored to create the necessary

spaces and mechanisms to foster such intersections between epidemiologists and

molecular biologists. Paradigmatic of these efforts is the Molecular Epidemiology

Group (MEG) of the American Association of Cancer Research. MEG is an international

network (including chapters in the U.S., Italy, Japan, and the U.K.) of molecular

epidemiologists that seeks to provide an organizational and institutional infrastructure for

training molecular epidemiologists and educating scientists world wide about the

accomplishments and potentials of molecular epidemiologic research:

MEG was formed in order to allow for interactions between
epidemiologists and lab scientists. There was a recognition over 5-10
years that there were new tools being incorporated into population studies
in epidemiology and that this required a level of sophistication on both the
laboratory and the epidemiology side. Successes in using these
technologies in epidemiology came from collaborations and good
communication. So, there was a strong sense that we needed a journal
where these types of projects could be published, read and understood. So,
that is the journal Cancer Epidemiology, Biomarkers and Prevention. And
also, that a group of people should meet and discuss issues. As much for
our education as anything else. So that the lab people would understand
the epi issues and the epipeople would understand the lab issues...
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Fundamentally, MEG was put together to find a place for interactions
between epidemiologists and lab scientists (S26, emphasis added).

With these interactions, and with the increasing proportion of molecular epidemiologists

who are “bilingual” in their approach, molecular epidemiologists spoke of the gradual

development of a new “common language” at the core of molecular epidemiology.

Molecular epidemiology also requires a different material infrastructure and

different spaces than other forms of epidemiology. Most obviously, and importantly,

molecular epidemiology requires laboratory space, equipment and staff. As one

molecular epidemiologist described:

We need fairly large collaborative groups with improved infrastructure for
measuring exposures... And that can include sampling technology, filter
technology, chemistry, inorganic and organic chemistry . . . and then you
have the chemistry on body fluids and materials. Then you also have got
to have genetic markers. Yeah, it's really hard. It requires a much
different infrastructure. And it’s more expensive (S06).

That these requirements mark a departure from previous epidemiologic approaches in the

environmental health sciences is made vividly clear by the following historic comparison:

When you think of the early environmental epidemiology studies...they
were really mortality studies. [These] mortality studies maybe had
monitoring stations during the London fog or in northern Pennsylvania,
where they have some idea of the magnitude of total particulates from
some area stations, and have mortality as the outcome. That is a lot of
hard work, but there's not much infrastructure needed to do that. Then you
have what we're talking about today where we do need much more
infrastructure, expenses, a lot of calibration, quality control and all the
things that go along with it (S06).

Thus, working with molecular biomarkers has reconfigured the domain of

epidemiologists working in the environmental health sciences. As described

above, this expansion was not just to “more” information, but to “different” levels

and units of analysis. To both simplify and paraphrase, then, molecular

=
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epidemiology, with its new tools, methods and infrastructure, enables new forms

of epidemiologic inquiry and an environmental epidemiology that consists of

much more than “mortality studies.”

Putting Molecular Biomarkers to Work in Environmental Epidemiology

The incorporation of molecular biomarkers has been especially prominent in

environmental epidemiology. As one environmental epidemiologist told me:

There’s been a tremendous increase of interest [in molecular
epidemiology] over the past ten years. There’s a big emphasis, especially
when you're doing environmental epidemiology now, on the use of
biologic markers....Most studies that are being proposed have a biologic
component to it, at this point. And, you know, this is a huge area of
research and there's certainly a lot of interest and funding for biomarker
validation, too (S05).

Indeed, environmental epidemiologists have been at the forefront of molecular biomarker

research. Departments of environmental health science, such as that at Columbia

University, were the institutional “homes” of quite a few of the leaders in the field of

molecular epidemiology. As one university-based molecular epidemiologist commented,

she is located in a Department of Environmental Health Sciences because “this is how it

[molecular epidemiology] developed.... the people who got really interested in using

these biomarkers were doing environmental health sciences research, looking at effects of

environmental exposures...” (S05).

There are several reasons for the prominence of molecular epidemiology within

environmental health research. First, although Perera and Weinstein framed their

research in terms of cancer (the disease outcome which they studied), the etiologic factor

in their “proof of principle” experiment was benzo(a)pyrene, a chemical to which humans
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are exposed in the environment. As such, then, molecular epidemiology in its

contemporary incarnation was focused on environmental health issues from this first

crucial publication. Second, and related, environmental epidemiologists perceived their

ability to do studies of the effects of the environmental on human health and illness as

constrained by the very measurement challenges which molecular biomarkers were

designed to address. For example, environmental epidemiologists had a strong interest in

developing molecular biomarkers as dosimeters of environmental exposure so as to

minimize exposure misclassification in their research:

I do pesticide research and in pesticide research it’s impossible...to get
any kind of dosimeter unless you’re using a biomarker. People just don’t
know what they’re exposed to; they have no idea. They may know
whether or not they use pesticides but they have no idea what compounds
they might be exposed to. And there’s a lot of exposure that’s involuntary
and they just don’t know it at all. So, if you’re trying to do epidemiology
of environmental pest exposure and you’re not using biomarkers, you’re
going to get terrible exposure misclassifications (S05).

In this way, molecular biomarkers serve as tools, as dosimeters, for environmental

epidemiologists.

Environmental epidemiologists were also very interested in developing

susceptibility biomarkers as tools for identifying the modification of responses to

environmental exposures." By making such modifications measurable, molecular

biomarkers of susceptibility offer environmental epidemiologists the possibility of

more accurately identifying the relationship(s) between an exposure and its

biological consequences.

Finally, by virtue of their participation in the arena of the environmental health

sciences, with its emphasis on animal and in vitro models, environmental epidemiologists
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may have been especially interested in molecular biomarkers as tools enabling

environmental health research to focus on the interior of the human body.

New Work Objects: Opening “The Black Box of the Human Body"

Perhaps the greatest shift made possible by molecular biomarkers comes from the

efforts of molecular epidemiologists working in the environmental health sciences to

“open the black box” of the human body and to elaborate the pathways leading from

exposures to outcomes. Working with molecular biomarkers, molecular epidemiologists

have been able to take the molecular terrain of the human body as their work object.

Using molecular biomarkers to explore the human body at the molecular level,

molecular epidemiologists have forged an alternative to the “risk factor” or “black box”

epidemiology which had been the dominant paradigm in American epidemiology since

WWII (Susser and Susser 1996a, 1996b). “Risk factor” epidemiology refers to the

production of “risk ratios that relate exposure to outcome with no elaboration of

intervening pathways” (Susser and Susser 1996a). As one molecular epidemiologist

explained to me, a focus inside the body had already begun at the time that molecular

biomarkers became popular tools in epidemiologic research:

Previously epidemiology mostly was just looking at some kind of
exposure determinant and disease; that was it. So that's what the change
to molecular epidemiology is about. Now, of course, even before this
genetic revolution, we were already starting to open up some of those
boxes...looking at contaminants in urine, hair, other fluids, that had
nothing to do with genetics, but has to do with approved chemistry and
biochemistry. That was already starting to happen, so you could assess
exposure in a much more interesting way (S06, emphasis added).

" As detailed in chapter 3, exposure/effect assessment and genetic susceptibility have long been the dual
foci of the environmental health sciences. Molecular biomarkers were a new tool for both lines of research.
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However, molecular biomarkers and their manifold applications offered an

unprecedented level of access to an interior, molecular terrain: “Biomarkers essentially

are very powerful tools because they ... allow us to look into this kind of lead box...”

(S25). Molecular epidemiologists promote the use of biomarkers to “get inside the box”

as a tool for research, biomonitoring, treatment, and the evaluation of response to

treatment. Additionally, they assert that getting inside this black box provides new tools

for further investigations. Finally, the contents of the human body become tools for

analysis of the body itself: “every time we understand a little bit more about this black

box...now it's not so black, and now we understand more about how [it] works. Then

we can use chemicals from the black box...” (S14). Molecular biomarkers make the

human body, itself, a laboratory for epidemiologists.

In “opening the black box of the human body” molecular biomarkers have

enabled the human body to become a work object for epidemiologists who conduct

environmental health research and vastly widened the scope of environmental health

science research that can done with human subjects. As one molecular epidemiologist

recounted:

What I was interested in is molecular mutagenesis - the basic mechanisms
of molecular mutagenesis. In the 1980s I switched to studying genetic
variations in humans. This is when molecular epidemiology was just
getting started. The techniques were being developed and I wanted to get
into human studies. I had been working on bacterial models of
mechanisms (S.26).

The possibilities of using molecular biomarkers for human studies in the environmental

health sciences have been taken up by an array of researchers that includes, but is not

limited to, epidemiologists. For example, toxicologists who previously were limited to

conducting their research with animal models were drawn to molecular biomarker

~
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research as a way to transcend the limitations of extrapolating from animal to human

models in assessing the risk of environmental chemicals:

By the end of the 1980's, I had become very disenchanted with animal
experiments... I don't really think many of the animal cancer tests are
relevant. I think you get a lot of misleading information with regard to
true risk for people....I was challenged at a committee meeting in the late
80's...”what's the alternative?” And I thought that was a good question.
So my research went into the direction of biological markers in the late
80's and the beginning of the 90's, with the idea that we could study people
with the latest microbiology and we'd be able to learn a lot more than we
could from rats and mice with regard to risk. So . . . what are people
actually exposed to? How much are they exposed to? What does the dose
response curve look like? Are there susceptible people? All this could be
much better answered in people (S15, emphasis added).

Indeed, some scientists described organization-wide shifts from animal to human studies

as a result of the application of molecular biomarkers in environmental health research:

It has allowed us to move a lot of our toxicology from animals into
humans. In the division that I'm in, the Division of Occupational and
Environmental Health, all of our studies are in humans now, whereas ten
or fifteen years ago we still used a lot of animal studies (S12).

Molecular epidemiologists have put a great deal of effort into ascertaining the

relationships between the inside and the outside of the human body. For example,

molecular epidemiologic research seeks to correlate molecular biomarkers of internal

dose and/or effect with measures of ambient exposure levels (e.g., the level of a chemical

in the air or water). This has been an important strategy for validating new molecular

biomarkers (cites). Additionally, working with both internal (molecular) and ambient

exposure measurements allows molecular epidemiologists to work at multiple levels of

analysis, enabling, for example, a focus on how individuals process ambient exposures:

We're doing both [internal and external measurements]. And I think you
need both because you need to relate it [the molecular biomarker] back to
what's out there in the end. The biomarkers are telling you more than you
can get through monitoring, and it's telling you something different. It is
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telling you not only was there exposure, but it is telling you something
about how that individual processed, handled the exposure (S04).

A related transformation is the new focus on individual susceptibility, or, what

factors modify the events inside the body: “Why similarly exposed people do not get the

same diseases is a target question for molecular epidemiology. In most disease systems,

susceptibility markers are being identified and evaluated” (Schulte & Perera, 1993: 7).

Thus, molecular biomarkers are used as tools for the study of both environmental

exposures and the individual, genetic characteristics that modify their effects. Both of

these applications of molecular biomarkers have been taken up across the environmental

health sciences.

The molecular interior of the human body emerged as new work for

epidemiologists, as bridges were built between existing lines of research in molecular

biology and epidemiology, reaching across these social worlds and enabling (and, over

time, stabilizing) their intersection. New lines of research continue to emerge from this

intersection, transforming the tools, objects, practices, and meanings of molecular

epidemiology.

New Discipline?: What is Molecular Epidemiology?

The term “molecular epidemiology” itself has been subject to contention and

epidemiologists have actively debated the consequences of molecular biomarkers and

molecular epidemiology for the discipline of epidemiology. For example, in an invited

commentary in the American Journal of Epidemiology, McMichael argued that while the

phrase “molecular epidemiology” has effectively highlighted important new research

opportunities,
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...[it] is misleading, since what we are actually doing is using molecular
biomarkers in epidemiology. While it is appropriate to subtype
epidemiology according to content-defined research domains...we should
not do so according to measurement technique. After all, we don’t talk of
questionnaire epidemiology, job-history epidemiology, or anthropometric
epidemiology...”(1994: 5).

Interestingly, Perera and Weinstein first proposed a subtype based on both content

defined research domain and measurement technique (“molecular cancer epidemiology”).

However, as molecular biomarker research has been taken up by epidemiologists across

content defined research domains, any epidemiology research using molecular

biomarkers as tools is referred to generally as “molecular epidemiology.”

That the term “molecular epidemiology” persists does not indicate consensus

about its referent. For example, some epidemiologists suggest that molecular

epidemiology refers simply to a new set of tools for use in epidemiology studies: “I tend

to think that one can view molecular epidemiology as an application of new tools. For

the most part, the epidemiology - the study design and data analysis - is not that new”

(S19). Central to this position is the observation that epidemiologists have always used

laboratory tools, molecular or otherwise, that were available to answer their research

questions:

Epidemiology has always used laboratory measurements when it could.
We had a lot of laboratory tools in yellow fever and other mosquito born
diseases, and so then we were epidemiologists using laboratory tools. I
think that's what we are now. I don't think it's a new field. I think it's

epidemiology... Epidemiology is the study of human disease, whatever
skills you can bring to bear on it (S18).

For many who view molecular epidemiology as “epidemiology with new tools,” it

“makes sense” to think of molecular epidemiology as a “subdiscipline of epidemiology.”

(S05).
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However, others point to the increasing number of epidemiologic studies that

incorporate molecular biomarkers and suggest that these “new tools” are fundamentally

transforming the discipline of epidemiology:

There's going to be no epidemiology very soon...It is going to be
molecular epidemiology. Because you can't just turn around and go back
to old methods (S25).

A related perspective is that while molecular epidemiology and epidemiology will remain

conceptually distinct, molecular epidemiology will emerge as the dominant research

practice:

Some people are talking about that in ten years we might not even use the
term “molecular epidemiology.” I don't actually subscribe to that. The
analogy is biology and molecular biology, where we still call it ‘molecular
biology.’ But then biology is actually kind of a marginalized area...
traditional biology is actually probably a smaller component of biology
than molecular biology is now (S12).

More common than the analogy of biology and molecular biology are

comparisons between the emergence of molecular epidemiology and the advent of “germ

theory” during the nineteenth century (Loomis & Wing, 1990; Susser, 1998; Susser &

Susser, 1996a, 1996b; Vandenbroucke 1988). This historical comparison has been used

by some to argue that, like the miasma theory of disease which preceded the germ theory

and, over time, was largely effaced by it, social and environmental explanations of

disease (and associated interventions) will wane as molecular biomarkers and associated

molecular work objects and research practices become more prominent aspects of

epidemiology (Vandenbroucke, 1988). This is an analysis that highlights, by analogy, the

shift in work objects: from miasmas to germs, from social environments to the molecular

interior of the human body.
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However, more often, these authors draw on the history of public health to

emphasize that neither the miasma theory nor the germ theory could effectively address

the full range of etiologies important to public health policy and practice. Therefore, they

suggest, epidemiology must not focus solely at the molecular level, but rather integrate

molecular biomarker research as one level of epidemiologic analysis in a larger

epidemiology program that includes social, environmental, and other population level

analyses (Loomis & Wing, 1990; Susser, 1998; Susser & Susser, 1996a, 1996b).

To a great extent, the question of the future of epidemiology and molecular

epidemiology remains open and contingent on the continued research, marketing, and

institutionalizing projects of a wide variety of epidemiologists interested in shaping

particular futures for their discipline. In sharp contrast to the cases of environmental

genomics and toxicogenomics discussed later in this chapter, there is no one institutional

entity that is “fostering” the emergence of molecular epidemiology. Furthermore, as

detailed above, molecular epidemiologists themselves disagree as to whether molecular

epidemiology is best served by remaining a subdiscipline of epidemiology, by

transcending its roots in epidemiology to become a new discipline, or by so thoroughly

transforming epidemiology that it constitutes a new discipline (albeit with a well

established moniker).

There are some Sociological indicators that suggest that molecular epidemiology

will emerge as a discipline in its own right. For example, it does have its own journal

(Cancer Epidemiology, Biomarkers, and Prevention) and textbook (Schulte and Perera

1993). The International Agency for Research on Cancer (IARC) sponsors a Molecular

Epidemiology Training Forum, twice yearly at different locations around the world.

:
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There is some discussion among molecular epidemiologists of a molecular epidemiology

professional association, modeled on the Molecular Epidemiology Group of the

American Association of Cancer Research, but encompassing all specialty areas of

epidemiology. At the same time, there are some indications that molecular epidemiology

will remain firmly located within epidemiology. For example, while there are specialty

areas in molecular epidemiology, the degree conferred to students of molecular

epidemiology will be in either epidemiology or environmental health science. As yet,

there are no stand alone departments of molecular epidemiology.

What is clear at this historical moment is that production of molecular

epidemiologic knowledge has transformed tools, work objects, and research practices in

epidemiology and, by virtue of transformations in environmental epidemiology, in the

environmental health Sciences. I have already discussed the ways in which molecular

biomarkers and the research they enable have been consequential in terms of new

patterns of collaborations, new material infrastructure, and new levels and work objects

for epidemiologic research. Additionally, as will be discussed in the coming pages,

molecular epidemiologists have emerged as an important market for environmental

genomic and toxicogenomic knowledge. That is, initiatives such as the National Institute

of Environmental Health Science's Environmental Genome Project endeavor to identify

new biomarkers whose relevance to human health and illness may then be established in

molecular epidemiologic research.
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From Environmental Response Genes to the Environmental Genome

These studies challenge a fundamental tenet of toxicology dating back to the 17th
century; that is, that the dose makes the poison. We now know that it is the host, plus the
dose and the time of exposure, that makes the poison.

-Dr. Kenneth Olden, Director, NIEHS
Fiscal Year 2001 Budget Request

By the mid-1990s, the National Institute of Environmental Health Sciences

(NIEHS) had put “gene-environment interaction” at the center of its research agenda and

molecular epidemiologists had made significant headway in establishing the human body

as a navigable, know-able terrain for environmental epidemiologists. However, exactly

what gene-environment interaction was and how to study its consequences for human

health and illness remained questions of indeterminacy and debate in the environmental

health sciences. In this section, I describe the work of scientists, their collaborators and

allies, to establish “environmental disease susceptibility genes” and “the environmental

genome” as work objects for environmental health research. I understand these projects

as central to the efforts of the NIEHS to stabilize the meaning of gene-environment

interaction as “genetic susceptibility to environmental exposures,” through its

Environmental Genome Project.

New Tools: Sequencing Events

A described in Chapter 3, genetic susceptibilities to environmental exposures or

“ecogenetics” had been an active area of inquiry in the environmental health sciences

since the 1970s. However, prior to the 1990s, conducting scientific research on the genes

thought to confer such susceptibilities was quite challenging. As one researcher told me,

there was simply “not much opportunity” to study genetic factors associated with

:

.

.
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environmentally associated diseases. In large part, this was because the tools available

were “classic genetic techniques, you know, mapping families and doing linkage kinds of

studies” (S17). Scientists could anticipate that these techniques might help them to

identify “disease genes” – rare, highly penetrant mutations with strong, independent

associations with substantial increases in disease incidence. However, these were not

effective techniques for studying the more common, less penetrant genetic

polymorphisms thought to “interact” with environmental exposures and modify their

consequences for human health and illness (Sharp and Barrett 1999:17).

Environmental health researchers describe the emergence of two tools as crucial

to making research on genetic susceptibility to environmental exposures a “do-able

problem” (Fujimura 1996). The first is the polymerase chair reaction (PCR), what one

environmental health scientist called “clearly the technology that opened up the field”

(S17)." PCR facilitated a vast increase in the material resources available to

environmental health scientists who wanted to examine genetic variations and their

interactions with environmental exposures:

PCR.... really created an opportunity to study genes and genetic variants
on a population scale. I mean that was really not feasible before that. So
by the early 1990's when PCR technology became increasingly available
to the scientific community generally... the people who had been thinking
about the possibility that not only could genes modify risk, but they could
do it in conjunction with environmental risk factors.... seized that
opportunity and tried to start exploiting the laboratory technology to better
understand disease etiology and progression (S17).

In PCR, environmental health scientists found “a simple tool” that could help them to

generate and analyze genetic materials for research on susceptibility to environmental

exposures:

*See Rabinow (1996) for an ethnographic account of the “making” of PCR.
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PCR allowed you to look at this [gene-environment interaction]... So by
the late 80's we had a simple tool to do this. Once people have a tool they
can apply it. That was what happened. And the science...we took it from
there (S15).

High throughput gene sequencing technologies followed the advent of PCR,

strongly driven by the technology development initiatives of the collaborative National

Institutes of Health-Department of Energy Human Genome Project. These “very

powerful and very rapid machines” (S01) enabled the sequencing of an ever-increasing

number of genes in an ever-decreasing amount of time.” Indeed, there has been a 2000

fold increase in the rate of throughput since the first DNA sequenator (field notes 2001).

As a result, sequencing genes and gene variants has become quicker, less expensive, and

more “do-able”: “there are now ways that you ... study multiple gene variants, and

probably soon variants across the entire genome, in one fell swoop. The efficiency and

the scale of what laboratory people are capable of now versus ten years ago has greatly

changed” (S17). Or, in the words of one environmental health scientist, “technology to

look at genotype has obviously exploded in the last five or ten years” (S20).

Both PCR and high throughput gene sequencing machines transformed

possibilities of laboratory work throughout the life sciences (Rabinow 1996). The

increases in volume and scale wrought by these tools were particularly important for

environmental health scientists interested in doing research on genetic susceptibilities to

environmental exposures because of the large sample sizes required to detect interactions

between genes and environmental exposures:

In terms of technology, first PCR and then all the rapid through-put
technologies that are available now made it a lot easier to do this work in
populations. To do gene/environment interaction in epidemiologic studies

"The specific technology referred to by this scientists is the KDI-3700, Automatic DNA Sequencing
Machine.
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you really have to study large numbers of people. Depending on your
disease outcome, you might need to study tens of thousands, or even a
hundred thousand people (S11).

Without the ability to generate and work with large sample sizes and volumes of genetic

materials, studying genes in the context of environmental exposure and environmentally

associated disease is not a “useful” line of research:

You need to have high through-put genotyping because we now know that
if you do a study of fifty people or a hundred people, that's not really
terribly useful. You really need to do larger studies. When you hear
people talk about gene/gene interaction, gene/environment
interaction....the numbers of subjects that you need for those kinds of
studies just climb astronomically (S10).

Together, PCR and the high throughput sequencing technologies “trickling down from

the Human Genome Project” (S13) vastly increased the volume of genetic materials that

could be processed and analyzed in the environmental health sciences, making research

on genetic susceptibility to environmental exposures both more “do-able” and potentially

more “useful.”

Additionally, starting in the mid-1990s, there were dramatic increases in the

number of gene sequences in public databases. This enhanced the ability of

environmental health Scientists to incorporate genes and gene variants in their research on

environmentally associated illnesses by making it easier to design experiments linking

genetic variations to phenotypic variations (such as the metabolism of environmental

exposures): “Since 1995 or 1997 or so, going from genotype to phenotype became

possible. There are so many sequences in databases. Now people are using their

imaginations to link those sequences to phenotypes” (S26). Moreover, the very

possibility of going from genotype to phenotype (i.e., from genetic variants to their

bodily manifestations) provided a rationale for identifying variations in genotypes,
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including single nucleotide polymorphisms (SNPs) and other allelic variants, as a

component of research on human health and illness. The efforts of the NIEHS to identify

“the environmental genome” are rooted in these technological and conceptual

innovations, which made “environmental disease susceptibility genes” or “environmental

response genes” accessible and meaningful work objects for environmental health

scientists. At the same time, as I discuss below, this research agenda was shaped by the

institutional mission and goals of the NIEHS.

New Work Objects: Constructing “Environmental Disease Susceptibility Genes"

In 1997, the NIEHS announced the launch of its Environmental Genome Project.

The rationale for the project was that “the key to understanding how [environmental]

agents lead to disease in diverse populations, and to gauging susceptibility in

communities at large, may lie in common genetic differences, or polymorphisms”

(defined as a genetic variation that exists in more than 1 percent of the population)

(NIEHS 1997). The goals of the Environmental Genome Project included: 1) to identify

allelic variants (polymorphisms) in environmental disease susceptibility genes; 2) to

develop a central database for these genes; 3) to foster population-based studies of gene

environment interaction in disease etiology (Environmental Genome Project website,

accessed 09/99).

“Environmental disease susceptibility genes” constituted the first work objects of

the Environmental Genome Project. The NIEHS defined “environmental disease

susceptibility genes” as “functionally important variations in DNA sequence, common

polymorphisms, in known genes that are likely to be influenced by environmental
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exposures.” (NIEHS 1997). “Environmental disease susceptibility genes” were defined

not just by their intrinsic variation(s), but also by their interaction with environmental

exposures. That is, the NIEHS drew a distinction between genes that “act predominantly

on their own to cause disease” and genes “that act in concert with environmental agents.”

This was an important distinction given the unique jurisdiction of the NIEHS which is, as

its name suggests – environmental health and illness and environmental exposures. A

genomic initiative within the NIEHS that did not address environmental agents would be

seen as inappropriate to the NIEHS mission and an incursion on the “turf” of other

Institutes. Or, as one NIEHS Scientist told me:

At the Institute, we have to be concerned with potential overlap with other
institutions. We have to separate our turf from that of the other institutes.
The two words that do that are "environmental" and "toxicology." With
this initiative [the Environmental Genome Project], we wanted to use the
word "genome" but also separate our work from National Human Genome
Research Institute." But then also, to build on the success of the Human
Genome Project, to bring genomics into our field, to be nice and linear,
within the context of the NIH and of such institutional jurisdiction (S27).

A senior administrator at NIEHS noted both the Institute’s desire to be respectful of other

Institutes' turf and to stake out its own by “getting out in front” with genome research:

And so we then rolled out a major national effort to identify all the genes
in the human genome that make us more or less susceptible to
environmental exposure. But when we did that we called up at the Human
Genome Institute, because that's the next generation of the Human
Genome Project. Now their focus is a little broader than ours and we
didn't want to trample on anybody else's territory, and so we said, those
genes that make you more or less susceptible to environmental exposure.
Well there are predisposition genes that have nothing to do with the
environment. And so, you know, NHGRI and all the other institutes can
look at those. Of course, they can look at ours too. But the point is, we
got out in front of that. And we got out in front, and to be honest, I can tell
you we published in Nature, or I guess it was in Science, '' itjust knocked
the socks off the other institutes (S37, emphasis added).

"This is the National Institute of Health responsible for the Human Genome Project
"See Kaiser (1997).
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The concept of “environmental disease susceptibility genes” provided both a focus and a

rationale for the NIEHS Environmental Genome Project initiative. It brought genes and

“the genome” into the environmental health sciences and without creating the perception

that the NIEHS was attempting to encroach upon the genetic/genomic agendas of any

other Institute. It also established the contours of the NIEHS’s genomics agenda. This

was particularly important as a number of other Institutes were starting genomics

initiatives at the same time and the overall acceptance and support of the NIH, and

especially those institutes with potentially overlapping jurisdictions, such as the NHGRI

and the NCI, was critical to the NIEHS project:

[We] did a big presentation at the NIH to Varmus, then the director of the
NIH, Collins, the director of NHGRI [National Human Genome Research
Institute], Klausner, the director of NCI [National Cancer Institute], and
Trent, the science director at NHGRI. They all were enthusiastic - thought
that it was a great idea. Some institutes had parallel or related projects. At
NHLBI [National Heart Lung and Blood Institute] they were studying
genetic variation in relationship to blood pressure and stroke. And at NCI
they were about to get a SNP project up and running. So, in Fall of 1997,
we had a symposium for the NIEHS community (S.26).

The announcement of the symposium pointed again to the difference between the NIEHS

focus on “environmental disease susceptibility genes” and the initiatives of the NHGRI

and NCI which focused on the broader category of “disease genes.” It stated clearly

“This is very different [from] the Human Genome Project, which is more focused on

disease genes” (EHP 1997 105:6). The Environmental Genome Project website”

concurred. In the “frequently asked questions” portion of the site, the question “Is the

Environmental Genome Project part of the Human Genome Project?” was answered with

a bold font “No,” accompanied by the following explanation:

“. See http://www.niehs.nih.gov/envgenom/.
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The Environmental Genome Project was conceived by NIEHS scientists
as a means to further advance the mission of the NIEHS. This is very
different from the Human Genome Project. While relying heavily on the
technology developed by the Human Genome Project, the Environmental
Genome Project plans to determine sequence variation of environmental
response genes; i.e. genes that determine susceptibility to environmentally
induced diseases. (Environmental Genome Project website, accessed
9/99).

On a conceptual level, at least, the NIEHS had found its own genes.

The definition of “environmental disease susceptibility genes” as detailed above,

allowed the NIEHS to draw on theories and methods from pharmacogenetics and

ecogenetics, many of which had already been incorporated in NIEHS research.” These

were consequential associations throughout the unfolding of the Environmental Genome

Project. As discussed in chapter 3, research in the fields of ecogenetics and

pharmacogenetics had already identified polymorphisms in genes that code for enzymes

involved in the metabolism of pharmaceutical or environmental agent and that may create

variations in the biological effects of those agents in the human body. At the time of the

launching of the Environmental Genome Project, the NIEHS was already providing

funding to intramural and extramural researchers involved in identifying such

“environmental disease susceptibility genes.”

For example, NIEHS researchers Doug Bell and Jack Taylor were widely cited in

1994 for identifying genetic polymorphisms that affect two classes of enzymes (NAT1,

NAT2 and GSTM1, GSTT1) involved in the metabolism of environmental carcinogens

and associating those polymorphisms with an increased risk of bladder cancer among

Smokers. Bell and Taylor had “translated” pharmacogenetics into the environmental

"The achievement of new work objects is often accomplished through their articulation with and through
extant standards, objects, and practices (Fujimura 1996; Timmermans and Berg 1997). Moreover, new
units of analysis are often developed in and from previous experimental systems (Fujimura 1996:3).
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health context by looking at the function of “drug metabolizing enzymes” in response to

environmental agents: “we were interested in whether drug metabolizing enzymes - or, as

we renamed them, carcinogen metabolizing enzymes - were important modifiers of

response to environmental exposures. And we had some early successes - we were able

to explain the idea of genetics modifying environmental responses.” Their work (and

also a research project that Bell undertook in collaboration with F. Kadlubar at the

National Center for Toxicological Research) was the first to relate a genetic

polymorphism in NAT1 to a high activity NAT1 phenotype (that is, a specific rate of

metabolism) in humans (Manuel 1996). This research provided evidence that there were

genes in the human genome that modified responses to environmental agents. The genes,

in turn, were the entities that embodied the concept upon which the Environmental

Genome Project was based, and which it was designed to elaborate. Thus, broadly

construed, such genes were at the center of the Environmental Genome Project.

Moreover, given that both intramural and extramural research was already

underway on these, and related, polymorphisms, the Environmental Genome Project was

able to “fold in” a number of extant projects in establishing its intramural and extramural

research bases. Some scientists stated that this made the Environmental Genome Project

a “nonevent” from their perspective:

they launched the project, and I think that a bunch of projects that were
already funded were just sort of put under that umbrella. So when we
applied for RO1 type research that looked at molecular epidemiology and
petrochemical exposures, I think I might have done that before that project
was declared as such, but then it gets folded into it [the Environmental
Genome Project] as an initiative (S06).

However, this redundancy with previously established research also meant that there was

an extant network and infrastructure for Environmental Genome Project research. The
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Environmental Genome Project thus not only funded new research projects, it gave new

meaning to established research projects and practices. Thus, it was “up and running”

much more quickly, and with a much more expansive scope, than otherwise would have

been possible.

Making the Environmental Disease Susceptibility Genes Matter

In order for the environmental disease susceptibility genes to have any meaning or

utility as work objects in a laboratory context, environmental disease susceptibility genes

as material entities had to be further elaborated as such. Towards this end, the

Environmental Genome Project made a commitment to resequencing 200 “environmental

disease susceptibility genes” in samples from 1,000 individuals (this also contributed to

the “novelty” of the Environmental Genome Project, as it greatly increased the number of

genes under investigation by NIEHS funded researchers). The resequencing effort was

also essential to the broader mission of the Project, which proposed the identification of

the “environmental genome.”

At the time that the Environmental Genome Project was launched, geneticists

were expecting to find that there were 100,000 genes in the human genome," which

posed the question of which of these 100,000 were “environmental disease susceptibility

genes.” For example, what were the relevant “environmental disease susceptibility

genes” other than genetic polymorphisms that code for drug or carcinogen metabolizing

enzymes? The NIEHS met this challenge in two steps. First, it defined broad categories

of “environmental disease susceptibility genes,” based on the following schematic

“Scientists have now lowered this estimate to about 30,000.
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(Figure 4.1) of pathways leading from environmental exposure to a given human

biological response and/or disease outcome.

Figure 4.1
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“Environmental disease susceptibility genes,” then, were all those involved in multiple

and diverse mechanisms of “environmental response” and, increasingly, were referred to

as “environmental response genes.” The descriptor “environmental response gene”

maintained both the environmental and genetic foci critical to the Project. It also

provided a mechanistic logic to the notion of “environmental disease susceptibility

genes” by pointing to genes along specific biologic pathways forming, in the new

language of the NIEHS, the “environmental response machinery.” According to the

NIEHS,

examples of categories of genes that include environmental response
genes are: xenobiotic metabolism and detoxification genes; hormone
metabolic genes; receptor genes; DNA repair genes; cell cycle genes; cell
death control genes; genes mediating immune and inflammatory
responses; genes mediating nutritional factors; genes involved in oxidative
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processes, and; genes for signal transduction systems” (Environmental
Genome Project website, 09/99).

Once these categories were established, the NIEHS turned to “the general scientific

community” for nominations for “candidate genes” for resequencing as part of the

Environmental Genome Project. A “candidate gene submission form” was available on

the Environmental Genome Project website (this changed in Summer 2002 with the

second iteration of the site). Visitors to the website could also view the “candidate gene

list” which provided the names of genes that had been nominated “by several

investigators.” This candidate gene list was then peer reviewed by “a working

committee” of approximately 30 “geneticists, epidemiologists, and policymakers,” which

was also charged with “establishing a study group to provide peer review for all aspects i
of the project.”

The NIEHS’s “candidate gene approach” balanced a relatively open and

participatory selection process – one in which “anyone” could nominate a gene for

resequencing – with the “gold standard” for rigor and objectivity in science – scientific :
peer review. It also again differentiated itself from the Human Genome Project and

private sector efforts focused on “gene discovery.” The summary of the 1997

Environmental Genome Project symposium stated specifically that “this will not be a

gene discovery project” but rather “will exploit information provided but the U.S.

Department of Energy and the Human Genome Institute’s gene-identification institute.”

Indeed, “exploiting” information from the Human Genome Project and making it relevant

to the environmental health sciences provided one of the criteria that the peer review

committee used to prioritize genes for resequencing: “Preference will be given to genes

not only whose sequence is known but, more importantly, to those implicated for their

138



role in environmentally-associated diseases.” Again, to paraphrase a NIEHS scientist

quoted earlier, the goal was to bring genomics to the environmental health sciences – and

the way to do this was to identify “the environmental genome.”

The National Advisory Environmental Health Sciences Council granted clearance

for the Environmental Genome Project in February of 1998. Based on the

recommendations of the “general scientific community,” the NIEHS identified 554

“environmentally responsive genes” for resequencing in the Environmental Genome

Project. The NIEHS selected Maynard Olsen's lab at the University of Washington

Genome Center and Robert Weiss's lab at the University of Utah Genome Center to

direct the “first phase” of sequencing work. These two labs were to help verify but not

duplicate each other’s efforts: “The idea was that we'd let each other know what was

being sequenced at each location, so that there would be some overlap, but not a lot of

duplication of efforts.” (S29) As of April 2002, 105 of the 554 “environmental response

genes” had been resequenced at these two sites and “more than 1700 SNPs in these

genes” had been identified." The second phase of sequencing work, which the NIEHS

defines as taking place between 2001-2004, was awarded to the University of

Washington, where Debbie Nickerson’s lab was tasked with “the systematic discovery of

SNPs in the genomic region (coding and noncoding) in approximately 200 genes.” All

the SNP data generated by the Environmental Genome Project is stored on the GeneSNPs

* The other primary selection criterion was knowledge of gene structure, function, and interactions.
(NIEHS 1997)
"There is a regularly updated table on the Environmental Genome Project website that tracks the number
of gene sequences completed. See http://www.niehs.nih.gov/envgenom/genes.html.
"Although still not a gene discovery project, the Environmental Genome Project was certainly a single
nucleotide polymorphisms (SNP) discovery project.
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website. It is also deposited in the Genbank/NCBI dbSNPs database -- the NIH’s SNP

repository.

The “gene count” on the Environmental Genome Project website and the

cataloging of those genes in GeneSNPs was to mark one measure of the Project’s

success. The NIEHS can quantify the number of “environmental response genes” that

have been resequenced and the number of SNPs identified within them. The data are part

of the public record. At a historical moment when government officials are increasingly

concerned with accountability, the specific and quantifiable outcomes of the

Environmental Genome Project are seen as an advantage. As one researcher commented:

“We needed numbers. We needed to be able to say when it was done.” Another scientist

noted that the word “project” was chosen, in part, to denote that the Environmental

Genome Project was a finite task:

“Project" means that it is targeted, that there is a clear beginning and end.
We thought that this would be an attractive aspect of our Institute's efforts.
We wanted to sequence a specific number of genes and then we would be
done. Versus "program" which could be something long term and on
going (S27).”

As of May 2002, NIEHS administrators were predicting that the Environmental Genome

Project’s resequencing efforts would be completed when Nickerson’s lab at the

University of Washington completed its contract. At this time, the NIEHS will decide

whether to move forward and issue requests for proposals for molecular epidemiologic

studies of human populations using the SNP data, which were the intended “end uses” of

the SNP data:

That is what it was designed for. When the body of work has been done
by Debbie Nickerson, we can ask if it's time for us to invest in this kind of

"This is also in the interest of the NIEHS, as projects requiring multi-year high level funding are a
potential liability for an institution that receives yearly budget allocations (field notes, 2002).
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[epidemiologic] work. For example, if there ...groups of people with
specific diseases that we want to look at in terms of SNPs. But these
questions won't be asked until the data is out (S29).

Yet, despite the presence of quantifiable outcomes and defined endpoints, there is

an odd sense of diminished expectations surrounding the Environmental Genome Project.

One researcher joked with me that he hoped that by the end of my research I could tell

him “what ever happened to the Environmental Genome Project?” There was a sense

that while the Environmental Genome Project had come on the environmental health

sciences scene with much fanfare, it might conclude without anyone really noticing. I

turn next to why this may be the case.

The Environmental Genome Project: Tools, Objects, Disciplines?

There are multiple, and somewhat competing perspectives on the trajectory and

the consequences of the Environmental Genome Project. I briefly describe these

narratives, before juxtaposing them with my own analytic perspective.

As noted above, some “insider” narratives focus on the waning status and

prominence of the Environmental Genome. For the most part, these narratives emphasize

the scarcity of institutional resources – specifically, staff and money — available to the

Environmental Genome Project. There are several variants of these explanations, with

some oriented to the origins of the Environmental Genome Project and others oriented to

the present status of the Environmental Genome Project. For example, some respondents

suggested that the “hype” surrounding the Project’s launch was disproportionate to the

actual financial allocations made to it in subsequent years, as noted by one scientist: “It

was never a large program. There was talk as if it was bigger than it was. There was
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never much money for it” (S33). Similarly, another scientist noted that the Project had

faced staffing problems from the outset. For example, the “newness” of the approach

within the institutional context of the NIEHS meant that the expertise to run the

Environmental Genome Project had to be developed simultaneous with the Project itself.

There were few researchers at NIEHS who were doing environmental genomic research

at the time that the project was launched, and they were busy with their own projects and

not interested in managing the Environmental Genome Project.” It is possible that such

staffing and financial limitations contributed to the limited scope of the Environmental

Genome Project.

Other respondents emphasized that the Environmental Genome Project was

always intended to be a time limited initiative. As such, they argued that it is mistaken to

assume that the “phase out” of the Project is itself can be taken as an indication of a

“failure.” Rather, these respondents emphasized that the Environmental Genome Project

was being phased out because it had met its goals.

From a symbolic interactionist perspective, it is provocative to consider the extent

to which the Environmental Genome Project succeeded in establishing new

genetic/genomic work objects in the environmental health sciences. From this

perspective, it appears that the Environmental Genome Project has met with both

difficulties and success.

"Assigning managers to new initiatives is often a challenge at the NIEHS, as most scientists asked to
assume administrative responsibilities also have their own labs. As one scientist/administrator quipped,
“My job is 80% management and 80% research” (S41). Another, with responsibility for managing a major
extramural initiative along with his lab, noted that “For a project like this, a company would have a
division, a work plan, real human resources. At NIEHS, people do too much with too little....” (field notes
2002).
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On the one hand, a comprehensive and stable definition of the “environmental

genome” does not yet exist. What the NIEHS refers to as the “environmental genome” is

a heterogeneous set of different categories of genes with varied and often nonspecific

relationships to each other (if any). With rare exceptions (such as NAT1 and NAT2,

described above) the contribution of these genes to human health and illness remains

largely uncharacterized. This does not go very far in establishing a unified

“environmental genome.”

However, the Environmental Genome Project did increase the visibility and the

perceived salience of “environmental response genes” as work objects for the

environmental health sciences and it placed the NIEHS on the larger NIH genomics

“bandwagon” (Fujimura 1996). Thus, it is possible that the establishment of a unified

“environmental genome” is not a good measure of the success of the Environmental

Genome Project. Rather, the goal of the Environmental Genome Project might be better

conceptualized as the establishment of a environmental genomic research agenda,

focused on environmental response genes, at the NIEHS and in the environmental health

sciences. Indeed, as described in the preceding pages, at the level of actual scientific

work, the Project’s focus was always on “environmental response genes” and their roles

in human responses to environmental exposures. Therefore, insofar as the Environmental

Genome Project established genetic susceptibility research in the environmental health

sciences as a valid pursuit and established “environmental response genes” as “work

objects” in the field, it can be seen as highly effective.

In fact, what the NIEHS calls “environmental response genes” are currently the

objects of research in environmental health science labs in government, academic, and
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corporate sectors. Most academic centers for environmental health science research now

conduct research on genetic susceptibility to environmental exposures. Indeed, one

reason for the scaling down of the Environmental Genome Project is that SNP analysis

and environmental genomics became so prevalent as to make the Project itself redundant.

As noted earlier, the NIEHS carefully considered issues of jurisdiction and competing

initiatives across the NIH in designing the Environmental Genome Project. However, the

Environmental Genome Project nonetheless became “redundant” over a rather short

amount of time as “lots of people” in university and commercial institutions began doing

SNP analysis relevant to environmental genomics:

When the EGP was originally being planned, there was lots of money
involved. At that time, there was very little sequencing being done in
environmental genomics. Now, there are lots of people doing it, so we
didn't want to. So, the EGP was phased down to one multi-year project
(Nickerson's). Having found good data and identifying SNPs, we knew
that this was the way to do it right (S29).

In meeting its goal of establishing the importance of environmental genomic research, the

Environmental Genome Project may have contributed to its own obsolescence.

It is impossible to quantify the relative contribution of the Environmental Genome

Project to these realities. As noted by a senior NIEHS administrator (S37), most

scientists agreed that SNP analysis, such as that conducted under the auspices of the

Environmental Genome Project, was going to be the next phase of human genome

research. However, it is clear that research on genetic susceptibilities to environmental

exposures, and their relevance to human health and illness has become an entrenched line

of inquiry in the environmental health sciences.

At the same time, environmental genomics has not emerged as a discipline or a

fully independent scientific world. Rather, the concerns and objects fostered under the
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institutional umbrella of the NIEHS Environmental Genome Project have been widely

distributed across multiple Scientific social worlds, including molecular epidemiology,

toxicology, ecogenetics, and molecular carcinogenesis. Certainly, funding from the

Environmental Genome Project redirected the work of individual laboratories, such as

those involved in the resequencing efforts of the Project. However, while the

environmental genomic initiative of the NIEHS contributed to the construction of

“environmental response genes” as new work objects for the environmental health

sciences, these new work objects were integrated into extant disciplines, rather than

instantiating a new one.

I contend that this occurred, in large part, because genetic susceptibility to

environmental exposures was a concern of many environmental health scientists prior to

the 1997 advent of the Environmental Genome Project. As I describe in Chapter 3,

ecogenetics had emerged as a line of inquiry in the environmental health sciences in the

early 1970s. Additionally, molecular epidemiologists had identified “biomarkers of

susceptibility” as a focus of their research. Therefore, “environmental response genes,”

the new work objects at the core of the Environmental Genome Project, could be taken up

and absorbed into the extant research practices of environmental health scientists without

the establishment of a new discipline. They became new work objects for on-going lines

of research.

From Environmental Genomics to Toxicogenomics

Additionally, I contend that the NIEHS itself facilitated shaped the trajectories of

environmental genomic concerns and work objects by incorporating them into the
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genomic initiative that followed on the heels of the Environmental Genome Project: The

National Center for Toxicogenomics.

Indeed, throughout a 2002 Environmental Health Perspectives article

commemorating the fifth anniversary of the Environmental Genome Project, there is an

evident obfuscation of the differences between the Environmental Genome Project and

the National Center for Toxicogenomics, on technological, institutional, and

“applications” levels. For example, Jim Selkirk, the assistant director of the National

Center for Toxicogenomics, is quoted as saying that “The EGP will open up a whole new

vista of both public health and design of medicine – molecular designed medicines that

specifically target genes that have been modified because of SNPs.” While these are

goals of the National Center for Toxicogenomics, they extend far beyond the gene

resequencing, SNP identification and population based studies of the Environmental

Genome Project. Later in the article, Selkirk is paraphrased as saying that “the

information needs to be mature...the assays need to be validated....and researchers need

to obtain a better understanding of the relevance of particular changes in gene expression

and toxicity.” As we will see below, this comment references both the technologies and

the goals of the National Center for Toxicogenomics, not the Environmental Genome

Project. Similarly, when Ray Tennant, the Director of the National Center for

Toxicogenomics, is quoted as having said that “[The EGP] will transform risk

assessment, but we’re approaching that very incrementally,” it is unclear whether he

meant the subject of his statement to be the Environmental Genome Project (as provided

by the article's author) or the National Center for Toxicogenomics, which he directs.

Finally, the article describes the National Center for Toxicogenomics as a “coordinated,
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multidisciplinary research program of the NIEHS that has conducted the intramural

research phase of the Environmental Genome Project.” This is factually incorrect – the

Environmental Genome Project predated the National Center for Toxicogenomics by

three years. Moreover, much of the intramural research conducted under the auspices of

the Environmental Genome Project was led by molecular epidemiologists who, though

they may send samples to the NIEHS Microarray Center for analysis, occupy

independent disciplinary and institutional locations.

My analysis suggests that the minimization and obfuscation of such differences in

an article that is supposed to mark the anniversary of the Environmental Genome Project

represents a distinctive effort to incorporate the Environmental Genome Project - its

goals, technologies, and possible “applications”- into the now larger, more institutionally

entrenched, and more ambitious initiative to establish genomic work objects and practices

in the environmental health sciences – the National Center for Toxicogenomics. As I

will detail in the coming pages, the NIEHS has clearly invested more institutional

resources in its toxicogenomics initiative than were ever allocated to the Environmental

Genome Project. These resources include founding a national research center,

establishing a multi-university research consortium, and sponsoring a new scholarly

journal dedicated toxicogenomic research. Moreover, the conceptual focus of

environmental genomics – “genetic susceptibilities to environmental exposures” — is also

one of the primary foci of toxicogenomics. Therefore, I suggest that the NIEHS

continues to pursue the central goals of the Environmental Genome Project under the

rubric of the National Center for Toxicogenomics.
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Disciplining Microarrays. Making ToxChips

In this section, I describe the processes through which scientists at the NIEHS

appropriated cDNA microarray technology, developed outside the environmental health

sciences, and endeavored to transform it into “the right tool for the job” (Clarke and

Fujimura 1992) of toxicologists. This appropriation of microarray technology (and the

gene expression profiles it produces) depended on the successful (re)construction of

particular genomic tools - microarray “chips” - for use in the environmental health

sciences. Therefore, I examine how microarrays came to the field of toxicology, how

they were articulated as relevant to the field, the ways in which they have enabled the

development of new tools for toxicological research, and how these new tools have been

used to reconfigure the research for which they were developed. I argue that the

emergence of toxicogenomics is a story of “co-construction” (Fujimura 1996: 28), by

which I mean that in the process of adapting microarrays to toxicological research,

scientists began to transform the discipline of toxicology itself. The history of this co

construction begins with the emergence of cDNA microarray technology and, with it, the

possibility of large scale, genome wide gene expression profiling.

The Advent of Microarray Technology

In 1995, Pat Brown and his colleagues at Stanford University published a paper in

Science entitled “Quantitative Monitoring of Gene Expression Patterns with a

Complementary DNA Microarray” (Schena, et al. 1995). In it, they described “a high

capacity system” they had built to “monitor the expression of many genes in parallel.”

This system relied on high-speed robotic printing of complementary DNAs (cDNA) onto
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glass slides (often called “chips”), that were then used in quantitative expression

measurements of the corresponding genes.” As the authors reported, this system

enabled them to make differential expression measurements of 45 genes from the small

flowering plant Arabidopsis using simultaneous, two-color hybridization. The article

concluded, somewhat modestly, “Microarrays of cDNAs could thus provide a useful link

between human gene sequences and clinical medicine” (Schena, et al. 1995:469).

Conceptually, microarray technology was similar to two standard laboratory

techniques used to study gene expression – the Northern Blot and the Southern Blot

(Bartosiewicz, et al. 2000).” This meant that the underlying principle of gene expression

and its measurement was already familiar to many biologists. However, the scale of

analysis made possible by DNA microarrays was unprecedented. For example, a

Northern Blot could provide information on 10 or 20 or, possibly, 100 genes at a time

(S40). In contrast, the robotized “arrayer” or “printer” designed by Brown and his

colleagues allows researchers to “spot” up to 15,000 genes onto one glass slide and to

read the gene expression of those genes simultaneously, using confocal microscopy. In

essence, a cDNA microarray enables a researcher to obtain the results of thousands of

Northern Blot experiments simultaneously. As such, both the kind and the volume of

data produced by microarray analysis were unprecedented (Rockett and Dix 1999).

* cDNA refers to an identical copy of a gene that would usually be produced in a living cell which has
been produced via “reverse transcription” from RNA in a laboratory (Schmidt 2002). The construction of a
cDNA microarray usually involves immobilization of cDNA sequences corresponding to research genes of
interest on the surface of a glass slide. These spotted sequences can represent either sequenced genes of
known function, or partially sequenced cDNA derived from expressed sequence tags (ESTs) corresponding
to mRNA from genes of unknown function, mRNA isolated from the biological samples of interest is
converted to fluorescently labeled targets via a reverse transcriptase reaction. The labeled targets are then
competitively hybridized on the microarray chip, scanned by a laser at frequencies corresponding to the
respective fluorescent tags, and analyzed using digital imaging and bioinformatic techniques (Lobenhofer,
et al. 2001).
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Additionally, the platform supported quantitative comparison of global gene expression

between virtually any two biological samples: “One can compare, for example, two

different tissues, normal versus diseased tissue or untreated versus exposed cells”

(Lobenhofer, et al. 2001:881). Microarray technology was hailed by many scientists as

“revolutionary” because it provides a platform to perform genome wide expression

analysis across various biological models (Lobenhofer, et al. 2001:881).

As charted by Lobenhofer and his colleagues, the number of publications

employing microarray technology has undergone exponential growth since 1995

(2001:882). By 2001, the original 1995 paper by Schena, et al. had been referenced 700

times and over 800 published articles included data from microarrays and/or DNA chip

methodologies (Lobenhofer, et al. 2001: 881).

While microarray technology has now been used in a wide variety of scientific

endeavors (for a review, see Lobenhofer, et al. 2001), one of the first and most extensive

areas of its application has been cancer research. In part, this focus reflects the initial

grants from the National Cancer Institute (NCI) awarded to Brown and his collaborator,

David Botstein, to further develop microarray technology and to apply it to the study of

human tumors. It also reflects the determination of the Stanford researchers to quickly

develop the clinical applications of the technology they had developed:*

...cancer was probably one of the best choices for applying this tool
because, if you look at the cancer problem, you can look at what is

* These are techniques used to separate, identify, and measure pieces of RNA. Also, these techniques use
radioactive tags, whereas microarray analysis relies on fluorescence and confocal microscopy (S40).
* There were explicit political considerations at work in these grant applications, as well. Specifically,
given their interest in developing the technology, Brown, Botstein, and their collaborators had to prove that
it was “the right tool” in a research arena that contained already significant resources and a potential
market: “Dr. Botstein wanted to, and still does, use this to study yeast, but they're not going to give you two
million dollars a year to study yeast growing in two different carbon sources. Whereas you probably can
get two million dollars a year to study breast tumors. So... you go where the money is in some respects”
(S46).
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described morphologically, as a single tumor subtype, but then if you look
at how the patients do, Some do really well and some do really poorly. So
there must be some underlying biology that you are missing. So here we
had this tool that allows us to look at thousands of things at once... You
simply apply the tool and then use statistics to ask what was different.
And then you can say, do these differences, if I identify them, make
biological sense? Because those differences must be either directly
causative of, or related to what are the biological differences between
these two (S46).

One of the first tumor studies done at Stanford used DNA microarrays to develop

“molecular portraits” of human breast tumors. The findings suggested that gene

expression analysis using microarrays could provide a basis for a molecular taxonomy of

breast cancers that would allow for distinctions to be made among tumor types that not

previously produced by standard practices in pathology (Perou, et al. 2000). A

collaboration between Stanford researchers and NCI scientists correlated gene expression

in 60 human cancer cell lines (“the NCI60”) with drug activity patterns (Scherf, et al.

2000). The implication for clinical practice was that gene expression analysis with

microarrays could help predict how specific tumor types would respond to

chemotherapeutic agents. Chemotherapy might thus be tailored to individual tumor

types, both eliminating any unnecessary chemotherapeutic agents and increasing the

effectiveness of the chosen chemotherapeutic regimen. These initiatives further

established the potential of microarray technology, especially in cancer research. It also

highlighted the potential of microarray analysis in the area of pharmaceutical research

and development, which spurred commercial investment in microarray technology.” The

* Researchers who work with microarrays express mixed feelings about the commercialization and
patenting of microarray technology. Some believe that commercialization has resulted in smaller, faster,
and more affordable technology. As one researcher commented: “the good thing about industry and
commercialization....the scanners have gotten small, they've gotten faster, and the optics remain the
same... You have a lot of commercial options out there and it is more cost effective to do those. The same
thing goes with the robotic printer or arrayer.” (S40). However, other researchers note that they can make
their own chips for one-quarter the cost of buying them from Affymetrix, a leading commercial producer of
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machinery and materials required to do analyses with microarrays quickly became the

subject of intensive research, development, and patenting in both academic and private

sector initiatives.

Bringing Microarrays to the National Institutes of Health (NIH)

In 1996, Jeff Trent, the scientific director of the National Human Genome

Research Institute (NHGRI) established the first microarray facility at the NIH. With the

assistance of Stanford researchers, Trent and his colleagues built their own robot and

scanners and began to explore the potential of microarray technology for analyzing gene

expression patterns in human cancers (see, for example: DeRisi, et al. 1996).

Given the newness of the technology and its potential importance, Trent felt that it

was important that other Institutes also begin to explore microarray research. As the

result of lengthy conversations with Carl Barrett, then the scientific director of NIEHS.”

the two scientific directors decided that NHGRI would assist NIEHS in building a

microarray facility. NHGRI assistance was critical at that time because, before the

commercialization of the technology, “unless you had an in with someone who knew how

to build the instrumentation, you had no way to even start to do anything with it” (S60).

[When] Pat Brown came out with his paper, there were no commercially
available microarray scanners, microarray printers, you had to make your

DNA chips: “Why I can make a microarray for a hundred dollars and a company has to charge four
hundred dollars to do it. It doesn't make any sense to me. If I can do it for one hundred, how come a
company can only do it for four hundred? And again, due to a lot of these intellectual property issues,
competition has just been squished. So, you know, it is very complicated, but that's the way modern
biotechnology works.” Researchers also stated that the protection of proprietary interests by commercial
microarray interests has hindered competition and development of the technology: “I've personally talked
to many companies and said, why aren't you making microarrays, and they just say, well we're afraid of
litigation and getting caught up in that whole thing. They just won't do it. Whereas, if there wasn't all this
litigation or if licensing fees were reasonable... I would be buying microarrays in the mail today.”
* Barrett is now the scientific director of the National Cancer Institute (NCI).

:
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own... early on in the microarray days making your own equipment was
the status quo, your only option (S40).

In 1997, Dr. Cynthia Afshari, the “Group Leader” in Carl Barrett’s laboratory, went to

NHGRI to learn how to work with microarray technology. She also began to consult

extensively with the NIH engineers who were building a robotized arrayer and a scanner

for the NIEHS. Building the machinery and obtaining all the materials NIEHS

researchers would need to run experiments took about a year. In 1998, with the support

of NHGRI, the NIEHS began to operate a microarray facility.

In recalling the decision to build a microarray facility at NIEHS, respondents

noted that there were significant commitments shared by the NIEHS, which already had

an extensive research agenda and infrastructure for the study of environmental

carcinogenesis,” and the NHGRI's research agenda on gene expression patterns in

human cancers. Reflecting their shared interest in cancer initiation and progression,

much of the early microarray research at the NIEHS focused on tumor identification, and

on mechanisms of initiation and development:

The reason for doing this, well the obvious question, what people call the
"low hanging fruit," was cancer profiling, using gene expression profiling
to be able to say not just "does this person have cancer or not" but "what
form of cancer does this person have?"; "is it in an early or late stage of
development?"; "is it a kind of cancer that will be easy or difficult to
cure?" So, that was the obvious application. And at the NIEHS there is a
big interest in cancer. Dr. Barrett's lab was working on cancer, and so did
Rick Paules and so did Cindy Afshari [the two scientists who became the
Co-Directors of the NIEHS Microarray Center] (S32).

Moreover, that the Stanford laboratories and the NHGRI microarray facility were both

using microarrays to study cancer meant that microarrays were already well on their way

* Indeed, NIEHS – the only NIH in Research Triangle Park, NC, rather than in Bethesda, MD -- is
sometimes referred to as “the NCI (National Cancer Institute) South.” Barrett's Laboratory (which was
“led” by Afshari while he served as NIEHS Scientific Director) specialized in carcinogenesis.

:

:
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to being established as a “right” tool for studying aspects of cancer initiation,

progression, and responses to therapeutic agents. Therefore, cancer research in general,

and molecular carcinogenesis in particular, provided the NIEHS with a well established

domain of environmental health research within which to explore the potential of its new

genomic technologies.

However, in order to establish the importance of the microarray technology for

the NIEHS as a whole, it was critical that microarrays be put to work for as many

members of the NIEHS faculty as possible. Therefore, at the same time that they

investigated the application of microarrays for research on carcinogenesis, the leaders of

the NIEHS microarray initiative were very interested in how the microarray analysis

could serve Scientists working on different environmental health science projects

throughout the institute. Towards this end, the researchers working with microarrays

made a concerted effort to engage interested intramural scientists and to explore how the

technology could be applied to their varied research questions:

We had a lot of conversations with different people... to see what would
they do if they had this type of technology. And so we had a lot of
things that we wanted to do with it as far as answering basic research
questions, addressing things, help clone genes, and different kinds of
just small project types of things that we would use it for (S60).

Thus, from the outset, the leaders of the microarray initiative at NIEHS were focused

developing the applications of microarrays as a tool that could serve environmental health

scientists:

We didn’t start initially as this big National Center for Toxicogenomics
running out of NIEHS...We were just starting based on [the question]
what does a single, individual PI want to do to kind of enhance their
research? So we did a lot of things, looking at a lot of different
compounds and working with a lot of different investigators at NIEHS
(S60).
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The microarray facility at the NIEHS continues to serve intramural scientists in this way,

helping them to apply microarray technology and data analysis to their independent

research agendas. In this way, microarray technology has been taken up by multiple

individual scientists and laboratories as “the right tool for the job” of their particular

research agendas, a “bandwagon” effect (Fujimura 1996). At the same time, as we will

see below, with the advent of toxicogenomics, the practices of environmental health

scientists gradually have been reconfigured by the application of microarray technology

to their traditional domains of expertise.

Practicing at the Intersection of Toxicology and Genomics

Even as collaborations between intramural researchers and the Microarray Center

faculty were being established, researchers at NIEHS began to think about how

microarray technology and gene expression profiles could be applied to serve the specific

mission of the Institute. As with the Environmental Genome Project, the scientists

developing the microarray research agenda were aware of the “turf" and “niche” issues

involved. As one scientist recounted:

This is the National Institute of Environmental Health Sciences. So, we
were looking for our niche. We didn't need or want to compete with Pat
Brown or Jeff Trent. What is distinctive here is the National Toxicology
Program, the focus on environmental insults, the practice of toxicology
(S32, emphasis added).

Therefore, the researchers working in the NIEHS microarray center began to develop an

agenda for exploring the applications of gene expression profiling to toxicology: “...then

we started to think, well could we really use this to kind of to advance how we conduct

1.
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toxicology tests today? And so that's where the concepts and the ideas of toxicogenomics

started to be developed” (S60).

The overlapping concerns of the fields of pharmacology and toxicology provided

a jumping-off point for NIEHS researchers interested in developing microarrays as a

toxicological tool. Because pharmaceuticals and environmental chemicals implicate

similar (and sometimes identical) mechanisms of metabolism and detoxification in the

body, the Stanford study of the responses of the NCI60 cell lines to pharmaceutical

agents had clear implications for toxicology. Specifically, the results of that study

indicated that gene expression profiling could facilitate comparisons of how different

tissues responded to drugs. Therefore, it stood to reason that gene expression profiling

could facilitate comparisons of how different tissues responded to environmental

chemicals. As a scientist who worked in the Brown lab later recounted:

One of the first experiments that we did was what we call the NCI-60
study, which was to do gene expression profiling on a set of sixty cell
lines. These sixty cell lines were tested versus... sixty thousand different
chemical compounds. So there was a huge database of drug sensitivity on
these cell lines. And we then did expression profiling to look for
correlations between gene expression patterns and drug sensitivity. So
from the start a toxicology study was actually the first study that we did
and published on (S46, emphasis added).

These considerations led to the development of a set of practices that NIEHS researchers

called “toxicogenomics.”

The first paper using the term “toxicogenomics” was published in 1999 in the

journal Molecular Carcinogenesis (Nuwaysir, et al. 1999).” While some of the authors

of the paper recount that a sense of “playing around” with words led to the coining of the

*The first author of the paper, Emile Nuwaysir was a post-doc at NIEHS, working with Cynthia Afshari.
His co-authors were the NHGRI and NIEHS scientists who brought microarrays to the NIEHS: Afshari and
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word “toxicogenomics,” the requirements that led to the selection of “toxicogenomics”

were quite considered and deliberate.” There was a strong desire on the part of the

authors to be specific about the applications of DNA microarrays that they were

exploring.

We weren't doing Sort of classic toxicology and we wanted to get across
genomics technologies. People were using the term pharmacogenomics,
but we didn't really think that that fit what we wanted to do, so that's why
we started saying, well, let's call it toxicogenomics, and... it just became
an inherent word (S60).

Additionally, as noted above, the NIEHS researchers wanted to highlight the

environmental and toxicological emphases that distinguish the specific mission of the

NIEHS:

We started thinking about, well what are our applications? What's
relevant to the institute? What should we call this? And at the time

pharmacogenomics was already being used...And we felt like, well that
didn't really describe what we were doing, because pharmacogenomics,
while some of it does focus on toxicology, a lot of it is more focused on
drug targets and efficacy kinds of issues. So we felt like ours was really
different ... (S60, emphasis added).

In building this new line of work, having a specific term and a distinctive scope of

practice was important not only for disseminating information about the applications of

microarrays to toxicological practice, but also for gaining access to the institutional and

financial resources needed by the NIEHS Microarray Center:

We were trying to justify a program and build a program, and at the
government you have to write a lot of proposals and a lot of abstracts to of

Barrett from NIEHS's Laboratory of Molecular Carcinogenesis, and Trent and Bittner from the NHGRI's
Laboratory of Cancer Genetics.
* At the same time, some of the paper's authors mentioned that they were surprised to realize, much later,
that they had invented the term “toxicogenomics.” As one commented: “I have to credit Emile [Nuwaysir]
in the sense that he threw around all these words and [then] he said, “well I like the sound of
toxicogenomics,” and so we used it in that paper. But I don't know if we were the first ones to come up
with it, or if we had ever heard anybody . . .I had never heard anybody talking about it before, but...you
just never know. I just find it hard to believe that we invented a word.”
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justify resources, and so [the question was] “what do we call it?”
(emphasis added).

The term “toxicogenomics” met all these needs. By referring specifically to

toxicology, it implicated the unique jurisdiction of the NIEHS, while the inclusion

of “-genomics” made clear that this was a genomic science. Moreover, itself a

neologism, “toxicogenomics” also signaled that this was something new and,

presumably, worthy of new resources.

With the publication of the 1999 paper by Nuwaysir and colleagues the term

“toxicogenomics” was specifically defined as “a new scientific subdiscipline derived

from a combination of the fields of toxicology and genomics” (Nuwaysir, et al. 1999:

153). The authors described the scope of practice of toxicogenomics as “the

identification of potential human and environmental toxicants, and their putative

mechanisms of action, through the use of genomics resources” (Nuwaysir, et al. 1999:

153). DNA microarrays constituted the specific “genomics resource” which the article

took as its focus. Indeed, the self proclaimed “purpose” of the article was to “acquaint”

the reader with “the development and current state of microarray technology” and to

“present our view of the usefulness of microarrays to the field of toxicology” (Nuwaysir,

et al. 1999: 153). That is, this article vividly articulated the concept of microarrays and

chips as the right tools for the jobs of toxicology.

Four general practices of toxicology for which microarrays might be a right tool

for the job were identified in this initial publication. First, the authors proposed that

microarrays could “complement” established toxicological methods for identifying the

mechanisms of action of a given toxicant. In making this argument, the authors pointed

out that toxicity is “often preceded by, and results in, changes in gene expression”
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(Nuwaysir, et al. 1999: 154). Therefore, they reasoned, “in many cases, these changes in

gene expression are a far more sensitive, characteristic, and measurable end-point than

the toxicity itself” (Nuwaysir, et al. 1999: 154-5). Changes in gene expression could

thus serve as reliable new indicators of toxicity, the work objects of toxicologists.

Second, the authors noted that that the two-year rodent cancer bioassay (i.e., the

current “gold standard” of carcinogenicity testing) is expensive, time consuming, and

requires large numbers of animals and that. Consequentially, there was a need for new,

genomic bioassays. They therefore suggested that “the addition of microarrays to

standard bioassays may dramatically enhance the sensitivity and interpretability of the

bioassay and possible reduce its cost” (Nuwaysir, et al. 1999: 156-7). The claim here is

that gene expression profiles could work in conjunction with existing tools for assessing

toxicity. The authors also suggested a possible independent role for gene expression

profiling. Specifically, microarrays might contribute to the in vivo evaluation of a

compound's toxicity by identifying “gene expression signatures” for various types of

tissue specific toxicants. Toxicologists could then use those characteristic signatures to

screen new compounds (“a rapid and sensitive in vivo test”) and/or develop more

sensitive animal models.

Third, and related, the authors argued that microarrays could be used in exposure

assessment, environmental monitoring, and drug safety evaluation as a biomarker

technology. Specifically, microarrays could be used to identify and validate gene

expression profiles as indicators of environmental exposure, internal dose, damage,

and/or response to treatment following a harmful exposure (Nuwaysir, et al. 1999: 157).

Whereas the “gene expression signatures,” discussed above, would serve as tools for
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identifying and classifying toxic compounds, the goal of developing gene expression

profiles as molecular biomarkers would be to identify and classify the effects of

environmental exposures within the human body.

Finally, Nuwaysir and his colleagues suggested that microarrays could be

fruitfully applied to the study of “the relationship between genetic variability and toxicant

susceptibility,” which they described as “a new area of toxicology” as manifest in the

Environmental Genome Project. Again, this application is predicated on the hypothesis

that gene expression profiles among individuals genetically susceptible to a given

environmental exposure can be distinguished from the gene expression profiles of those

who are not genetically susceptible. If this is the case, gene expression profiling could

produce molecular biomarkers of susceptibility.

What is remarkable about this list of four “uses of microarrays in toxicology” is

the breadth of toxicological practices and the number of traditional toxicological work

objects that it encompasses. In essence, the article defines microarrays as relevant to all

of the primary concerns of toxicological research focused on human health: mechanisms

of action, toxicity and carcinogenicity bioassays, exposure assessment, environmental

monitoring, clinical evaluation, drug safety, gene-environment interaction. Additionally,

it particularly notes that “these considerations [e.g., of microarrays in evaluating and

developing animal models] are also relevant for branches of toxicology not related to

human health and not using rodents as model systems, such as aquatic toxicology and

plant pathology” (Nuwaysir, et al. 1999: 157). In essence, the article claims that

microarrays are the “right tools for the job” of a great deal of toxicological research.”

*This perspective was taken even further by a molecular biologist who works with microarrays who told
me that gene expression profiling was the right tool for the jobs of ALL biology, past and present:
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Researchers at the NIEHS describe the 1999 paper by Nuwaysir and his

colleagues as a “concept paper” rather than a “research article.” Toxicogenomics, as

described in the article, was the proposition that microarray technology could be

fruitfully applied to toxicological research. Or, as a molecular epidemiologist

commented to me when asked about the emergence of toxicogenomics: “Toxicogenomics

is a hypothesis really - that there is something to be learned from gene expression.” More

specifically, toxicogenomics is the hypothesis that toxicologists have something to learn

from gene expression. At the time that Nuwaysir and his colleagues published this paper,

the work of testing this hypothesis – that is, of proving that there was a role for

microarray technology in the toxicological armamentarium – had yet to be accomplished.

However, compelling claims had been made and the resources could be requested and

organized.

The article did make an effort to describe the some of the research that would be

necessary to bridge the gap between claiming that a microarrays are the right tool for

toxicology and actually using microarrays in toxicology research. Specifically, the

article details the work of researchers at the NIEHS microarray facility to develop a

custom cDNA microarray chip that contains “genes with previously well documented

involvement in cellular processes as well as their responses to different types of toxic

insult” (Nuwaysir, et al. 1999: 156). Research with this type of chip could demonstrate

the usefulness of microarray analysis in investigating mechanisms of toxicant response,

in establishing specific gene expression profiles as “molecular signatures” of types of

“The beauty of the microarray technique is that because it is this new technology and because it's so
powerful, basically every decent biology experiment that has been done in the past needs to be redone with
microarrays, because for the vast majority of them, it’s going to tell us a little bit more than we knew
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chemicals, and in developing biomarkers based on gene expression. Additionally, the

authors noted that “gene expression can be affected by numerous factors” which may

confound the application of gene expression profiles as biomarkers, and very briefly

suggested the importance of a national database of human expression data as a resource

in addressing these complications. Each of these challenges, as well as others not

delineated in this publication, were of great interest and concern to the researchers

working in the NIEHS microarray facility. And each, over time, required the successful

construction of new tools specifically for toxicologists.

The new work object constituted by gene expression profiles is human gene

expression itself. However, rather than focus on gene expression as an independent work

object for toxicologists, NIEHS researchers emphasized the relevance of gene expression

in conjunction with extant tools, assays, and work objects in toxicology.” In the vision

of Nuwaysir and his colleagues, toxicology would continue its traditional focus on

toxicity and indicators thereof. However, as I describe next, the production and

interpretation of gene expression profiles for use with extant toxicological tools and work

objects fomented profound transformations in the practices of NIEHS scientists working

with microarray technology.

New Tools for Toxicology: Making ToxChips

The work of developing the requisite tools for applying microarrays to

toxicological research soon became the central research agenda of NIEHS Scientists

working at the microarray facility. This work included the assembly of a

before, and in some cases it’s going to tell us a lot more than what we knew before. And it is going to help.
It's going to help... That’s why it has such a broad appeal to all biologists” (S46).
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multidisciplinary team of 12 scientists, representing the wide variety of practices

implicated in toxicogenomics:

We realized early on that we were going to have to have a really
multidisciplinary team to be able to put this together. That we were going
to need to have computational biologists, bioinformaticists, computer
Support people, bioengineers, as well as molecular biologists and
toxicologists as part of our team... (S60).

Increasingly, this interdisciplinary team focused on not just “making the technology

work” but “making the technology work for toxicology” (S40).

Central to these initial efforts was the development of a custom cDNA microarray

chip, called a “ToxChip,” which contained copies of approximately 2,000 human genes

with which to begin to assess the gene expression profiles of known toxicants. Soon

after, the researchers created a chip called the Human ToxChip, which contained 12,000

genes and allowed evaluation of a substantially greater number of gene expression

changes in response to environmental toxicants. These ToxChips were important as a

work object because they concretized a distinctive toxicological application of microarray

research. Using ToxChips, researchers could investigate the gene expression profiles

created by exposures to environmental toxicants. Such specific gene expression profiles

have potential contributions to make to research mechanisms and pathways of toxic

response, biomarkers of exposure and effect, and the classification of unknown or novel

chemical compounds.

With the development of the ToxChips, the leadership of the NIEHS became

“bullish” about the potential of such chips in toxicology research and especially “to

revolutionize the screening of chemicals.” In February of 2000, the microarray facility

was elevated from a “collaborative unit within Carl Barrett’s lab” to a “core structure” at

*The technologies and strategies for accomplishing this linkage are discussed in detail in the next chapter.
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the NIEHS. As a “Center” at the Institute, the microarray initiative now has its own

directors (Afshari, until she left in 2002, and Paules), faculty, staff, and resources to

continue the adaptation of microarrays as tools for toxicological purposes. This included

the continued development of the ToxChip.

With the development of the ToxChips and the founding of the Microarray

Center, a profound shift in the focus of the NIEHS’s toxicogenomics efforts occurred.

Specifically, the language used to describe microarrays, chips, gene expression profiles,

and their relationship to toxicology became increasingly focused on “revolutionizing” the

field of toxicology itself. That is, rather than simply adapting a new technology to

toxicological practice, there was also a growing interest in adapting toxicological practice

to the new technologies – making the jobs” ■ it the tools. Indeed, at the time that the

NIEHS Microarray Center was officially established, its goals constituted a detailed

listing of the steps that had to be taken to “revolutionize the way that some toxicologic

problems are investigated.” These goals included:

1) identify toxicants on the basis of tissue-specific patterns of gene
expression (molecular signature):

2) elucidate mechanisms of action of environmental agents through the
elucidation of gene expression networks;

3) use toxicant-induced gene expression as a biomarker to assess human
exposure;

4) extrapolate effects of toxicants from one species to another;
5) study the interactions of mixtures of chemicals;
6) examine the effects of low dose exposures versus high dose exposures;
7) develop a public database of expression profiles
(NIEHS Microarray Center 2000).

As researchers working with microarrays and gene expression profiling at the NIEHS had

configured microarray technology and ToxChips for the discipline of toxicology, they

had also begun to reconfigure the discipline of toxicology (cf., Fujimura 1996).
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Adapting microarray technology to toxicological research has entailed number of

material and interactional changes in the daily work and practices of toxicology. For

example, gene expression profiling requires new kinds of multidisciplinary collaboration

and coordination with bioinformaticians to “make sense” of microarray data for

toxicological research:

Genomics is a paradigm shift [for toxicology] because it is big science. It
generates thousands of data points. So, you are dependent on
bioinformatics and algorithms to help you mine the data...The information
is stored in the data. But we need tools to help us see what is there, to
visualize the data (S32).

Indeed, scientists working with microarray analysis often refer to the amount of data they

generate as “mountains” or “tsunamis” or “seas” worth (NIEHS field notes 2002). A

NIEHS post-doc remarked to me: “Before this I had never worked on a study with more

than 10 data points. But this one had 30,000” (field notes 2002).

In addition to requiring new collaborative relationships, the vast amounts of data

produced by microarray analyses require new skills and practices of biologists and

toxicologists. A molecular biologist described the effects of these changes in the

following way: “I used to spend all my time at the bench. Now I spend all my time at the

computer.” Additionally, taking advantage of the potentials of microarrays in hypothesis

generating research requires “a different mind set” than the hypothesis testing model of

traditional toxicology.

[Toxicogenomics] also requires new training and a different mind set.
Because toxicogenomics can be a hypothesis testing or a hypothesis
generating tool. And this is a paradigm shift for NIEHS, that it can be a
discovery tool. I think that it is important that the technology be used both
ways – hypothesis testing and generating. And it is so exciting to be in a
discovery mode...to be thinking about different data sets and tools and
how we can do discovery. It’s really a tremendously exciting time (S32).
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These material and conceptual changes in toxicology practice were slowly transforming

what doing toxicology meant, at least within the walls of the NIEHS Microarray Center.

Then, just as importantly, with the emergence of these new practices, the leadership of

the NIEHS became powerfully committed to being the institution responsible for the

reshaping of toxicological practice through the further development of toxicogenomics.

From the NIEHS Microarray Center to the National Center for Toxicogenomics: The

Will to Discipline

In December of 2000, the NIEHS announced the establishment of the National

Center for Toxicogenomics (NIEHS 2000b). While the press release emphasized the

“application of powerful new techniques,” these applications were seen as desirable in

large part because of their transformative potential. As a scientist-administrator at

NIEHS told me: “The primary push behind it was that this technology had the

opportunity to revolutionize toxicology research, literally, and completely transform the

way that toxicology research was done” (S35, emphasis added). A senior scientist at the

National Center for Toxicogenomics recalled the process leading up to the announcement

of the Center as follows:

With the rapid progress in the genome arena it was becoming obvious that
there were some technologies evolving that could have a real profound
effect in toxicology: the capacity, used the right way, to actually change
the whole field of toxicology over a period of time. Discussions were
going on for several months with [NIEHS Deputy Director] Sam Wilson
and [Director] Ken Olden, and the decision was made to create a National
Center for Toxicogenomics, and to try to focus the effort to utilize the new
technology specifically for this institute, applying it to toxicology...So, in
September 2000 the NCT was created (S39, emphasis added).
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The official overall objective of the National Center for Toxicogenomics was to “promote

the evolution of gene and protein expression technologies and their use to understand

adverse environmental effects on human health” (NIEHS 2002). That is, the National

Center for Toxicogenomics was to “foster development in this burgeoning field” (NIEHS

2002) or, in the words of a National Center for Toxicogenomics scientist, to “create the

infrastructure needed for the emergence of toxicogenomics.” Additionally, with the

establishment of the National Center for Toxicogenomics, toxicogenomics was defined

more broadly as the application of “global expression profiling, including microarray and

proteomics,” to study the relationship between exposure and disease and to understand

gene-environment interactions and their impact on human health” (NIEHS 2002,

emphasis added). This definition demarcated a vast scope of practice for toxicogenomics

which, as it focused on gene-environment interaction, could be seen as virtually

coterminous with the mission of the entire NIEHS.”

The scope of the National Center for Toxicogenomics was significantly broader

than the earlier microarray initiatives in two other important ways, as well. First, while

Carl Barrett had charged the microarray researchers in his lab to develop the applications

of genomics for toxicology, the National Center for Toxicogenomics also endeavors to

change research conducted as part of risk assessment, regulation, and policymaking. As

stated in a National Center for Toxicogenomics brochure: “The NCT aims to use and

promote toxicogenomics as a means to guide federal agencies and legislators in

"Whereas genomics focuses on gene expression, proteomics refers to the global analysis of protein
expression, including protein folding. The two fields are conceptually linked, at the most basic level by the
“central dogma”: “DNA codes for RNA codes for proteins.” However, they are also technologically
related, as proteomics draws on many of the same fundamental technologies that have supported the
emergence of genomics (e.g., chips, robotized arrayers, databases, bioinformatics software). Many
scientists believe that proteomics will be “the next frontier” for the life sciences.
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developing guidelines and laws that regulate the levels of various chemicals in the

environment” (NIEHS 2002). As I will discuss in the next chapter, this commitment has

had profound consequences for the emergence of toxicogenomics. Second, and related,

the structure of the National Center for Toxicogenomics extended far beyond the

Microarray Center and established new intramural and extramural toxicogenomic

consortia and programs. Indeed, the NIEHS Microarray Center was now just one of

several NIEHS entities constituting the National Center for Toxicogenomics.

The Microarray Center seems to have been eclipsed as the premier

toxicogenomics initiative at the NIEHS in large part because of its successes. At the time

that the National Center for Toxicogenomics was announced, the Microarray Center was,

by the description of its leadership, “pushing national exposure.” However, the move to

create the National Center for Toxicogenomics surprised even the scientists at the

Microarray Center, many of whom were not a part of the formal efforts that established

the National Center for Toxicogenomics. Rather, the National Center for

Toxicogenomics was designed by the leadership of the NIEHS:

It started with the institute director and deputy director. The deputy
director was given the lead for bringing it to fruition. There was an
executive committee formed that designed the NCT components, and a
director of the NCT was selected and charged with the responsibility of
implementing the plan. And the extramural program went through its
planning as well, and how it might accomplish its responsibilities under
this program and plan. The goal has been to build research capacity in the
outside research community, as well as to build research capacity in the
intramural program and, where possible, to build collaborations between
the two that would accelerate outcomes (S35).

"As discussed in the following chapter, this scope of practice implicated, but did not encompass, the
National Toxicology Program as well.
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Additionally, the National Center for Toxicogenomics was to create a national program

to “ensure the successful development of a broad scientific consensus on the application

of toxicogenomics to the improvement of human health” (NCT 2002:3).

Both the NIEHS’s ability to establish national program and the resources for

establishing it can be traced back to the work of the researchers who built the NIEHS

Microarray Center. First, their work in making microarrays the “right tool for the job” of

toxicology and their development of toxicogenomics, had established the NIEHS as a

leader at the intersection of toxicology and microarray technology and “a lot of places

were looking to NIEHS for leadership.” The National Center for Toxicogenomics, then,

was to be “a structure for providing that leadership... that was the purpose.” Second, in

adapting microarray technology and gene expression profiles for use in toxicology, the

researchers at the NIEHS microarray center had established new tools — the “ToxChip”

and “The Human ToxChip.” As noted in the press release of the new National Center for

Toxicogenomics: “One specific tool that will enable NCT to assess the genetic impact of

toxicants is a DNA microarray called the Human ToxChip, developed by scientists at the

NIEHS microarray center.” A scientist interviewed for the press release noted that the

ToxChips were going to be “the work horse of the NCT program.”

The development of the ToxChips provided NIEHS researchers, and their

growing number of collaborators, with a whole new way of working that concretized the

potential relationship between microarrays/genomics and toxicological research. The

ToxChip gave researchers a specific, material toxicogenomic technology. And even

more importantly to the development of toxicogenomics as a discipline, the use of this
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technology required a reconfiguration of the arrangement of scientists, technologies, and

practices so profound as to promise a “revolution” in toxicology.

Just as importantly, it was in assessing the research conducted by the Microarray

Center, that the NIEHS leadership became interested in being the Institute that

revolutionized toxicology. Indeed, NIEHS administrators vacillate in their descriptions

of toxicogenomics as either the transformation of an old discipline (toxicology) or the

birth of a new one (toxicogenomics). For example, when I asked a senior NIEHS

administrator if the goal of the National Center for Toxicogenomics was to create a new

discipline, he responded “I don’t know about creating a new field, but we are changing

the old one so drastically, so significantly that we may be creating a new field” (S37).

However, other pronouncements from the NIEHS are less circumspect. In December of

2002, this graphic (Figure 4.2) accompanied an Environmental Health Perspectives

article on toxicogenomics:
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Toxicogenomics
An Emerging Discipline

image credit: Lynette Cook (2002) 32

* It was startling, to say the least, to find the NIEHS using terminology from sociology, in general, and my
dissertation title, in particular, just months after I had completed my fieldwork there. I do not know what
effect my presence at the Institute and my many extended conversations and formal interviews with
scientists at the National Center for Toxicogenomics (more than a few of which included lengthy
discussions of what “disciplinary emergence” is and why I had chosen to study it) may have had on the
decision to make use of the language of “disciplinary emergence” in this piece. Nonetheless, this
article/advertisement serves as a powerful reminder to me that one can never be sure of what uses might be
found for ones own discipline and its work objects! It also echoes Abir-Am's concerns regarding whether
one can represent a science without being hagiographic (Abir-Am 1985).
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Additionally, the components of the National Center for Toxicogenomics are clearly

oriented to promoting the emergence of toxicogenomics as a discipline. For example, the

Tox/Path Team of the National Center for Toxicogenomics is charged with developing

the applications of toxicogenomics for mechanistic toxicology, predictive hazard

assessment and risk assessment, and defining gene expression signatures of toxicological

endpoints. The Toxicogenomics Research Consortium, an extramural component of the

National Center for Toxicogenomics, coordinates five academic research centers (in

addition to the NIEHS Microarray Center) in collaborative experiments. As I discuss in

greater detail in the next chapter, the goal of these experiments is to standardize

toxicogenomics research protocols, technologies, and bioinformatics tools. The National

Center for Toxicogenomics is also overseeing the development of a national database of

toxicogenomic data. Additionally, starting in 2003, the NIEHS will publish a new

quarterly edition of its journal Environmental Health Perspectives that will be dedicated

entirely to toxicogenomics. Thus, in addition to the advent of new technology, the

dedicated efforts and vast resources allocated to the toxicogenomic project by the NIEHS

are clearly central to the emergence trajectory of toxicogenomics.

Materials, Intersections, Reconfigurations

This chapter has examined the construction and deployment of molecular and

genomic tools and work objects in epidemiology and toxicology and their multiple

consequences for research practices in the environmental health sciences. Specifically, I

have explored the ways in which new constellations of tools and work objects can

materialize and concretize intersections between social worlds, such as molecular
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biology, epidemiology, genomics, and toxicology. I have also demonstrated the ways in

which new tools and work objects are “put to work” by scientists and scientific

administrators as entrepreneurs (Rosenberg 1976) to martial resources and fortify specific

disciplinary and institutional agendas in the environmental health sciences.

Consideration of the cases of molecular epidemiology, environmental genomics, and

toxicogenomics suggests that new tools and work objects have been central to

reconfiguring knowledge relations in the environmental health sciences, despite the fact

that they do not always lead to the development of new disciplines per se.

In this chapter, I have also focused on the particular institutional locations in

which new tools and work objects are being appropriated and developed for use in

environmental health research. My analysis has highlighted the importance of both

disciplinary and institutional goals in the shaping and “fostering” of new genetic/genomic

practices and relations of knowledge in the environmental health sciences. Specifically, I

have demonstrated that the NIEHS played a particularly influential role in the emergence

of environmental genomic and toxicogenomic research tools, work objects, and practices.

Collectively, the emergence of molecular and genomic tools, work objects,

practices and knowledge relations in the environmental health sciences have brought

environmental health research practices within the human body and to the molecular

level. Genetic/genomic knowledge has emerged as a focus both for the study of the

effects of environmental exposure and for the study of individual genetic/genomic

variations in response to such exposures. This knowledge has not remained “in the

laboratory.” Rather, central to the emergence of these tools, work objects and the

research practices which utilize them has been the articulation of molecular
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epidemiologic, environmental genomic, and toxicogenomic knowledge as important to

the concerns of not only Scientists, but also clinicians, risk assessors, and policy makers.

In the next chapter, I look at the coconstruction of disciplinarity and these users and

markets in of the environmental health sciences in the wider context of the arena of

environmental health.
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Chapter 5

Translations and Their Effects

Scientific social worlds are “enterprises” (Estes 1979) embedded in specific

product and service markets with established audiences, sponsors and consumers (Clarke

1998: 17). Sociological and historical studies of science, technology, and medicine have

explored the ways in which the emergence of scientific disciplines is shaped by

relationships between producers of knowledge and the potential audiences, service

markets, and end-users of their products (Kohler 1982; Clarke 1998; Fujimura 1996;

Shapin and Schaffer 1985). This scholarship also has described how the stabilization of

scientific objects, such as those described in the previous chapter, is achieved through

linkages among the social worlds of scientific practice and those of the wider arena: “The

contest among alternative forms of life and their characteristic forms of intellectual

product depends on the political success of various candidates in insinuating themselves

into the activities of other institutions and other interest groups” (Shapin and Schaffer

1985: 342). In the previous chapter, I demonstrated how disciplinary, inter- and intra

institutional politics have shaped the emergence of molecular biomarkers, environmental

response genes, and microarray chips. In this chapter I explore the translation of these

and other environmental genetic/genomic technologies, work objects, practices and

concepts to potential audiences, designated service sites, and end-users. I then consider

the significance of these translations for the emergence of new forms of disciplinarity

across the arena of environmental health.

My analysis focuses on “translation” of genetic/genomic work objects for use in

the social worlds of public health, clinical practice, risk assessment, regulation, and

;
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policy making. I define translation as the work of making the tools, work objects,

practices, and concepts of the environmental health sciences apprehensible, meaningful,

and useful to members of those social worlds that constitute their audiences, service

markets, and/or end users.' This requires that they become linked to the “going

concerns” (Hughes 1971: 53) in the social world of the potential end user or service

market and the “changing interests and commitments of their members” (Strauss 1993:

247). It also requires that, for some period of time, however brief, an intersection exist

between the worlds of producers of the work object and its potential “consumers,” sº

however rhetorical (van Lente and Rip 1998). Therefore, this chapter explores how

scientists, administrators and their allies accomplish the translation of genetic/genomic rtsº

tools, work objects, practices, and concepts by creating varying kinds of intersections *º-

among the environmental health sciences and their potential service markets.

The environmental health arena provides a particularly intriguing context for

sociological analysis of the work of translation. The audiences, service markets, and end ;
users for the environmental health sciences are all social worlds dedicated to the

resolution of complicated problems that are hybrids of science and policy (Latour 1987;

Hilgartner 2000: 4). As such, translating the environmental health sciences is fraught

with destabilizing tendencies for biomedical and regulatory regimes that are predicated

"As noted in Chapter 1, I borrow from and then extend upon ANT's conceptualization of “translation” as
“all the operations that link technical devices, statements, and human beings” (Callon 1995: 50). I use
“translation” to refer to the processes which allow specific technologies, objects, and concepts to move
from one location (e.g., the laboratory, the research institute) to another (e.g., the clinic, the regulatory
agency) (Rose 1996: 43). Therefore, I examine the work of making a scientific work object meaningful
and useful in social worlds that constitute potential service sites for environmental health research (e.g.,
medicine, risk assessment, policymaking). Clearly, I am interested in how scientists enroll audiences and
create markets for their work objects (Callon 1986; Callon and Latour 1981; Callon, Latour, and Rip 1986).
However, I conceptualize translation as a process that also acts back upon scientists and their work objects
and practices. That is, I understand the work of translation to be multidirectional. Conceptualized in this
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on purportedly clear (and “natural”) demarcations of “the scientific” from “the political”

(Hilgartner 2000; Jasanoff 1995; Jasanoff 1997; Latour 1987). Additionally, because it

is often the successful claim of having “good science” to support ones argument that

determines which position prevails in the environmental health arena, the question of

what constitutes good science is often explicitly (and strategically) contested in such

adversarial encounters (Glantz and Ong 2001; Hilgartner 2000; Jasanoff 1995: Proctor

1995). In order to maintain their legitimacy and cultural authority (Starr 1982), both

scientists and policymakers in the environmental health arena engage in extensive

“boundary work” (Gieryn 1983; Gieryn 1995) to create (and to recapitulate) borders

around what they take to be their appropriate institutional and epistemological

jurisdictions.

This is certainly not to say that it is only outside the laboratory that the

environmental health sciences are inscribed by political concerns. As with molecular

biology (Kay 1993; 2000) and the reproductive sciences (Clarke 1998), the intended

service markets of the environmental health sciences are inscribed on their work objects

and practices (Clarke 1998: 270). For example, a great deal of the research undertaken

in the environmental health sciences is funded according to the mandates of regulatory

agencies such as the Environmental Protection Agency (EPA). As such, research

agendas are shaped by the adversarial dynamics and data requirements of the regulatory

process. Additionally, environmental health scientists involved in risk assessment

understand all too well that their research is likely to be contested by industry if it is

unfavorable to industry interests. Their laboratory practices are shaped by such

manner, analysis of the work of translation widens to include the co-construction of scientific objects and
practices and both the originating and target social worlds which constitute their potential “end-users.”
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awareness, especially as they involve an extraordinary level of standardization and

documentation of procedures. In this way, environmental politics (and the threat of

litigation) are ever present and accounted for in the laboratory. Political economic

concerns shape environmental health research as well, as market incentives often favor

the curing of disease over and above disease prevention. As one cancer researcher

commented to me, “you can't make money if you're trying to find out what causes it; you

make money fixing it.” (S07) Finally, as detailed in the previous chapter, political

considerations such as “turf" issues at the National Institutes of Health clearly shape the

research programs of the National Institute of Environmental Health Sciences (NIEHS)

vis-à-vis other Institutes. Thus, the environmental health sciences and their work objects

are always already inscribed by politics. However, the politics inherent in environmental

health research attain a greatly heightened level of visibility when the worlds of

environmental health sciences intersect with those of public health, risk assessment, and

policy-making.

The arena of environmental health is thus also a particularly intriguing place to

examine the consequences of genetic/genomic tools, work objects, and practices for

modes of governmentality. In this chapter, I contend that the translations of molecular

epidemiology, environmental genomics, and toxicogenomics currently underway are

creating a new form of biopolitics in the environmental health arena.” This mode of

governmentality is based in the molecularization of the environmental health sciences

* As discussed in Chapter 1, my analysis of the biopolitical effects of emergent environmental health
sciences draws extensively on the work of Foucault and his interlocutors. In this chapter, my analysis is
particularly indebted to the observations of Rose (2001) regarding “the politics of life itself.” Specifically,
Rose argues that in contemporary politics, the “logics of control” is risk politics, the “regime of truth in the
life sciences” is molecular politics, and the technologies of the self are ethopolitics.
* As noted in Chapter 1, molecularization refers to the visualization of human life processes at the
submicroscopic level: between 10° and 10". On the molecularization of biology and medicine, see
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and the interventions they make possible. Such interventions focus on individual and

subpopulations risks, which are identified, measured, categorized, and often managed at

the molecular level, within the human body.

This emergent molecularized approach to managing the risk of environmental

contaminants differs significantly from the current regulatory regime which focuses on

the external, ambient environment as the locus of risk and, concomitantly, as the site of

control and intervention. Therefore, I argue that as they measure internal doses of

chemicals and calculate the “risks” of both inherited and acquired susceptibility to

exposures, translations of molecular epidemiology, environmental genomics, and

toxicogenomics (at multiple intersections and for multiple service markets) extend the

logics of control (Rose 2001) from the external, ambient environment to a focus on

“risky” human (sub)populations and bodies. Specifically, environmental health risk

assessment and regulation is extended beyond its traditional focus on the external,

ambient environment to incorporate the innovations of a molecular (bio)politics of

environmental health. Concomitantly, responsibility for human environmental health and

illness is shifted, from state regulation of the ambient environment, to community,

family, and individual based strategies for managing environmental genetic/genomic

“risks.”

In the following pages, I explore three different environmental health science

practices, their translations and their effects. Even while I argue that together the

practices of molecular epidemiology, environmental genomics, and toxicogenomics

contribute to an emerging molecular biopolitics of environmental health, I also recognize

(Chadarevian and Kamminga 1998). Following Rose (2001) I use “molecularization” also to refer to the
“reorganization of the gaze” of the environmental health sciences and changes in “their institutions,
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the differing institutional locations, service market relationships, and disciplinary goals of

each practice. For example, only molecular epidemiology undertakes processes of

translation within the context of the historical relationship between epidemiology and

public health. In contrast, the translation of environmental genomics is happening in

particular institutional niches and “staged intersections” (Garrety 1998) at the NIEHS, as

the NIEHS works to redefine itself as a public health institution. Perhaps in greatest

contrast, at the NIEHS, toxicogenomics is emerging wholly within the contexts of its

applications (Gibbons, Limoges, Nowotny, et al. 1994), creating a provocative

metonymy between the science and its service role(s). Therefore, I examine molecular

epidemiology, environmental genomics, and toxicogenomics separately, detailing the

modes, sites, and processes of translation unique to each, even as I attend to overall

biopolitical effects to which they collectively contribute.

Translating Molecular Epidemiology: Putting Biomarkers in the Service of the

Public’s Health

Molecular Epidemiology and Disease Prevention

Molecular epidemiologists identify the prevention of disease as the ultimate “end

use” and “service role” of molecular epidemiological research. Molecular epidemiology

has identified disease prevention as its primary service role since the inception of the

field. Indeed, Perera and Weinstein's 1982 article opened with the observation that

It has been estimated that 60-90% of human cancers is attributable to

environmental factors, including pollutants in air, water, and food;
radiation; workplace exposures; and personal habits such as smoking and
dietary patterns. Thus a major fraction of human cancer is potentially
preventable (Perera and Weinstein 1982: 581).

procedures, instruments, spaces of operations, and forms of capitalization.”
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Moreover, their rationale for investing time and resources in developing molecular

biomarkers of exposure, effect, and susceptibility was to improve epidemiological

understanding of cancer etiology and progression so that epidemiologists could, in turn,

contribute to larger cancer prevention efforts. In an interview in 2002, Dr. Perera

emphasized that her motivation in developing molecular epidemiology derived from her

interest in cancer prevention. More specifically, she conceptualized both latency and the

role of environmental factors as opportunities for intervening in the progression of

disease:

I came to this research because I was interested in prevention. I was
aware that a lot of effort was going into treatment, and I had also been
interested in the possibility that we could prevent an enormous fraction of
disease. And I was thinking a lot about cancer in those early times, and it
being a long latency disease, clearly with environmental components. I
thought this would be a perfect focus for prevention focused on
environmental risk factors.

Perera and other molecular epidemiologists have reiterated this theme repeatedly over

multiple publications (Christiani 1996; Hemminki, et al. 1996; Perera 1997; Schulte and

Perera 1993; Wogan, 1992). In these articles, they emphasize that “the stated goal of

molecular cancer epidemiology is the prevention of cancer” (Perera 2000: 602) and

explore how molecular biomarkers can serve as a “tool” for this larger goal (Perera

1987).

How molecular epidemiology can be translated for disease prevention efforts is

also a topic of discussion at scientific meetings and conferences. For example, in a

presentation at the annual meeting of the American Association of Cancer Research

(AACR), Perera commented to a group of molecular epidemiologists that she was

concerned that “we don’t spend enough time translating our results” and challenged her

181



colleagues to “lay out contexts and frameworks and their importance to prevention.” As

this discussion unfolded, there was wide agreement among the molecular epidemiologists

present that “the goal of molecular cancer epidemiology is to develop early warning

systems to prevent cancer onset” (field notes 2002).

Like molecular epidemiology itself, the translation of molecular biomarker

research for use in “disease prevention” has been articulated beyond the original focus on

cancer (Christiani, 1996; Hemminki, et al., 1996). Overall, molecular epidemiologists

argue that by improving knowledge about disease etiology and progression, molecular

biomarkers will contribute to efforts to prevent and ameliorate adverse health outcomes

following environmental exposures.

Identifying disease prevention and public health as the service role for molecular

epidemiology builds on the extant institutional and epistemological relationships between

epidemiology and public health. Epidemiology is one of “the core sciences of public

health” (Omenn 2000) and disease prevention has long been its raison d’etre. Therefore,

to commit molecular epidemiology to protecting the public’s health has been important

claim to establishing the value of the molecular epidemiology within its larger

disciplinary and institutional contexts.

Moreover, identifying public health and disease prevention as service roles for

molecular epidemiology enables molecular epidemiologists to utilize the many existing

intersections between epidemiology and public health. Molecular epidemiologists who

work in academia, like their colleagues in other fields of epidemiology, are most often

located in schools of public health (in either departments of epidemiology or

environmental health sciences). Epidemiologists constitute a major subworld of public
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health and have a significant presence at public health conferences. Many

epidemiologists work in state and local departments of public health. Thus, molecular

epidemiologists are afforded a rich array of intersections with a primary service market

for their products. As I demonstrate in the following pages, these products, and their

translations, include new strategies of (molecular) measurement, biomonitoring, and

intervention.

Molecular Measurements

Molecular biomarkers bring new types of measurement and units of analysis to

epidemiological research. As detailed in chapter 4, there are three primary categories of

biomarkers. Molecular biomarkers of exposure are used to identify and quantitate the

presence of a compound in the human body, its compartments, tissues or fluids.

Molecular biomarkers of effect (or “response”) are used to identify early biological

effects resulting from exposure. Molecular biomarkers of susceptibility are used to

identify individual and population differences in susceptibility to adverse outcomes

following environmental exposures (Perera and Weinstein 1999: 518–519). Each of

these categories of biomarkers had a close association with extant lines of research in

epidemiology and was targeted to long-standing challenges in the field.

In their introduction and proof of principle paper in 1982, Perera and Weinstein

(1982) argued that in making molecular measurement possible, molecular biomarkers

would address key limitations of extant epidemiological research methods. Specifically,

they asserted that molecular biomarkers would enhance cancer epidemiology by

improving methods of quantifying the magnitude of risk posed by a substance in the
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environment, reducing the uncertainties produced by extrapolating from animal models to

humans, alleviating the challenges posed by the latency period between exposure and

clinical manifestation of disease, and providing more accurate dosimeters (Perera and

Weinstein 1982: 581-584). As described in the previous chapter, these tools and the

measurements they enabled were then taken up quite extensively by epidemiologists and

by other environmental health scientists.

The service markets for new types of measurement are nowhere more clear than

in the case of molecular biomarkers of exposure. Exposure assessment techniques in

epidemiology have been referred to as “the Achilles heel” of the discipline, a point that

advocates of molecular epidemiology emphasized in their publications (Perera 1987: 887

888). Researchers had long been frustrated with available means of measuring exposure

and were enthusiastic about the potential of molecular biomarkers as adjuncts to or

replacements for life history and questionnaire approaches to exposure assessment:

it’s very, very hard to determine what environmental exposures are by
questionnaire, because most people just don’t know what particular
compound they’ve been exposed to. We really needed to develop better
dosimeters. So I got really interested in validating, in developing and
validating biologic markers of exposure especially for environmental
epidemiology (S05).

Even exposures which individuals “choose,” such as the average number of drinks one

has per day, are difficult ascertain. Environmental chemicals, to which most people are

exposed without their knowledge and from multiple sources, are even more difficult to

assess. Such exposure measures were especially important to research on chemicals that

accumulate in the body over time, where life time exposure is a critical parameter.

Indeed, many researchers with whom I spoke indicated they had begun doing molecular

epidemiologic research primarily due to its promise in the area of exposure assessment:

:
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We started doing molecular epidemiology because the traditional exposure
assessment was not good enough. So, if I wanted to figure out how lead
effects neurobehavioral function in adults... you would have to take a
detailed occupational and environmental history to estimate what the
person's exposure was, and I don't think that worked very well. The
movement towards biomarkers... was to improve on our exposure and
dose and risk assessment (S11).

Molecular biomarkers of exposure were seen as a means of reducing misclassifications

and of minimizing false-negative results:

I think one of the reasons, and maybe the most important reason, was to
improve our exposure and dose assessment. Lots of studies had been done
relying on exposure measures that would report no association between
the exposure assessment and the health outcome, and many of us were just
worried that those techniques were just too error prone, and that would
bias you towards a null finding (S20).

As one molecular epidemiologist commented, in the early days of molecular

epidemiology, “the primary goal was measuring exposure itself” (S.26). In offering an

alternative to extant measures of exposure assessment, molecular epidemiologists were

catering to an unmet need in cancer epidemiology, in particular, as well as epidemiology

more generally.

Molecular biomarkers allowed epidemiology inside the black box of the human

body, giving epidemiology a new (molecular) domain of inquiry. Molecular biomarkers

of effect contributed to this new, interior jurisdiction for epidemiology by identifying

measurable molecular objects inside organs, tissues, and cells (e.g., carcinogen-DNA

adducts, DNA breakage), which could be observed and measured. These measurements,

in turn, have reshaped epidemiologists’ efforts to map the pathways between

environmental exposure and disease outcomes. Such molecular biomarkers of effect

have been of particular interest to epidemiologists who study diseases characterized by
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complicated pathways and/or long temporal delays between exposure to suspected

etiologic factors and clinical manifestation of disease.

Importantly, molecular biomarkers of effect have also opened a new temporal

domain of study for epidemiologists, by providing them with measurable objects within

the “latency period.” Latency refers to the period of time following an exposure but prior

to onset of any clinical symptoms of disease." Prior to molecular epidemiology, latency

was incorporated in study design as a part of efforts to ascertain when an exposure

occurred. For example, if one was investigating the relationship between an

environmental chemical and a form of cancer suspected to have a 10 year latency period,

one would ask individuals with that cancer about their exposures approximately 10 years

prior to their cancer diagnosis. However, molecular biomarkers of biomarkers of effect

have given epidemiologists something to measure and to monitor during the latency

period between the occurrence of an exposure and its suspected effects.

...one area that I think is becoming really well-developed is a better
understanding of the idea of latency. Because, you see, latency is a
complete artifact of epidemiology. It turns out that latency doesn't really
exist. What they teach you in epidemiology is that you have to really
figure in five or ten years of latency for solid tumors... But it's not like
nothing happened in those five or ten years (S07).

One molecular epidemiologist I spoke with described the consequence of working with

molecular biomarkers of effect in his research as “stretching out” the pathways between

exposure and disease:

...rather than just looking at exposure to disease relationships, there is
now [a way to look at] exposure and intermediate changes in perfectly
healthy people that would perhaps go away if the exposure stopped, and
then [disease] would not ever be manifested. So that pathway has been
sort of stretched out... (S20).

“The latency period varies across individuals and is sensitive many parameters, including, for example, the
type of exposure, the type of outcomes, nutrition, presence of comorbidity, and intervening events.
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Indeed, molecular biomarkers of effect have been used by molecular epidemiologists to

reframe latency as an opportunity rather than an obstacle in their research.” As I discuss

below, molecular epidemiologists are especially excited about the possibility that

research on biomarkers of effect will enable new kinds of preventive interventions

targeted along these newly “stretched out” disease trajectories.

Specific applications of molecular biomarkers of susceptibility have been

developed, as well. Three subcategories of susceptibility biomarkers are used in

epidemiological research: 1) markers pertaining to enzymes that increase or decrease the

ability of a chemical to interact with DNA, RNA, or proteins; 2) markers of genetic

differences in the capacity of cells to repair DNA damage caused by environmental

insult; and 3) pre-existing inherited genetic conditions that increase the risk of disease

(Eubanks 1994). Environmental epidemiologists first became interested in identifying

individual variability in response to exposure as a way of minimizing the “noise” that

such variability created in their research findings. However, epidemiologists have

become increasingly interested in individual and subpopulation susceptibilities as

independent variables in their analyses. That is, variability in response to exposure was

once thought of as only a source of error but is now a parameter of interest (Hattis 1996).

If molecular biomarkers of effect “stretch out” the pathway between exposure and its

clinical outcomes, molecular biomarkers of susceptibility map yet “another pathway.”

*The deconstruction of latency may be is especially significant for diseases like cancer, some of which
have decades long latency periods. One molecular epidemiologist told me that cancer was a disease that
was “calling out for this kind of research.”
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Together, molecular biomarkers are taken up by epidemiologists to study the

consequence of “intermediate” changes as a result of exposure and/or inherited

susceptibility:

then another pathway has been added, and that is that maybe at every step
... as well as [at] the final disease outcome there may be susceptibility
components, or factors, that can now be assessed, that you could not
assess before. Previously, epidemiology was just looking at some kind of
exposure determinant and disease; that was it (S06).

Epidemiologists contend that molecular biomarkers of effect and susceptibility are

complementary tools and often use them in tandem: “a lot of people are doing a lot of

work using biomarkers both of effect and susceptibility and looking at disease

modulation” (S04). In their 1999 review of the field, Perera and Weinstein suggest that

this combinatory application of molecular biomarker research might mark the most

important contribution of molecular epidemiology:

...perhaps the greatest contribution of molecular epidemiology has been
the insights it has provided into interindividual variation in human cancer
risk and the complex interactions between environmental factors and host
susceptibility factors, both inherited and acquired... (Perera & Weinstein,
1999: 517, emphasis added).

As alluded to in the above statement, molecular biomarkers are used to calculate

two different kinds of health “risk.” First, biomarkers of exposure and effect provide

measures of acquired risks, those risks accruing from environmental exposures and the

damage they have wrought within human cells. Second, biomarkers of susceptibility

mark individual and (sub)population variability in response to environmental exposures.

These new forms of molecular measurements and risk have had significant consequences

for epidemiological models of environmental health and illness.

*
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Molecular Models of Disease

In molecularizing epidemiological research practices, molecular epidemiologists

have reshaped models of disease etiology and progression. To begin, molecular

epidemiological practices “molecularize” the phenotype used to diagnose disease. The

effects of a given exposure can be identified at the molecular level and, often, prior to the

onset of clinical systems: “We have used phenotype forever to diagnosis disease. Now

what we're doing is actually looking at that phenotype at the molecular level” (S20). As

an application of molecular biomarkers of effect, this change in research focus is both

spatial and temporal. Spatially, it allows molecular epidemiologists to study diseases at

the molecular level. Temporally, it allows identification of biologic damage “before the

cell goes bad,” that is, before there are clinical manifestations of disease.

The molecularization of disease phenotypes has several consequences. First, such

molecular measurement practices transform the outcome of interest (e.g., “disease”) from

a categorical to a continuous variable. For example, as this molecular epidemiologist

described, a “case” (that is, someone who has the outcome of interest in an

epidemiological study) can now be defined with a continuous (rather than a categorical)

variable:

Technologies that are developing are all lending themselves for
quantitative measures. We're going to start to define cases as “you've got
one hundred thousand deformed proteins,” as opposed to, “you have
hypertension” or “you have emphysema” (S20).

Molecular epidemiologists articulate this change in measurement as a shift in both time

and place. “One hundred thousand deformed proteins” are in closer proximity to the

given exposure(s) and its immediate effects than “hypertension” or “emphysema” both
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temporally and spatially. Second, temporally, these molecular phenotypes are presumed

to be at a greater distance from clinical or symptomatic disease. As the same molecular

epidemiologist pointed out to me “you know you don't start to see compromised lung

function until you've lost 90% of your lung capacity” (S20). Thus, molecular

epidemiological measurement strategies extend the period of time in which a disease

phenotype can be identified, categorized, and treated and/or managed.

Importantly, these measures are quantitative. For example, one could have 5, 10,

50, 100 or 1,000 “deformed proteins,” with each quantity indicating a different location

on the continuum from health to illness. Thus, molecular epidemiology models of

disease replace “step function” models of environmental health and illness with models

based on a continuous gradient of quantifiable “risk” stretching between exposures and

their outcomes. A step function uses categorical, step-wise notions of health and illness:

“So you're healthy, now you have hypertension, now you have advanced cardiovascular

disease, now you have congestive heart failure, now you're dead” (S21). In contrast, a

gradient model uses continuous variables as measures of “disease accumulation” over the

life course. This continuum stretches between health and any given disease-state, with

accumulations of biomarkers of disease indicating an individual’s position and/or

movement along the continuum:

Now what we would do is ... use biomarkers as...measures of disease

accumulation.... You would have picked up a whole variety of
biomarkers, and instead of talking about somebody who had a massive
cerebral hemorrhage at age 63, which is pretty young, you would be
dealing with somebody in a variety of gradations of disease (S21).

Models of disease based on a gradient from health to illness enable molecular

epidemiology to classify and identify individuals “at risk” by virtue of their exposures to
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environmental chemicals, their genes, or gene–environment interaction. Thus, a

molecularized risk politics (Rose 2001: 12-17) is instantiated in molecular epidemiology

and, through its translations, in public health. At the same time, the appropriate public

health strategies for intervening to manage, treat, or administer individuals identified by

molecular epidemiology as “at risk” remains a matter of significant contingency and

negotiation, as I nest discuss.

Molecular Interventions

Molecular epidemiologists differ in their strategies regarding the best

applications of biomarkers for managing risk and preventing environmental illnesses.

Most molecular epidemiologists agree that biomarkers of exposure and/or effect that

measure internal dose can be important to ascertaining whether people have been exposed

to environmental carcinogens:

... measuring the internal dose or the molecular dose of a carcinogen [is]
actually proving that people had these compounds, these carcinogenic
compounds inside them, or had damaged DNA because of these
carcinogens. See, before that, all we had was the industrial hygiene
people [who] would tell us, “yes, these people have inhaled carcinogens or
PAHs, or benzene or something.” And maybe there were some assays,
some urine-type assays, showing that people were excreting them. But the
molecular [biomarkers], the adduct assays were the first to show that these
compounds actually interacted with, and permanently bound to things like
DNA and protein. So it was a significant proof, I think (S12).

However, once internal dose is established, there is disagreement among molecular

epidemiologists as to the best way to translate the biomarkers into disease prevention.

Many molecular epidemiologists are focused on using biomarkers of exposure to

identify environmental exposures in order to advocate for and then monitor the efficacy

of primary prevention interventions across an entire population (Christiani 1996).
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Primary prevention refers to the eradication or reduction of an exposure that has been

identified as a risk factor associated with adverse health outcomes. For example, if “data

show that we have had disproportionately high exposure in the community and we need

to do something about it” (S04), this could provide an empirical rationale for policies to

reduce exposures in a given community. Those policies are then evaluated by measuring

levels of exposure to the regulated substance, either in the ambient environment or within

human bodies. The paradigmatic example of this approach to disease prevention is the

mandatory removal of lead from gasoline and paints to prevent lead toxicity (and

consequent neurocognitive damage) in children (Christiani 1996). This approach

assumes that exposures can be reduced or eliminated; disease prevention, then, is

accomplished largely by regulating the entities responsible for the presence of chemicals

in the environment." In the primary prevention model, molecular biomarkers would be

used to monitor individuals or populations identified as “at risk” either because of their

location in particularly “risky” environments (i.e., as a way of monitoring the

effectiveness of the regulation) or because of damage wrought by pre-regulation

environmental exposures (e.g., monitoring for early signs of disease onset).

A different but related strategy is to use molecular biomarkers of exposure and

effect is to identify “at risk” individuals who are appropriate candidates for secondary

prevention interventions. Secondary disease prevention occurs after an environmental

exposure but prior to clinical manifestations of disease (i.e., during the latency period).

Such strategies take advantage of the “stretching out” of disease pathways made possible

by molecular biomarkers. For example, molecular epidemiologists have proposed that

* In occupational settings, there may be greater emphasis on the use of individual protective equipment and
structural modifications to the workplace (e.g., vents, fans, etc.) to reduce exposure levels.
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molecular biomarkers be used to identify exposed individuals and populations who might

benefit from various forms of clinical intervention. These interventions vary and include

surveillance of exposed individuals for early detection of disease, chemoprevention,' and

other clinical interventions to interrupt the progression from exposure to illness:

In essence, what we want to do [is] use that knowledge ...in individually
designed prevention....So, if you have an individual who is in the
workplace and is exposed to an agent in the workplace that could be very
toxic, if it's metabolized and converted to a more toxic metabolite. Then
you might intervene with another agent that would inhibit that enzyme.
That's frequently done in clinical medicine. What we would want to use a
lot of this...knowledge for is how to intervene in a preventive sense. In
order to enhance the various detoxification pathways, for example, when
you can not alter the exposure. And this is where there have been... a
number of nutritional-based, chemo-preventive-based, and so on,
approaches in utilizing this knowledge... (S20).

In addition to identifying who might benefit from such clinical interventions, biomarkers

can also be used to assess individuals’ response to these interventions:

What drives my basic science in terms of developing these biomarkers is
to really use these as tools in preventive interventions, which have to be
individually based....we use these markers to look at trajectory change in
individuals and in response to intervention. In other words, if an
individual is exposed we need to know that exposure, so then we can
intervene and drive the effective consequences of that exposure down ...
(S21).

In sum, these secondary prevention approaches take environmental exposures as a

given and then seek to ameliorate the damage they may cause in individuals. As clearly

stated above, secondary prevention is especially important for situations “when you

cannot alter the exposure.” Indeed, this approach is especially favored by molecular

epidemiologists who feel that for many environmental exposures, available exposure

"For example, research is underway to determine whether dietary antioxidants and micronutrients might
provide chemoprevention for individuals at risk of environmentally and genetically associated cancers
(Ames, Elson-Schwab, and Silver 2002). Research has suggested that dietary antioxidants might lessen
the risk for lung cancer among persons who smoke tobacco (Christiani 1996; Garcia-Closas, et al. 1997).
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assessment techniques have been good enough to define etiologic risk factors and, thus,

to identify people “at risk” due to their exposure to such risk factors.

Another subset of molecular epidemiologists focus primarily on the implications

of genetic susceptibility for disease prevention. Some of these researchers focus on

identifying molecular biomarkers of susceptibility and quantifying the risks with which

they may be associated. Others work on the development of molecular biomarkers of

exposure and effect as tools to study individual and subpopulation susceptibility to

environmental exposures. In this framing, biomarkers of exposure and effect are

important because they make underlying variation visible and thereby expose the

modulation of environmentally associated disease by genetic factors:

the real underlying issue is that there are some people where the marker
goes up a lot, a lot. It's not a function of the increment of exposure. And
conversely, there are people where the marker doesn't go up at all with
increasing exposure, and that's because of all this other metabolic handling
that goes on (S20).

Similarly, this molecular epidemiologist made a clear link between obtaining better

exposure data, ascertaining subpopulation susceptibility, and policy options for protecting

susceptible populations:

The utility [is]...in being able to document exposure better and document
inter-individual variability in exposure, and then also to understand ...the
susceptibility issue, the variation there...determining which populations
are at greatest risk. Not to stigmatize, but to protect... to be sure that the
exposure is properly dealt with (S04).

However, even among molecular epidemiologists focused on issues of

susceptibility, there are differing ideas about how disease ought to be prevented among

susceptible individuals and/or populations. For example, many molecular

epidemiologists argue that the only way to protect susceptible populations from
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environmental exposures is to regulate the sources of those exposures to levels that

protect the most susceptible individuals:

So what you have to do is reduce exposures, to protect those who may be
somewhat more susceptible because of inheritability, and in the process
everyone is protected (S06).

These epidemiologists note that given the community setting of most environmental

exposures, genetic screening and behavior modification as disease prevention strategies

are, at best, impracticable:

Because there's no way you can screen people and have them move out of
their communities. I think that's just over the top, ethically, and probably
legally challengeable too. I think they have to put extra controls on the
[power plant] stacks to get the level to non-detectable (S06).

In contrast, other molecular epidemiologists are interested in “molecular therapeutics” as

disease prevention strategies (S07). They propose using information on the genetic basis

of susceptibility to environmental exposures to identify molecular targets for

chemoprevention. Again, this is a secondary prevention strategy, aimed at preventing

disease onset following an environmental exposure.

By and large, these different approaches to disease prevention using molecular

biomarkers exist rather comfortably alongside each other within the field of molecular

epidemiology and its applications in public health. It is pragmatic for molecular

epidemiologists to support a diversity of disease prevention strategies, both to maintain

multiple service markets and to accommodate themselves to the political heterogeneity of

the environmental health arena." Because they mirror larger tensions within the larger

*I contend that there is a latent politics of primary vs. secondary prevention strategies in the environmental
health arena. Consider, for example, the difference between a disease prevention strategy focused on
reducing the diesel emissions in an inner city neighborhood and one that focuses on identifying new
pharmaceutical interventions for children with asthma who are exposed to diesel emissions in their
neighborhood. Both seek to prevent asthma morbidity and mortality in a population of inner city children.
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social world of public health, there is widespread acceptance and tolerance of these

tensions among molecular epidemiologists and the public health practitioners and

policymakers who constitute the widest service market for the translation of molecular

biomarker research. Therefore, molecular epidemiology is likely to be able to continue

pursue these multiple strategies for disease prevention.

Molecular Epidemiology, Molecular Biopolitics

By focusing on molecular measurements and models of disease, molecular

epidemiology brings epidemiological practice into the contemporary molecular regime of

truth in the life sciences. The translations of molecular epidemiology for disease

prevention, similarly, focus public health practices at the molecular level, where they

may identify, monitor, and treat individuals who are identified as “at risk” by virtue of

their genetics, their environmental exposures, or a combination of these (and possibly

other) factors.

However, molecular epidemiology has another critically important role in the

emergence of new disciplinarity and biopolitics in the environmental health arena.

Specifically, by identifying molecular biomarkers and translating them for purposes of

disease prevention and public health practice, molecular epidemiology has established

itself as an intermediate service market for other genetic/genomic techniques in the

environmental health sciences. For example, molecular epidemiologists are themselves

translators of environmental genomic knowledge. Indeed, the field of environmental

Both may make significant contributions to the health and well being of those children and their families.
However, these strategies embody very different assumptions about the inevitability and/or the
acceptability of environmental pollutants and the locus of responsibility for health and for the burdens of
illness.
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genomics depends, in part, on molecular epidemiological research to ascertain the

relevance of “environmental polymorphisms” for the health and illness of human

populations. Thus, molecular epidemiology serves as a means of establishing the

relevance of other genetic/genomic technologies, work objects, and concepts for human

environmental health and illness. In this way, molecular epidemiology further

participates in refocusing the environmental health sciences on individuals and

populations as the loci of risk identification and management.

Translating Environmental Genomics: Susceptibility and Risk Assessment

Defining the Site(s) of Susceptibility

The mission of the NIEHS – to reduce the burden of environmentally associated

disease – requires that tools and work objects developed by the NIEHS have service

markets, that is, that they be applicable within clinical, risk assessment, and/or regulatory

social worlds. The potential policy and public health applications of the Environmental

Genome Project have always been central to NIEHS articulations of the Projects’

mission. In particular, from the very beginning of the Environmental Genome Project,

the NIEHS sought to link it to the social world(s) of environmental health risk

assessment, regulation, and policy. In articulating these potential linkages, NIEHS

administrators make use of uncertainty, invoking the limitations of the science currently

used in risk assessment and regulatory reviews, in order to justify their innovative

scientific endeavors.” In the case of the Environmental Genome Project, the uncertainty

exploited by its advocates pertained specifically to individual and subpopulation

* As we will see later in this chapter, this strategy was undertaken on a much greater scale in the case of
toxicogenomics.
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variations in susceptibility to environmental exposures. This was, of course, an

uncertainty that highlighted the potential contribution of the environmental

polymorphisms that were the primary foci of the Environmental Genome Project.

For example, in the 1997 article in Science that announced the Environmental

Genome Project, Dr. Olden, then Director of the NIEHS, stated that the Project would

create information “that can really revolutionize health policy” (Kaiser 1997: 596). A

“side bar” to the article, entitled “A More Rational Approach to Gauging Environmental

Threats?” quotes Olden as saying “To have intelligent environmental regulatory policy,

one has to begin to unravel the role of genetics in determining the differences in

susceptibility.” This, notes the article's author, “is music to the ears of members of

Congress who have been clamoring for better science behind regulations.” Similarly, a

1997 article on the Environmental Genome Project published in the “News” section of

the NIEHS journal Environmental Health Perspectives, makes the observation that

“although today’s risk assessment and resulting chemical regulations do a pretty good job

given the data that are available, they make the assumption that there is an average

individual and an average exposure” (Albers 1997). It then quotes Olden as stating

“There may be an average exposure, but not an average individual...whether we're

actually protecting the health of the American people is uncertain. We may be under

regulating or over-regulating” (Albers 1997, emphasis added). Similarly, speaking

before Congress in support of his proposed budget for Fiscal Year 2002, Olden argued at

length for the importance of environmental genomic research to public health and

environmental policy:

Presently, environmental health regulatory agencies craft rules as if "one
size-fits-all." However, we know that individuals can vary by more than
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two-thousand fold in their capacity to repair or prevent damage following
exposure to toxic agents in the environment. Knowledge of the prevalence
of susceptibility genes would take much of the guesswork out of
environmental health decision-making.
(Olden, Fiscal Year 2002 Budget Statement; emphasis added)

Written publications, such as editorials by NIEHS administrators, contain similar claims

about the relevance of the Environmental Genome Project to “the job” of environmental .

health risk assessment and management:

At present, human genetic variation is not implicitly considered in
estimating dose-response relationships, nor is it considered when setting
exposure limits. Data on the prevalence and characteristics of
susceptibility genes offers the potential to reduce the guesswork in risk
assessment and therefore it is likely that the ability to issue fair and
appropriate regulations concerning human hazards will increase markedly
(Olden and Wilson 2000).

These comments all invoke a major source of uncertainty in the risk assessment process,

the use of uncertainty factors to account for inter-individual variability in susceptibility to

environmental exposures.

For example, in setting exposure limits, the “sensitive end of the toxic response

continuum” is addressed by applying an uncertainty factor of 10 to account for “for inter

individual variability” (Smith 1996). This is believed by most environmental health

scientists to be a “conservative measure,” that is, it is thought to be more than adequate to

protect individuals at who are sensitive to such exposures. However, such 10-fold

factors" are seen as arbitrary and burdensome by regulated industries (P03), while

environmental health advocates question whether they are truly protective (S60).

Therefore, by targeting this source of uncertainty, promising to replace the uncertainty

factors and “reduce the guesswork in risk assessment,” the NIEHS is proposing a service

"As I elaborate in my analysis of toxicogenomics later in this chapter, other 10-fold factors are also used
in risk assessment.
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role for the knowledge and work objects of the Environmental Genome Project that is

likely to appeal to many actors in the environmental health arena. This service role has,

of course, special appeal for many of the legislators who, among other things, approve

the allocations to the NIH/NIEHS each year.

This strategy of focusing on the uncertainties in risk assessment is also consistent

with the NIEHS’s designation of its end-users as consisting of risk assessors, regulatory

scientists, and policymakers. Indeed, many NIEHS scientists quoted their mission to me

as “Good Science for Good Decisions,” which is, in fact, the motto of the National

Toxicology Program, the multi-agency program housed on the NIEHS campus, which is

specifically charged with carcinogenicity testing of chemicals. Indeed, the promotion of

the Environmental Genome Project, its data and work object, for service in regulation and

policy, persists despite the fact that after 5 years of research, the quantification and

characterization of genetic susceptibilities to environmental exposures is rarely

undertaken as part of the regulatory process. The second sentence of an article in

Environmental Health Perspectives marking the fifth anniversary of the Environmental

Genome Project made a preemptive dismissal of this critique, stating

Although it is premature to expect the project to have any impact on
public health and policy yet, the EGP's science and technology are
advancing in step with it original goals of understanding the complex
interrelationship between environmental exposure, genetic susceptibility,
and human disease. (Wakefield 2002: 110 emphasis added)

In the same article, under the subheading “Risk Assessment,” the author notes that “To

date, information from the EGP has been slow to trickle into the policy making arena.”

This observation is followed by a quote from George Lucier, the now retired associate

director of the National Toxicology Program, who comments that “At this point the
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Environmental Genome Project has had very little influence on any risk assessment that

was made. That doesn’t mean that it doesn’t have promise or that it won’t happen

sometime in the future” (Wakefield 2002: 111).

Boundaries: “How Things Work” vs. How Things Should Work

However, while NIEHS administrators tout the (future) significance of the

Environmental Genome Project for innovative applications in risk assessment and

regulation, many environmental health scientists doing research on genetic susceptibility

to environmental exposures explicitly reject the proposed applications of their work.

Indeed, in my conversations with them, researchers actively resisted the implication that

their work is valuable for its applications rather than as “basic science.” That is, the same

environmental health scientists who embrace environmental genomic research within the

context of the laboratory are equivocal about its relevance beyond the laboratory door.

Their stances vary in their vehemence, depending especially on the proposed application.

Clinical medical applications were generally deemed more acceptable than regulatory or

policy level interventions, although overall, the environmental health scientists whom I

interviewed routinely challenged the notion that environmental genomics had any place

beyond the basic sciences.

Thus, while the administrators of the NIEHS and CDC are interested in portraying

their genetic/genomic research agendas as relevant to risk assessment, regulation, and

policy making, many of the scientists who are funded by these agencies evince no such

applied commitments. They resist what Gieryn describes as the “impurification” of

science by administrators inclined to “erase the borders or spaces between truth and
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policy relevance or technical panaceas” (1995:23). Moreover, they fear that

“impurification” will ultimately restrain the scope of scientific inquiry. For example,

when I asked one researcher about the implications of using molecular biomarkers to

study racial/ethnic variations in response to environmental exposures he responded:

So I'm very much in favor of figuring out why... I think it's a very bad
idea to mitigate what people can study. People should be able to study
whatever in the hell they want. It's how you interpret it that's the key. I
mean, it does have tremendous social implications, but that doesn't mean
that we shouldn't study it... I think it's a good thing to worry about, “what
does it mean?” But it's not my job. My job is to do the science. You have
to be careful when you're studying race. But you're not making policy.
You're studying race (S08, emphasis added).

For this researcher, academic freedom is protected by drawing a bright line between

scientific research and its implications.

Overall, the environmental genomic researchers with whom I spoke wanted to be

free to investigate “how things work” without thinking about the down stream

applications of their work. In this case, their boundary work is not only about “the

possible undesired or disastrous effects of scientific knowledge” (Gieryn 1995:17) but

also about the unavoidably political character of the arena in which their research – and

its service markets — are located. This kind of “boundary work” often happens when

scientists “put up interpretive walls to protect their professional autonomy over the

selection of problems for research” in the face of administrator's attempts to “make

science a handmaiden to political or market ambitions” (Gieryn 1995:17). “How things

work” is much less obviously politically charged than, for example, setting new exposure

limits based on “genetically susceptible” population subgroups.
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Translating Polymorphisms, Maintaining Boundaries

Thus the NIEHS Environmental Genome Project is faced with a complicated

situation. On the one hand, scientists funded by the Environmental Genome Project insist

that their research is for the advancement of “pure” science, not for the social worlds of

risk assessment, regulation, and policy. On the other, the mission of the NIEHS and its

rationale for the Environmental Genome Project specifically implicate these applications

as key service markets for environmental genomic research. Moreover, NIEHS

administrators promote service to these markets in public forums and before

congressional appropriations committees to produce and sustain funding for the science.

The NIEHS has employed two strategies for addressing these contradictory

exigencies. First, the NIEHS has identified a specific institutional location—the

Translational Research Program — charged with the translation of the Environmental

Genome Project for clinical practice. By both focusing on clinical (rather than

regulatory) applications and designating a specialized institutional niche for their

development, the NIEHS endeavors to establishing a promising service market for

environmental genomic work objects. Second, the NIEHS stages carefully constructed

intersections between knowledge producers and potential end users of environmental

genomic knowledge. As conceptualized by Garrety, staged intersections are

“conferences, hearings, symposia, etc. which intentionally brought people together from

diverse social worlds for the express purpose of persuasion and public adjudication”

(1998: 403) Additionally, I argue that such staged intersections provide a space for

boundary work (Gieryn 1983; 1995), where participants can recapitulate a boundary

between “science” and “politics.” As I will describe below, the very organization of
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NIEHS sponsored workshops reinforced a divide between “basic” environmental

genomic research and its potential applications.

Establishing Niches for Translation: The Environmental Polymorphism Study

One strategy of the NIEHS in translating the Environmental Genome Project is

the Environmental Polymorphism Study. This effort is located within a special program

of the NIEHS – the Translational Research Program of the Division of Extramural

Research and Training. The NIEHS’s definition of “translational research” is “the

practical application of [scientific] research findings” (available at URL

http://niehs.nih.gov, accessed July 2002). The NIEHS has elaborated upon this definition

in articulating the missions of its Translational Research Program as follows:

...translational research is the conversion of findings from basic, clinical
or epidemiological environmental health science research into
information, resources, or tools that can be applied by health care
providers and community residents to improve public health outcomes in
at-risk neighborhoods (available at URL http://niehs.nih.gov, accessed
July 2002).

This program includes initiatives in environmental justice, community based

participatory research, health disparities research, and educational programs, among

others. It also includes the Environmental Polymorphism Study.

The Environmental Polymorphism Study is the brainchild of Dr. Perry

Blackshear, the Director of Clinical Research at the NIEHS. Blackshear was hired in

1997 as part of an “Institute thrust into more work with patients...as well as greater

cooperation with the medical programs at Duke and the University of North Carolina

Chapel Hill” (NIEHS 1997b). In announcing Blackshear’s appointment, Institute

Director, Ken Olden, stated that the NIEHS’s goal in establishing this position was “to
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move research findings from the laboratory to the bedside more quickly, and to gain

insights and information from patient care.” That is, Blackshear was hired specifically to

assist the NIEHS in translating the clinical relevance of its research and to build

intersections among the NIEHS, public health, and biomedicine. Indeed, in accepting the

position, Blackshear articulated his new job in exactly these terms: “NIEHS has an

international reputation for first class epidemiological and basic science research. I am

excited about this opportunity to help with the translation of their discoveries in these

areas into improvements in public health and patient care” (NIEHS 1997b). It is

therefore not at all surprising to find Blackshear at the helm of an initiative that would

make the focal innovations of the Environmental Genome Project – “environmental

polymorphisms” — usable tools and/or work objects for clinical and public health

practitioners.

The pilot for the Environmental Polymorphism Study was conducted in the

summer of 2002, so there is limited data available about it at this time." However, in

general, the ways in which the Environmental Polymorphism Study “translates” the

“environmental polymorphisms” of the Environmental Genome Project to a clinical

setting can be discerned from the Study’s overall objectives and design. Specifically, it

will enroll 20,000 participants, who agree to do the following: 1) donate blood to the

Environmental Polymorphism Study biological samples bank for DNA sequencing; 2) be

contacted by the Environmental Polymorphism Study in the future. At the time of

recontact, the participant might be asked to fill out a questionnaire, be interviewed, have

a physical exam, or undergo further laboratory testing. Participants may also be asked to

give the names and/or contact information for their family members. This large
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population sample is designed to enable Environmental Polymorphism Study researchers

to look for associations between environmental polymorphisms and the health status of

study participants.

Indeed, the Environmental Polymorphism Study is designed to link the

“environmental polymorphisms” identified by the Environmental Genome Project to the

health outcomes, if any, with which they may be associated:

There are many other ways to study gene-environment interaction. The
Environmental Polymorphism Study is one of them. Instead of finding a
disease and doing a genome survey, mapping to find the gene, which is
very useful for monogenetic diseases, you do the exact opposite. You
ascertain by genotype. And by working with genotypes, you start with a
huge population, but then winnow down to a small one. You start with a
gene of interest and then identify the polymorphisms. And then you go
back and do family studies to look for correlation between the gene and
disease (S31).

In this way, the Environmental Polymorphism Study draws directly on tools developed

within the context of the Environmental Genome Project. The Environmental

Polymorphism Study then goes beyond the scope of the Environmental Genome Project

to establish phenotype-genotype relationships, that is, to find the associations between

genetic polymorphisms and bodily traits that are important to environmental health and

illness.

The goal of the Environmental Polymorphism Study is to ascertain the

importance of environmental polymorphisms to clinical practice. The hope is that by

identifying associations between specific polymorphisms, environmental exposures, and

health status, knowledge about such polymorphisms will become a standard part of health

service delivery. There are two ways in which this could occur. If an environmental

polymorphism “correlates with serious disease, then we're into the genetic counseling

"The pilot enrolled approximately 500 subjects of an intended study population of 20,000.
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scenario, say, for cancer, or mental retardation, or ancephaly or hydrocephaly” (S31).

This is the current clinical service delivery model for genes such as BRCA1 and BRCA2.

However, the “optimistic” goal of the Environmental Polymorphism Study is that

identifying associations between polymorphisms, environmental exposures, and health

status will point to pharmaceutical interventions:

An example is work on TNF and immune response. The gene is TPP and
it's a potential drug target. Changes in the gene could change immune
response...All [the scientists] working in the Environmental Genome
Project will have [data on] this kind of SNP and haplotype. And then we
can go back to the Environmental Polymorphism Study subjects to do the
[association] studies (S31, emphasis added).

Possible pharmaceutical interventions for environmental polymorphisms include both

preventive and therapeutic treatments:

With the example of TPP, if 1 of the 5 common haplotypes makes people
release more TNF ... we could treat this prophylactically. If it [a
haplotype] correlates with a higher rate of auto-immune disease, could
treatment begin prior to the onset of disease? Say, by injecting an anti
TNF agent? (S31).

Identifying such a drug target would be likely to bring environmental polymorphisms into

the (highly lucrative) realm of pharmacogenetic and pharmacogenomic research and

development and, eventually, into patient care. Data on polymorphisms is potentially

valuable to the pharmaceutical companies’ efforts markets for new drugs that target

specific genetic traits. It is also expected to have a role in identifying “normal

populations” for clinical trials of pharmaceuticals. As one environmental health scientist

told me: “no drug company worth its salt is not looking for polymorphisms and the

associated mechanisms” (S29).

The Environmental Polymorphism Study thus “translates” environmental

polymorphisms by seeking to build intersections between the social world(s) of the
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Environmental Genome Project and its potential end-users in the worlds of public health

and biomedicine. It does this by linking the foci of the Environmental Genome Project –

environmental polymorphisms – with the concerns of public health and clinical practice.

These include not only human health and illness, individuals and families, but also the

pharmaceuticals that are often the tools of a clinician.

If successful, the Environmental Polymorphism Study will bring two modes of

“risk politics” (Rose 2001) to the environmental health arena. First, it will contribute to

the identification of individuals and subpopulations genetically “at risk” to adverse

outcomes following environmental exposure. These individuals and/or group will then

be subjects for various modes of biomedical intervention that, as noted above, could

include genetic counseling and/or pharmaceutical strategies for managing their “risks.”

Second, in constituting “genetically susceptible” individuals and groups for biomedical

identification and treatment, the Environmental Polymorphism Study contributes to the

materialization and reification of the concept of “environmental polymorphisms” and

establishing its importance for environmental health risk assessment and regulation.

Specifically, in identifying, treating, and managing individuals and groups who carry

specific environmental polymorphisms, the Environmental Polymorphism Study helps to

establish the importance of those polymorphisms for environmental health. The

constitution of these “at risk” subjects in biomedical and public health practice lends

credibility to their consideration as part of environmental health risk assessment and

regulation.
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Staging Intersections: The Society of Toxicology Workshop “Uses of Genomic Data in

Risk Assessment"

The NIEHS has sponsored a wide variety of symposia, workshops and

conferences to “bring the Environmental Genome Project” -- and its tools and work

objects -- to “the NIEHS community” (S26), including academic, industry, and

government based scientists, risk assessors, regulators, and policy makers. These include

the 1997 Symposium which “launched” the Environmental Genome Project, a 1998

meeting on “Genomic Imprinting and Environmental Disease Susceptibility,” and, in

2000, a conference on “Ethical, Legal and Social Implications of Genomic Research on

Populations Exposed to Environmental Toxins.” Most recently, in October 2002, the

NIEHS cosponsored a Society of Toxicology (SOT) State of the Art Workshop, entitled

“The Uses of Genomic Data in Risk Assessment,” held in Washington, DC (home to the

federal regulatory agencies). The Workshop specifically targeted risk assessors and

regulatory scientists. The following analysis is based on my observations at the SOT

workshop.

The SOT workshop was a “staged intersection” (Garrety 1998) between

environmental genomics researchers and one potential service market for their work, the

worlds of environmental health risk assessment and regulation. In addition to providing a

forum for persuasion, such intersections are places where social worlds can meet without

blending into each other. That a variety of distinct worlds were present at the Workshop

was alluded to directly by Francis Collins, Director of the National Human Genome

Research Institute, who was the keynote speaker at the meeting. He stated: “This

conference is 'worlds in collision' but I hope that it can produce 'worlds in collusion.' I
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am not a toxicologist, but will try to address the challenges you all face..." (field notes

2001). In addition to pointing to the presence of different “worlds” at the meeting,

Collins located himself in relation to them (“I am not a toxicologist”). His comments

also underscored that the difference between the worlds present could produce jarring or

difficult encounters, “worlds in collision”, even as he urged participants instead to find

ways to coordinate their efforts and produce “worlds in collusion.” At no point did he

suggest the merger of these worlds. Their separateness was maintained in his comments,

even as he “hopes” for a successful intersection of worlds. Likewise, the plenary speaker

from the National Cancer Institute, John Weinstein, noted that:

We are pursuing our long term scientific goals in our ivory towers. But
we are also citizens of the scientific community and we ought to be
thinking about what we can contribute. It's worth putting at least a piece
of our minds to the problems of the day. You who work in toxicology are
used to this already (field notes 2001).

This comment draws attention to the difference between the research agendas of

genomics researchers, located “in the ivory tower,” and those of risk assessors concerned

with “the problems of the day.” Interestingly, it does propose a location from which

genomics researchers might engage with the problems of the day, as “citizens of the

scientific community,” a location which underscores their identity as scientists,

highlighting its distinctive capacities and, hence, its responsibilities.

Staged intersections, such as the SOT workshop, provide scientists and

administrators with a well bounded place in which to actively undertake the work of

translating their tools, work objects and practices to risk assessors and regulatory

scientists.” For example, during a morning session on “Use of Polymorphism Data in

* Such conferences also generate publications, including research articles and program summaries, that are
likely reach even more potential end-users than can attend a given symposium.
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Risk Assessment,” half of the scientists presenting papers were from the NIEHS. This

structure allowed the NIEHS scientists to participate in the work of translation simply by

reporting on their scientific research to an audience of risk assessors. Indeed, the identity

of NIEHS environmental genomics researchers qua researchers (and not risk assessors)

was underscored throughout the workshop. For example, in the introduction to the

workshop, a NIEHS scientist who served as an organizer for the SOT Workshop

commented, “We identified that cutting edge genomics researchers were not talking to

risk assessment researchers. This meeting came out of recognition of this dichotomy”

(field notes 2001). Staged intersections allow transfers of knowledge while the fields

remain distinct and the “dichotomy” intact. The genomics researchers can maintain their

position on “the cutting edge” even as they communicate with risk assessors.

Similarly, the organization of the Workshop can be seen as an attempt to

demarcate “science” from “politics” and to keep basic research and risk assessment in

distinct, if adjacent and communicating, domains. For example, “Social, Ethical, and

Legal Issues Regarding the Use of Genomic Data for Risk Assessment” were located in a

separate session, on the last afternoon of the final day of the workshop.” This

organizational strategy is significant for two reasons. First, it implies that the previous

day and a half of presentations on environmental genomics and risk assessment did not

address “social, legal, and ethical issues.” It is premised on the notion that it is possible

to talk about environmental genomics and risk assessment independent of social, legal,

and ethical (and, I would add, political) considerations. Second, this was the only session

° Interestingly, the scientists with whom I chatted throughout the workshop assumed that this session
would be “the most interesting to me” as a sociologist. For example, on the morning of the second day, one
very well intentioned regulatory scientist from the EPA asked if I was “looking forward to this afternoon?”
The assumption was, of course, that science itself could not be the topic of my research interests.
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that included speakers actively identified as people who do risk assessment." Therefore,

the organization of the Workshop linked “ethical, legal, and social implications” strongly

with risk assessment, rather than with laboratory (or even regulatory) science.

Another “dichotomy” maintained throughout the Workshop was emphasized in

the clearly different stances taken by scientists, whose presentations focused on the

research of their particular laboratories, and scientist-administrators, who were likely to

address institute wide research initiatives and their markets. For example, Doug Bell, the

NIEHS molecular epidemiologist whose studies of NAT1 and NAT2 and bladder cancer

provided the “proof of principle” for the Environmental Genome Project, presented a

paper entitled “Use of Polymorphism Data in Risk Assessment.” Bell opened his

presentation by describing differences between laboratory-based “polymorphism

discovery” research and risk assessment, which, in order to use polymorphism data,

requires that the polymorphism and its function (i.e., relationship between genotype and

phenotype) be thoroughly characterized and quantified (field notes 2001). That is, Bell

began his presentation by differentiating his environmental genomic research from any

potential application in environmental genomic risk assessment. Moreover, Bell noted,

given these requirements of risk assessment, progress in incorporating genomic data in

risk assessment is likely to be slow. Put differently, there is no necessary link between

progress in laboratory-based environmental genomics and progress in risk assessment.

Finally, Bell concluded by suggesting that “waiting for genomic data” to do risk

assessment “might not be prudent.” He argued that “risk assessment is a business that is

"Earlier in the Workshop, the Assistant Administrator of the EPA had presented a paper on “What
Genomic Information is Needed for Population and Individual Risk Estimates” and an administrator from
the FDA had given a paper on “An FDA Perspective on Genomic Data for Risk/Benefit Analysis.”
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important to the public and must be done” with or without genomics. Again, his remarks,

as a whole, uncoupled purported linkages between environmental genomic research and

risk assessment.”

However, at the same time that it maintained boundaries between the traditional

categories of “science” and “policy,” the workshop provided NIEHS administrators with

an opportunity to hear from and interact with representatives from the worlds of risk

assessment and regulation. For example, speakers from the Environmental Protection

Agency and the Food and Drug Administration gave detailed presentations on the kinds

of (standardized) data and validation studies that will be required in order for genomic

work objects to have a place in federal regulatory reviews. Likewise, the “take home

message” from George Gray, of the Harvard Center for Risk Management, “a plea for

greater interaction” so that scientists would better understand “the kinds of data that risk

assessment needs” (field notes 2001).

We must strive to focus on risk as the endpoint of concern. Changes in
genotype and phenotype may, or may not, be relevant for risk. We need
quantitative tools to accurately characterize variation in risk. This is
where we need more interaction between toxicology and risk assessment
(field notes 2001).

For example, Gray discussed G-6-PD deficiency as “an old case but an interesting one"

that demonstrates the difference between laboratory analysis of genotypes and risk

However, neither of these presenters identified themselves as risk assessors. Rather, they represented
federal agencies where risk assessment is used.
* Bell's presentation stood in stark contrast to that of Ray Tennant, the scientist-administrator who directs
the National Center for Toxicogenomics. As I will argue in the final section of this chapter, unlike
environmental genomics, the potential risk assessment and regulatory applications of toxicogenomics have
shaped every aspect of its emergence. Thus, while Bell, a prominent NIEHS molecular epidemiologist
funded by the Environmental Genome Project, reiterated the boundaries between his laboratory research
and the practice of risk assessment, Tennant highlighted efforts of the NIEHS to bring genomics to
environmental health risk assessment through the National Center for Toxicogenomics.
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assessment of genotypes." Together, such presentations provided the NIEHS with

instructions about how to translate environmental polymorphisms to maximize their

utility for environmental health risk assessment and regulation.

Governing Environmental Polymorphisms

Until recently, environmental chemicals, not human populations or actual bodies,

have been the subjects of governance in the environmental health arena. For the most

part, environmental regulation has focused on the measurement and maintenance of

permissible levels of such chemicals in the ambient environment (e.g., air, water, soil)

and/or their control and removal. For example, as detailed in Chapter 2, the project of

genetic toxicology is the evaluation of a chemical's mutagenicity and, carcinogenicity.

This has been a mandated component of environmental health risk assessment and

regulation since the passage of the Toxic Substances Control Act (TSCA) in 1976. The

focus of this research in risk assessment and regulation was on the classification of

chemicals. Human bodies were assumed to be “standard”" for the purposes of such risk

assessment and regulation."

In contrast, the translation of environmental genomics centers on identifying

service roles for environmental genomic knowledge, knowledge about individual and

“G-6-PD deficiency increases the risk of adverse hematologic effects from inhalation of oxidant gases.
Based on the higher prevalence of G-6-PD deficiency among people of African descent, the exclusion of
African-Americans from specific workplaces was suggested by some industrial hygienists (Goldstein
1985). However, exposure assessment and risk assessment demonstrated that the genotype “with
theoretical links to risk” has no relevance at “real world exposure levels” (Amoruso 1986).
"The “standard human body” does differ slightly depending on the types of chemicals being assessed. For
example, the acceptable daily intake of chemicals in food and drinking water is based on a standard body
weight of 60 kg for adults, 10 kg for children, and 5 kg for infants. For radiation exposure, however, the
“reference man” is an adult male weighing 70 kg, an adult female weighing 58 kg, and an “average body
weight” of 64 kg. (Smith 1996).
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subpopulation genetic variations (polymorphisms) and their consequences for responses

to environmental exposures. In proposed translations of environmental genomics,

individuals, (sub)populations and their risks must be identified, measured and quantified

vis-à-vis specific environments. As the director of the NIEHS commented in asserting

the importance of the Environmental Genome Project, “There may be an average

exposure but not an average individual” (Albers 1997: 6). Thus, in the translation of

environmental genomics, the individual human body and/or the (sub)population “at risk”

become the new subjects of the environmental genomic regulatory regime.

While such “ecogenetic” or “environmental genomic” variations have never been

a mandated part of environmental health risk assessment or regulation, the overarching

goal of the translation of environmental genomics is to make the environmental

polymorphisms a standard part of the risk assessment and regulatory review process. As

I have described in this section, the NIEHS is therefore actively translating environmental

polymorphisms. These translations are undertaken in institutional niches dedicated to

translation and at staged intersections with the social worlds of biomedicine, public

health, and risk assessment. Such strategies “protect” the culture of “basic” science,

while simultaneously translating it for myriad applications. Such translations are

potentially consequential for the environmental health arena and for public health more

generally (Petersen and Bunton 2002).

At the same time, as noted in Chapter 4, the NIEHS has “folded in” many of the

concerns of environmental genomics and the Environmental Genome Project into its

toxicogenomics initiative. Like the Environmental Genome Project and its proposed

"Biomonitoring of workers in occupational settings been a standard part of occupational health since the
1900s. However, with the exception of biomonitoring of blood lead levels, monitoring the external
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translations, one objective of the National Center for Toxicogenomics to establish a role

for measures of interindividual variations in susceptibility to environmental exposures in

environmental health risk assessment and regulation. However, as I describe in the

following pages, the translations of toxicogenomics extend beyond the environmental

genomic concerns about susceptibility, encompassing a wide expanse of “life itself.”

Translating Toxicogenomics: Refiguring Toxicology

Technologies of Translation

In contrast to environmental genomics, toxicogenomics is an environmental

health science which has from its inception been designed for use in toxicology testing,

risk assessment, regulation, and policymaking (Simmons and Portier 2002). That is,

toxicogenomics emerged in the context of its regulatory applications (Gibbons, Limoges,

Nowotny, et al. 1994) and, as I argue in the coming pages, is being co-constructed with

them. Specifically, I examine two major research initiatives at the National Center for

Toxicogenomics: 1) phenotypic anchoring and the Chemical Effects in Biological

Systems (CEBS) Database and; 2) the Toxicogenomics Research Consortium. In

considering each initiative, I explore the ways in which they co-construct toxicogenomics

and its service role in risk assessment and regulatory review. I then turn to an analysis of

NIEHS initiatives that endeavor to translate toxicogenomics to the social worlds of

environmental health risk assessment, regulation, and policy-making. My goal is to

demonstrate that the emergence of toxicogenomics cannot be understood apart from its

development for service roles in these social worlds. I then discuss the implications of

these service roles in constituting a new biopolitics of environmental health.

environment has been the standard practice for community level environmental health.
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Making Use of Uncertainty

Like molecular epidemiology (and very much unlike environmental genomics), in

attempting to foment a “revolution” in toxicology, advocates of toxicogenomics endeavor

to transform a science that is strongly identified with its applications and its service roles.

The published literature in toxicology repeatedly emphasizes that toxicology is “not

science for the sake of science, as are many other areas of research.” Rather, toxicology is

“largely driven by issues that relate to safety of consumer products, occupational

exposures, human exposure from substances in the environment, as well as the effects of

chemicals on environmental species” (Schwetz 2001: 3). Likewise, it is often noted in

descriptions of toxicology that it is “most importantly...part of the risk assessment

process” (Smith 2001: 281).

Toxicology’s service role in risk assessment shapes the identity of the discipline

and its practitioners. For example, referring to the demands and consequences of being a

major contributor to risk assessment and regulatory reviews,” one toxicologist

commented “toxicology is a political science” (S42). In making this point, he described

the surprise experienced by researchers who come to toxicology from other fields when

they find that their research has political consequences:

Scientists who venture into toxicology sometimes find themselves causing
uproars. They're surprised, because they're used to debating cancer
pathways in the literature. But, they start one of those debates here and a
product is pulled off the shelves (S42).

"Of course, toxicology is just one component of risk assessment and management, and toxicologists are
well aware that political and economic concerns that are also important determinants of final rulings. For
example, one toxicologist pointed out to me that the EPA is required to hold hearings as part of the
regulatory review process “even when the science is clear.” That is, published scientific studies alone, no
matter how definitive, are insufficient to settle matters of risk assessment and regulation.
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That is, even when unwittingly so, toxicology and toxicologists are active

participants in the highly political processes of risk assessment and regulatory

review.

Because toxicology’s primary service role is in risk assessment, if toxicogenomics

is to succeed in reconfiguring toxicological work objects and practices, it must establish

clearly that it also can be of service to risk assessment.” Given the import of this service

role for toxicogenomics, it is not surprising to find that many of the arguments put

forward in favor of the further development of toxicogenomics refer to its potential to

address extant uncertainties in toxicological testing practices and their implications for

risk assessment and regulation (Paules, et al. 1999; Simmons and Portier 2002). Indeed,

the most recent overview of the National Center for Toxicogenomics notes that “The

NCT aims to use and promote toxicogenomics as a means to guide federal agencies and

regulators in developing guidelines and laws that regulate the levels of various chemicals

in the environment” (NCT 2002:6).

These uncertainties are characterized by NIEHS administrators as “the intractable

problems” which “have long characterized the field” of toxicology, including the

following: “intrinsic toxicity to humans, variation in susceptibility, cross-talk or

interaction between agents in mixtures, and the type, pattern and magnitude of human

exposure to chemicals” (Olden 2002: 275). Similarly, this toxicogenomics researcher

noted that the 2-year rodent cancer bioassay, the current gold standard for carcinogenicity

testing, is subject to multiple sources of uncertainty:

* Another strategy would be to establish new service role for toxicology/toxicogenomics. The most likely
candidate for a new service role would be to develop clinical applications, such as molecular medicine.
There are researchers at the National Center for Toxicogenomics who are interested in this potential
application of toxicogenomics.
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There are major obstacles in toxicology and this has been obvious to a lot
of people: extrapolation from animals to humans, all the issues about
exposure, because with the rats, you're giving a large dose over a
concentrated period of time but humans are exposed to varying doses over
longer periods of time and exposed to mixtures... and then there are issues
of nutrition and genetic susceptibility (S32).

Researchers at the National Center for Toxicogenomics also emphasize the uncertainty in

toxicological research that derives from issues surrounding the extrapolation of data

derived from in vivo testing in animal model systems: “people...worry about the

relevance of animal studies” (P03). For example, the two year rodent bioassay “gives

you the answers 1) this does cause cancer in rodents; 2) this does not cause cancer in

rodents; 3) this might cause cancer in rodents. Then, you have to extrapolate to humans.

This entire process is difficult, slow, and expensive” (S32). The uncertainty introduced

by extrapolating from an animal model to a human populations is most often “accounted

for" using a ten-fold factor, similar to that used to account for suspected inter-individual

variations in susceptibility to environmental exposures. One potential service role for

toxicogenomics, then, is in providing chemical-specific gene expression pattern profiles

for animal models that could serve as transpecies biomarkers to aid in the extrapolation

of research observations to those effects that may be seen in humans. Indeed, scientists at

the National Center for Toxicogenomics argue that toxicogenomics will reduce

uncertainty by providing information about mechanistic pathways and responses to

environmental stressors at a global level (i.e., across the entirety of the genome, rather

than at just one gene or just one pathway) offering a new means of evaluating animal

models, and enabling the study of the effects of complex, low dose exposures in human

populations.
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In sum, toxicogenomics is promoted by its supporters as a means of improving

toxicological practice and thereby “changing the entire paradigm of testing” (field notes

2002). Moreover, according to one NIEHS researcher, because “toxicogenomics will

continue to reveal gaps in the toxicologic sciences,” it will be increasingly difficult to

avoid making such changes (field notes 2002). Toxicogenomics, then, is articulated both

as a means of identifying the uncertainties of toxicological research and in diminishing

them. Because “people who want to promote political uncertainty will use scientific

uncertainty as a basis” (S39), reducing scientific uncertainty is of significant value to

government risk assessors and regulatory scientists.”

However, highlighting uncertainty is a tricky business, as the extant methods of

toxicological evaluation and risk assessment have been used to create the regulations that

currently constitute environmental health protection in the United States. Therefore,

proponents of toxicogenomics must simultaneously portray toxicology and risk

assessment as in need of improvement (because “if it’s not broke why fix it?” (S41))

while still “good enough” to protect public health. This tension was evident in the

comments of one respondent who stated, “Toxicology needs to go beyond kill ‘em and

count ‘em. But the other side of that is that this way has served the public well. If you

screen out the things that kill rats, you will protect a lot of people” (S26). Likewise, as an

article about toxicogenomics in Science notes, although toxicology is “a time honored

way of identifying human health risks” it also “...can be an imprecise science” (Lovett

2000: 536)

* Although there is significant evidence that the chemical, lead, and tobacco industries are heavily invested
in creating uncertainty in the risk assessment process (Markowitz and Rosner 2002; Ong and Glantz 2000,
2001; Proctor 1995), the credibility of industry as a participant in risk assessment prohibits them from
publicly opposing the development of more accurate scientific techniques.
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There are two primary means by which proponents of toxicogenomics seek to

promote toxicogenomics as “the right tool for the job” of toxicological testing and risk

assessment, without thoroughly undermining current practices and the regulatory regime

that they support. First, many statements in favor of toxicogenomics emphasize the new

levels of analysis made possible by toxicogenomics and the goal of “moving beyond

classical toxicology” (NIEHS 2002). This argument is that while current toxicology and

risk assessment provides the best possible system at what environmental health scientists

call the “phenomenological level” (e.g., based on physical parameters such as body

weight, organ weight, and level of activity, and histopathology of tumors, death, etc.),

toxicogenomics offers an innovative means of conducting toxicological research “down

at the molecular level” (S35). Work at this new level of analysis could enhance

understanding of molecular mechanisms of toxicity, where currently, “oft times...we

have no idea in the world how some effect comes about” (P02). The hope of

toxicogenomics researchers is that at the molecular level, it will be possible to study

mechanistic pathways and modes of action with far greater precision and develop models

toxicology testing where “there aren’t so many black boxes” (S60). They believe that

opening up such black boxes will both fortify the knowledge base of toxicology and

improve risk assessment.

Second, advocates of toxicogenomics argue that gene expression profiles will

provide a means of doing toxicological risk assessment that is quicker, less expensive,

and that satisfies the demands of the animal rights movement for reductions in animal

testing. Toxicogenomics, then, is offered as a way to “break the bottleneck” in testing,
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“deal with the backlog of chemicals that are still waiting to be tested,” and “supplant all

the animal testing we do now” (field notes 2002). As one toxicologist told me,

The idea is that we’d like to be doing it better. We’d like to be doing it
cheaper. We’d like to be doing it more quickly. Because you know, at
eight compounds a year, and millions and millions of dollars [per
compound] we're never even going to make a dent in everything that’s out
there that probably needs to be tested (S60).

This comment implies that while current testing regimens provide accurate data, they are

insufficient to the task of testing “everything that’s out there.” Framing the potential

contribution of toxicogenomics in this way emphasizes the fiscal and social costs of

contemporary toxicological techniques, while leaving their scientific validity unscathed.

Using these two rhetorical strategies, proponents of toxicogenomics are able to

promote it as a means of improving toxicology and risk assessment, without discrediting

current techniques and standards. This is critical to maintaining the legitimacy of the

NIEHS, the National Toxicology Program, and the regulatory system that their research

is supposed to support. Additionally, advocates of toxicogenomics must curb their

critiques of current toxicological methods because a reliable and valid body of

toxicological knowledge against which to compare toxicogenomics is central to their

strategy for fostering the emergence of the discipline.

“Let's Ground the New Technologies in the Old”: At Work in the Toxicological Archives

Environmental health scientists have identified four specific service roles for

toxicogenomic gene expression profiles in toxicology testing and risk assessment (Sharp

and Shostak, in progress). First, as described above, gene expression profiles are

*
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promoted as a means of elucidating mechanisms of toxicity and enhancing the knowledge

base of toxicology (Burchiel, et al. 2001; Hamadeh, et al. 2001). This is referred to as

“mechanistic toxicology” (Fielden and Zacharewski 2001; Pennie, et al. 2000). Second,

researchers at the National Center for Toxicogenomics and at a variety of industry based

laboratories are exploring the possibility that gene expression profiles may provide a

basis for a new, molecular rationale for the classification (and reclassification) of

toxicants (i.e., grouping those toxicants that share similar gene expression profiles)

(Hamadeh, et al., 2002a; Hamadeh, et al. 2002b). Third, scientists are actively pursuing

the potential of gene expression profiles to enable the prediction of the toxicity of

unknown compounds and thereby provide a basis for their classification (i.e., without

undergoing the two year rodent bioassay) (Bartosiewicz, Penn, and Buckpitt 2000;

Bartosiewicz, et al. 2001a; Bartosiewicz, et al. 2001b; Hamadeh, et al., 2002a; Hamadeh,

et al. 2002b; Tennant 2001). This is referred to as “predictive toxicology” (Fielden and

Zacharewski 2001; Pennie, et al. 2000).” Fourth, gene expression profiles may serve as

new molecular biomarkers of genetic susceptibility, of environmental exposures and of

their effects (Paules, et al. 1999). These profiles could then be included in molecular

epidemiological research on human health and illness.” For each of these potential

service roles, the gene expression profiles of toxicogenomics must be translated, made

meaningful and useful to actors in the social worlds of toxicology and risk assessment.

*This application is also of great interest to toxicologists working in the private sector, especially those
who do research and development for pharmaceutical companies (Aardema and MacGregor 2002;
Cunningham, et al. 2000; Farr and Dunn 1999; Pennie 2000; Pennie, et al. 2000; Pennie, et al. 2001).
* In this way, toxicogenomics, like environmental genomics, articulates with the field of molecular
epidemiology. Additionally, as previously noted, in taking on the question of genetic susceptibilities to
environmental exposures, the National Center for Toxicogenomics has encompassed the research agenda of
the Environmental Genome Project.
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Translating gene expression profiles for use in toxicology testing and risk

assessment requires intersections. Specifically, it requires sites where genomics

researchers can learn the language (and experimental systems) of toxicology and that

toxicologists can learn the language (and experimental systems) of genomics. Becoming

literate in the language of a new science is no small undertaking. A toxicologist who is

now working on the development of toxicogenomics commented:

For toxicologists and pathologists, the language of genomics is daunting.
We don't have expertise at the genomic level. It makes you feel like you
are a fish out of water. And with all the jargon and terminology relating to
the genome, it's like being in another country, like being in France and not
speaking French (S42).

He also noted the challenges for genomics researchers who want to be to do work in

toxicology, but are unfamiliar with its language and practices: “A lot of geneticists work

with yeast. They're not aware of the complexities of whole animals - things like diet,

circadian rhythms, and disease.” Indeed, in his assessment, the fact that many genomics

researchers lack familiarity with the animals and animal models that are currently the

primary work objects in toxicological testing, threatens the very validity of their research:

Of course they have the same [language] problems. I asked someone at a
meeting about a "liver lobe" and he asked if I meant "the first" when I
referred to the "left lateral." Another example is that we do all of our work
with male rats because of the menstrual cycle. The genomicists at [a
university] were working with female rats. They said that they thought
that "it would even out." This is not comforting - especially because if
you get just one male rat near the females, you get "the bruce effect"[their
menstrual cycles harmonize]. So there is no "evening out" and
your...experiments... are going to be misleading. (S42).

Another toxicologist vividly characterized the differences between expertise of

toxicologists with animal models and that of the mathematicians who provide the

bioinformatics expertise required for the analysis of gene expression profiles as follows:
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“These mathematicians don’t know a mouse from a Ford Taurus, but they’re necessary.

We really need a variety of disciplines working together” (S43). The National Center for

Toxicogenomics provides the institutional space and the resources for these disciplines to

work together and gradually learn each other's languages and practices. For example, the

NCT has a collaborative, interdisciplinary “Tox/Path Team” which consists of

approximately 20 researchers with expertise in the fields of genomics, bioinformatics,

toxicology, and pathology.

However, the primary strategy for the translation of toxicogenomic gene

expression profiles, and one of the major research initiatives of the National Center for

Toxicogenomics, is “phenotypic anchoring.” National Center for Toxicogenomics

scientists describe this as a technique that couples the unique gene expression profiles

induced by chemical exposures to visible evidence of harm (Schmidt 2002). Put

differently, phenotypic anchoring is the correlation of gene expression profiles (produced

in microarray analysis) with traditional indices of toxicity, such as clinical chemistry or

tissue pathology. As a senior administrator at the NIEHS told me, “Let’s ground the new

technologies in the old, so that we know that as we replace them, they mean the same and

our interpretations are correct” (S39). I contend phenotypic anchoring itself is a

technology of translation, as it brings together two lines of inquiry (and their social

worlds) by achieving a direct material linkage between their tools and work objects.

Phenotypic anchoring is described by the NIEHS as a means to several inter

related ends. First, phenotypic anchoring is a means of ascertaining whether gene

expression profiles provide chemical-specific signatures, distinctive patterns that indicate

known toxicological pathways and effects (Schmidt 2002). The goal of phenotypic
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anchoring is to establish correlations, that is, to be able to say that a given gene

expression profile will correspond to a traditional index of toxicity: “We want to know

that what the pathologist is telling you and what the gene expression profile is telling you

is the same thing” (field notes 2002). Thus, phenotypic anchoring might lend strength to

the argument that gene expression profiles have toxicological significance. If successful,

it would also contribute to efforts to use gene expression profiles as a means of

classifying toxicants. Likewise, it could assist in efforts to use gene expression profiles

to identify the toxicity of unknown compounds. As such, this aspect of phenotypic

anchoring links the technologies of genomics with those of toxicology and pathology.

Moreover, in establishing equivalences between the objects and products produced by

these lines of inquiry, it is a means of translation between the social worlds of genomics,

toxicology, and pathology.

Second, researchers at the National Center for Toxicogenomics look to

phenotypic anchoring as a means of reducing subjectivity in toxicogenomic analysis. At

this time, there is no consensus as to how to determine whether a change in a gene

expression profile is toxicologically significant or is merely an irrelevant change in

expression not indicative of toxicity. Phenotypic anchoring is pursued as an objective,

and thus trust-worthy, (Porter 1999) means of distinguishing between toxicologically

significant versus insignificant changes in gene expression profiles: “We are trying to

make this as least subjective as possible, using histopathology, clinical chemistry, organ

weight, and metabolites as the phenotypic anchorage of gene expression” (field notes

2002). Related, phenotypic anchoring is critical to efforts to use gene expression profiles

as sources of biomarkers of exposure, effect, and/or susceptibility. Without establishing
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a relationship between a gene expression patterns and a meaningful physical or

biochemical state, gene expression profiles cannot be meaningful biomarkers. This

aspect of phenotypic anchoring endeavors to establish toxicogenomics as a consistent,

objective, and empirically sound mode of knowledge production. In this way, it

contributes to the acceptability of intersections between toxicogenomics and other modes

of knowledge production in the environmental health sciences.

Finally, phenotypic anchoring is a means of identifying novel genes whose

expression may be induced by a given toxicant or class of toxicants. In this way,

phenotypic anchoring is a kind of “discovery science” – a means of generating

hypotheses for further scientific research. At the same time, like the other applications of

phenotypic anchoring, this is accomplished through establishing linkages between

traditional indices of toxicology and novel genomic work objects.

In each of these instances, phenotypic anchoring works as a technique of

translation between two toxicological languages, linking the work objects of

toxicogenomics to those of traditional toxicology. Importantly, if/when successful,

phenotypic anchoring incorporates” gene expression profile data; it brings human

corporeality to gene expression profiles. First, phenotypic anchoring incorporates gene

expression profiles by connecting the thousands of data points and colorful spotted arrays

that they produce to the actual bodies of animals used in traditional toxicological testing

and risk assessment. Moreover, because animal bodies “stand in” for those of humans,

phenotypic anchoring is a first step in establishing the relevance of toxicogenomic data

for the health of human beings. Additionally, phenotypic anchoring is an integral part of

“I gratefully acknowledge Adele Clarke for pointing out the nuances captured by using the term
“incorporation” to describe the process of phenotypic anchoring.
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establishing gene expression profiles as biomarkers for use in molecular epidemiological

studies of human populations. Thus, otherwise highly abstract data is brought to human

matter(s); it is linked to human bodies and populations.

Second, phenotypic anchoring is a means by which gene expression profiles and

toxicogenomics are inserted into already existing interests, associations, and practices.

Emerging scientific practices are often faced with the challenge of “manag■ ing] the

tensions among transforming work practices while simultaneously being grounded in

those practices” (Timmermans and Berg 1997:297). Phenotypic anchoring qua

incorporation is a strategy for managing these tensions.

Phenotypic anchoring as a mode of translation is made possible and productive by

the extensive institutional linkages between the NIEHS and the National Toxicology

Program (NTP)” and by the material linkages afforded by the NTP's extensive archive of

toxicological data. As I was told by a NTP scientist:

There is a thirty year history of toxicology testing at NIEHS and the NTP.
We've tested six hundred chemicals as thoroughly as they can be tested - 2
week, ninety day, and two year studies. Everything done up to the state of
the art. We've standardized feeding cycles, light cycles, dosing. We've
done necropsy of forty tissues in mice and rats, males and females - so,
there are four study groups. For each chemical, this takes seven to eight
years, to go from testing to a blue book” (S24).

The slides created during these thirty years of toxicology testing, the results of the

necropsies on millions of animal bodies, and the reports of their clinical chemistry and

histopathology are stored in an archive just up the road from the NIEHS campus. This

* Approximately 95% of the scientists working in the National Toxicology Program also have faculty
positions at the NIEHS. Additionally, the Director of the NIEHS is also the Director of the National
Toxicology Program. While the National Toxicology Program has facilities around the country, its “home’
is on the NIEHS campus in Research Triangle Park, NC. The NTP is often referred to as “the other side of
the house” at the NIEHS.

*The National Toxicology Program reports have a blue cover and are commonly referred to as the “blue
books.”
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archive contains the information on traditional toxicological indices needed for

phenotypic anchoring and the incorporation of toxicogenomics.

Moreover, the NTP archive is invaluable for phenotypic anchoring because it

contains the data from what many toxicologists regard as “the gold standard of

toxicology testing”:

The NTP is extremely rigorous - and it has to be. The NTP has to fulfill
every aspect of good laboratory practice, because industry sends people
over here to look through the lab books and try to find flaws. So, if there's
a chance that the groups got messed up or some animals got the wrong
dose, they'll contest the results. So, everything is carefully tracked and
detailed...The NTP does toxicology the right way (S42, emphasis added).

Additionally, the NTP is responsible for many of the current standards of practice in

toxicology testing. The standardization of laboratory techniques used to assess the risks

of carcinogens and the standardization of diagnostic terminology used in interpretation of

observed pathologies is regarded by many toxicologists as one of the most significant

contributions of the National Toxicology Program:

The National Toxicology Program...is a real success story. If you think
about that kind of testing, there are so many variables. They developed
protocols for doing dosing, how to interpret results, and they’ve succeeded
in having those interpretations adopted by both government and industry
(S27).

Thus, the National Toxicology Program bluebooks are not only regarded as scientific

valid, they are also politically robust: “.... The NTP blue books are a bible. They are

used by the regulatory agencies. They’re the gold standard” (S38). The National

Toxicology Program sets “the standard” for toxicologists across the arena of

environmental health, used by government regulatory agencies and industry alike.
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Towards a Molecular Grammar for Toxicology

Thus, while the National Center for Toxicogenomics is using the National

Toxicology Program archive in the most material sense, that is, as a repository of the

traditional indices of toxicity required to incorporate gene expression profiles, I argue

that it also endeavors to use the archive in a much more expansive sense, as well

Drawing on Foucault (1980), Gottweiss (1995:35) conceptualizes archives as “the

general system of forming and transforming statements existing at a given period within a

particular society....” The National Toxicology Program archive and the blue books

based on the data it contains constitute the currently accepted “system of forming and

transforming statements” in discourses of toxicology and risk assessment. Therefore, the

goal of establishing that gene expression profiles (and, by extension, toxicogenomics)

have a valuable role in forming and transforming statements in these worlds relies on the

success of phenotypic anchoring. That is, as the National Center for Toxicogenomics

endeavors to create a new system of forming and transforming statements about

environmental exposures and their effects, it must embrace, incorporate, and transform

the old system. Toxicogenomics, in general, and phenotypic anchoring, in particular,

simultaneously invoke the authority of the NTP archive and seek to transcend its forms.

The primary strategy through which this is to be accomplished is the building a

relational database, the Chemical Effects in Biological Systems (CEBS) database, which

* Gottweiss particularizes Foucault's notion of the archive, reconceptualizing it as the “reservoir of
narratives” available to be mobilized to make statements in a society (Gottweiss 1995: 87). His shift is
from Foucault's concern with overarching historical archives, “the rules from within which we speak,” to
specific archives. This distinction is critical, as Foucault argued that it is not possible for us to describe our
own archive (Dreyfus and Rabinow 1982/1983: 86). However, it should be possible to identify the
archives of particular discourses, such as toxicology, which is my goal here.
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will link gene expression profile data with the National Toxicology Program archives.

The CEBS database is a project of the National Center for Toxicogenomics. According

to the National Center for Toxicogenomics, three specific goals shape the development of

the CEBS database:

1) Create a reference toxicogenomic information system of studies on environmental
chemicals/stressors and their effects;

2) Develop relational and descriptive compendia on toxicologically important genes,
groups of genes, SNPs, mutants, and their functional phenotypes that are relevant
to human health and environmental disease;

3) Create a toxicogenomics knowledge base to support hypothesis driven research
(National Center for Toxicogenomics 2002:25).

Ultimately, the goal of the CEBS is to create a new archive, a new means of forming and

transforming statements about human health and environmental disease. It endeavors to

do this by bringing together new forms of knowledge (i.e., knowledge about genes,

groups of genes, SNPs, mutants produced in toxicogenomics research) with “functional

phenotypes.” These functional phenotypes are the types of objects which populate the

National Toxicology Program archive and thus provide linkages between gene expression

profiles and traditional indices of toxicity.

As with other phenotypic anchoring techniques, the CEBS database is a means of

establishing relationships between genomic tools and work objects and traditional

toxicological tools and work objects; it attempts transformation by both incorporating and

extending toxicologic practices. This is undertaken, in part, by “creating an interface”

between the CEBS database and the NTP archives (S39). The goal is to enable

researchers to link the gene expression profiles data in the CEBS with “all the National

Toxicology Program has done on the acute toxicity of over 500 chemicals.” Such

linkages would allow researchers to call up both sets of data with one relational query of
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the database. Put differently, CEBS will answer a user's question in two languages, and,

when available, will provide a means of translating between the two. Indeed, the CEBS

provides “dictionaries and explanatory text” to “guide researchers in understanding

toxicogenomics databases” (National Center for Toxicogenomics 2002: 26). The CEBS

also links to other genomics and proteomic resources on the Web, “providing users the

suite of information and tools needed to fully interpret toxicogenomics data” (National

Center for Toxicogenomics 2002:26). Thus, the CEBS provides resources to

environmental health scientists who want to make statements about environmental health

and illness using the emergent language and the grammar of genomics.

Disciplining Toxicology

Clearly, the participation of the National Toxicology Program is vital to the

success of the project of phenotypic anchoring, in general, and developing the CEBS, in

particular. Given that they enjoy status as the current “gold standard” in toxicology

testing, what explains the willingness of the National Toxicology Program to participate

in these efforts? I suggest that the answer to this question is grounded in the centrality of

“molecularization,” the contemporary regime of truth in the life sciences (Rose 2001).

First, researchers from the National Toxicology Program assert that they are

collaborating with researchers at the National Center for Toxicogenomics (especially in

the Tox/Path Team) not because they think that current toxicological testing and risk

assessment procedures will be wholly replaced by toxicogenomics, but because they

think that gene expression profiling is likely to enhance the design and the interpretation

of toxicological studies. Especially given the adversarial nature of risk assessment,
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regulatory review, and policymaking, toxicologists are eager to develop new methods of

testing that will decrease the aforementioned uncertainties in extant models.

However, toxicologists (at the National Toxicology Program and beyond) also

express explicit concern that unless they incorporate genomic science, toxicology will

become an anachronistic scientific practice. As one toxicologist told me, “The genomics

revolution is washing over us. Either we incorporate it or we’ll be left behind” (field

notes 2002) In discussing the founding of the National Center for Toxicogenomics,

several scientists and researchers at the NIEHS reported that they felt that toxicology was

in danger of “becoming irrelevant” in the age of genomics. As noted by this toxicologist,

toxicology was already far behind the leading edge of science and stood a lot to gain from

a transformation of its tools, objects and practices:

There is just enormous potential. There is more potential in
toxicogenomics than in any of the other -omics, and the reason for that is
that toxicology as a science was not at the leading edge of academic
science. So this is an opportunity to bring toxicology research to an
entirely new level of power and sophistication as a research enterprise.
And that has enormous potential for human public health benefit, with
respect to toxicology research. We have more to gain than any other
discipline. (S35)

Moreover, toxicologists recognize that being “left behind” will undermine not only their

laboratory research, but toxicology’s relevance to its service markets (risk assessment,

regulation, and policy-making). For example, one toxicologist stated that he was

concerned that if it failed to incorporate genomics, “then the NTP would be a toxicology

program of only historical interest.” (S42). Moreover, the administration of the NIEHS

have clearly stated their belief that to be “important to public health” today requires an

active engagement with the genetics/genomics agendas of the NIH:
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So, we started the NCT ...and the National Institute of Environmental
Health Sciences has become a major player at the National Institutes of
Health. It used to be, quite frankly, that they didn’t see us as important to
the mission of the National Institutes of Health, to protecting public
health. But now we are a major part of the Institutes – we are integrated
with the National Cancer Institute, the National Human Genome Research
Institute — and they see how important our work is for public health. (field
notes 2001)

This returns us to the idea that the larger project of the National Center for

Toxicogenomics is to create a new language and grammar for toxicology and to bring its

practices (and the institutions within which it is situated) into the molecular regime of

truth of the contemporary life sciences. The Toxicogenomics Research Consortium, to

which I now turn, is another key component of this effort.

Setting the (New) Standards: The Toxicogenomics Research Consortium

While NTP and NCT scientists are actively engaged in collaborative research, the

NTP will not radically alter its testing protocols unless and until they are certain that new

forms of data are reliable, valid, and acceptable to regulatory agencies (S41). This

mission and service role of the NTP requires that it make statements about the

environment and humans that can be comprehended by risk assessors and regulatory

scientists. Most scientists agree that it will be “at least several years” before

toxicogenomics will be ready for such service in risk assessment and regulation. In

anticipation (and in pursuit) of this possibility, the NIEHS is trying to prepare the

regulatory agencies and “the public” to understand the new language of toxicogenomics.

Therefore, I now turn to an analysis of NIEHS initiatives aimed at making

toxicogenomics and gene expression profiles acceptable to those agencies.

234



The Toxicogenomics Research Consortium (TRC) is the extramural component of

the National Center for Toxicogenomics. The TRC was established in November 2001

when the NIEHS awarded grants to five institutions to participate in the TRC as

cooperative research members (CRMs), what would be called “allies” (Callon 1986;

Latour 1987) in science and technology studies. The five institutions awarded fundingto

participate in the TRC were the University of North Carolina, the Fred Hutchinson

Cancer Research Center, the Oregon Health and Science University, and Duke

University.” The NIEHS Microarray Center also participates in the TRC as a

cooperative research member (National Center for Toxicogenomics 2002: 13).

The initial goal of the Toxicogenomics Research Consortium is “to conduct a

series of cooperative gene expression experiments using shared and complementary

microarray platforms” (National Center for Toxicogenomics 2002: 14).” The purpose

of the cooperative experiments is to “develop standard operating procedures and quality

control standards for gene expression experiments and to develop technology standards

and bioinformatics tools for data comparison across the CRMs” (National Center for

Toxicogenomics 2002: 14). The development of these standards and bioinformatics

tools, in turn, will allow the gene expression profiles generated by Toxicogenomics

* The initial grant funding for all 5 centers combined was $37 million over 5 years.
*There are other on-going efforts in the larger social world of microarray research to develop shared
platforms for analysis and to develop standards for reporting the results of gene expression profiling
experiments. For example, the International Life Sciences Institute (ILSI) has coordinated an effort to
compare microarray platforms and develop quality assurance protocols among pharmaceutical companies.
There are also efforts underway to establish minimum data requirements for gene expression profiling
analyses. For example, the Microarray Gene Expression Data Society (MGED) is an international
organization of biologists, computer scientists, and data analysts, sponsored by pharmaceutical and
bioinformatics companies, that aims to facilitate the sharing of microarray data generated by functional
genomics and proteomics experiments (http://www.mged.org). MGED has established a standard for
“minimum information about a microarray experiment” (MIAME), which it describes as follows: MIAME
aims to outline the minimum information required to unambiguously interpret microarray data and to
subsequently allow independent verification of this data at a later stage if required. ... This set of guidelines
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Research Consortium members to be submitted to the CEBS database, where it will

establish the initial collection of toxicogenomic data available for public query.

The Toxicogenomics Research Consortium project thus endeavors to generate a

standardized language and practices for toxicogenomics research. In so doing, the

Consortium is designed to make toxicogenomics navigable, to give standard meanings to

its work objects, and to develop standard modes, or rules, for interpreting them:

What does the data mean? That's the big question. There is so much
data... It's like being given the Encyclopedia Britannica and ten seconds
to find an answer. ...You know the answer is in there somewhere, but you
have to learn the rules or what volume to go to, and you have to learn the
rule within that volume. Where do you look it up? And you have to learn
the rules for not only reading what's there, but understanding and
interpreting...We are in a validation period, a standardization period, an
interpretation period right now (S35).

Such standardization processes are requisite for new tools, work objects, and protocols to

travel widely (Fujimura 1996; Timmermans and Berg 1997). At the same time, the

Toxicogenomics Research Consortium experiments are contributing to the accumulation

of gene expression profiles in the CEBS database.

More broadly, the science of toxicogenomics must be standardized, replicable and

reliable before it will be perceived as “mature” by scientific researchers. Environmental

health scientists often speak of “the maturation” of toxicogenomics as if it is something

that will happen inevitably, with time, like the maturation of an infant into a child, a child

into an adult (e.g., Simmons and Portier 2002: 905). However, I understand the

standardization and quality assurance work of the Toxicogenomics Research Consortium

as a major component of establishing the “maturity” of the science of toxicogenomics.

will then assist with the development of microarray repositories and data analysis tools.
(http://www.mged.org).”
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Indeed, the Toxicogenomics Research Consortium offers a vista into the intentional and

deliberate nurturing of a science into maturity.

Toxicogenomics is being standardized through the financial, material, and

intellectual investment of NIEHS via the Toxicogenomics Research Consortium. As

such, the Toxicogenomics Research Consortium is an important step towards bringing

toxicogenomics to environmental health risk assessment, regulation and policy making.

Risk assessors and regulatory scientists must perceive toxicogenomics as “being of

value” before they will be willing to consider complementing or replacing extant

toxicological testing protocols with data from microarray experiments. Or, as one senior

NIEHS official stated, to be of utility to “the public,” gene expression profiles must first

be fully embraced by researchers:

it's really important, it is really important that you do everything you can
to achieve some major degree of scientific consensus for any new tool.
So, that would be my top priority. It has to be perceived as being of value.
The scientific community would have to be using it, and once they are
using it then it should be, it should be a public utility (S35).

The regulatory officials and scientists with whom I spoke about toxicogenomics and its

potential applications in risk assessment and regulatory reviews told me that they were

“taking a wait and see” attitude because “the science just isn’t mature yet....it’s just a

twinkle in the eye” (P02). Many also mentioned that the meaning of gene expression

profiles was too imprecise to be of use in regulatory reviews at this time. For example, at

the EPA I was told that, “The agency scientists don't have blinders on and they know this

is happening. The leadership ... is of the opinion that the subject matter has not really

matured sufficiently to take action, and I think that is exactly right.” The

Toxicogenomics Research Consortium is seeking to transform this situation. As such, it

■

º

237



is an example of the simultaneous development of the science of toxicogenomics and its

applications/service roles.

Indeed, in the work of the Toxicogenomics Research Consortium, toxicogenomics

and its applications are co-constituting what can be described as a theory-methods

applications package (Clarke 1998: 265-266; Fujimura 1988; 1995]. As defined by

Fujimura (Fujimura [1988]1997: 97), a standardized theory-methods package is “a

clearly defined set of conventions for action that helps reduce reliance on discretion and

trial-and-error procedures” Theory-methods packages are successful when they capture

the interests of scientific workers across work sites with different commitments

(Fujimura 1995: 306) and then standardize laboratory practices across heterogeneous

sites (Fujimura 1996:5). Analysis of theory-methods packages has previously noted that

advocates of such packages often propose potential applications (Fujimura 1995: 319), I

contend that in the case of toxicogenomics, the applications are an integral part of the

package. That is, standardizing the applications of toxicogenomics plays an active role in

constituting both theory and methods in toxicogenomic research. Moreover, as suggested

my analysis of the Toxicogenomics Research Consortium, this theory-methods

applications package simultaneously affects the standardization both laboratories and

service markets. At the same time, as I describe below, the NIEHS is actively

endeavoring to ensure that these service markets will be accepting of new applications

and standards through other strategies, as well.

Enrolling End-Users for Toxicogenomics

2

s
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If one threat to the intended service role for toxicogenomics in risk assessment

and regulation is that the science is perceived as “immature,” the other risk is that it will

not be accepted by its intended end users. To insure that this does not happen, the

NIEHS/NCT has begun to work at translating the relevance and importance of

toxicogenomics to three categories of end-users.

First, administrators at the NIEHS want to make sure that the regulatory agencies

will be willing to use toxicogenomics once it has “matured”:

The other worry is that we will have good information, mature data, and
the regulatory agencies will still be hesitant to use it because they have
given no thought to it. And suddenly you drop it on their doorstep, and
they say, well what is this? And also, so, you know, it could languish out
there for another twenty years while they argue about it, while people die
and suffer...(S37)”

Therefore, the NIEHS and the NCT are very concerned with familiarizing the regulatory

agencies with toxicogenomics and its potential service roles in risk assessment and

regulatory review.

Second, NIEHS/NCT scientists are also working on identifying the stakeholders

“that we need to build bridges with.” These include “the chemical and pharmaceutical

manufacturing industries, the green groups, environmental groups, and consumer groups,

the Environmental Defense Fund, the EPA, FDA, and other regulatory agencies, and

policymakers...[and] probably staffers from Congress” (S39). This list of stakeholders

includes groups that are often on opposite sides of regulatory review, legislative

initiatives, and litigation about environmental chemicals and their effects. Indeed, the

historically adversarial relationships and potential for ongoing disagreements between

these groups is one reason that the NIEHS has begun to work with them to build a
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consensus about the uses of toxicogenomics even before the technology is ready for those

applications:

[We] don't want this, in the end, to come to some loggerhead because
labor unions are fighting industry and environmental groups. We want
everybody to buy into the technology before we have it, and before
anything is out there. Once they buy in and they have kind of signed off
on it, they can't just change their mind because they didn't like the
outcome [re: a particular chemical]....We want to eliminate that conflict
and opposition in the end (S37).

Finally, the NIEHS is also “reaching out to the public” about the potential role of

toxicogenomics so that “when they hear toxicogenomics five or ten years from today, it's

not a Frankenstein new development. They know about it. They know exactly what it is

we are doing....” (S39). The fear expressed by NIEHS administrators is that

toxicogenomics will meet the same kind of public opposition as genetically modified

foods, an opposition they feel derives from uninformed fear and “a lack of understanding

of the technology.” Indeed, there is a pervasive belief at the NIEHS that education about

toxicogenomics will lead to its acceptance by “the public”: “if they understood it, they

wouldn't object” (field notes 2002)”

The strategy of the NIEHS is to achieve exposure and legitimacy for

toxicogenomics in advance of its applications by “defining the environment” in which

toxicogenomics is introduced to the social worlds concerned with environmental health

risk assessment, regulation, and policymaking. The way to do this, NIEHS’s senior

leadership has decided, is “to do it up front....be proactive”:

I just want the technologies to have as full an impact in as short of a period
as possible. And without the kind of things that we are doing to educate

*This is a strong statement for a NIEHS scientist in that he is suggesting that existing toxicology testing
and environmental health regulation is insufficient to protect people from “dying and suffering.”
* This assumption runs counter to current scholarship on the public understanding of science (Irwin and
Wynne 1996)
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stakeholders, policy makers, and the American public, regulatory agencies
will not be allowed to use [the new technologies], even when they decide
to use them. So we have just got to bring along everybody to make sure
that if three years down the road we can predict toxicity, by gosh let's do it
then and let's not wait x number of years for everybody else to catch up...
(S37).

A wide variety of efforts are underway to bring toxicogenomics to its potential service

markets and to enroll stakeholders in the toxicogenomic project. For example, a series of .

public service announcements about toxicogenomics is to run on public television and

radio stations over the next three years. Many “perspectives on toxicogenomics” pieces

have been published in the scientific literature by NIEHS/NCT scientists (Olden 2002;

Olden and Wilson 2000; Tennant 2001). Additionally, as mentioned above, in January

2003, the NIEHS published the first edition of the journal Toxicogenomics, and will

continue to do so quarterly.

Additionally, the NIEHS/NCT supports a working group on the “ethical, legal,

and social implications” (ELSI) of toxicogenomics. This committee consists of ethicists,

lawyers, representatives from the microarray, chemical, oil, pharmaceutical, and

bioinformatics industries, a representative from the environmental justice movement, and

environmental health scientists from both university and government settings. This

working group convened for the first time in Orlando, Florida in March, 2001. The

primary goal of that meeting was to identify relevant stakeholders and consider the

membership of the working group. A secondary goal was to prioritize a set of initial

projects the working group could accomplish over the upcoming year. The working

group agreed that a white paper or “issues framing” paper authored by the working group

should be a priority as it “could focus national debate on the social implications of

toxicogenomics.”
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The first formal meeting of the entire working group was in July, 2002 at the

Woodrow Wilson Center in Washington, D.C.” The first part of the meeting consisted

of a “public forum” on toxicogenomics, part of the Woodrow Wilson Center’s ongoing

project “Genomics and Our Environmental Future.” The forum was widely publicized by

the Wilson Center, and drew an audience from the National Academy of Sciences (NAS),

the federal regulatory agencies, environmental health advocacy groups, and the press.

Speakers at the forum addressed the science of toxicogenomics, the applications of

toxicogenomics in regulatory settings, and legal perspectives on toxicogenomics (with

special attention to occupational settings). The ELSI working group then convened for

two days of “working sessions” that addressed the following issues: 1) Public Health and

Regulatory Applications of Toxicogenomics; 2) Toxicogenomics in the Courtroom and

the Workplace; 3) Ethical Considerations in Toxicogenomic Research; and 4) Next Steps

in the Development of a White Paper on the Implications of Toxicogenomics. While the

Working Group has not yet met again, members of the group are collaborating on a

White Paper on the ELSI of toxicogenomics. The goal of the Group is to publish that

paper in a leading toxicology journal in the summer of 2003. The Working Group

meeting has also fostered collaborations between individual group members, who have

submitted grants, proposed panels for major scientific meetings, and begun writing

projects, all addressing toxicogenomics and its potential consequences.

*A note on my positionality in relation to the NCTELSI Working Group: I conducted my fieldwork at the
NIEHS as an “intern” in the Program in Environmental Health Policy and Ethics during the summer of
2002. My supervisor was the coordinator of the Working Group and my primary responsibility as an intern
was to organize this meeting. I also gave a presentation as part of the working session on public health and
facilitated group discussions. Therefore, I was very much a participant in this process, even as I observed
and took ethnographic field notes throughout.
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What is fascinating about the ELSI Working Group is that it largely takes the 1…

emergence of toxicogenomics for granted, thereby eliding its own contributions in

bringing about that emergence. Specifically, the ELSI Working Group, by providing a 2.

high profile public forum for the discussion of toxicogenomic science among scientists, 2.
*

regulators, policymakers, and advocates and by fostering research, writing, and

presentations on toxicogenomics and its implications for risk assessment, regulation, and

public health bolsters the claim of NCT scientists and administrators that this is a science

that will have ethical, social, and legal implications. The very establishment of an ELSI

Working Group presumes that toxicogenomics has service roles and will transform

practices in the social worlds of risk assessment, regulation, and public health. When -
* *

Working Group members attempted to establish a timeline for such transformations, they -*-

were frequently told that toxicogenomics would be “ready for prime time” in five to ten
> -

years. This begs the question of why the Working Group has been convened a full > *
-r-

decade in advance of the anticipated readiness of toxicogenomics? The official answer to º

this question, of course, is that the Working Group will foster “a national debate on the {
social implications of toxicogenomics,” thereby increasing the possibility that s
toxicogenomics will be developed in ways that are ethical and acceptable to the public. º

However, it is also clear that the Working Group serves as a mechanism for creating & .

intersections around publicizing toxicogenomics among a variety of audiences, including --
environmental health scientists, lawyers, relevant industries, and environmental health ºf

and environmental justice activists. Additionally, the Working Group is another example º
of a “staged intersection” (Garrety 1998) where members of these social worlds can meet –

and begin to work out how they will make use of a new technology that may have
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consequences for both their own work and future interactions with each other. Moreover,

by positing the ethical, legal, and social implications of toxicogenomics far in advance of

their development, the Working Group lends credibility to the National Center for

Toxicogenomics' vision for the science of toxicogenomics and its eventual applications,

its definition of the situation. As Thomas and Thomas astutely observed, “Situations

defined as real are real in their consequences” ([1928]1970; [1923] 1978). The ELSI

Working Group is very much part of the process of defining the contemporary and future

reality of toxicogenomics.

However, by far the greatest investment that the NIEHS has made in creating a

social context conducive to the acceptance of toxicogenomics is its sponsorship of the

newly formed National Academy of Science's (NAS) “Committee on Emerging Issues

and Data on Environmental Contaminants” (which I will refer to as “the NAS

Committee”). The NAS Committee was convened at the request of the NIEHS, which is

paying “seven to eight” hundred thousand dollars a year to sponsor it. It consists of 22

members, most of whom are university based environmental health scientists. However,

the Committee membership also includes lawyers, a scientist from the National

Resources Defense Council (NRDC), representatives from the Chemical Industry

Institute for Toxicology (CIIT) and various chemical, bioinformatics/software, and

pharmaceutical companies. According to a senior administrator, the NIEHS decided to

invest in sponsoring the NAS Committee, in part, because:

There's been no move by the regulatory agencies to prepare for this, to
anticipate the data. So, we've contracted with the NAS/NRC to bring
together all the stakeholders in the field: industry, scientists, lay public,
unions, policy makers, environmental groups, regulatory agencies. We
want to get everyone around the table to talk about toxicogenomic data, to
develop case studies to explore how the data can be used (S39).
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The NAS was requested to facilitate this process because of its reputation for scientific

excellence, neutrality and objectivity in adjudicating scientific debates (cf., Hilgartner

2000). As one NIEHS scientist put it:

The National Academy of Science is supposed to be the pure, above
reproach group. And they have no stake in this. They are just trying to be
the honest broker. So they are going to bring people around the table and
they're going to let them argue and debate and finally get a consensus
(S39).

Unlike many NAS committees, which are charged with undertaking studies and

producing a consensus report to answer a specific scientific question, the NAS committee

sponsored by the NIEHS is a “standing committee” that serves “as a forum for

discussion”:

The goals are to bring issues to the forefront, to identify issues, and...
holding symposia to focus on those particular issues, so that more issues
can be identified or discussed, and different viewpoints can be brought up.
Then also to develop ideas where more specific attention might be needed,
either by future NAS studies or other mechanisms (S59)

While the NIEHS is, of course, clear on the fact that the committee will not produce a

consensus report on any given aspect of toxicogenomics, it is hopeful that the committee

will develop “case studies” that, in time, will guide the application of toxicogenomics in

risk assessment. These case studies, then, are seen as a means of producing “blueprints”

for the use of toxicogenomics by the regulatory agencies.

There will be all of these position papers with all these case studies, and
the cases will become reality with time. And we have already been given
instruction as to that is what they will do to regulatory agencies as to how
to use the information. So the EPA and the FDA won't have to say,
“toxicogenomics, what is that? What does this mean? And how do I use
it?” They've already got a blueprint that they've agreed to and everybody's
agreed to and they've been informed (S38).
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Additionally, the hope is that the NAS committee process will encourage the

participation of the industries whose products are likely to be regulated using

toxicogenomic data and technology. Specifically, the NIEHS hopes that by providing

industry with an opportunity to “participate with government” in the process of making

decisions about toxicogenomics, industry will “know that government acted responsibly”

in developing the technology and its applications in risk assessment and regulation.

In addition to the formal NAS committee, at the request of the NAS, the NIEHS

has organized a “Federal Liaison Group,” consisting of members of federal institutions

that have interests in toxicology and risk assessment. This Group is a critical component

of the overall project, as representatives of federal agencies (including the NIEHS)

cannot participate in NAS committees. The Federal Liaison Group attends the NAS

committee meetings (which are open to the public, as well), as well as conducting its own

deliberations. The Federal Liaison Group also present reports on their discussions and

concerns at NAS committee meetings.

The NAS committee is yet another example of a “staged intersection,”

intentionally bringing together people from diverse social worlds to negotiate matters of

common (if conflicted) interest. It is precisely for this reason that the reputation of the

NAS as a “neutral” and “objective” is so important to the staging of this intersection.

The “neutrality” of this stage is critical to the legitimacy of the processes of persuasion

and adjudication upon it. As one participant noted, “the [regulatory] agencies are often

perceived as having a bias, and therefore a committee they might put together would not

have the same unbiased, or neutral perception to the public.” Again, it is precisely

because environmental health risk assessment and regulatory reviews are so politically

º
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fraught, that the committee must maintain a public perception of neutrality in order to

develop credible standards for the interpretation of toxicogenomic data:

The concern is that every time there is a peak (in expression) in the data,
the environmental groups will react. Or that every time there is a question
about how to interpret, that industry will say the data means nothing. So,
we need to get this group of people together to set standards up front. So,
when we get data, we've agreed about how it will be used and it can be
used immediately, so that we won't have to wait 5-10 years (S58).

Again, the idea is to adjudicate potential conflicts “up front” and literally in advance of

actual application so that toxicogenomics will not be kept from this service market.

The NAS Committee also enables two ongoing, virtual staged intersections. First,

it maintains a website, which provides audio-clips and slides from the presentations made

at committee meetings and symposia, the Committee's mission statement, upcoming

events, and extensive links to other NIEHS and NAS websites. The committee also

maintains a mailing list and a listserve, by which it distributes its newsletter “Emerging

Issues in the Environmental Health Sciences.” The contents of the newsletter include

brief reports on the proceedings of committee meetings and symposia, the agenda for

upcoming committee events, book and journal reviews pertinent to the toxicogenomics,

and lists of “hot topics” that might be considered by the committee over the coming

years.” Thus, the Committee's proceeding extends its reach far beyond the individuals

who attend any given meeting or symposium at the NAS.

Like the ELSI Working Group, the NAS committee’s practices elide the ways in

which the Committee is itself a key player in the emergence of toxicogenomics.

* It also serves as a publicity and outreach mechanism for the NIEHS, with articles such as “NIEHS
Coordinates Multiple Projects in New Toxicogenomics Field” (NAS Newsletter 2:4). Indeed, the first
journal reviewed was the NIEHS's special edition of Environmental Health Perspectives, Toxicogenomics.
Additionally, the first edition of the newsletter included “a special feature from our sponsors at NIEHS.”
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Similarly, the very framing of the Committee minimizes its active role in the emergence

of the field of toxicogenomics. Indeed, “any significant NAS report or workshop....can

signal the official definition of a field” (S27), a possibility of which the NIEHS

administration is well aware. Indeed, one potential “hot topic” to be addressed by the

NAS committee is “Should the NRC.” report Risk Assessment in the Federal

Government: Managing the Process, the so-called “Red Book” be updated to address the

new technologies and their potential impact on risk assessment?” (NAS Newsletter 2:3).

The Red Book is “the Bible” for risk assessment at the federal agencies. It sets the

standards to which all federal agencies are held accountable. To revise the NRC Red

Book would be a tremendous coup for the NIEHS in establishing the service role of

toxicogenomics, as it would be no less than a re-standardization of the entire risk

assessment process. That such a revision was suggested at the very first meeting of the

NAS committee is certainly suggestive of the scope of its ambitions and its intended role

in the emergence of toxicogenomics.

An NIEHS statement on the NAS committee described it as a forum “at the policy

forefront” that “complements existing NIEHS efforts in advancing the science of

toxicogenomics” (NAS newsletter 1:3). However, as we have seen, the scientific projects

that are bringing about the emergence of toxicogenomics are inextricably intertwined

with efforts to prepare it for applications in risk assessment and regulation. Therefore,

insofar as it helps to make toxicogenomics “the big news” (Park 1952) and to establish a

which included such decidedly un-neutral comments as “The technology is moving at breakneck speed, and
no one wants to be left behind.”

*NRC is the acronym for the National Research Council, which is one of the research councils that
constitutes the NAS.
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consensus regarding the role(s) of toxicogenomics in these social worlds, the committee

is an active force in the emergence of the science of toxicogenomics, as well.

Toxicogenomics and Biopolitics

Toxicogenomics, both in the laboratory and in its translations for risk assessment,

regulation, and policy-making, represents yet another facet of the molecularization of the

environmental health sciences. As is the case in environmental genomics, one aspect of

this molecularization is the proposed inclusion of measures and markers of genetic

susceptibility to environmental exposure in the environmental health risk assessment and

regulatory process. As noted in my discussion of environmental genomics, the

identification, categorization, and management of risky individuals and populations

represents a fundamental shift in the governance of environmental health. However,

toxicogenomics furthers the molecularization of the environmental health sciences in two

additional and highly significant ways.

First, toxicogenomics greatly expands the number and scope of biological

processes visualized at the molecular level by toxicology. Toxicogenomics moves

toxicology from its traditional “phenomenological” focus on physical parameters (e.g.,

body weight, organ weight, tumors, death) to a new focus on gene expression and the

many pathways and processes through which gene expression shapes human responses to

environmental stressors and, ultimately, human health and illness. Indeed, environmental

health scientists participating in the emergence of toxicogenomics conceptualize it as not

only the “bringing together” of toxicology and genomics, but also as the development of

toxicology into a branch of “systems biology.” The defining characteristic (and the
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appeal) of systems biology is its focus on “global response,” that is, response throughout

the cell:

With systems biology you are looking at global response. You can see
everything going on in the cell. You can cut through the cell and look into
it in new ways. This is a change in science and a change in the way we
think about science. It's a new science, a different science, not
reductionist but synthetic (field notes 2002).

In this expansion and molecularization of the scientific gaze, toxicogenomics moves

toxicology more firmly within the molecular regime of truth in the life sciences. Related,

as the toxicogenomics initiatives of the NIEHS shift the focus of the NIEHS and the

National Toxicology Program to the molecular level, they too locate themselves within

this molecular regime of truth and avoid becoming programs “of only historical interest.”

Finally, in developing gene expression profiles as molecular biomarkers for use in

molecular epidemiological research, toxicogenomics links toxicology more tightly to

epidemiology and the human sciences.

Second, the extensive network of intersections constructed by the NIEHS to bring

toxicogenomics to potential service markets and to make it acceptable to the

heterogeneous publics who participate in the environmental health arena has the potential

to advance the molecularization of environmental health in each of those social worlds.

As the National Center for Toxicogenomics is explicitly focused on developing

toxicogenomics for use in environmental health risk assessment and regulation, these

molecular/genomic tools, work objects, and concepts therefore have the potential to

travel to all the social worlds that participate in the wider arena of environmental health

and share its concern with the effects of environmental exposures on human health and

illness. Through the translation and application of such molecular/genomic tools, work
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objects, and concepts, environmental health is molecularized not only in the laboratory

and the regulatory agency, but also at any site in the environmental health arena where

people are asking questions about the consequences of environmental exposures. In the

next chapter, I will explore how “implicated actors” (Clarke and Montini 1993), those

groups and individuals not directly involved in the making of toxicogenomics but clearly

targeted as users/consumers, are responding to the emerging molecular discourses of the

environmental health sciences.

Molecularization and the Biopolitics of Environmental Health

This chapter has examined the translation of the tools, work objects, and concepts

of molecular epidemiology, environmental genomics, and toxicogenomics for application

in various services markets. Throughout, I have emphasized the ways in which the

situatedness of specific disciplines in institutional and epistemological relations shapes

the strategies that practitioners have available to them for translating their research. For

example, molecular epidemiologists have been able to invoke the linkages between

epidemiology and public health in pursuing disease prevention as a service role for

molecular biomarkers, while researchers in the field of environmental genomics remain

committed to a clear boundary between their “basic” science and its potential

applications. Both of these cases contrast with that of toxicogenomics where the science,

its potential applications, and efforts to ensure the social context is ready for such

applications co-constitute the very emergence of the discipline. For each of these cases, I

have explored the settings, mechanisms, and processes that have enabled productive

intersections to occur between the social worlds of developers and advocates of emergent

~.
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disciplines in the environmental health sciences and the social worlds which constitute

their desired end users and service markets.

This chapter has emphasized the differences among these emergent practices,

their institutional locatedness, and the particular processes through which they come to

matter in their varied, designated service markets. I want to conclude by highlighting two

important ways in which they are similar. First, as I have noted throughout the chapter,

establishing service roles for the technologies, work objects, and concepts of molecular

epidemiology, environmental genomics, and toxicogenomics has been an integral part of

their emergence. Clearly, the degree to which intended service roles have shaped the

disciplines themselves varies. Toxicogenomics is the most shaped by its intended end

uses. Indeed, I have argued that toxicogenomics is emerging via a theory-methods

applications package, in which the concepts, tools, work objects, and applications of

toxicogenomics are simultaneously and iteratively co-constituted and standardized. In

comparison, environmental genomics remains comparatively “stuck” in both its

translation and its emergence, despite its close relationships to the burgeoning field of

pharmacogenomics and the clinical trials enterprise.” However, all three clearly are

shaped by their uses and the contexts for their potential applications.

Secondly, in all three cases, the service roles for the tools and work objects of

these emerging disciplines has focused on human health and illness at the molecular

level. Each of these new disciplines represents a mode of molecularization in the

environmental health sciences; each, in its translation, contributes to the emergence of a

* Indeed, as discussed in Chapter 4, I suspect that the emergence of environmental genomics as a
distinctive discipline has faltered due, in part, to its difficulties in clearly demarcating boundaries between
its tools, work objects, and practices and those of closely related fields, such as pharmacogenomics and
toxicogenomics.
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set of interventions focused on the identification, categorization, and management of

risks to environmental health and illness in human bodies. Thus, it appears that just as

molecular epidemiology, environmental genomics, and toxicogenomics, constitute the

molecularization of the environmental health sciences, their translations, in turn,

constitute a new, molecularized biopolitics of environmental health.

As discussed in Chapter 1, biopower refers to that which brings life and its

mechanisms “into the realm of explicit calculation” and makes “knowledge-power an

agent of transformation of human life” (Foucault 1978: 143). Power over life takes two

basic forms. The first pole centers on the body as a machine, “its disciplining, the

optimization of its capabilities, the extortion of its forces, the parallel increase of its

usefulness and docility, its integration into systems of efficient and economic controls...”

(Foucault 178: 140). The second is focused on the species body, “the body imbued with

the mechanics of life and serving as the basis for biological processes: propagation, births

and mortality, the level of health, life expectancy and longevity, with all the conditions

that can cause these to vary” (Foucault 1978: 140). The supervision of the species body

and all its functions is effected through a series of interventions and regulatory controls,

which Foucault calls “a bio-politics of the population.”

In their many translations for service roles, the work objects of molecular

epidemiology, environmental genomics, and toxicogenomics and the scientific, clinical,

and regulatory practices which they enable, constitute emergent forms of biopower.

Indeed, together the applications of molecular epidemiology, environmental genomics,

and toxicogenomics work on both the individual body and the species body, making

calculable the “risks” of both populations and individuals (Shields and Harris 1991: 686).

! - A
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First, in their movement from the laboratory to the clinic and to regulatory

agencies, the translation of the work objects of molecular epidemiology, environmental

genomics, and toxicogenomics are instantiating new forms of risk in the arena of

environmental health. As noted by Rose (2001: 7) risk “denotes a family of ways of

thinking and acting involving calculations of probable futures in the present followed by

•interventions in the present in order to control that possible future.” Service roles that

focus on differential genetic “risks” of individuals and populations to environmental

chemicals (whether inherited or acquired through previous environmental exposures) and

those that use new measures of risk to prescribe biomonitoring of those individuals and

populations constitute a biopolitics of individual bodies. Specifically, the translations of

molecular epidemiology, environmental genomics, and toxicogenomics refocus risk from

the external to the internal/molecular level, “from enhanced control over external nature

(i.e., the world around us) to the harnessing and transformation of internal nature (i.e.,

biological processes of human and nonhuman life forms)” (Clarke et al., 2002).

Second, by opening the black box of the human body, molecular biomarkers

(being developed by all three emergent environmental health sciences) may constitute the

human body as the next terrain of environmental regulation, amelioration, and clean-up

(c.f., Yap and Rejeski 1998). Regulators now speak, many of them with great

enthusiasm, of “moving environmental regulation inside the body.” To be clear, this is a

regulatory regime in the making; our current environmental regulatory framework still

relies primarily on measures of contaminants in the soil, air, and water. Environmental

interventions still focus primarily on the amelioration and clean up of pollution in those

media. However, in my conversations with scientists who work in molecular
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epidemiology, toxicogenomics, and public health genetics, and with some regulatory º,

scientists, I have been asked to envision a practice of environmental regulation that has

moved inside the human body and, often, to the molecular level. Related, the majority of

the policy level interventions that may be made possible by toxicogenomics focus

squarely on the biopolitics of the population and the effects of its exposure(s) to

environmental chemicals.”

In the next chapter, my conclusions regarding this work, I discuss the implications

of this emergent molecular biopolitics of environmental health for the many social worlds

that constitute the environmental health arena.

* Because the National Center for Toxicogenomics has absorbed the Environmental Genome Project's > - Sº
focus on genetic susceptibility to toxicants, it may also create knowledge that is more a part of the first pole º
of biopower, the individual body.
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Chapter 6

The Molecularization of the Environmental Health Sciences

This dissertation has provided an analysis of the emergence of forms of

genetic/genomic disciplinarity within the environmental health sciences. My research

has focused on the emergence of three hybrid, intersectional practices, each of which

produces knowledge about some aspects of the relationship(s) among human

genetics/genomics and the environment: molecular epidemiology, environmental

genomics, and toxicogenomics. For each, I have examined how new technologies and

work objects have contributed to new relations of knowledge in specific institutional

settings, how they have been translated to potential service markets, and with what

consequences for the broader arena of environmental health in the United States. Several

themes have emerged through this analysis. ;

First, drawing on insights from symbolic interactionism and wº worlds/arenas

theory, I have emphasized the situatedness of the environmental health sciences within

the larger arena of environmental health in the U.S. As demonstrated in Chapter 2, the

“problem” of how to identify and manage environmental “risks” concerns multiple social

worlds, including the producers of environmental health science (e.g., epidemiologists

and toxicologists), the intended end-users of environmental health research (e.g.,

clinicians, public health practitioners, risk assessors and regulators), parties to the

environmental health risk assessment and regulatory process (e.g., the chemical industry,

environmental health and environmental justice groups, community organizations) and a

wide variety of implicated actors (Clarke and Montini 1993) (e.g., individuals and

communities exposed to environmental chemicals where they live, work, and play, as

º
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well as wider publics). These social worlds come together in the environmental health

arena to address issues of environmental health risks and their regulation, the role of

science and scientific expertise in protecting human health, and issues of environmental

justice. Their presence, relations to each other, and the concerns they bring to the arena

of environmental health have shaped the contours of the situation wherein new

environmental health sciences have begun to emerge.

Related, I have described how the adversarial politics of the environmental health

arena, in general, and the process of risk assessment and regulation, in particular, have

shaped the search for environmental health research practices that rely less on

extrapolation factors, animal models, and phenomenological measures of toxicity.

Indeed, a primary rationale (and rhetorical strategy) for moving environmental health

research to the molecular level is that it will reduce the “uncertainty” which characterizes

contemporary risk assessment methodologies. Likewise, I have noted the importance of

validated and standardized research methodologies in the environmental health sciences,

as required by the regulatory processes which they serve.

In Chapter 3, I describe the emergence of two lines of research on gene

environment interaction in the environmental health sciences. One line of research,

genetic toxicology, derives from the study of radiation and chemical mutagenesis and

focuses on environmental mutagenesis, that is, the damage caused to human genetic

materials by environmental exposures. The other line of research, ecogenetics, is rooted

in clinical observations and pharmacogenetics, and focuses on genetic variations that

contribute to differential susceptibilities adverse outcomes following environmental

exposures. I argue that these two lines of research emerged in largely distinct social
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worlds and served different markets. Specifically, since the passage of the 1976 Toxic

Substances Control Act, genetic toxicology has been a mandated part of risk assessment

and regulatory review, while ecogenetic considerations have remained of interest to

scientific researchers and, in some cases, clinicians.

However, I also describe in Chapter 3, a discourse of gene-environment

interaction that is increasingly being used by scientists and administrators as a boundary

object which brings these two worlds and their service markets into intersection with

each other. Indeed, I argue that the “gene” in gene-environment interaction provides the

supposedly ontologically solid “core” in an otherwise heterogeneous scientific concept

and enables its overall success as a boundary object. Thus, in the name of gene

environment interaction, scientists and public health practitioners are claiming an ever

expanding role for the study of human genetics/genomics in the environmental health

sciences and the wider environmental health arena. I argue that molecular epidemiology,

environmental genomics, and toxicogenomics are each new modes of knowledge

production about genes and genomes in the environmental health sciences that are

emerging at the intersections of the worlds of genetics/genomics, molecular biology,

epidemiology, and toxicology.

Indeed, the accomplishment and maintenance of intersections between these

social worlds is a major analytic focus of this work. In Chapter 4, I demonstrate that new

genetic/genomic technologies and work objects, and the intersections that they both

constitute and are constituted by have been integral to the emergence of new forms of

scientific practice in the environmental health sciences. Each new tool (e.g., molecular

biomarkers, PCR, high throughput gene sequencing machines, ToxChips) facilitated the
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reorganization of environmental health research practices around a new work object (e.g.,

the molecular terrain of the human body, environmental response genes, human gene

expression). Therefore, I contend that in studying changing forms of disciplinarity in the

environmental health sciences, it is critical to attend to the ways in which new tools and

work objects materialize, concretize, and organize resources for new research practices

and relations of knowledge. However, at the same time, I reject a technological

determinist account of the emergence of molecular epidemiology, environmental

genomics, and toxicogenomics. Rather, I have emphasized the significance of the

institutional locations (and associated jurisdictional concerns) of these new practices,

their epistemological relationships with extant forms of knowledge production, and their

intersections with the heterogeneous service markets of the environmental health

sciences.

In Chapter 5, I demonstrate that the construction and stabilization of both

technologies and work objects are shaped by intersections between the social worlds of

scientific research and those of biomedicine, public health, and environmental health risk

assessment and regulation. For example, the constitution of “environmental

polymorphisms,” the signal work object of environmental genomics, is being achieved

through both the “basic” research of the Environmental Genome Project and the

“translational research” being undertaken in the Environmental Polymorphism Study.

The results of these initiatives, in turn, may be used to construct a role for environmental

polymorphisms in risk assessment and regulation, thereby securing a prestigious and

powerful service role for environmental genomics (or, given that very recent definitions

of toxicogenomics encompass environmental genomic concerns, for toxicogenomics).
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Related, I have explored the ways in which intersections between scientific social

worlds and the worlds of their intended “end-users” are facilitated by processes of

translation. Drawing on and extending both Actor Network Theory and Symbolic

Interactionist perspectives on technoscience, I define translation as the work of making

the tools, work objects, practices, and concepts of one social world apprehensible,

meaningful, and useful within another a social world.' My research demonstrates that

how translation is accomplished is shaped by the institutional locations and imperatives

of those on both “sides” of the translation.” For example, in the case of environmental

genomics, where clear boundaries between “science” and “politics” are important to the

scientists doing environmental genomic research, translation tends to occur in specialized

institutional niches and/or at carefully “staged intersections.” These locations

simultaneously facilitate intersections and maintain boundaries between participating

social worlds. In contrast, when a scientific practice is emerging in the context of its

applications, as in the case of toxicogenomics, there is a metonymy between the scientific

research and its translation, marked by the emergence of theory-methods-applications

packages. That is, as toxicogenomics is being developed as a science for applications in

the worlds of risk assessment and regulation, its emergence and its translation are co

constituting.

Throughout, this project has also taken up questions about the intersections

between “the old” and “the new.” Many of the concepts, tools, objects, and experimental

'As described by Star and Griesemer, boundary objects are “a means of translation” at the boundaries of
social worlds 1989: 393). I have detailed how several such boundary objects (“gene-environment
interaction”; the CEBS database; phenotypic anchors of gene expression profiles) serve as means of
translation among social worlds in the environmental health arena.
* As noted in chapter 1, my analysis of translation draws on insights from actor-network theory (ANT).
However, I incorporate symbolic interactionist critiques of ANT (e.g., Fujimura 1995; Star 1991) in
conceptualizing translation as a distributed and multi-directional process.
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systems of molecular epidemiology, environmental genomics, and toxicogenomics are

“(partially) new” forms (Rabinow 2000: 43) which are being brought into new relations

with each other (Messer-Davidow, Shumway, and Sylvan 1993). In Chapter 5, I advance

the concept of technologies of translation, such as the NCT's Chemical Effects in

Biological Systems database, a relational database which provides a mechanism for

establishing equivalences between the traditional grammars, objects, and practices of

toxicology and those of genomics. I also trace the ways in which new theories,

technologies, and work objects take up and incorporate extant ideas, tools, and

experimental systems. For example, I describe how phenotypic anchoring -- the process

through which microarray data is linked to traditional toxicological work objects (e.g.,

slides of toxicological effects in the National Toxicology Program archives) -- serves as a

central means through which toxicogenomics meets the challenge of simultaneously

grounding itself in extant standards and protocols and while promulgating new ones

(Timmermans and Berg 1997). Like the CEBS database, incorporation via phenotypic

anchoring is a technology of translation, establishing equivalences between “old” and

“new” modes of knowledge production in the environmental health sciences. However,

incorporation also links data to bodies, first to the animal bodies represented in the

National Toxicology Program archives and, through them, to the human bodies for which

they have served as proxies. In this way, microarray data begins to gain credibility as a

means of producing knowledge about human bodies.

In this research, I have described how molecular epidemiology, environmental

genomics, and toxicogenomics are shifting the gaze of the environmental health sciences

from animal models, measures of chemicals in the ambient environment, and
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phenomenological indicators of the effects of exposures, to the interior of the human

body and the effects of exposures at the molecular level. Thus, I have argued that

together, molecular epidemiology, environmental genomics, and toxicogenomics have

had the effect of bringing the environmental health sciences within the molecular regime

of truth in the life sciences (Foucault 1980: 131-133; Rose 2001). That is, they

reorganize the gaze of the environmental health sciences “their institutions, procedures,

instruments, spaces of operation and forms of capitalization” at the molecular level (Rose

2001: 13). Indeed, I have demonstrated that key institutions in the environmental health

arena, such as the National Institute of Environmental Health Sciences and the National

Toxicology Program, are contributing to the formation of a genetic/genomic

“bandwagon” (Fujimura 1996) in the environmental health sciences. Moreover, I have

argued that they participate in “the genomics revolution” not only because of their

enthusiasm for the advances it promises, but because they fear becoming “anachronistic”

or “irrelevant” to their service markets if they do not. Increasingly, in order to fully

participate in knowledge production in the contemporary life sciences (e.g., to receive

funding, to have access to technology and experimental systems, to find venues for

publication, to establish service roles), a discipline must participate in the discursive

practices of molecular biology, genetics and/or genomics. Thus are the environmental

health sciences themselves disciplined.

Theoretical Implications

This dissertation draws heavily on perspectives from symbolic interactionism and

on the writings of Foucault and his interlocutors. In this work, I move towards an
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integration of these two constructivist approaches (Clarke 1998: 269). Specifically, I

demonstrate in their mutual foci on ensembles of tools, work objects, statements, and

subjects and the negotiations which articulate their relationships to each other, how these

perspectives can productively be brought together in studies of disciplinarity and of

biomedicalization.

Disciplinarity

Each theoretical tradition brings a different and complementary set of strengths to

the analysis of disciplinary emergence. As Dugdale (1999: 115) notes, “if power is to

work, as Foucault (1979; 1980) points out, it has to appear in and constantly be

reorganized in the course of negotiations.” While SI offers approaches to the study of

such negotiations, Foucauldian perspectives call our attention to the working of power in

and through them.

Specifically, symbolic interactionist approaches offer critical analytic lenses for

examining the science as work and for delineating the co-construction of tools, work

objects, and scientific work practices. Indeed, this dissertation joins with other symbolic

interactionist studies of science, technology, and medicine (Baszanger 1998; Casper

1998; Clarke 1998; Clarke and Fujimura 1992; Fujimura 1996; Star 1989), in

demonstrating that studies of emerging disciplines must attend not only to scientific ideas

or theories, but also to the actual materials, practices, and objects of emergent forms of

scientific research. Emergent disciplines both constitute and are constituted by new tools,

work objects, and practices.
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Perspectives from Foucault and his interlocutors take the analysis a crucial step

further, by focusing analytic attention on the relationship among constellations of

semiotic and material entities and the constitution and governance of human subjects.

Indeed, if one accepts (however provisional and however inflected) Foucault’s argument

that power and knowledge are inextricable, simultaneous, and coconstituting

(power/knowledge), then studying the tools, objects, and knowledge producing practices

of new disciplines provides a incisive means for studying the materiality, processes and

consequences of disciplinarity.

Together these perspectives enable analysis of a full range of the productive

aspects of emergent scientific disciplines. Even as this dissertation documents the

emergence of new tools, work objects, and disciplines in the environmental health

sciences, it also highlights new categories of persons created in the emergent disciplines

of molecular epidemiology, environmental genomics, and toxicogenomics. As I

elaborate in Chapter 5, these are persons “genetically susceptible” to environmental

exposures, whether by virtue of inherited genetic variation or DNA damage caused by

previous exposures. Following Rose (2001), I understand the emergence of these new

categories of persons “at risk” as part of the emergence of a new form of “risk politics”

and emergent logic of control in the environmental health arena.

Biomedicalization

A second important point of convergence for symbolic interactionist and

Foucauldian perspectives in this dissertation lies in my analysis of the translations of

* “Between techniques of knowledge and strategies of power there is no exteriority, even if they have
specific roles and are linked together on the basis of their difference” (Foucault 1978: 98).
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molecular epidemiology, environmental genomics, and toxicogenomics for applications

in clinical medicine, public health, and environmental health risk assessment and

regulation. This dissertation makes a strong case for the import of studying the processes

and consequences of translation and makes advances in both areas. First, drawing

primarily on insights from symbolic interactionism, I have advanced the concepts of

technologies of translation and incorporation in order to account for how new, molecular

and genetic/genomic technologies and data are aligned with extant tools and work objects

and translated for use human studies, biomedical interventions, and environmental health

risk assessment and regulation. Building upon this analysis, I have used theoretical

perspectives on molecularization and risk politics to explore the biopolitical implications

of the intended translations of molecular epidemiology, environmental genomics, and

toxicogenomics.

Together, these perspectives highlight the “biomedicalization of life itself”

(Clarke 1998: 275). In her study of the reproductive health sciences, Clarke observed

that in order for the reproductive health sciences or their products “to be part of a wider

framework of social control, they need to be translated into biomedical applications”

(1998: 275). My analysis of the translation of molecular epidemiology, environmental

genomics, and toxicogenomics, supports this point. Biomedical applications, including

genetic tests, molecular therapies, and molecular biomonitoring tools, constitute both the

first and the most valued translations of these emerging disciplines.

However, my research also suggests that biomedical tools, work objects, and

concepts are themselves translated by scientists and administrators in the environmental

health sciences who want to molecularize environmental health risk assessment,
----
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regulation, and policy making. Therefore, this research suggests that molecular

epidemiology, environmental genomics, and toxicogenomics are “new variants of

biomedicalization that, in a quintessential Foucauldian sense, are no longer contained in

the hospital, clinic, or even within the doctor-patient relationship” (Clarke et al., 2003).

Related, I have demonstrated that the proposed shift to molecularized definitions of

“risk” itself represents a fundamental transformation in the logics of control for

environmental health risk assessment and regulation, “from enhanced control over

external nature (i.e., the world around us) to the harnessing and transformation of internal

nature (i.e., biological processes of human and nonhuman life forms)” (Clarke et al.,

2003: 164). In this way, in the environmental health arena, “the biomedicalization of

life itself” (Clarke 1998: 275) co-emerges with “the politics of life itself” (Rose 2001)

through risk politics.

Implications for Environmental Health Science, Policy and Politics

This dissertation offers an early analysis of the effects of disciplinary emergence

in the environmental health sciences. Molecular epidemiology, environmental genomics,

and toxicogenomics are still emerging and their translations are very much “works in

progress.” How these disciplines may change in their form, meaning, or effects in the

coming years cannot be known. Therefore, in discussing potential implications, I

anticipate possibilities based on their current trajectories, rather than posit any assured

pathways.

In the following pages, I consider the implications of emerging strategies of

molecularization and biopolitics for the wider arena of environmental health. However, I
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wish to do so without myself becoming an unreflexive part of the translation of the

molecular epidemiology, environmental genomics, and/or toxicogenomics. Therefore,

rather than reiterating the intended translations and applications of molecular

epidemiology, environmental genomics, and toxicogenomics in the worlds of clinical

medicine, public health, environmental health risk assessment, and regulation (which I

detail in Chapter 5), I focus instead on issues raised by molecularization, risk politics, and

“the politics of implication” (Casper and Christensen 2000).

Molecularization and Risk Politics

In this dissertation, I have described the new types of “risk” which are instantiated

in molecular epidemiological, environmental genomic, and toxicogenomic research and

the new forms of prevention and intervention which they make possible. Specifically,

after years of merely being “noise” in environmental health research, susceptibilities to

environmental exposures, which may result either from intrinsic genetic variations or

from damage caused by previous environmental exposures, are becoming central foci of

the environmental health sciences. Indeed, the environmental health sciences are

increasingly concerned with assessing such risks using quantitative, molecular

measurement strategies. Moreover, as I describe in Chapter 5, these measurements, in

turn, are transforming models of disease and strategies of disease prevention. These

include molecular biomonitoring and molecular therapeutics to “interrupt” trajectories

from environmental exposure to adverse health effects.

The refocusing and reorganizing of the environmental health sciences to the

molecular level is particularly striking in the arena of environmental health. The
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management of environmental health risks has heretofore focused largely on

measurement, monitoring, and control of the external, ambient environment. In contrast,

the molecularization of the environmental health sciences and the interventions and

regulatory approaches which they constitute focus instead within the human body.

Therefore, my argument is that molecular epidemiology, environmental genomics, and

toxicogenomics, along with the scientific, clinical, and regulatory practices that they

enable, constitute emergent forms of biopower.

As forms of biopower, molecular epidemiology, environmental genomics, and

toxicogenomics work in subtly different, but deeply interrelated ways. As I have

demonstrated throughout the dissertation, the disciplinary projects of molecular

epidemiology, environmental genomics, and toxicogenomics are normalizing projects par

excellence. Each seeks, through its own unique configuration of tools, objects, and

concepts, to define “normal” human bodies vis-à-vis their responses to the environment

and to identify, categorize, and manage people and/or populations “at risk.” Molecular

epidemiology has had a particularly central role in the emergence of new, molecular

forms of prevention and intervention, as it brings genetic/genomic concerns to research

and interventions with human populations and subjects. Moreover, together they greatly

expand the number and scope of the biological processes that are visualized at the

molecular level by the environmental health sciences and which, therefore, can be taken

up in environmental health risk assessment, regulation and litigation (Marchant 2000).

Thus, these emerging disciplines may transform the politics of the environmental health

a■ CIla.
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The Politics of Implication

To examine the politics of implications of emerging disciplines in the

environmental health sciences is to ask in what ways, if any, they affect “who gets to

know” and “who gets to care” about environmental health and illness. This approach

recognizes that “although many actors care deeply about environmental pollution and

risks to vulnerable bodies...not everybody has the resources and opportunities to act on

their concerns” (Casper and Christensen 2000: 93). As those resources and opportunities

are transformed, so too are the politics of implication in the environmental health arena.

As I described in Chapter 2, questions of how to identify and manage the risks

posed by environmental exposures have been the major focus of the environmental health

arena in the United States. The molecularization of the environmental health sciences

and the new biopolitics of environmental health have the potential to make significant

transformations in knowledge production, translation, and application in this arena. First,

if successful, this refocusing means that the tools that enable environmental health

sciences to visualize the molecular terrain of the human body are likely to become

increasingly central to the practices of environmental health science, medicine, risk

assessment, and regulation. These tools -- molecular biomarkers, high throughput gene

sequencers, DNA microarrays -- are expensive and their grammars and operation require

a high degree of scientific expertise. Therefore, the molecularization of the

environmental health sciences has the potential to extend the role of scientific expertise in

the environmental health arena, to the disadvantage of any participants who do not have

access to molecular scientific expertise.
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Moreover, as many of the molecular effects of environmental exposures precede

bodily experiences of distress or disease, the molecularization of the environmental

health sciences poses the possibility of the privileging of molecular measurements over

somatic experiences in defining and determining states of environmental health and

illness." As Lupton notes in her analysis of the public health applications of diagnostic

tests, “the ill or diseased body often no longer announces its condition in luridly visible

ways: pathology has become reduced to the invisible workings of cells, lymphocytes,

bacteria, and viruses” (1995: 92). In screening strategies based in molecular

epidemiology, environmental genomics, and toxicogenomics, pathology is further

reduced to the molecular level. Thus, genetic testing (e.g., for molecular biomarkers of

effect) could identify asymptomatic individuals as in the “preclinical” stages of an

environmentally associated illness. These individuals would then have to navigate the

space(s) between their own experience of their health and the predicted likelihood of

future illness, making difficult decisions about various pharmaceutical, lifestyle, and

behavioral strategies for averting clinical illness. Such navigations can be both

emotionally and physically challenging (Lupton 1995: 93). Moreover, the differential

resources available to individuals in responding to a diagnosis of preclinical illness may

themselves produce new forms of inequality, in processes of “biostratification” (Clarke et

al. 2003), as “the new genetics meets the old underclass” (Kelly 2003).

A related possibility is that social worlds of exposed or environmentally ill

persons and/or communities will themselves turn to environmental health scientists in

order to gain access to molecular genetic/genomic technologies and make their claims

“Such hierarchical orderings of knowledge and experience are already part of the realities of individuals
with multi-chemical sensitivities, “sick building” conditions, and other environmental “syndromes” poorly

270



using molecular grammars (Warhurst 2000). There are already examples of these sorts of

strategies being taken up by communities who might otherwise not be able to make

credible, scientific claims in the arena of environmental health. For example, in January

of 2000, the Agency for Toxic Substances and Disease Registry (ATSDR) reported on its

analysis of biologic samples given by 58 residents of Midway Village, in Daly City,

California (Pence 2000a-e). The ATSDR study was undertaken after a more than a

decade of activism by residents of Midway Village who allege that polynuclear aromatic

hydrocarbons (PAHs) in the soil beneath their housing project are responsible for the

nosebleeds, respiratory illnesses, nausea, rashes, infertility, memory loss, miscarriages,

and cancers they experience. The Midway Village residents who submitted samples for

analysis hoped that it would link the PAH exposure to their maladies, thereby

strengthening their claim that they’ve been damaged and made sick by the exposures and

should be relocated and compensated for their medical expenses (Pence, 2000a). The

ATSDR found a higher than “normal” level of chromosomal abnormalities and genetic

polymorphisms among 58 residents of Midway Village (Pence, 2000a; Pence, 2000b).

Scientific assessment of the report’s findings was cautious, not in the least because a

“normal” level of chromosomal abnormalities and genetic polymorphisms was never

defined in the report (Pence, 2000b). However, the initial political response to the report

was less equivocal. The U.S. EPA urged the state regulators to retest the soil around

Midway Village (Pence, 2000b). The district’s legislator requested that the state

Environmental Protection Agency’s Department of Toxic Substances Control convene to

take testimony from toxicologists and Midway Village residents and stated that his staff

would investigate the possibility of relocating residents (Pence, 2000b). At the time of

understood by science and poorly addressed by biomedicine (Kroll-Smith and Floyd 1997).

!". A
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this writing, relocation has not occurred. Nonetheless, Midway Village is cited by

environmental justice activists who are investigating the translation of molecular

biomarkers of exposure and for use in their efforts to reduce and/or eliminate

environmental exposures (field notes 2/2002; see also Warhurst 2000;

<http://www.pibiotech.org>).

The Midway Village case also suggests that in the next decade the environmental

health sciences may well be caught up in struggles between competing “regimes of truth”

or ways of producing knowledge about environmental health and illness. Specifically,

Cal EPA’s response to the molecular biomarker study at Midway Village was not to

continue testing on the residents to ascertain their health status, but rather to test the soil

in and around their housing (Pence 2000d). In 2001, Cal EPA announced that the

contaminant levels in the soil at Midway Village easily met the regulatory limits set to

protect human health (S13) and closed their investigation into the resident’s claims

(Pence 2000e). Here, the existing regulatory regime, focused on measurement and

monitoring of the external, ambient environment was affirmed over and against a

molecularized approach to ascertaining the risks of environmental exposures.

This process of adjudication of different modes of knowledge production is likely

to occur at the federal level, as well. In June 2002, the U.S. EPA’s Science Policy

Council issued its “Interim Policy on Genomics.” The Interim Policy states that while

genomics methodologies are expected to provide valuable insights for
evaluating how environmental stressors affect cellular/tissue functions and
how changes in gene expression may relate to adverse effects....the
relationships between changes in gene expression and adverse effects are
unclear at this time and may be difficult to elucidate (EPA 2002: 2).
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Therefore, the EPA is prepared to use genomic data only as part of a “weight of evidence

approach” for human and ecological health assessments as “...at this time, these data

alone are insufficient as a basis for decisions.” According to the Interim Policy, EPA

“believes that genomics will ultimately improve the quality of information used in the

95 &grisk assessment process,” “encourages further research” and “is working with other

Federal, state, and Tribal organizations, as well as with academic, international, and

industry groups to facilitate scientifically sound applications of genomics data.”

However, at this moment in time, genomic data must work with other forms of data in a

“weight of evidence” approach to environmental health risk assessment (EPA 2002).

The Interim Policy at EPA highlights the still emergent and deeply contingent

character of the molecularization of the environmental health sciences. This is significant

for “the politics of implication” as it suggests that there are opportunities for shaping the

emergence of genetic/genomic disciplines and biopolitics in the environmental health

arena. As I have noted, there are substantial epistemological, institutional, and political

motivations supporting the reconfiguration of environmental health research and practice

at the molecular level. However, at the same time, the emergence of molecular

epidemiology, environmental genomics, and toxicogenomics is dependent upon the

continued investiture and participation of environmental health scientists, environmental

health institutions, and the service markets for their research. Indeed, the case of

environmental genomics supports my contention that institutional sponsorship of a new

field of environmental health sciences is pivotal to its emergence (or not) as a discipline.

Moreover, as noted earlier, the distribution of molecular technologies, work objects, and

experimental systems is very much still in process. Indeed, in many interviews,
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respondents answered my questions about access to emerging technologies in terms of

what university research centers or individual researchers might do in order to improve

their access to molecular technologies. These responses also point to the emergent nature

of the molecular regime of truth in the environmental health sciences.

Directions for Future Research

This dissertation has examined the emergence of new tools, work objects, and

disciplines in the environmental health sciences, the translations of these new objects and

practices in the environmental health arena, and their very early effects within the arena

of environmental health. Because of the emergent and contingent nature of the

disciplinary emergence in the environmental health sciences, each of these analytic foci

suggests a direction for future research.

First, future research ought to attend to the ongoing careers of molecular

biomarkers, gene sequencers, and ToxChips in the environmental health sciences and

beyond. As discussed above, I am particularly interested in issues of access to these tools

and in what ways, if any, they are distributed beyond the social worlds of scientific,

biomedical, and regulatory practice. Likewise, I am interested in their effects on the

politics of expertise in the environmental health arena. For example, will molecular

genetic/genomic tools be successfully taken up by environmental health and

environmental justice activists in their struggles with industry and with government?

Related, will these tools be used in any unexpected or unintended ways? Research in

science, technology, and medicine studies has demonstrated that most tools are “flexible”

in their meanings (Pinch and Bijker 1990). The flexibility and (re)interpretability of
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molecular biomarkers, environmental polymorphisms, and DNA microarray chips bears

further consideration.

Second, the careers of the new work objects that both constitute and are

constituted by molecular epidemiology, environmental genomics, and toxicogenomics

merit further research. Specifically, I am interested in the future instantiations and

meanings of “the molecular terrain” of the human body, environmental response genes,

and gene expression profiles for the environmental health sciences. Likewise, I am

interested in following their future meanings and applications in the service markets of

the environmental health sciences: clinical medicine, public health, and environmental

health risk assessment and regulation. As I have described in this dissertation, at this

moment in time, claims about the role of these work objects for clinical medicine, public

health, and environmental health risk assessment and regulation are reorganizing

environmental health research agendas and shaping strategies and technologies of

translation. However, they have not yet reorganized practices in their intended service

markets. Whether or not advocates of these new work objects will be successful in

establishing their translations and applications and with what consequences for the

environmental health arena are all areas that deserve future research.

Third, if/when they emerge, challenges to the tools, work objects, or conceptual

frameworks of molecular epidemiology, environmental genomics, and toxicogenomics

will be fruitful areas for future analyses. For example, any struggles regarding the

relative legitimacy of “old” and “new” work objects and/or associated practices in the

environmental health sciences could provide important vistas into what all is at stake in

the emergence of molecular genetic/genomic work objects in the arena of environmental
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health. Controversies in the environmental health arena which incorporate

genetic/genomic tools or work objects would also provide a means of investigating the

potential of risk politics to transform ongoing political contests in the environmental

health arena or to instantiate new ones. I am particularly interested in whether

genetic/genomic tools and work objects will be deployed in political struggles about the

amelioration and clean-up of Super Fund sites. These are locations which have been

identified as health hazards based on measures of toxic substances in the ambient

environment (whether in air, soil, or water). Therefore, they may provide early

indications as to the relationship(s) between emergent internal/molecular strategies and

the extant, externally-focused logics of control in environmental health regulation.

Fourth, if the molecularization of the environmental health science continues,

future research ought to investigate its effects in, on and through environmental health

science institutions, such as the National Institute of Environmental Health Sciences. The

NIEHS is a primary site for the production of environmental genetic/genomic tools, work

objects, and practices. Likewise, it is heavily invested in their translation. The case of

environmental genomics highlights the importance of NIEHS sponsorship in fostering

disciplinary emergence in the environmental health sciences. Therefore, the NIEHS is a

key site for examining the future of genetic/genomic strategies in the environmental

health sciences.

Institutions such as the NIEHS will also be important sites for studying

alternatives to molecularization in the environmental health sciences. At the NIEHS, it is

possible to discern movements both towards further molecularization and towards

“higher levels of analysis” (NIH 2000). For example, even as it fosters the emergence of
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genetic and genomic tools, work objects and practices in the environmental health *2

sciences, the NIEHS has been working on broadening its conceptualization of “the
*

environment” to include not only toxicants (e.g., environmental chemicals), but also

“stressors” widely defined. These include social inequality, noise, stress, the built

environment, and environmental racism. Thus, even as the NIEHS directs the gaze of the

environmental health sciences to the molecular level, it is also expanding its focus to the

social environment. Currently, these two expansion efforts at the NIEHS exist in separate

“silos.” Therefore, I am interested in following the development of both of these

initiatives and in determining whether, or to what extent, they are brought into
/... ■ .

intersection with each other. How such an intersection might be accomplished, and with ~ ||
A f .

what consequences, pose additional, provocative questions. For example, recent º
---

definitions of toxicogenomics coming out of the NIEHS National Center for 12 º'
sº

Toxicogenomics emphasize that toxicogenomics is the study of genomic responses to **

---

environmental stressors. This raises the question of whether the NIEHS will attempt to --> --

7. /*
-

use toxicogenomics to study environmental stressors other than toxicants. Moreover, if ■ º7 .

this occurs, the translation of this research to the service markets of the NIEHS is yet R_*

another important topic for future research. --
! --

Another possibility worthy of investigation, of course, is that two (or more) º
> -

ontologies of environmental health will simply exist alongside each other. As Mol ------

(1999) has demonstrated, categories and ways of knowing health and illness are often 7\!

- - - -
* / .

multiple. As such, they pose four, key questions: “Where are the options? What is at º† -

//
stake? Are there really options? How should we choose?” (Mol 1999: 79). These -*--

L

o -º

-r- i.

---
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questions can serve as a guide for research on the continuing emergence of new forms of

disciplinarity in the environmental health sciences.

Finally, I contend that questions about biosociality (Rabinow 1992/1996) and

somatic individualism (Novas and Rose 2000) ought to be addressed in future research on

environmental health issues. As noted by Rabinow (1992/1996: 100), the emergence of

new forms of risk also raises the possibility of the deconstruction and reconstruction of

both individual and group subjects. These new subjects may reorganize myriad social

relations and practices, beginning in but not limited to the environmental health arena.

Clearly, molecular epidemiology, environmental genomics, and toxicogenomics, both

individually and taken together, support the emergence of “somatic individualism”

(Novas and Rose 2000). For example, the discourses surrounding the Environmental

Genome Project and aspects of National Center for Toxicogenomics research emphasize

the identification of susceptible individuals and populations who might “choose” to take

“additional measures” to prevent development environmentally associated diseases.

These individuals would be identified and monitored using the tools of molecular

epidemiology.” However, at this time, such strategies are still in their earliest stages of

emergence. Thus, these issues can be raised, but they cannot yet be adequately

addressed. For example, it is still unknown whether the “genetically susceptible”

individuals and subpopulations being constituted in molecular epidemiology,

environmental genomics, and toxicogenomics will become socially meaningful

categories. Likewise, there have not yet been any analyses of the lived experience of

* In their analysis of the endocrine disruptor debate, Casper and Christensen (2000), raise the disturbing
possibility that some individuals might be identified as “beyond repair.” I have never heard this category
discussed by environmental health scientists. Rather, their focus seems firmly fixed on molecular strategies
of disease prevention and treatment.
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being identified as a carrier of “environmental disease susceptibility genes” or of

“environmental susceptibility as a result of damage caused by previous exposures.” As

such, it is also impossible to know in what ways these forms of subjectivity may

eventually become meaningful bases for social organization and action in the

environmental health arena.

Related, in what ways, if any, emergent biosocial individual and group identities

join with, cross cut, partially supersede, become grounds for contest over, and perhaps

eventually redefine older categories of “bio-identity,” such as gender, race, class, and

age, is an important area for future research. Already, the history of environmental

genetics is rich with constructions of human bodies and their susceptibilities which both

confound and reify dominant sociocultural constructions of gender and race (Calabrese

1984; Gilliand, 1997; Jensen 1962; Kalow 1991, 1993; Renwick 1996; Sexton 1997).

Environmental health and environmental justice activists are very concerned with this

focus of genetic/genomic research in the environmental health sciences and its potential

to “naturalize” racial/ethnic disparities in environmentally associated illnesses (WE ACT

2002). This is a particular concern given the extensive racial/ethnic disparities in

environmental exposures.” Thus, the development of these lines of research, struggles

over their meanings, and their consequences for the arena of environmental health ought

to be followed closely over the coming decades."

Finally, future research should attend to the consequences of the molecularization

of the environmental health sciences for the relationships among states and their citizens.

* For an excellent review of the empirical literature on these disparities, see (Brown, 1995).
'Speaking at the WE ACT conference in 2002, Ken Olden, then the director of the NIEHS articulated a
commitment to eliminating “disparities in access to cures, technology, prevention, and a safe and healthy

*

*
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As I have demonstrated, molecular epidemiology, environmental genomics, and º
_º |

toxicogenomics have the potential to reshape the social meaning of both environmental > ºr
º

and genetic “risk.” As such, they have the potential to reconfigure categories of º

-

* I

“biological citizenship,” with consequences for both attributions of responsibility for
• * *

/r
environmental health and illness and the provision of services to those who develop

-

º

environmentally associated diseases (Petryna 2002). If such reconfigurations occur, * -

future research must move beyond the environmental health sciences and their

translations to consider their effects in, on, and through the lived experiences of

- - - - - - - - - -
■ º

individuals and communities exposed to environmental chemicals where we live, work,
tº-1.

and play. ~.
...”

environment” at the same time that he touted the role of environmental genomics in closing racial/ethnic º
disparities in health and illness.

-
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