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Chapterr 1: The problem 
ƒƒ rose and cast my rested eyes around me, 

GazingGazing intent to satisfy my wonder 
ConcerningConcerning the strange place wherein I found me. 

Inferno,, IV:4-6,1st Circle, Limbo. 

11 Assessing chemical hazards: science and politics 
Industrialisedd societies produce and process hundreds of thousands of 
differentt chemical substances.1 They mine ore, burn petrol, produce plastics, 
transportt paint, spray pesticides, discharge effluents, or manufacture 
foodstuffs.. Some of these substances are extracted from natural sources; 
otherss never existed before people created them. Some circulate in millions of 
tonnes,, some exist only in minute quantities in laboratories, and others only 
existt on the drawing boards of the chemical industry - and may never be 
producedd at all. Most of these substances could cause adverse environmental 
effectss if their circulation throughout the world was not somehow restricted. 
Miningg ore can produce highly toxic effluents, oil spills cause environmental 
disasters,, pesticides can kil l beneficial organisms as well as pests, and even a 
sizeablee discharge of milk2 can destroy most life in a stream. 

Pressedd by environmental disasters, concerned scientists, and 
demandss of environmental activism, the governments of industrialised 
countriess have looked for ways to restrict this circulation of chemicals, while 
tryingg not to stifle the economy unnecessarily. Complex and highly specialised 
regulatoryy agencies have been set up to implement pollution control policies 
andd make decisions in light of economic and environmental goals, which often 
seemedd to present irresolvable tensions. Over the last couple of decades, 
pollutionn control policy has been the scene of fierce disagreements over how 
suchh potentially conflicting goals should be balanced, or over what form 
restrictionss should take. One element in pollution control policy - and one of 

Thee European Inventory of Existing Commercial Chemical Substances 
(EINECS)) contains over 100.000 chemicals (SilverPlatter and the Office for Official 
Publicationss of the European Communities, EINECS-Plus, and Tukker, Frames in 
thethe Toxicity Controversy, pp. 2, n. 1, p. 89-90, for detailed overviews). These are 
commerciallyy available substances only, as most substances used exclusively in 
researchh are exempt from notification to such registries. Other international 
directoriess list more than double the number, such as the 225.000 in the 
CHEMLIST,, part of the authoritative CAS inventory of the American Chemical 
Societyy (American Chemical Society, CHEMLIST - the Regulated Chemicals 
Listing). Listing). 

22 As described in Hawkins, Environment and Enforcement. 
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thee most contentious ones - is the assessment of the actual environmental 
hazardss of chemicals. Before deciding to take action against a profitable 
chemical,, one would want to know what its adverse effects actually are. For an 
answerr to this question, regulatory agencies have turned to science. 

Sciencee has proven to be a capricious adviser of regulatory policy. 
Often,, regulatory agencies do not get the kind of answer they desire. Scientists 
mayy point to uncertainties, incomplete records, lack of information, or - a 
classicc - a need for more research. Furthermore, they may indicate that the 
definitionn of 'hazard' is not a purely scientific matter. They may indicate that 
decisionn makers need to define exactly what it is they want to protect: specific 
speciess of wildlife, species variety, human health, or even the health of specific 
groups,, such as particularly vulnerable or particularly vociferous citizens... To 
makee things even more complex, expert advisers do not always agree, for 
examplee as they bring to bear different bodies of professional knowledge. 
Science,, as government, is not the monolithic institution it is sometimes made 
outt to be. And even if policy makers act on the basis of what they believe to be 
thee best and most complete scientific knowledge available, their constituencies 
mayy still not be convinced.3 

Sincee their creation, regulatory agencies have been struggling with how 
too use expert knowledge and how to organise a working division of labour 
betweenn experts and policy makers.4 While making an actual decision on the 
regulatoryy status of a chemical, regulatory actors perform a particular kind of 
activityy that we can call 'boundary work'.5 Boundary work negotiates and 
createss divisions of labour between social worlds, in this case in the context of 
thee regulatory decision-making process. One type of boundary work occurs 
betweenn the experts and the policy makers in regulatory agencies 
('regulators')-- It distributes what will be considered the domain of science and 

33 Halffman, "Standardisation as a Trust Device". Similarly, environmental 
movementss have had to learn that science is not always on 'their side', see Yearley, 
TheThe Green Case, p. 113 et seq. 

44 Jasanoff, The Fifth Branch; Jasanoff, "Science, Politics, and the Negotiation of 
Expertisee at EPA"; Bal, Grenzenwerk. 

55 See the work of Tom Gieryn for the development of this concept (Gieryn, 
"Relativist/Constructivistt Programmes in the Sociology of Science"; "Boundary-
Workk and the Demarcation of Science from Non-Science"; "Boundaries of 
Science";; Cultural Boundaries of Science; Gieryn, Bevins, and Zehr, 
"Professionalisationn of American Scientists"), and further elaborations in, for 
example,, symbolic interactionism in Science and Technology Studies (e.g. Star and 
Griesemer,, "Institutional Ecology, Translations', and Boundary Objects"; or 
Fujimura,, "Crafting Science"), or in studies of division of labour in relation to 
variouss research fields (Bal, Grenzenwerk; Derksen, Wij Psychologen; Koenis, 
TussenTussen Marge en Professie; De Wilde, Discipline en Legende; Amsterdamska, 
"Makingg Epidemiology a Science"). 
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whatt the domain of policy, to what extent and how the two should be 
distinguishedd in the first place, while simultaneously it negotiates the 
conditionss for interaction between expertise and policy. This type of boundary 
workk occurs when policy makers and expert advisers negotiate the conditions 
off  their complex mutual interactions. 

AA second type of boundary work occurs when fields of knowledge 
relevantt for regulatory purposes are identified and demarcated. What kind of 
knowledgee will be considered pertinent for the decision-making process? 
Whatt kind of competing claims wil l be put aside, for example as being 
'unscientific',, 'purely academic', or 'impractical'. Thus, this second type of 
boundaryy work negotiates the division of labour between the knowledge that 
iss considered directly relevant for regulatory decision making and the 
knowledgee that is not. Scientists are prominent actors in this boundary work, 
ass they compete for positions as experts, i.e. not just as research scientists, but 
ass scientists that provide knowledge for the regulatory decision-making 
process.. I will show that, when two fields of expertise compete for such 
positions,, this boundary work extends to the very definition of these fields of 
knowledge:: what belongs to 'our' domain of expertise and what is 'theirs', the 
otherr scientific field. This boundary thus negotiates the division of labour 
betweenn fields of expertise and hence the division of expert labour.6 

Thesee divisions of labour are not reinvented anew for every chemical 
thatt passes through the decision-making process (although they may have to be 
re-elaboratedd according to the idiosyncrasies of a particular chemical and its 
advocates).. As regulatory decision making develops and regulatory agencies 
devisee and routinise strategies for handling the process, the boundary work 
becomess routinised also. It is embedded in organisational structures, in 
decision-makingg protocols, in standardised testing procedures, or even in the 
distributionn of expert reputations. The division of labour between science and 
policy,, and between different fields of expertise, then acquires structural 
characteristics.. The boundary work results in institutionalised boundaries. 

ThisThis dissertation examines the creation and institutionalisation of these 
twotwo boundary types of regulatory science: the boundaries between 'science' 
andand 'policy' and those between competing fields of regulatory expertise. The 
aimaim of the study is to show how these boundaries have a tendency to develop in 
specificspecific configurations in the context of particular political and scientific 
(institutional)(institutional) settings; configurations that can be described and compared 
betweenbetween these different regulatory settings. More specifically, the study looks at 
thethe regulation of chemical hazards to aquatic wildlife in the Netherlands, 
England,England,77 and the United States, between 1970 and 1995. It focuses on two 

66 Abbott, "The Future of Professions". 
77 Some regulatory programmes in the UK are decentralised, some operate on a 

nationall  level. There are, of course, considerable institutional and legal differences 
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fieldsfields of expertise that have been involved in extensive boundary work over 
regulatoryregulatory knowledge claims in this area: ecology and environmental 
toxicology.toxicology.8 8 

Thee relevance of this focus lies in the fact that these two boundaries are 
cruciall  for staging the way our societies deal with the regulation of pollution 
andd the political conflicts that come with it. By means of impressive amounts 
off  scientific research, governments and their regulatory agencies have tried to 
tamee pollution hazards as well as societal conflict over them. Generally, they 
havee chosen to fine-tune the amount of environmental hazards that can be 
allowed,, attempting to balance the gains and losses of the human circulation 
off  chemicals and to pacify the environmentalist critique of industrial society. 
Boundariess of regulatory science help to structure this process in various 
ways. . 

First,, the boundaries of regulatory science structure the access of various 
regulatoryy actors to parts of the decision-making process. They define some 
issuess as the domain of experts only, potentially excluding those who lack the 
credentialss or resources to participate. This has considerable consequences for 
regulatoryy decision making. For example, access to environmental science is 
distributedd unevenly between regulatory actors. Although it is not uncommon 
forr environmental scientists to side with less resourceful environmental NGOs, 
thiss volunteer science does not compare with the enormous scientific and 
technicall  resources available to the major chemical industries. In some cases of 
regulatoryy policy, this pattern of in- and exclusion has been downplayed, for 
examplee as the importance of lay knowledge is stressed or as the public 
availabilityy of scientific knowledge of pollution effects has been increased. In 

betweenn England and, for example, Schotland. My analysis applies to England, even 
thoughh in some cases there may be mention of the UK (for example, in case of 
negotiationss between the European Commission and the UK government). 

88 I have chosen to focus on hazards to aquatic wildlif e because these hazards have 
alwayss played a prominent role in regulatory assessments. The large majority of 
criteriaa used for assessing effects on non-human biota are based on hazards to fish 
andd other aquatic organisms. This is justified in the regulatory world by the fact that 
thee major part of polluting chemicals ends up in surface water, as run-off or 
effluents,, via which they can cause considerable harm to the rest of the natural 
environment,, as well as human health. Historically, water pollution is also one of 
thee first areas of pollution control to develop. I have chosen 1970 as a point of 
departure,, since the early seventies marked the beginning of the institutionalisation 
off  pollution control in the countries studied. England, the Netherlands, and the US 
providee both interesting points of comparison with respect to different approaches to 
regulationn as well as with respect to traditions in ecology and environmental 
toxicology,, as will become obvious in later chapters. Ending around 1995 was more 
off  a practical constraint, as it proved simply impossible to keep up with the 
continuouss developments in the extremely complex world of chemical regulation. 
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otherr cases, the boundary of what is science and what politics has been drawn 
inn ways to exclude some actors, typically (but not exclusively) environmental 
NGOs. . 

Secondly,, boundaries of regulatory science also structure which 
knowledgee will be considered relevant for decision making, thus constructing 
thee 'problem of pollution' in particular ways. Routinised boundaries structure 
whichh arguments and data wil l be considered in decision making and which 
wil ll  be discarded. They structure how knowledge from competing fields of 
expertise,, like ecology and environmental toxicology, will be dealt with. 
Fundamentall  assumptions or key cognitive devices (e.g. metaphors) of various 
environmentall  sciences (the nature of 'nature', the belief in the controllability 
off  the environment, reductionism versus holism, the identification of most 
salientt environmental effects) may thus feed into policy programmes.9 Thus, 
environmentall  sciences help to define and constitute what counts as 
'pollution',, what counts as 'real' environmental hazards, as well as help to 
frameframe potential solution strategies.10 To understand the outcomes of the 
science/policyy boundary work is therefore one essential element of 
understandingg why societies have tried to deal with pollution problems in the 
particularr ways that they have. 

Thirdly,, boundaries of regulatory science structure how scientific 
knowledgee will be brought to bare on the policy process, the weight adhered to 
it,, how 'hard' it will be considered to be when confronted with economic or 
legall  arguments, and whether or not this knowledge will be used successfully in 
problemss into something manageable for the policy process (and vice-versa).11 

Thus,, boundaries structure the accommodation processes between uncertain 
knowledgee and policy makers in need of practical advice. This gives rise to the 
ambivalencess of uncertain science presented as objective knowledge claims by 
policyy makers, or of politically loaded decisions presented as merely technical 
detaill  by the experts. The institutionalised boundaries of regulatory science help 
too reproduce particular styles of handling such problems, and thus particular 
approachess to environmental decision making.12 

However,, in theoretical terms, the ambitions of this project extend 
beyondd the topic of environmental regulation. Environmental decision making 
iss but one locus for researching the way political and scientific practices are 
bound,, albeit a particularly interesting one. In terms of classical sociological 

99 Hajer, The Politics of Environmental Discourse; Kwa, Mimicking Nature; Kwa, 
"Thee Rise and Fall of Weather Modification"; Harre, Brockmeier, and 
Muehlhaeusler,, eds., Greenspeak. 

100 E.g. Tukker's analysis of the particular frame that is embodied in toxicity 
evaluationn models, see Tukker, Frames in the Toxicity Controversy, p. 91 et seq. 

1'' Hisschemöller and Hoppe, "Coping with Intractable Controversies". 
122 Bal, Grenzenwert, Renn, "Styles of Using Scientific Expertise"; Hoppe, Van 

FlipperkastFlipperkast naar Grensverkeer. 
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theory,, the bounding of science from other institutions in society, and 
especiallyy the demarcation of scientific rationality from political or normative 
practices,, has been an important issue.13 On the one hand, differentiation 
theoriess have stressed the separation of society into (more or less, depending on 
thee author) autonomous institutions, drawing strict demarcations between 
scientificc rationality and political practices. On the other hand, critical theory 
hass tried to show the intrusion of scientific rationality into the policy realms, 
forr example as part of a critique of 'technocracy', or the intrusion of mundane 
(economic,, political, ideological) interests into science. Critical theory thus 
exposedd the imagery of autonomous spheres as a 'false consciousness', as an 
ideologicall  misrepresentation of science's inherent dependencies on capitalism 
or,, inversely, of politics/society/life on scientific/technical rationality.14 

Inn one form or another, these modernist schools of thought assumed 
somee form of institutionalised division of labour between science and other 
societall  institutions. This division of labour needed to be criticised and exposed 
ass false, or was praised and protected as the cornerstone of a free society.15 

Whatt joined both critical and celebratory views of this division of labour, was 
thee idea of clear-cut criteria for what is and is not (good) science. Later, more 
post-modernn thinking, questioned the very existence of such criteria, together 
withh the existence of a division of labour and the value of the social theory that 
hadd produced these accounts. The imagery of a society neatly differentiated in 
separatee institutional 'cages' was replaced with the metaphor of the 
(heterogeneous)) network.16 In this new metaphor, 'science' and 'politics' were 
littl ee more than ex-post constructs, modernist Big Stories about a society that 
hadd long since moved on to much more complex forms of organisation; 
societiess that may never even have been modern in the first place.17 

Inn various ways, constructivist Science and Technology Studies (STS) 
havee spearheaded the critical deconstruction of the notion of science separated 
fromfrom 'the rest of society'. Laboratory studies have shown that laboratory 

133 E.g. Mannheim, Ideology and Utopia; Merton, The Sociology of Science; 
Merton,, Science and Technology in 17th Century England; Parsons, The Social 
System;System; Luhmann, Die Wissenschaft der Gesellschaft. 

E.g.. the creation of 'one dimensionality' by an invasion of the instrumental 
rationalityy of science, as described and criticised by the Frankfurt School (Marcuse, 
OneOne Dimensional Man, pp. 144-69, Ch.6; Aronowitz, Science as Power, pp. 121-68) 
orr the intrusion into technoscience of concerns of production, managerial control, or 
militaristicc imperialism (Rose and Rose, eds., The Political Economy of Science; 
Noble,, "Social Choice in Machine Design"). 

Popper,, The Open Society and Its Enemies; Merton, "Science and the Social 
Order""  - original publication dates not coincidentally during World War II. 

Deleuzee and Guatarri, Rizoom; Latour, Les Microbes, p. spec. Irréductions. 
Lyotard,, Het Postmoderne Weten; Latour, Nous N'avons Jamais Étés Modernes; 

Latour,, Science in Action; Law, Organising Modernity. 
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practicee is a much more mundane, tinkering activity than its stylised 
presentationn in the eventual research articles, in scientific textbooks, in 
positivistt philosophies of science, or in the media would suggest.18 Studies that 
havee looked at laboratory reasoning in wider context have shown how mundane 
considerationss of funding, publishing or career opportunities need to be 
coordinatedd with choices of experimental work.1 Studies analysing the 
rhetoricall  and social means used by scientists in controversies have stressed 
thatt these strategies have very littl e to do with the way scientific reasoning is 
presentedd in the 'standard view of scientific knowledge'.20 By looking at the 
practicess of science empirically and in great detail, constructivists have showed 
thatt every essentialist criterion for demarcating science from other practices or 
formss of life evaporates under closer inspection. 

Andd yet we roughly seem to know when we are 'doing science' and 
whenn we are not. We get upset when fundamentalist Christians impose 
creationismm on education; when governments doctor data to let polluting 
airportss expand further than they should; when industrial interests start to 
dominatee fields of knowledge with an eye on wealthy consumers only. Science 
mayy be a mundane activity, but apparently there are some mundane concerns 
thatt we would rather not see interfering in laboratories. Even if we use the post-
modernn topology of seamless networks for our own research, we act as if these 
seamss were still there and will defend them if our own 'scientific autonomy' is 
restricted.. So are there boundaries around science or are there not? We seem to 
actt as if there are such boundaries, but then why do they seem to evaporate as 
soonn as we start digging for their roots? 

Too apply this to the case at hand: in constituting the regulation of 
chemicals,, science and politics, power and knowledge, or fact and value may 
bee mixed and intertwined, but these contingent demarcations do not mean that 
suchh terms do not play a crucial role in regulatory decision making. In 
pollutionn policy, the process of regulatory decision making is typically 
organisedd around a specific claim about the division of labour between policy 
makerss and experts. Experts are said to gather the facts about the potential 
hazardss of chemicals and policy makers are said to weigh these facts against 
thee cost of pollution reduction measures. This allows the mobilisation of a 
powerfull  combination of legitimating discourses: 'science' provides objective 
knowledge,, untainted by political or economic interests; and 'politics' 

188 E.g. Knorr-Cetina, The Manufacture of Knowledge; Latour and Woolgar, 
LaboratoryLaboratory Life. 

199 E.g. Fujimura, "Constructing 'Do-Able' Problems"; Fujimura, "The Molecular 
Bandwagonn in Cancer Research"; Traweek, Beamtimes and Lifetimes. 

200 Mulkay, Science and the Sociology of Knowledge; Pickering, "Constraints on 
Controversy";; Pinch, "The Sun-Set"; Collins, Changing Order; Collins and Pinch, 
TheThe Golem; Mulkay, Potter, and Yearley, "Why an Analysis of Scientific Discourse 
iss Needed"; Gilbert and Mulkay, Opening Pandora's Box. 
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providess choice in light of the common good, as guaranteed by a democratic 
state.. In one way or another, all policy for the environmental regulation of 
chemicalss relies on some form of division of labour between science and 
politics.. This division of labour is, in fact, a key element in the production of 
environmentall  regulation. 

Onee example of how this division of labour has been framed is the 
oppositionn between 'risk assessment' and 'risk management'. Risk assessment 
iss defined as the task to identify and measure the actual extent of risk, for 
examplee from a pollutant. It is considered the domain of science (in some 
versions:: provided political actors have defined the problem). Risk 
managementt is defined as the process of deciding on risk reduction measures, 
basedd on the measurement of the risk provided by science. It is considered the 
domainn of politics (and in practice, a mandated bureaucracy). The sharp 
distinctionn between the two domains of regulatory policy was produced in the 
veryy specific context of American regulatory conflicts around 1983, but the 
termss have become popular in regulatory circles elsewhere as well.21 

'Radical'' constructivists22 have argued that such a sharp distinction 
cannott be made, that any attempt to separate 'science' from 'politics' is 
doomedd to fail. They have reasoned that there is no consensus over the 
ultimatee criterion to separate 'science' from 'politics' or, even if there was, 
thatt there would always be reason for disagreement on how such a criterion 
shouldd be applied. Problems in regulatory policy are then partly attributed to 
thee miscomprehension of lacking criteria to separate science and politics by 
regulatoryy actors. One camp opposing this constructivist position has argued 
thatt the distinction between science and politics should not be given up, but 
thatt it should be refined. Problems in regulatory policy are then partly 
attributedd to the failure of regulatory actors to properly separate facts and 
valuess in regulatory discourse.23 

Thiss study follows the proposal of Tom Gieryn: if it is not possible to 
demarcatee science from other activities on the basis essentialist criteria (see 20 
yearss of constructivist STS research), then we should look at boundaries of 
sciencee more empirically, i.e.: try to understand how scientists and other actors 
draww and maintain some forms of boundaries around science regardless.24 From 
aa theoretical point of view, this book tries to contribute a piece to this puzzle. It 
analysess how boundaries are drawn and maintained in regulatory science, as 

211 Jasanoff, "Bridging the Two Cultures of Risk Analysis"; National Research 
Council,, Risk Assessment in the Federal Government. 

Hagendijk,, Wetenschap, Constructivisme en Cultuur, p. 87 et seq. 
233 Cf. Discussions in Von Schomberg, ed., Contested Technology; Van 

Zwanenbergg and Millstone, "Beyond Sceptical Relativism". I will return to the 
subjectt later. 

244 Gieryn, "Boundaries of Science". 
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onee particular case, in order to understand what science's boundaries are made 
of,, how they are constructed, reproduced, institutionalised, how they vary, and 
howw different contexts push boundaries in different directions. It tries not to 
assumee essentialist criteria for the demarcation of science, but to study 
boundariess as they are drawn and routinised by actors involved. 

Myy approach to this problem in regulatory decision making will 
thereforee be to study regulatory boundaries as they are drawn by a wide range 
off  regulatory actors, focusing on scientists and policy makers. These actors 
mayy be 'wrong' or 'misguided' according to some, but the work of producing 
regulatoryy decisions is based on assumptions of differences between science 
andd politics and is publicly defended in these terms. In addition, the process of 
regulatoryy decision making is organised around such boundaries, producing 
fuzzyy and ambivalent, but nevertheless recurrent patterns in the division of 
labour.255 As regulatory decision making routinises, so does this boundary, this 
combinationn of demarcation-cum-cooperation between experts and policy 
makers. . 

II  wil l discuss these theoretical issues in much more detail in the next 
chapter.. There is a lot more to be said about the opposing traditions of thought 
onn the demarcation of science and on the way we can conceptualise non-
essentialistt boundaries. In the rest of this introduction, I would like to clarify 
andd specify the empirical issues of this study. I will start with a discussion of 
thee research design, which will allow us to further refine the research 
questions. . 

22 The approach 
Thee regulation of chemicals, and indeed environmental regulation more 
generally,, has proven to be a tough case for social science research. In several 
respects,, chemical hazard regulation has become an extremely complex policy 
domain.. The regulations covering environmental hazards of chemicals are 
technicall  and hard to understand for an outsider. Even for people working in 
thee regulatory world, detailed knowledge of regulatory frameworks for more 
thann one specific domain in more than one or two specific countries is rare. 
Multinationall  chemical companies have set up specialised sections of 
regulatoryy experts, whose task it is to deal with application or notification 
proceduress in various countries. The knowledge and overview of regulatory 
decisionn making in these sections often exceeds that of policy makers, but is 
alsoo shielded off as a valuable company asset. In addition, the regulatory world 
iss full of coordinating agencies, international industrial or scientific 
associations,, sections and subsections of advisory bodies, national and sub-

255 This means that I will try to avoid drawing such a boundary myself. Where I use 
'science'' and 'politics', I use them as used by actors, as demarcated in the 
institutionss I study. 
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nationall  regulatory agencies and departments, NGOs in various hues of green, 
inn short: a long parade of acronyms whose precise role in the decision-making 
processs is often hard to assess, sometimes even for themselves. Furthermore, 
secrecyy rules and practices, generally presented as 'protection of commercial 
interests',, make it extremely difficult to decipher the importance of such 
organisations,, of formal regulations, or even of test results for decisions over 
individuall  chemicals. Disagreement among policy makers over the regulatory 
statuss of chemicals easily extends into the design details of toxicity tests or the 
validityy of the selection of tested parameters. Scientific discourse gets mixed 
intoo the policy talk, especially during controversies. 

Thiss complexity raises various problems for research on environmental 
regulation,, especially with respect to how the relation between research and 
policyy making should be addressed in the research design. I will discuss some 
traditionall  approaches in political science and STS to elucidate the particular 
anglee taken in this study. 

2.11 Science: the linesman of politics? 
Untill  well into the nineties, the traditional approach of political science was to 
stopp at the gates of science in the analysis of regulatory decision making: 
sciencee was considered a 'black box' from which certified knowledge claims 
somehoww emerged. These knowledge claims could be uncertain, and more or 
lesss useful for policy makers, but the conditions of their production were 
generallyy left unexplored. At least for the purpose of analysis, science was 
consideredd a process exogenous to politics, an 'independent variable' for 
explainingg the process of decision making - the actual focus of study. Although 
policyy analysts recognised that science does not answer all regulatory 
questions,, signalling the 'remaining uncertainties' was an almost ritual excuse 
too quickly move on to 'real' policy actors and political debate.26 The result was 
ann image of science as the linesman of politics: science established the 
objectivee lines of the playing field, within which the political game of 
normativee debate and power struggles could be played. The corollary 
epistemologyy of this approach was one in which scientific knowledge had 
nothingg to do with normative or power issues. Science and politics were 
'orthogonal':: two independent dimensions of a typology.27 Short of fraud .or 

E.g.. Wilson, ed., The Politics of Regulation; Collingridge and Reeve, Science 
SpeaksSpeaks to Power, Peters and Barker, Advising West European Government; Barker 
andd Peters, eds., The Politics of Expert Advice (review in Halffman, "Politieke 
Beslissingenn en Experts"). 

277 The Ezrahi model, see Rip, "Experts in Public Arenas". 
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lackk of research resources, science could be expected to establish objective 
factss that would provide the boundary conditions of policy.28 

Thee main problem in the relation between experts and policy makers 
thereforee was scientific uncertainty: where the experts could not come up with 
certainn information, policy makers were seen to lack clear handles in managing 
decision-makingg processes. These were the 'trans-scientific' issues: the issues 
wheree science could not provide clear and certain answers and where 
environmentall  policy makers lacked one of their key resources for policy 
legitimation.. Uncertainty thus was either temporary, as it was expected to be 
resolvedd with more research; or it arose from practical limitations, such as 
excessivee cost to design experiments for trans-scientific issues. In other words: 
politicall  scientists have built heavily on the 'standard model' of science that 
presupposess a clear-cut separation between issues that are scientific and issues 
thatt are political.29 

Traditionall  political scientists, and especially public policy analysts, 
hencee looked away from the technical details of regulatory science, its 
production,, its practices, and its intricate relations with policy programmes. 
Whenn they did analyse the relations between the production of scientific 
knowledgee and the production of policy in more detail, it was especially by 
analysingg the working conditions of their own science. There is a long tradition 
off  reflexive analysis of how policy science and policy construct each other, 
questioningg the role of political scientists in policy and questioning the role of 
thee state or state policies for the kind of knowledge political scientists 
produce.300 Political scientists seemed more prone to an analysis of the 
social/politicall  context of their own knowledge than of the knowledge of 
naturall  sciences. Hence, an implicit line was drawn between social sciences, 
whichh were considered subject to such processes, and natural (regulatory) 
sciences,, which were not. 

Althoughh this hesitation to delve into the finer points of regulatory 
sciencess can be understood through the disciplinary specialisations of the 
sciences,, limiting the domain of policy analysis to 'what is not (yet) 
scientificallyy certain' and excluding science as an actor from the 'actual' policy 
arenaa has considerable drawbacks. There are several important objections to 
thiss self-imposed limitation. Firstly, the exclusion of the production of science 

Somee other examples of this approach to the regulation of chemicals are 
Wilson,, ed., The Politics of Regulation; Landy, Roberts, and Thomas, The 
EnvironmentalEnvironmental Protection Agency; Heritier, Knill , and Mingers, Ringing the 
ChangesChanges in Europe. 

299 Bal, Grenzenwerk, p. 34 et seq. 
300 E.g. Fischer, Technocracy and the Politics of Expertise; Kaufmann et al., eds., 

Guidance,Guidance, Control, and Evaluation in the Public Sector; Van der Heijden, Tussen 
WetenschapWetenschap en Politiek; Hoppe and Peterse, eds., Bouwstenen voor Argumentatieve 
BeleidsanalyseBeleidsanalyse (Introduction). 
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fromm the analysis of policy ignores the elements in scientific discourses or 
practicess that have a political loading. Problem choice and problem 
demarcation,, world views, conceptualisations, preferences for types of research 
practices,, or definitions of success are but a few of the elements with a 
political/normativee load that STS has identified in its analyses of science. 
Perhapss this load has been easiest to identify in historical analyses of science, 
forr example as biases with respect to class, race, or gender31 are often easier to 
identifyy from the cushioned armchair of retrospect. 

Secondly,, such a political/normative load in science does not develop in 
isolationn of broader society, and political institutions in particular.32 Political 
andd scientific institutions together can create of a particular account of the 
world,, together with particular experimental practices, styles of data gathering, 
problemm definitions, etc. For example, this happens when government agencies 
directt research efforts towards a frame of knowledge that corresponds to their 
ownn policy beliefs. Regulatory science is, as Salter has dubbed it, 'mandated 
science'.33 3 

Thirdly,, scientists and experts do not just provide technical knowledge 
forr policy that is made elsewhere. Scientists are also frequently found to 
providee strategic advice or new ideas for policy, where the normative nature of 
advicee can even be acknowledged.34 Scientists in the role of experts perform 
roless and tasks that regulatory actors would consider political, such as defining 
policyy goals or suggesting regulations. Jasanoffhas used the term 'fifth branch 
off  government' to point at the political roles scientists and experts play.35 

Fourthly,, STS research has shown that under conditions of polarised 
conflictt between policy actors and especially during public controversies, 
politicall  actors tend to question the science of the opponent. Even seemingly 
unproblematicc and certified knowledge claims of the opponent can 
subsequentlyy be unpacked and questioned, provided that sufficient techno-
scientificc resources can be mobilised to deconstruct these claims. To remain 
withh environmental regulatory policies, constructivist analyses of major public 
controversiess over chemicals have indicated how 'scientific uncertainty' can 
actuallyy grow as actors mobilise resources to question the certainties or the 
validityy of their opponents' claims through counter-expertise. Perhaps these 
processess have been somewhat exaggerated by the principled scepticism of 
constructivism,, but under the crossfire of major controversies, media attention, 

311 E.g. Lawrence, "The Nervous System and Society in the Scotish 
Enlightenment";; Stepan, The Idea of Race in Science; Keller, A Feeling for the 
Organism. Organism. 

E.g.. Oudshoorn, The Making of the Hormonal Body', Van Kammen, Conceiving 
Contraceptives;Contraceptives; Hiddinga, Changing Normality. 

Salter,, Mandated Science. 
344 Renn, "Styles of Using Scientific Expertise". 
355 Jasanoff, The Fifth Branch. 
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legall  cross-examination, or activist contestation, time and time again expert 
certaintyy has been unpacked by the regulatory actors themselves.36 To put it 
somewhatt crudely: whereas political scientists have suggested that scientific 
disagreementss can lead to political conflicts, STS has complemented this with 
exampless of political conflicts that (re-)initiate scientific disagreement. 

Hence,, for constructivist STS, a description of politics as the residue of 
scientificc objectivity implies that the analysis is not pursued far enough. Rather 
thann to take the science/politics demarcation for granted, constructivists have 
analysedd how accounts of the world are constructed across such a demarcation. 
Movingg beyond signalling this process, STS studies have tried to analyse how 
regulatoryy agencies develop strategies to prevent such escalation. They 
typicallyy do so by reinforcing the science/policy boundary. Regulatory agencies 
suchh as the US Environmental Protection Agency have (re-)organised their 
advisoryy bodies or have developed methodologies and guidelines to standardise 
researchh for regulatory purposes; i.e. new ways to protect expertise from 
externall  deconstruction. These processes have given rise to the construction 
off  a rather specific type of research, which Jasanoff has called 'regulatory 
science':: standardised scientific testing practices, typically published in grey 
literature,, with high degrees of confidentiality, and a research agenda 
dominatedd by regulatory issues.38 As Brian Wynne has put it, this research by 
Jasanofff  and others implies the study of how the distribution of 'science' and 
'politics'' is continuously 'carved out',39 rather than assumed. 

Moree recent developments in political science are now taking such 
contributionss of STS into account, creating new avenues for research both for 
politicall  science and STS. Especially through the use of discourse analysis, 
politicall  scientists have been able to point at how science and policy can 
togetherr construct shared discursive devices, even when natural sciences are 
involved.. An already classic example is Hajer's study of how acid rain policies 
andd acid rain researchers shared similar discursive forms.40 Even though the 
focuss of such work may still be on policy making rather than the production of 

366 E.g. Gillespie, Eva, and Johnston, "Carcinogenic Risk Assessment in the USA 
andd UK"; Bodewitz, De Vries, and Buurma, "Regulatory Science", p. 255 et seq.; 
Yearley,, "Bog Standards"; Lynch, "The Discursive Production of Uncertainty". 

377 Bal, Grenzenwert, Jasanoff, "Science, Politics, and the Negotiation of Expertise 
att EPA". 

388 For a full description of the contrasts between regulatory science and research 
science,, see Jasanoff, The Fifth Branch. Elaborations in Irwin et al, "Regulatory 
Sciencee and the European Control of Agrochemicals"; Irwin et al, "Regulatory 
Science". . 

399 Wynne, "Carving out Science". 
400 Hajer, The Politics of Environmental Discourse. 
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scientificc knowledge, it is not that far removed from similar projects in STS.41 

Suchh undertakings could inversely complement one of the weaker aspects of 
STSS itself: the lack of a developed political theory. 

Nevertheless,, even for STS the fascination with politics runs deep. 
Althoughh the organisation and dynamics of expert committees and the 
problematicc role of regulatory science in decision making are well studied, very 
littl ee attention has been paid to the detailed organisation and dynamics of 
regulatoryy science. Only a few studies have looked at the organisation of 
laboratoriess that perform research for regulatory purposes, at the construction 
off  their research agendas, or the role they play as sources of expertise in 
policy.422 Hardly any research has been done on the development and 
implementationn of tests and decision-making tools in direct relation to 
regulatoryy decision making. Understanding the organisation of this 
developmentt process is crucial in order to understand how expertise is 
positionedd and re-positioned in regulatory decision making.43 

Inn spite of a very few exceptions, even the research on the regulation of 
chemicalss from an STS perspective has paid littl e attention to the organisation 
off  its science. Matters of science and expertise were generally limited to studies 
off  expert advisory body organisation (with minimal attention for the actual 
knowledgee claims) or knowledge claims that were contested in controversies 
(withh minimal attention for the practices and institutional background in which 
thesee claims were produced). The organisation of the laboratories or the 
professionall  organisations, the relation to research at universities, or the 

411 E.g. Kwa, Mimicking Nature; Van der Windt, En dan: Wat is Natuur nog in dit 
Land?;Land?; Van den Bogaard, Configuring the Economy. 

422 With a few exceptions: Irwin et al, "Regulatory Science"; Irwin et al, 
"Regulatoryy Science and the European Control of Agrochemicals". Also 
Groenewegen,, Scientists, Audiences and Resources; and Groenewegen, Scientists, 
AudiencesAudiences and Resources, but with only limited attention for the regulatory side. 

433 A major incentive to such research has been given in Cambrosio, Limoges, and 
Hoffman,, "Expertise as a Network". Cambrosio c.s. have studied how ecological 
testss for the evaluation of the environmental effects of genetically modified 
organismss were developed under constant interaction with regulatory 
considerations.. The implications they draw from this research are remarkable. As 
theyy tell the tale of the test and 'follow it around', they intentionally cross the 
boundariess between 'science' and 'politics' and show the construction of such a 
boundary.. However, the boundary they analyse does not seem to have any relevance 
too the dynamics of the regulatory regime. It is a social structure that - although 
underr constant reproduction - does not seem to have any consequences. Instead of 
stoppingg at the gates of science, Cambrosio c.s. prefer to pretend that there are no 
gatess at all. The risk assessment/risk management boundary comes to the fore as a 
remarkablee but otherwise meaningless appendix of regulatory regimes. I will return 
too this position in the next chapter. 
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developmentt of measuring techniques in relation to issues in research science, 
alll  such aspects tend to remain beyond the scope of analysis when STS deals 
withh the regulatory world. A partial explanation of this omission can be found 
inn the most popular research approach in STS studies on the regulation of 
chemicall  hazards: the study of public controversies. 

2.22 Controversies: the spark in the dark of the black box of 
science e 
Thee problems and tensions of chemical regulation have mostly been studied by 
STSS by looking at the 'top ten of controversial chemicals',44 such as DDT, 
dioxins,, formaldehyde, aldrin/dieldrin, asbestos, or lead.45 These chemicals 
seemm to offer interesting case material because they are the objects of major 
controversies,, in which all the. actors, tensions and problems of the regulatory 
worldd seem to be present. The disputes studied are a particular kind of 
controversies:: they involve not merely disagreement between experts, but 
includee social movements, industrial representatives, judges, parliaments, 
patients,, regulatory and other government agencies, and the media. Science and 
technologyy studies peers generally encourage the attention for social 
movementss in studies over chemical risk - or technological risk in general -
sincee the 'inclusion of excluded voices' is considered a desirable goal to many 
inn the field. Public controversies offer good occasions for such attention, since 
thesee are the events in which such voices have managed to explicitly argue 
theirr case, with or without the actual help of these STS researchers. In line with 
thiss argument, the role of the scholar may even be to stimulate disagreements 
amongg experts, if such disagreements have potentially important social/political 
consequences.. For example, STS scholars have tried to perform a stimulating 
rolee in the organisation of public debate over nature management or the 
creationn of 'new nature', rather than to leave such issues to 'the specialists'.46 

Inn fact, it has even been argued that controversies can be considered a form of 

Thee phrase is Sheila Jasanoff s. 
455 E.g. Dunlap, DDT; Bal, Grenzenwerk; Landy, Roberts, and Thomas, The 

EnvironmentalEnvironmental Protection Agency; Brickman, Jasanoff, and Ilgen, Controlling 
Ghemicals;Ghemicals; Van Eijndhoven and Groenewegen, "The Construction of Expert 
Advice";; Salter, Mandated Science; similar in pharmaceutical regulation: Abraham, 
"Scientificc Standards and Institutional Interests"; Bodewitz, De Vries, and Buurma, 
"Regulatoryy Science". 

466 Examples in the Netherlands include the work of many STS researchers for the 
Rathenauu Institute, organising public debate on techno-sci entitle issues, including 
myy own. In other cases, STS researchers have taken a more activist stand in trying 
too help weaker parts in controversies to get heard, to get access to information, or to 
empowerr them to engage the arguments of their opponents. In the medical field, 
Stuartt Blume's work with deaf people and organisations for the 'Deaf partly 
followss such patterns (analysis in Blume, "Land of Hope and Glory"). 



166 Boundaries of regulatory science 

informall  technology assessment, in which STS researchers can play an active 
rolee - and may even be forced into such a role.48 

Thee attention for the 'regulatory underdog' and the potential relevance 
off  this attention for public debate is only one of a score of excellent reasons to 
studyy public controversies. A second one is that these public controversies 
becomee points of reference for the actors involved. They obtain a symbolic 
function,, attributing power to different actors, predicting possible outcomes of 
futuree conflicts, or indicating the limits of what is attainable.49 Controversies 
suchh as the ones over saccharin, DDT, or dioxins have become paradigmatic, 
symbolicc cases in the regulatory world, for example as they are used as 
warningss of how things could go wrong. The repercussions are often more than 
merelyy symbolic. The outcome of controversies may lead to new legal 
arrangementss (e.g. as a result of litigation), or avoidance of legal strategies (e.g. 
ass a result of out-of-court settlements). They may even lead to entirely new 
regulatoryy programmes and institutions. As such, controversies can be quite 
similarr to environmental disasters (which often lead to controversies anyway). 

Thirdly,, there are also some very good methodological reasons for this 
researchh approach. Public controversies open up possibilities for studying an 
exceptionall  range of actors. Following the development of a controversy over 
onee or two 'case' chemicals, the analyst can collect the actors as if threading 
beads.. (One could call it 'following the issue around'.) Positions and strategies 
off  these actors can be compared and the potentials and weaknesses of alliances 
betweenn actors weighed. On a very practical level, public controversies tend to 
createe a lot of written documents. This makes controversies relatively 
accessiblee terrain for the analyst in a regulatory world where secrecy often 
abounds.. Although most of these documents tend to be 'grey literature', the 
problemm is rather that there is too much material than too little. 

Thee fourth important advantage of studying controversies over chemical 
regulationn is also of a methodological nature. The regulation of chemicals with 
respectt to their environmental effects relies heavily on the risk assessments that 
aree produced by organisations of regulatory expertise. It is easy to reproach 
politicall  scientists a lack of attention for the precise role of science in 
regulation,, or for the way the experts construct the politically influential 
knowledgee claims. In most cases, regulatory expertise actually is a black box 
andd tries very hard to be so: regulation-as-usual builds on expertise-as-usual. 
Too find out more about the precise role of regulatory expertise, one needs to 
lookk into this black box in which there is, per definition, darkness. The STS 

477 Mazur, The Dynamics of Technical Controversy; discussed by Cambrosio and 
Limoges,, "Controversies as Governing Processes". 

488 Scott, Richards, and Martin, "Captives of Controversy". 
499 Cf. Salter, Mandated Science, p. 123 et seq.; Tukker, Frames in the Toxicity 

Controversy,Controversy, pp. 4, n. 4. 
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scoutt needs a flashlight to peer into the box. This spark in the dark is 
controversy:: actors in the controversy pry out even the most technical details of 
regulatoryy science, which would otherwise remain hidden in routine work, 
oftenn covered by rules protecting the commercial value of regulatory 
information.50 0 

Thee use of the controversy to make room for a social analysis is not 
limitedd to the analysis of chemicals and their regulation. To allow for a social 
studyy of scientific knowledge in general, the necessity and absoluteness of 
scientificc knowledge claims need to be weakened. Without such questioning, 
sciencee speaks in Necessities and Truths. However, breaking into the pitch dark 
off  scientific Truth is difficult. One may need quite a bit of resources to do so, 
forr example your own laboratory to. produce counter-truths.51 Luckily, less 
expensivee tricks are available. In a controversy, the unified and monolithic 
rankss of science are broken by the scientists themselves, fed by the resources of 
thee participants in the controversy. By virtue of disagreement, Truth suddenly 
hass many voices. Light shines into a box otherwise kept dark.52 

Thee controversy study is a wonderful trick. Like the more sly Roman 
emperors,, it uses the divide between the subjects to access territory previously 
untrodden.. Early work in the Sociology of Scientific Knowledge (SSK) was 
almostt entirely built on this ruse53 and the approach is by no means unpopular 

Itt is somewhat ironic that STS analysts, claiming to be 'too weak' to break into 
blackk boxes themselves, rely on controversies started by supposedly 'weak' actors 
likee the environmental movement. 

511 Latour, "Give Me a Laboratory and I Will Raise the World"; Latour, Science in 
Action. Action. 

522 The metaphor suggests that something that is 'there' becomes visible, shows 
itself.. Similarly: 'Whenever there is controversy, the contingent and constructed 
naturee of artefacts becomes manifest, and explanations in terms of differential 
powerr and social interests become attractive.' (Law, "Technology and 
Heterogeneouss Engineering", p. 112). The expression 'becomes manifest' is crucial 
here. . 

533 As a research design, the controversy study was to SSK what multiple 
discoveriess were to mertonian sociology of science (Merton, The Sociology of 
Science,Science, pp. Ch.16, 17), e.g. Collins, "Stages in the Empirical Programme of 
Relativism";; Pickering, "Constraints on Controversy"; Pinch, "The Sun-Set"; 
severall  examples also in Barnes and Shapin, eds., Natural Order, Collins, Changing 
Order;Order; Nelkin, ed., Controversy. Not coincidentally, several of these collections 
weree made for use in education: the dramatic structure of controversies makes them 
excellentt tools for explaining SSK insights in the class room. Pointing at the 
fruitfulnesss of controversy studies for technology studies also, a similar ruse was 
suggestedd in the Social Construction of Technology-approach, cf. Pinch and Bijker, 
"Thee Social Construction of Facts and Artefacts", pp. 27, 29. 
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inn more recent research.54 For SSK, the dramatic stories of controversies have 
beenn used to underscore the conflictual, negotiated nature of science and 
providedd powerful arguments against the irenic imagery of functionalist 
sociologyy of science.55 

Wonderfullyy rich as the controversy approach may be, it also has some 
considerablee disadvantages. Especially its methodological assumptions are 
questionable.. The 'breaking into the black box' metaphor, suggests that the 
underlyingg structure of (regulatory) science suddenly becomes visible through 
thee events occurring in a controversy.56 The torch of the controversy lights up 
somethingg that was previously hidden but already 'there'. This inference of 
processess in non-controversial regulatory proceedings in general from settings 
off  major public controversies makes a few problematic assumptions.57 

544 E.g. Lockhart, "Controversy in Environmental Policy Decisions"; Von 
Schomberg,, Argumentatie in de Context van een Wetenschappelijke Controverse. 

555 See the defence of controversy studies by Brante, "Reasons for Studying 
Scientificc and Science-Based Controversies". Also arguing for the necessity of 
controversyy studies: Abraham, "Scientific Standards and Institutional Interests". The 
peculiarr dramatic bias of 'winners' and 'loosers' of controversy stories has been 
questionedd in Jasanoff, "Beyond Epistemology", p. 397; Pels, "The Politics of 
Symmetry";; and Wynne, "SSK's Identity Parade". The attention for controversy can 
evenn be traced back to classical sociology of knowledge. In Mannheim's view, the 
veryy possibility of a sociology of knowledge originates primarily when 'within the 
samee society two or more socially determined modes of interpretation come into 
conflictt and, in criticising one another, render one another transparent and establish 
perspectivess with reference to each other.' Note the use of 'transparency': it renders 
visiblee what is already there, but hidden (Mannheim, Ideology and Utopia, p. 253). 

566 In Bijker's words, controversies are disturbances that allow insight into the 
'hiddenn properties and processes that keep the social system together, or not' 
(Bijker,, Of Bicycles, Bakelites, and Bulbs, p. 50). In this sense, the controversy 
studyy can be said to rest on a similar argument as the breaching experiments of early 
ethnomethodology:: the rupture in routine events shows their very structure, 
otherwisee invisibly or unconsciously present (Garfinkel, Studies in 
Ethnomethodology).Ethnomethodology). In controversy studies, the breaching activities of the 
participantss are used, rather than the breaching activity of the analyst. This does not 
reducee the problem of whether these structures are actually present 'underneath' the 
routiness of daily life or produced by the very breaching itself. (Irrespective of the 
epistemologicall  problems of breaching experiments, their extrapolation beyond 
micro-eventss would be questionable.) The question is whether controversies actually 
doo bring out the assumptions and social processes normally hidden in laboratories 
andd offices (Scott, Richards, and Martin, "Captives of Controversy", p. 474). 

577 Please note that I limit my argument to public controversies. Some of the 
disadvantagess of controversy studies may have broader consequences (e.g. also for 
controversiess contained in a small group of highly specialised scientists, a 'core-set' 
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Firstly,, the actors involved in public controversies are not typical of the 
actorss involved in routine regulatory decision making.58 For example, the 
influencee of environmental movements on regulatory action in public 
controversiess is not in proportion to their influence in non-controversial 
decisionn making. Generally, environmental movements only manage to collect 
sufficientt resources to campaign against a very limited set of chemicals. The 
Pesticidee Action Network, an international conglomerate of NGOs 
campaigningg for tighter regulation of pesticides, has long focused its action on 
thee 'Dirty Dozen', a limited set of pesticides considered most hazardous.59 

Whilee only a handful of non-pesticide chemicals have been the object of public 
controversies,, hundreds of these chemicals are evaluated every year.60 In most 
countries,, routine regulatory action is shielded from participation of 
environmentall  movements. The same holds for journalists, judges, 'the public', 
andd sometimes even for other government agencies. In routine regulation, their 
rolee is at best limited to one of projected actors: their possible response to 
regulatoryy decisions might be taken in account, for example as their role in 
symbolicc public controversies is recalled. In the mean time, the regulatory 
gamee is more often played with a much more limited set of players than is 
suggestedd by studies of public controversies, which drastically changes the 
strategiess and logic of the interaction. 

Secondly,, not only are public controversies untypical in their 
compositionn of actors, they are also untypical with respect to the institutional 

ass Collins calls them), but those are not of relevance for planning the journey of this 
book. . 

588 Cf. Cozzens and Woodhouse, "Science, Government and the Politics of 
Knowledge",, p. 552. 

599 E.g. Pesticide Action Network, "Over 90 Countries Have Banned 'Dirty 
Dozen'".. These pesticides were: aldicarb, camphechlor, chlordane, heptachlor, 
chlordimeform,, DBCP, DDT, 'drins' (aldrin, dieldrin, endrin, telodrin), EDB, 
HCH/BCHH and lindane, paraquat, parathion, pentachlorophenol (PCP) and 2,4,5-T. 
Thiss limited agenda is not only a matter of limited resources to mobilise expertise to 
questionn existing regulatory assessments, but also a matter of keeping the attention 
off  the movement's constituency in the wider public arena going. The more 
'technical'' the issues, the more difficult it is to get the message across, especially for 
movementss that aim for media attention rather than lobbying activities. Similarly, 
whenn the Dutch environmental movement Milieudefensie started a campaign on the 
usee of pesticides in Dutch agriculture, the issue was publicly centred around a few 
potatoo races, not even around the specific pesticides used in potato farming (i.e. 
fungicides,, soil desinfectants, or anti-sprouting agents). (Kaagman, Gijpiepers.) 

600 Cozzens and Woodhouse, "Science, Government and the Politics of 
Knowledge",, p. 344. (At least of new chemicals, for chemicals already in 
productionn before regulatory notification/permit programmes started, only a few are 
evaluatedd every year, see chapters 6 and 7, cf. Tukker, Frames in the Toxicity 
Controversy). Controversy). 
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locuss of debate. Most regulatory decisions are made in bureaucratic back rooms 
orr in regulatory research laboratories, no matter how 'political' the decisions 
mayy be called by STS scholars.61 The institutional setting of regulatory decision 
makingg thus shields off the process. For example, the proceedings of meetings 
off  several expert advisory committees in England and the Netherlands are 
simplyy secret. The instructions for new members of the Health Council of the 
Netherlandss contain a paragraph stipulating the confidentiality of all meetings 
andd documents. Circumvention of this secrecy through Dutch freedom of 
informationn legislation is carefully prevented: the Council is entirely exempt 
fromm such legal provisions.62 Other regulatory institutions immersed in similar 
regimess of secrecy are the English Advisory Committee on Pesticides or the 
Dutchh pesticide licensing board. Jasanoff has indicated that realms of discretion 
existt even in US environmental regulatory decision making,63 considered one 
off  the most publicly accessible regulatory systems in the world. 

Regulatoryy decision makers and experts defend such secrecy precisely 
becausee regulatory action under these circumstances is different from public 
controversies:: it allows regulatory actors to negotiate more pragmatically and 
bee 'reasonable', without concerns of loosing face or constituency support.64 For 
example,, in contrast to the meeting room of a regulatory agency, the courtroom 
leadss to particular mechanisms of conflict resolution and especially of dealing 
withh science and uncertainty. In the courtroom, procedures are formalised by 
legall  rules; they are relatively open and accessible; the outcome may provide 
handless for enforcement demands by third parties or may have other direct 
implicationss for further public positions; and the proceedings are recorded in a 
publicc register.65 Even in the most legalistic regulatory approaches, the 
courtroomm is not the routine locus of regulation. Its setting rather signals the 
rupturee of the routine. Court involvement is an indication of when 'regulatory 
practicee as usual' was not successful in containing the conflict, did not reach 
agreement,, or lost its credibility. The disputes of a public controversy might in 
manyy respects present exactly the opposite of the regulatory structures it 
supposedlyy unveils. 

Thirdly,, following from the particularity of the institutional location of 
controversies:: the controversy approach may seriously hinder an adequate 
understandingg of closure, both closure of political and scientific decision 

611 'Sub-politics' as Beck would call it (Beck, The Risk Society). 
622 Gezondheidsraad, Algemene Informatie over Taak en Werkwijze. 
633 Jasanoff, The Fifth Branch. 
644 Cf. the description by Goffman of sharp differences between behaviour in front 

regionss and in back regions of social life, Goffman, The Presentation of Self. 
655 Making court cases or hearings into interesting material for scholars with a 

controversyy approach, e.g. Yearley, "Bog Standards"; Wynne, Rationality and 
Ritual;Ritual; Lynch, "The Discursive Production of Uncertainty"; Bal, "Een Dodelijke 
Pen?". . 
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making.. Perhaps this problem extends beyond the study of public controversies 
alone.. Ever since the groundbreaking work of early SSK, closure has remained 
aa problematic topic. Somehow, the voyage of the 'three stages of the empirical 
programmee of relativism'66 never really got beyond its first stages of indicating 
thee relativity and flexibility  of scientific knowledge claims.67 Evidently, 
controversiess are the ideal episodes to indicate 'under-determination', 
'interpretivee flexibility',  or the 'contingent nature of science'. This may have 
beenn a very useful move within the agenda of SSK and its specific 
epistemologicall  questions,68 but it does beg the question of how routine science 
andd regulation are at all possible or - inversely - what the 'shared grounds' are 
onn which the controversies are staged.69 By looking at major public 
controversies,, there is a systematic tendency to signal the way in which science 
doess not contain the debate, does not lead to closure, and is not sufficiently 
convincingg to define the hazards of chemicals.70 When looking at 
science/politicss boundaries in particular, controversy studies present a picture 
off  boundaries that are constantly in high flux, if not so permeable that they 

yy seem to exist at all. In controversies, any form of systematic division of 

Collins,, "Stages in the Empirical Programme of Relativism". 
677 Cf. Galison, How Experiments End', Pinch and Bijker, "The Social Construction 

off  Facts and Artefacts", p. 27; Engelhardt and Capalan, eds., Scientific 
Controversies. Controversies. 

688 Shapin, "Here and Everywhere". At the roots of SSK lay very principled 
questionss about the nature and limitations of scientific rationality, or at least of the 
rationalist/positivistt representation of that rationality (Bloor, Knowledge and Social 
Imagery,Imagery, Barnes, Interests and the Growth of Knowledge; Collins and Pinch, The 
Golem).Golem). This representation was seen to dominate the public understanding of 
sciencee as well as the official discourse on the role of scientific expertise in policy 
making.. Perhaps the insistence on the open and indecisive nature of scientific 
inferencee may be understandable in the British political context that SSK originated 
in,, where the discourse of necessity and objectivity of science are indeed a powerful 
resourcee in (regulatory) decision making (Wynne, "Carving out Science"). In spite 
off  occasional claims of being a purely intellectual enterprise (Collins, "In Praise of 
Futilee Gestures"), SSK researchers have used their tools to challenge scientists' 
monopolyy on expert/rational knowledge, particularly in Britain. To undermine the 
portrayall  of scientific rationality by hegemonic rationalist philosophies of science, 
cann thus also be understood as a particular project of cultural politics, in which the 
controversyy study may indeed be the most suitable tool for the job. The question is 
whetherr the definition of 'the job' is not up for review. 

699 Traweek, Beamtimes and Lifetimes, pp. 8-9. 
700 A similar argument was made by Mulkay, Potter and Yearly in defence of 

discoursee analysis: the discourse generated in a controversy may not be 
representativee of uncontroversial discourse, but may use a much more contingent 
repertoiree (Mulkay, Potter, and Yearley, "Why an Analysis of Scientific Discourse 
iss Needed", pp. 198-9). 
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labourr between scientific and political institutions seems to evaporate. 
Meanwhile,, regulatory agencies are supporting and developing a wide variety 
off  techniques to create and maintain routinised regulation and, through them, 
stabilisee a division of labour between science and politics. The development of 
standardisedd toxicity tests, of standard assessment protocols, and the 
harmonisationn of these tools on an international level take up a considerable 
amountt of attention from both regulators and their experts. With a focus on 
controversies,, these routinising developments have only received cursory 
attention.71 1 

Thesee objections to studies of public controversies as a ruse to obtain 
accesss to routine regulatory activity are serious. They may imply systematic 
biasess and skewed representations of routine regulatory action. Even though 
publicc controversies have a high symbolic value in routine regulatory activity, 
theyy are in themselves not very typical of routine regulatory work. World War 
III  may be crucial for an understanding of recent European history, but a 
misleadingg representation of this history in its entirety. Studies of public 
controversiess are valuable and important, but they should not be understood as 
unproblematicc representations of regulation. 

2.33 More sparks 
Theree are a number of alternatives to the study of public controversies. These 
alternativess basically produce the 'spark in the dark' in different ways. First of 
all,, controversies of a smaller scale remain available for analysis. Regulatory 
scientistss disagree without necessarily involving a wide range of actors: more 
esotericc controversies that do not end up in the media or that do not spill over to 
thee policy arena. Even though all environmental regulation is not subject to 
publicc controversies, this does not mean that regulatory science is free of 
conflictt or disagreement. One such point of disagreement in the science of 
pollutionn has been the debate between ecologists and environmental 
toxicologistss over the right way to assess the environmental hazards of 
chemicals.. Should toxicity testing focus on the level of the individual organism, 
orr should higher-level effects be included? Environmental movements have 
onlyy had very limited attention for these issues and the ecology/environmental 
toxicologyy issue never became a hot topic beyond the community of regulatory 
scientists.. Nevertheless, the debates between ecologists and environmental 
toxicologistss did break open (or, if you want, 'construct' or 'interpret') each 
others'' assumptions and hence allow us to peek into black boxes also. 

Studiess that do pay attention at such processes usually are not designed as a 
controversyy study, e.g. Cambrosio, Limoges, and Hoffman, "Expertise as a 
Network";; Irwin et al, "Regulatory Science and the European Control of 
Agrochemicals";; Irwin et al, "Regulatory Science". 
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AA second way to provide the 'spark in the dark' is through the study of 
'science-in-the-making'.. By following artefacts or knowledge claims as they 
aree made, going into the laboratory, or following the details of the construction 
processs over time, one can observe the construction of technoscience before the 
blackk box is closed.72 One can do this with knowledge claims in (public) 
controversies,, but there is no reason to restrict the field of operation to them. In 
thiss project, I will follow the construction of procedures for testing the toxicity 
off  chemicals to aquatic wildlife: the development of toxicity tests, the protocols 
thatt describe them, and the role of experimenters in them. Especially contrasts 
betweenn tests that developed into certified regulatory toxicity tests and tests that 
failedd to do so will help to identify key processes in the construction of 
science/policyy boundaries. 

Thee third major alternative 'spark in the dark' is a comparative research 
design.. One can also identify what is particular about regulatory approaches 
byy comparing decision-making procedures, outcomes of decisions on 
chemicals,, or testing procedures.74 In this study, I will compare examples of 
regulatoryy activities from three main areas: effluent regulations, industrial 
chemicall  regulations and notification schemes, and pesticides. Drawing these 
exampless from the Netherlands, England, and the US will especially allow me 
too identify the institutional aspects of the boundaries of ecology and 
environmentall  toxicology, as well as their wider context.75 

E.g.. Latour, Science in Action, or, as Harry Collins calls it: the mystery of ships 
inn bottles disappears when you watch how an actual miniature ship is put into a 
bottlee , e.g. Collins, Changing Order, p. 6. STS examples on the regulation of 
environmentall  risk are Cambrosio, Limoges, and Hoffman, "Expertise as a 
Network";; Van der Windt, En dan: Wat is Natuur nog in dit Land?; Shackley and 
Wynne,, "Global Climate Change". 

Somee STS examples on the regulation of environmental risks are: Gillespie, 
"Britishh 'Safety Policy' and Pesticides"; Gillespie, Eva, and Johnston, "Carcinogenic 
Riskk Assessment in the USA and UK"; Brickman, Jasanoff, and Ilgen, Controlling 
Chemicals;Chemicals; Jasanoff, "Product, Process, or Programme"; or Bal, Grenzenwerk. 

Comparativee research can actually much resemble controversy studies. When 
differentt groups are compared with respect to their positions on a similar question of 
technoscience,, a comparison can open black boxes without the occurrence of an 
actuall  controversy. Cf. the 'multidirectional model' of Pinch and Bijker, "The 
Sociall  Construction of Facts and Artefacts", p. 29. 

Theree is a fourth way to open the black box of science, one that is less popular 
inn constructivist STS these days, probably unjustly so. It consists of actually 
engagingg with the arguments used by regulatory scientists in the construction and 
defencee of their knowledge claims, or with the way science is used by policy 
makers.. For example, one can use canons of methodology used by these very 
scientistss or regulators to evaluate the way knowledge is constructed. E.g. Abraham 
andd Millstone, "Food Additive Controls"; Abraham, "Scientific Standards and 
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Whatt is particular about the design used here is that it uses a 
comparativee setting, while delving deeply into the construction of expert 
knowledge.. This allows for an analysis of boundaries that takes into account 
bothh their constructed nature, as well as their routinisation, as they are 
institutionalisedd and form patterns that stretch beyond the episodic boundary 
wortwort A particular problem for such an institutional comparison of regulation 
thatt delves into science as well is that most of the theoretical tools for such an 
analysiss were developed by political scientists. To the extent that STS has 
engagedd in comparative studies of regulation and especially regulatory science, 
feww systematic theories have been developed. There are lists of major 
differencess in regulatory styles,76 or descriptions of regulatory institutions and 
institutionalisedd processes,77 but STS has generally been averse of the more 
systematicc comparative theories of political science.78 I will return to this 
problemm in chapter 7, when we will have more material to work with. 

Ratherr than to go for well-known controversial chemicals, my approach 
focusess on the hundreds of chemicals that pass through regulatory evaluations 
withoutt major dispute.79 This does not mean that major public controversies 
overr well-known chemicals will be ignored, as the symbolic importance of 
publicc controversies for more routine regulatory work is fully acknowledged. 
Norr does this approach mean to replace controversy studies. Rather, I think it 
showss how, along with the volatile boundaries found in controversies, there is 
alsoo an array of much more routinised regulatory work in which more viscous 
divisionss of labour between scientists and policy makers and between groups of 
regulatoryy experts prevail - and in which many excluded voices are, in fact, 
simplyy excluded. 

Too stress both the importance of routinisation, the conglomeration of 
knowledgee and power, the study of science and politics together, and of the 
usee of objects and discursive instruments in the production of regulation, I 
wil ll  use the term regulatory regimes. Regulatory regimes are the complex 
concatenationss of policy makers, scientists-as-experts, measurement devices, 
disagreeingg experts and their organisations, decision-making models, toxicity 
tests,, legal procedures, appeal procedures, theories of pollution, negotiation 
forums,, NGO initiatives, industrial toxicity labs, discursive manoeuvres, 
practices,, parliamentary declarations, regulatory agencies... the combination 

Institutionall  Interests"; Van Zwanenberg and Millstone, "Beyond Sceptical 
Relativism". . 

766 E.g. Vogel, National Styles of Regulation; Brickman, Jasanoff, and Ilgen, 
ControllingControlling Chemicals. 

777 E.g. Jasanoff, The Fifth Branch. 
788 E.g. Van Waarden, "The Historical Institutionalisation of Typical National 

Patternss in Policy Networks between State and Industry"; Bakker and Van Waarden, 
eds.,, Ruimte Rond Regels. 

799 Similar in Salter, Mandated Science. 
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off  which decides on the fate of a chemical substance and control measures 
thatt will be mobilised.80 Regulatory regimes can be defined more formally as 
thee set of people, texts, and objects, and their more or less institutionalised 
relationss that are involved in the regulation of a specific group of hazards, such 
ass hazardous pesticides or effluent discharges to surface waters. 

Thee list of elements in regulatory regimes may seem inconveniently 
long,, but fortunately regulatory regimes are commonly demarcated in fairly 
consistentt ways, typically denoted by legal mandates or a general domain of 
environmentall  policy that are fairly stable, at least in pollution policy. (For 
example,, the division between regulatory regimes for pesticides, industrial 
chemicals,, and discharges to surface water is one that is used almost 
universally.)) The demarcation of regulatory regimes may be articulated and 
redefinedd over time, for example through the quarrels over jurisdiction between 
differentt parts of the executive bureaucracy. We can be pragmatic about the 
precisee limitation of a regulatory regime in terms of which people, texts, and 
objectss belong to it: it includes all that is involved in the production of 
regulations. . 

33 Boundaries of regulatory science: guiding questions 

3.11 The expert construction of pollution 
Thee key tool of the environmental toxicologist's trade is the single species 
aquaticc toxicity test. Put very crudely, such a test consists of a standardised 
fishfish tank, containing a fish of specified origin and constitution, water of 
controlledd composition and temperature, to which a known concentration of a 
suspectedd pollutant has been added. The test will typically be produced in 
batches,, compared with 'clean' control groups, repeated with varying 
concentrationss of pollutants, and the result will be expressed as an LC50: the 
concentrationn of the tested chemical in the tank's water at which 50% of the 
organismss die. Environmental toxicologists have developed numerous tests of 
thiss kind, for varying kinds of organisms, typically organisms considered easy 
too handle and/or breed, economically interesting, or particularly important in 

Cf.. the use of 'regime of faciticity' ('feitelijkheidsregime') in Hagendijk, 
Wetenschap,Wetenschap, Constructivisme en Cultuur, p. 186 et seq.. The use of the term is 
entirelyy parallel to Foucault's notion of discourse or discursive formation - i.e. 
similarlyy not limited to either actors/action, practice, language, or objects - and in 
factt to Foucault's own use of the term regime (as in 'regime of truth'). See Woolgar, 
"Onn the Alleged Distinction between Discourse and Praxis" \ Cousins and Hussain, 
MichelMichel Foucault, p. ch.4; Foucault, Power/Knowledge, p. 131 et seq.; Foucault, The 
ArcheologyArcheology of Knowledge. This use of term regime sharply distinguishes it from one 
wheree 'regime' meant a form of government as institutionalised mainly in rules and 
regulations. . 
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foodd webs. Today, such tests are considered the workhorses of regulatory 
pollutionn assessment. 

Wee wil l do more justice to the technical refinement of aquatic toxicity 
testingg in later chapters. For now, let us just focus on a prime assumption in 
thiss approach to pollution assessment: the single species toxicity test assumes 
thatt the key process in the environment that pollution may disturb, the 
'endpoint'' that is tested, is the physiology of the individual organism as it 
interactss with a particular chemical. In the typical approach of environmental 
toxicology,, parameters of pollution effects on entire ecosystems are predicted 
andd extrapolated from these results. 

Withh these toxicity tests, regulatory scientists have helped to construct 
regulatoryy decision-making schemes. They have helped to select key species 
too be protected. They have developed assessment protocols to decide when 
theree is sufficient reason to require use of the more expensive tests. They have 
developedd the standards with which suggested pollution reduction measures 
cann be evaluated. As such, they have helped to construct regulatory policy. 
Theyy have assisted in the definitions and operationalisation of problems, as 
welll  as helped to define what it means to have a successful policy. 

Thee term 'construction' should be taken quite literally here: regulatory 
scientistss have helped to 'build' regulatory policy and have helped to 'build' 
ann operational notion of pollution. In no way would I want to suggest that 
pollutionn is not an urgent problem, an actual cause of environmental 
destruction,, or a meaningful concern for social action. I want to point at how 
regulatoryy scientists have helped to make these concerns concrete and have 
sharpenedd their features. In order to do so, they have painstakingly managed 
too mobilise enormous amounts of resources. They have gone through 
impressivee efforts, often both in their role as (laboratory) scientists and as 
activistss trying to put pollution on the political agenda. All this work has 
resultedd in the very complex and highly developed regulatory science and 
regulatoryy policy, we know today.81 In this sense, scientists are clearly the 
heroess in the story that is about to unfold. 

Att risk of over-stretching the building metaphor, I want to analyse the 
patternss in the complex regulatory structures, the position and role of some of 
thee key beams and columns, as well as the origins of some of its most 
prominentt features and the regulatory junctures at which these were drawn. 
Thiss gives rise to our first research question: How have the hazards of 
pollutionpollution to wildlife been determined, between 1970 and 1995? We need to 
understandd the key approaches in this area of regulatory policy and relate 

811 Cf. Latour, "Give Me a Laboratory and I Will Raise the World", but more 
accuratelyy the notion of 'work' in symbolic interactionism, e.g. Clarke and Gerson, 
"Symbolicc Interactionism in Science Studies"; Clarke and Fujimura, eds., The Right 
ToolsTools for the Job. 
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themm to the way in which experts have helped to shape these approaches, put 
themm to work with their tests and tools. In order to do this, we will need 
comparisons:: alternative approaches used in regulation, and specifically 
alternativess for the design and operationalisation of regulatory policy 
suggestedd by experts. This will allow us to identify more precisely how 
expertss and their tools have participated in this construction process. Such 
importantt alternative notions of pollution testing come from ecologists. 

3.22 Eco/toxicology: the division of expert labour 
Sincee the early seventies, ecologists have challenged the working assumptions 
off  the single species tests of environmental toxicologists. They have argued 
thatt a fish tank containing a small ecosystem with plants, fish, and micro-
organismss is the better model of the environment in which to test the potential 
detrimentall  effects of chemicals. These ecologists have argued that not 
physiology,, but an ecological system is what needs to be tested. As an 
alternativee to the 'single-species toxicity test', they have developed testing 
schemess involving 'multi-species toxicity tests', indoor or outdoor artificial 
ecosystemss to which pollutants can be added for testing. Although the 
ecologistss of the seventies envisaged these tests to be the linchpin of 
regulatoryy toxicity testing, rather than single species tests, they are now used 
onlyy very rarely in regulatory assessments. 

Onee of the key features of the complex regulatory science that has 
helpedd us to define and grapple with pollution involves the division of labour 
thatt has come about between ecologists and environmental toxicologists. 
Whereass environmental toxicologists have provided the tests to screen and 
evaluatee large amounts of chemical substances, ecologists now largely play a 
secondaryy role. They provide the knowledge and tools used to test the validity 
off  the single-species toxicity tests, as well as some of the background 
theoreticall  notions that define 'the environment', such as 'ecosystem' or 
'ecologicall  structure'. The division of labour is not only defined in terms of 
claimss of specific areas of expertise for these sciences, the 'jurisdictions'82 of 
thesee fields, but has also been developed and reproduced through 
organisationall  boundaries, as more or less separate scientific societies, 
journals,, or laboratory facilities were set up. I will call this combination of 
definitionss of jurisdiction and organisations, and particularly the institutional 
characterr such demarcations have obtained, the boundary configuration of 
ecologyy and environmental toxicology. 

Thiss division of expert labour has not come about unchallenged. Not 
onlyy did ecologists of the early seventies assume that they were going to 
providee the knowledge and tools that would guide the regulation of chemicals, 
butt also the very idea of a division of labour between ecology and 

Abbott,, The System of Professions. 
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environmentall  toxicology was challenged. Especially when it became clear 
thatt environmental toxicology was becoming the key regulatory science of 
pollutants,, several scientists claimed that there was a need for an 
'ecotoxicology':: an interdisciplinary science that would combine insights of 
ecology,, (environmental) toxicology, and in some cases even environmental 
chemistry.. In fact, the details of the division of labour between ecology and 
environmentall  toxicology are even more ambiguous. Not all of the scientists 
inn this field draw the boundary in the same way.83 Some define 
'ecotoxicology'' as a sub-discipline of toxicology; others use the term to 
indicatee a specifically ecological project. The boundary configurations shift 
overr time, as jurisdictions shift and new attempts to redefine the fields are 
undertaken.. g4 

Inn accordance with the methodological credo of neutrality of STS, I 
wil ll  strive not to take side in these debates. I will not start with a precise and 
exclusivee definition of ecology and environmental toxicology, at least not 
beyondd the identification of the two typical approaches of the single and 
multi-speciess test. Using a term like 'ecotoxicology' already has specific 
connotationss among these scientists and places one in a specific camp. To 
maintainn some degree of neutrality, especially when the definitions of the 
fieldsfields are debated, I will therefore use the term eco/toxicology to indicate the 
twoo fields together, along with the interdisciplinary projects between them. 
Followingg Andrew Abbott's approach in the sociology of professions, I will 
studyy these competing fields of expertise together,*5 as their fates and 
identitiess have been tied throughout 25 years of studies of pollution hazards to 
wildlife. . 

Inn addition, there are notable differences on how the boundaries in 
eco/toxicologyy have been drawn in the countries studied. Since this implies 
thatt the pool of regulatory expertise that regulatory policy draws on in 
differentt countries is divided in different ways, and since experts help to 
structuree regulatory policy, a key hypothesis of this thesis is that varying 
boundaryy configurations in eco/toxicology will help to clarify differences 
betweenn regulatory policies in the countries studied. Therefore, the second 
questionn we will consider is: How did the division of labour, i.e. the boundary 
configuration,configuration, in eco/toxicology develop? And hence: how was boundary 
workk performed? How, and in which patterns, did it get institutionalised? 

Murk,, Ecotoxicologie: de Visie van 31 Betrokkenen. 
Bloor,, Knowledge and Social Imagery. 
Abbott,, The System of Professions. 
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3.33 Toxicity tests and the mutual construction of science and 
politics s 

Thee eco/toxicological experts have not developed their knowledge (and 
boundaryy configurations) in isolation of regulatory policy makers. Regulatory 
agenciess have invested heavily in the development of toxicity tests86 they 
consideredd to be most useful and promising - and, by implication, have not 
supportedd other tests. Regulators have conferred with these scientists on what 
kindss of organisms and types of environment should receive priority, or on 
howw much testing can be considered a fair burden on industry. As such, 
regulatoryy decision makers have also helped to construct the regulatory 
sciencess they rely on to decide how and whether the circulation of a chemical 
throughh the world wil l be restricted. Just as scientists have helped to construct 
aa regulatory policy, policy makers have helped to construct a regulatory 
science. . 

Thiss is why we call this process the mutual construction of science and 
politics:: 7 choices made in science and choices made in policy have mutual 
repercussions,, have consequences for how both regulatory science and 
regulatoryy policy are conducted, how they become routinised, and hence how 
theyy wil l develop at a later stage. Experts help to construct the policy they 
providee knowledge for, and policy makers help to construct the science they 
needd to make policy.88 This implies that experts and policy makers form some 
sortt of coalition: a working relation that typically operates within a shared 

Inn Federal Budget Year 1983, 25% of the R&D budget of the US Environmental 
Protectionn Agency was devoted to basic research and development of testing and 
methodologyy for evaluating pollution. The total R&D expenditure of the Federal 
Governmentt related to chemical toxicology (apparently human and wildlif e effects 
together)) amounted to US$ 343 million (Brickman, Jasanoff, and Ilgen, Controlling 
Chemicals,Chemicals, p. 140). Compare the total obligations of the entire US National Science 
Foundationn for the same budget year: US$ 1.062 million (National Science 
Foundation,, Federal Funds for Research and Development: Detailed Historical 
Tables:Tables: Fiscal Years 1951-2000). Although these figures are highly problematic in 
termss of categorisation of research and varying sources and methods of counting, 
theyy do indicate the large effort of US Federal Agencies in pollution-related 
research. . 

877 Shackley and Wynne, "Global Climate Change". 
Thiss is not a process of exchange of money-for-knowledge at the fringes of 

sciencee and politics (Parsons, The Social System, see e.g. Munch, "Parsonian Theory 
Today""  for later concessions), but one that is more enmeshed, that has substantial 
consequencess for the processes at the core of the activities of doing science and 
makingg policy (however these are defined). 
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world-view899 or is, at least, organised around mutually accepted operational 
concepts,, tools, or story-lines. Such shared devices allow both parties to 
cooperatee successfully, i.e. to 'do science' and 'do pollution policy', with 
allowancee for the conflicting ways in which the goals of these activities may 
bee defined. 

Withh the term 'mutual construction',91 we want to indicate that the 
particularr approach to environmental regulation that is developed contains 
bothh scientific and political elements and choices. In fact, if one was to pick 
somee criterion of what is typically science and what is typically politics, the 
twoo may often seem hard to distinguish. For example, the choice of trout as a 
popularr test organism in the early stages of aquatic toxicity testing was not 
onlyy inspired by the sensitivity of trout to pollution, but also by the 
considerationn that trout is a commercially interesting fish and one that 
acquiredd a certain symbolic value in pollution policy. In other cases, some 
issuess in hazard evaluation are considered a 'technical' matter for scientists, 
whereass in other regulatory contexts they are a political matter. For example, 
thee target to protect 95% of the species in aquatic ecosystems in the 
Netherlandss was voted by Parliament, whereas in England the identification 
off  such protection targets was considered to be a matter for the experts (see 

92 2 

chapterr 6). 
Instrumentss such as toxicity tests, assessment models, decision-making 

protocols,, or testing standards are important elements in this mutual 
construction:: they help to stabilise negotiated outcomes of an understanding 
betweenn policy makers and scientists on how chemical hazards should be 
assessed.. They embody the complex mixture of political and scientific choices 
madee in the development of regulatory procedures and are an important 
elementt in the routinisation of the mutual construction process. They are 
positionedd in this process of mutual construction as an important source of 
knowledge,, as 'expertise', along with the judgements of human experts. 
Testss and protocols are expertise packaged in a form that can be mobilised for 
thee production of regulatory evaluations - or, in fact, to challenge such 
evaluations.. Hence this third research question: How is eco/toxicological 
knowledgeknowledge packaged for regulatory decision making? What reasons do 
regulatoryy actors provide for making such tools? How do they organise the 

899 This can be understood as a shared metaphor (e.g. Kwa, Mimicking Nature) or 
sharedd (elements of a) discourse (Harre, Brockmeier, and Muehlhaeusler, eds., 
Greenspeak). Greenspeak). 

900 E.g. Fujimura, "Crafting Science"; Star and Griesemer, "Institutional Ecology, 
Translations1,, and Boundary Objects"; Hajer, The Politics of Environmental 
Discourse. Discourse. 

911 Jasanoff, The Fifth Branch. 
922 Calow, "The Politics of Chemical Risk". 
933 Cambrosio, Limoges, and Hoffman, "Expertise as a Network". 
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process?? In chapter 4,1 will analyse this process in detail for the development 
andd standardisation of American eco/toxicity tests for industrial chemicals and 
pesticides. . 

3.44 The varying conditions of success 
Evenn if virtually all environmental regulatory regimes seem to be organised 
aroundd a science/policy boundary (at least in recent history), the way in which 
thiss boundary is shaped varies widely. For a start, the allocation of decisions 
andd responsibilities between science and politics is drawn differently in 
differentt regulatory regimes. In the model of a strict separation of 'risk 
assessment'' versus 'risk management', it is left up to science to indicate the 
sizee of the risk and it is the task of politics to decide on how to control the risk. 
However,, this model is typical of regulatory regimes in the US and not 
necessarilyy for the structure of regulatory decision making in other countries. 
Otherr regulatory regimes allocate a larger role to political decision making in 
thee assessment phase, for example in the definition of what constitutes a 
hazard,, or a hazard of concern. There are also regulatory regimes that have 
allocatedd the management of risks to a large degree to scientists, leaving it up to 
themm to decide how best to control chemical hazards. The Dutch regulation of 
pesticides,pesticides, for example, allocates the responsibility for the general principles of 
regulatoryy evaluation and control to Ministries, while the implementation of 
thosee rules is a responsibility of a committee of experts. Meanwhile, 
negotiationss over the reduction of pesticide use, where the boundary between 
sciencee and politics is very fuzzy, run parallel to this regulatory framework. 

Nott only the allocation of parts of the regulatory process between 
sciencee and politics shows differences. How the boundary between science and 
politicss should be drawn, can become as much a subject of the regulatory 
debatee as the substantial issues. Allocation of decision power to the scientists 
cann be perceived as an attempt to increase regulatory independence, but also as 
ann attempt to create a technocracy that is unresponsive to perceived 
environmentall  threats. In addition, the very boundary of the division of labour 
iss not always as sharply defined. Some regulatory regimes insist on drawing a 
veryy sharp line between the scientific and political parts of the decision making, 
otherss are much fuzzier about it, for example as both 'assessment' and 
'management'' are mixed in regulatory negotiations. 

Alongg with the different ways in which the science/policy bpundary is 
organisedd in regulatory regimes, there are other differences between regulatory 
regimes:: with respect to the degree they use legal instruments to develop and/or 
implementt regulation; with respect to the degree to which NGOs or citizen 
groupss are allowed access to regulatory information and decision-making 
forumss and the nature of their interaction with the state; or with respect to the 
degreee of state involvement in regulatory functions. Such differences set 
radicallyy different conditions for the way regulatory decision makers and 
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expertss can cooperate and for the success of such a cooperation. In fact, they 
definee differently what 'successful cooperation' means, what it means for 
scientistss to provide knowledge that can be used in regulatory decision making. 
Hence,, my fourth main question for this project: How do different regulatory 
regimesregimes change the conditions of 'successful' integration of eco/toxicological 
knowledgeknowledge in regulatory policy? Phrased differently: how idiosyncratic is the 
USS model of regulatory regimes? What consequences do such differences have 
forr the patterns of development of eco/toxicology, more specifically for the 
boundariess between ecology and environmental toxicology? In order to answer 
thiss question, I will contrast the material from the US with material from the 
Netherlandss and England. Directly following from this, is the more 
theoreticallyy phrased fifth question: How can we interpret and describe 
differencesdifferences between regulatory regimes'? 

44 The itinerary 
Inn this introduction, I have indicated the empirical domain of the study: the 
constructionn of expert knowledge of hazardous effects of chemicals on 
aquaticc wildlif e in the Netherlands, England, and the US, between 1970 and 
1995.. I have defined the main research problem, namely: how were 
boundariesboundaries between science and policy and in eco/toxicology constructed and 
institutionalisedinstitutionalised in regulatory regimes that attempt to restrict hazardous 
effectseffects of chemicals on wildlife? Subsequently, I have briefly indicated the 
widerr social relevance of this study, specifically for our understanding of how 
environmentall  problems and solution strategies are constructed in the 
complexx interaction between government agencies, industry, or environmental 
groupss on the one hand, and scientists that act as experts on the other. I have 
alsoo described the theoretical relevance of this question, both in terms of 
sociall  theory in general (the question of how to understand the science/policy 
boundaryy given the opposition between modernist theories of differentiation 
andd the opposite theories of heterogeneous networks); as in terms of 
comparativee theories of (environmental) regulation. The major concerns about 
thee design of the study were discussed, especially with reference to some of 
thee biases of public controversies studies over high-profile chemical 
substancess such as DDT or lead. These considerations brought us to five key 
researchh questions that wil l be discussed in five separate chapters. 

Chapterr 3 gives an overview of some of the key issues in the 
environmentall  regulation of chemicals between 1970 and 1995: How have the 
hazardshazards of pollution to wildlife been determined? (Question 1) The chapter 
wil ll  look at the institutionalisation of environmental regulatory agencies, 
beginningg in the early seventies, and the general changes in the relation of 
thesee agencies with regulatory experts and the policy beliefs that have 
informedd them, especially against the background of growing efforts at 
internationalisationn of the chemical hazards regulation. In addition, we wil l 
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havee a more detailed look at the kind of knowledge that is produced by 
eco/toxicologistss and how they have helped to construct these regulatory 
regimes. . 

Inn chapter 4, we wil l have a closer look at the development of the 
divisiondivision of labour, i.e. the boundary configuration, of eco/toxicology. 
(Question(Question 2) We wil l especially look at the debates over the construction of an 
interdisciplinaryy 'ecotoxicology' and its origins in regulatory concerns, but 
alsoo how the division of labour was entrenched in structures of research 
science,, particularly at universities. 

Chapterr 5 analyses in more detail how eco/toxicological knowledge is 
packagedpackaged for regulatory decision making. (Question 3) Using the 
standardisationn of eco/toxicity tests wildlif e hazards in the US in the context 
off  regulatory programmes of the US Environmental Protection Agency, single 
speciess and multi-species toxicity tests will be compared to identify key 
processess in the construction and institutionalisation of boundaries of 
regulatoryy science and, in particular, patterns in the integration of expertise in 
regulatoryy programmes in the US. 

Inn chapter 6, these patterns wil l be contrasted with examples of the 
productionn of expert knowledge in the context of regulatory programmes in 
thee Netherlands and England. These comparisons will allow us to investigate 
howhow different regulatoiy regimes change the conditions of 'successful' 
integrationintegration of eco/toxicological knowledge in regulatory policy. (Question 4) 

Chapterr 7 will re-evaluate the material to try and find out how we can 
interpretinterpret and describe differences between regulatory regimes. (Question 5) It 
wil ll  also lead to a closer look at the theories of 'styles of regulation' that have, 
implicitlyy or explicitly, guided most of the comparative studies of regulatory 
regimes.. This will lead to an outline for a comparative understanding of 
regulatoryy regimes that attempts to integrate insights of STS with political 
theory. . 

Chapterr 8 draws overall conclusions with respect to the main research 
question.. However, first I will expand on the underlying issue of social theory 
thatt leads to the interest in boundaries. The next chapter, chapter 2, will 
confrontt the sociological tradition of differentiation theory with radical 
constructivismm - especially Actor-Network Theory (ANT) - in order to further 
refinee the notion of boundaries, before we engage on the empirical journey. 




