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Chapterr  5: Packaging eco/toxicity in US 
EPAA regulatory regimes 

AtAt fisticuffs - not with fists alone, but with 
TheirTheir heads and heels, and with their bodies too, 

AndAnd tearing each other piecemeal with their teeth. 
Inferno,, VII : 112-114, 5th Circle, the Wrathful. 

11 Comparing standardisation between regimes 
Beforee new chemicals and pesticides are allowed onto the US market, their 
potentiall  impact on the natural environment is evaluated on the basis of their 
toxicityy and environmental behaviour. This process of environmental 'risk 
assessment'' is considered a scientific affair, the domain of environmental 
toxicology,, chemistry, and ecology. The kind of science used for these 
evaluationss has been labelled 'regulatory science' by Sheila Jasanoff, in contrast 
too 'research science'. One of the crucial features of her ideal-typical description 
off  regulatory science is its high degree of standardisation.1 In the environmental 
riskk assessment of chemicals, this standardisation is most outspoken in two 
domains.. Firstly, experiments are not performed simply on the basis of the best 
judgementt of experts. The flexibilit y of the test performers to tinker with and 
interprett tests has been narrowed down considerably as a result of the 
standardisationn of experimental practices.2 Regulatory toxicity tests are 
performedd on the basis of highly detailed laboratory protocols, rules of Good 
Laboratoryy Practice, and panoply of apparatuses and automated skills. Secondly, 
nott only the performance of a test, but also the evaluation of the results of 
variouss tests are standardised in turn in 'assessment protocols'. These 
standardisedd assessment procedures describe how data from different types of 
testss have to be integrated in overall indicators of toxicity or environmental 
concern,, how the expected concentrations in the environment have to be 
estimated,, and how the two parameters (toxic effect and expected concentration) 
shouldd be compared.3 I have introduced these principles in broad terms in 
chapterr 3. However, this is only the general picture. 

Underr various regulatory regimes, the extent and form of 
standardisationn of these practices varies substantially. Not all tests, for 
measuringg toxicity are described to the same detail: some are presented in 
'generic'' protocols designed to serve as a general set of guidelines for ad hoc 

11 Jasanoff, The Fifth Branch, pp. 76-80. 
22 Cf. Fujimura, "Crafting Science", pp. 176, 205. 
33 E.g. Jenkins, Layton, and Buikema, State of the Art in Ecological Risk 

Assessment,Assessment, pp. 18-32. 
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experimentall  design. Similarly, not all assessment procedures are equally 
formalised,, e.g. some do not involve straightforward calculation and 
derivationn models. Moreover, under various regimes, similar tools and 
proceduress are sometimes standardised in different ways. Toxicity tests with 
thee same species of fish can be standardised one way for the assessment of 
industriall  chemicals and another for the assessment of pesticides. Finally, 
toxicityy tests have sharply differing histories: some have been developed 
throughh extensive and lengthy negotiation, while others were introduced 
almostt casually by a regulatory authority. 

Eco/toxicityy tests form key boundary devices between the experts and 
policyy makers in regulatory regimes controlling chemicals. These tests package 
eco/toxicologicall  expertise in a format that is considered fit for use in regulatory 
decisionn making. However, not all tests succeed in doing this successfully. By 
comparingg the differences in test development processes in US regulatory 
regimess for industrial chemicals, pesticides and surface water pollution, we can 
elucidatee the processes involved in the development of toxicity tests. Where do 
thesee differences come from? Why do standards differ between regulatory 
regimes?? If we can understand how these differences in standardisation relate to 
thee structures of different regulatory regimes, we can elucidate not only 
differencess in the structure of science/policy boundaries in various regimes, but 
alsoo the differences in success between ecologists and environmental 
toxicologistss in constructing a working relation with regulatory policy. 

Inn order to explain the differences between the standards for toxicity tests 
usedd in these various regimes, we need to relate them to the complex processes 
off  regulatory regimes. It will be necessary to relate the structure of regulatory 
regimess that were described in chapter 3 to the development of eco/toxicological 
expertisee in the US, as described in chapter 4. By bringing these together, we 
cann start to describe the processes that trigger and shape standardisation. These 
processess have received littl e attention in STS research on standardisation, 
whichh tend to focus rather on the effects of standardisation4 or on the way 
stabilitystability of a standard is obtained.5 

Differencess in standardisation can be understood in terms of the 
strategiess used by regulatory officers to transform knowledge claims into a 
formatt that can be mobilised for decision making in institutionalised regulatory 
regimes.. The harnessing of claims against counter-claims is a central theme in 
thiss process. Among the many actors involved in regulatory regimes, this 

44 Such as Fujimura, "The Molecular Bandwagon in Cancer Research"; Clarke 
andd Fujimura, eds., The Right Tools for the Job, especially Gossel, "A Need for 
Standardd Methods"; Star, "Power, Technologies and the Phonomenology of 
Conventions";; Berg, Rationalising Medical Work. 

55 Such as O'Connell, "Metrology"; Star, "Triangulating Clinical and Basic 
Research". . 
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chapterr will focus on regulatory officers and regulatory scientists, while keeping 
suchh actors as Congress, the Executive, or the environmental movement in the 
background.. (Which is where the environmental movement mostly is in routine 
regulatoryy action.) How do officers in regulatory agencies try to transform 
expertisee to adapt it to their regulatory regimes? What crucial features of 
methodss of toxicity testing and assessment can guarantee this adaptation? How 
aree standard methods used to obtain closure in regulatory decision making? 
Whatt does this mean for the boundaries between ecology and environmental 
toxicology?66 By answering these questions, I will show that standardisation is 
nott a process involving the stabilisation and circulation of 'immutable mobiles' 
inn general. It is a matter of the strategies used by regulatory actors to transform 
expertisee for circulation to specific places: court rooms, regulatory offices, and 
regulatoryy laboratories.7 Toxicity tests are standardised, perhaps from research 
thatt originally had littl e concern for regulatory agendas, with these places in 
mind.. What these places are and how they connect together very much depends 
onn the pattern of institutionalisation of regulatory regimes (see chapter 8). 

Too answer the central questions for this chapter, we need first to resolve 
anotherr issue: how can we conceptualise expertise and standardisation in a way 
thatt will allow us to compare the expertise of different regulatory regimes? 
Existingg conceptualisations surprisingly fall short of this seemingly simple task. 
Thee problem in the dominant conceptualisations of expertise can be summarised 
inn one central dilemma: either the notion of expertise is narrowed down to 
humann expertise, leaving the central role of test technology out of the analysis; 
orr else the material aspects of expertise are included at the expense of 
comparativee ambitions. 

Onn the one hand, the central role of protocols and test apparatuses in the 
regulatoryy forms of expertise must be allowed a place in the conceptualisation 
off  expertise. For example, Jasanoff s early work on chemical regulation has 
focusedd on the role and organisation of experts and their advice.8 In such SSK-

Thesee questions focus primarily on the transformation of expertise for use in 
regulatoryy regimes and less on the inverse relation: the adaptation of regulatory 
regimess to available forms of expertise. This stance is merely a matter of research 
approach.. In principle, this alignment is always a two-way process. The analysis 
adoptss the point of view of regulatory officers and their concern with policy closure. 
Thiss temporarily suspends other concerns, such as optimal environmental protection 
orr validity of tests. Obviously, the kinds of concerns and success criteria different 
actorss in the regulatory arena have for a 'successful' regulatory science varies 
considerably.. (See: Clark and Majone, "The Critical Appraisal of Scientific 
Inquiriess with Policy Implications".) 

77 Unlike Latourian analyses of standardisation, e.g. O'Connell, "Metrology". 
88 E.g. Jasanoff, "Peer Review in the Regulatory Process"; Jasanoff, The Fifth 

Branch;Branch; Brickman, Jasanoff, and Ilgen, Controlling Chemicals; Jasanoff, "Science, 
Politics,, and the Negotiation of Expertise at EPA". 
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inspiredd approaches, expertise becomes a matter of testimonies by experts about 
theirr experimental practices and evaluations. However suited for studying the 
operationn of expert committees and expert advice, such a notion of expertise 
steerss away from the considerable effort which has been put into the 
developmentt and the meticulous calibration of new methods, and the changing 
roless of experts as their tasks have been formalised and sometimes even 
automated.. The expertise embodied in tests and procedures tends to disappear 
fromfrom reconstructions that centre on the analysis of expert accounts, rather than 
thee operation of the tests themselves. In such a mode of analysis we do not 
analysee what apparatuses do,9 but what experts say they do, or how different 
expertss disagree over such matters.10 

Onn the other hand, an approach that seems to avoid this problem is the 
conceptualisationn of expertise in terms of the 'heterogeneous networks' of 
ANT.111 In such an approach, we as analysts would ('symmetrically') account 
forr both the experts and the toxicity tests or assessment procedures, although in 
termss that differ from those of the experts involved. The trouble starts when we 
wantt to account for the heterogeneous networks of expertise in different settings 
andd have the hubris to want to compare the two: we have followed two (sets of) 
actorss around and are then left with at least two heterogeneous narratives, 
swampedd in contingent details, which should not be surprising given the nature 
off  the analytic point of departure12 and ANT's aversion of explanatory research. 
Wee can only start comparing once we have defined what is worth comparing, 
andd what we take to be non-trivial differences between two heterogeneous 
networks.133 This requires an artful analytic mutilation of dearly constructed 
heterogeneity,, a cruelty ANT deems unacceptable. 

Thee next section suggests a heuristic tool used to compare and clarify 
standardisedd expertise. This tool will be used to describe the differences in 
standardisationn in the regulatory assessment of industrial chemicals, pesticides, 
andd water quality standards by the United States Environmental Protection 
Agency.. After the introduction of this tool, the chapter continues to analyse the 
unhappyy introduction of ecological toxicity tests into these assessments. 

99 Stating that technology 'does something' evidently does not necessitate 
hylozoism.. If one really wants to read this article in terms of Latourian 'action', it 
wouldd be a very minimal conception of action and by no means a perfectly 
'symmetric'' one, as in Pickering, "The Mangle of Practice", p. 61 et seq.; cf. 
Schaffer,, "The Eighteenth Brumaire of Bruno Latour". 

100 E.g. Yearley, "Bog Standards". Cf. Woolgar, "On the Alleged Distinction 
betweenn Discourse and Praxis''; Radder, "Normative Reflexions on Constructivist 
Approaches",, p. 143. 

111 E.g. Cambrosio, Limoges, and Hoffman, "Expertise as a Network". 
122 A similar comparative problem is signalled by Bijsterveld, "De Natuurlijke 

Ouderdom",, p. 77. 
133 Radder, "Normative Reflexions on Constructivist Approaches", p. 150 et seq. 
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22 The standardisation of expertise 

2.11 Standardising toxicity tests 
Inn the previous chapter, I have already briefly described what typical 
environmentall  toxicity tests look like, but the discussion of their development 
wil ll  require a bit more detail. Typically, such tests consist of a fish in a test tank 
filledfilled with water containing a known concentration of a toxicant. To determine 
thee effect of a chemical on the physiology of the fish, toxicologists want to 
excludee 'disturbing factors'. Each of the elements of the ideal test is sensitive to 
suchh factors. Fishes must be healthy and other variables in the fishes' condition 
mustt be neutralised, such as weight, size, or life history.14 The physical 
conditionss of testing should also be controlled. For instance, the temperature and 
chemicall  composition of the test water are classic disturbing factors. The 
temperaturee of the water affects fish physiology. Water hardness can reduce the 
biologicall  availability of the toxicant in the test solution by chelation. More 
generally,, one must keep careful track of the whereabouts of the toxicant. The 
testt water must be dosed very precisely, since chemicals may be biologically 
activee at extremely low concentrations. For longer-term tests, the fish may have 
too be fed and the food might itself become a source of interference. 
Environmentall  toxicologists design their tests to solve such problems according 
too the state of the art. Discussions of the validity of results frequently involve a 
comparisonn of the parameters that were controlled in the experiment with the 
collectivee memory of known interfering factors.15 

Overr the past forty years, tests have been developed for an ever wider 
rangee of species, for biological effects or endpoints such as mutagenicity rather 
thann the classic lethality, and alternative biological receptors such as populations 
orr communities rather than individual organisms. Although the basic scheme of 
thee tests has changed only marginally,16 the technical specifications of test 
performancee have changed dramatically. As they became obligatory passage 
pointss in US regulatory regimes, toxicity tests became highly standardised. The 
kindss of parameters that need to be controlled in the experimental design of a 
regulatoryy test, as well as other aspects of experimental practice, have been 

144 Fish from a river with past pollution may still suffer from these events when 
usedd in toxicity tests, which generally over-estimates the toxicity of the substance 
testedd since the organism would be weakened already. 

155 Forbes and Forbes, Ecotoxicology; Casarett and Doull, eds., Toxicology; Duffus, 
EnvironmentalEnvironmental Toxicology; laboratory visit and Interview with Lauth, Blacksburg, 
Virginia,, Virginia State University, November 1992; Interview with Giesy, East 
Lansing,, Mi., Michigan State University, December 1992; seminar and Interview 
withh Cherry, Blacksburg, Virginia, Virginia State University, November 1992. 

166 Buikema and Vosshell, Toxicity Studies Using Freshwater Benthic 
Macroinvertebrates. Macroinvertebrates. 
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prescribedd in very detailed protocols. A short analysis of two sets of tests not 
onlyy shows some of the more intricate difficulties of toxicity testing, but also 
providess us with material to address the problem of conceptualising expertise 
andd standardisation for comparative purposes. 

AA good starting point is a comparison of EPA standard methods for acute 
toxicityy to freshwater and marine organisms of 1975 and 1991.17 A first glance 
att the publications already shows major differences. The 1975 manual is a 
modestt 61-page booklet describing a set of aquatic toxicity tests for testing 
specificc compounds and another set for testing effluent water. Each set consists 
off  two different types of test: one 'static' test, in which the test water is not 
circulated,, but at best only renewed; and one 'flow-through' test in which the 
waterr is continuously renewed to maintain its quality, including the toxicant 
concentration.188 The tests are described in an integrated format for general use 
withh 33 different species. Only occasionally specific indications are given for 
eachh of the species separately, concerning water temperature19 or the size and 
agee of the organisms.2 

Thee 1991 manual covers only half of the 1975 methods: it is concerned 
onlyy with tests for effluents and receiving water. However, the book is not half 
thee size, but numbers five times as many pages as the 1975 volume, while the 
numberr of species has been reduced to ll. 21 In addition, the test descriptions 
havee been divided further into static, static-renewal,22 and flow-through. It is 
clearr by merely looking at the size and coverage of these manuals that the test 
descriptionss have become much more detailed. 

177 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians;Amphibians; USEPA, Methods for Measuring the Acute Toxicity of Effluents and 
ReceivingReceiving Waters.... The 1975 volume is apparently the first official EPA 
publicationn devoted entirely to methods for measuring non-mammalian toxicity, 
afterr a short section on aquatic bioassays had appeared in Weber and ed., Biological 
FieldField and Laboratory Methods.... The development work for these tests started in 
Aprill  1971, but the published versions differ very little from the early unpublished 
laboratoryy protocols that respondents have provided, (e.g. Anonymous, Proposed 
RecommendedRecommended Bioassay Procedure for Egg and Fry Stages of Freshwater Fish) 

188 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians,Amphibians, p. 9. 

199 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians,Amphibians, p. 21. 

200 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians,Amphibians, pp. 23-4. 

211 USEPA, Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters...,Waters..., p. 26. Fourteen others are suggested in a supplemental list (p. 263). 
222 In static-renewal tests, the test water is replaced regularly, or else organisms are 

placedd in tanks with new test water. 
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USEPA,, 1975. 

(i)) on feeding: 

"Organismss should be fed at least once 
aa day and tanks scrubbed at least twice a 
week.""  (p.24) 

(ii)) on obtaining specimen: 

"Thee other suggested species are usually 
obtainedd directly from wild populations 
inn relatively unpolluted areas." (p.23) 

(iii )) on cleaning equipment: 

"Toxicantt delivery systems and test 
chamberss must be (...) washed with 
detergentt and rinsed with 100% 
acetone,, water, acid (such as 5% 
concentratedd nitric acid), and twice with 
tapp or other clean water." (p. 13) 

(iv)) on deionizing test water: 

"Distilledd water and carbon-filtered 
deionizedd water are generally 
acceptablee (..)" (p. 15) 

USEPA,, 1991. 

"Troutt are fed fine texture trout 
choww which can be obtained from 
Zeiglerr Bros., Inc, P.O. Box 95, 
Gardners,, PA, (717) 677-6181 or 
Rangenn Inc. (...)." (p.224) 

"Eggss are stripped into a glass 
culturee dish containing seawater or 
ontoo a nylon screen (0.45 to 1.0 
mmm mesh) (Figure 5), which is then 
gentlyy lowered into a culture dish 
off  seawater (...)." (p. 251, out of a 6 
pagee description of collecting and 
culturingg silverside fishes.) 

"11 .Soak 15 min in tap water, and 
scrubb with detergent, or clean in an 
automaticc dishwasher. 

2.Rincee twice with tap water. 

3.Carefullyy rinse once with fresh, 
dilutee (10% V:V) hydrochloric or 
nitricc acid to remove scale, metals, 
andd bases. To prepare a 10% 
solutionn of acid, add 10 mL of 
concentratedd acid to 90mL of 
deionizedd water. 

4.Rinsee twice with deionized water. 

5.Rinsee once with full-strength, 
pesticide-gradee acetone to remove 
organicc compounds (use a fume 
hoodd or canopy). 

6.Rinsee three times with deionized 
water.""  (p.22) 

"Deionizedd water is obtained from 
aa MLLIPORE MDLLI-QR or 
equivalentt system." (p.32) 

tablee 1: Comparison of selected quotes from two EPA manuals for 
aquaticc toxicity tests (references in text). 
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AA few examples of such specific testing instructions (table 1) reveal some 
strikingg differences. Firstly, rules that were uniform and general have been 
differentiatedd to fit  special cases, such as individual species, as in (i). 
Whereass in 1975 only occasional suggestions were made about how to treat 
eachh of the species, by 1991, each test species was given separate attention 
andd its care and handling were described in great detail against an extensive 
backgroundd of information on taxonomy and life history. 

Secondly,, the development of the methods has expanded the range of 
thee protocolised experimental practices. The original methods focused on the 
testt set-up and operation, but sixteen years later, attention was also given to 
thee biological background of the organisms. Some test species that could 
simplyy be caught in the wild in 1975 were brought into the laboratory and 
raisedd under controlled conditions (ii) . Whereas the 1975 manual only 
casuallyy recommended the 'most widely used' statistical methods,23 in 1991, 
statisticall  techniques such as probit analysis were presented and basic 
explanationss of statistical principles were included. The statistics were never 
veryy complex and were said not to 'require the assistance of a statistician'.24 

Inn other words, the protocols were extended 'upstream', to the collection or 
breedingg of tests organisms, as well as 'downstream' to the data analysis. 

Thirdly,, the manipulations required by the protocols had become more 
complex,, as the text tried to reduce the discretion of laboratory workers 
throughh increasingly specific recipes. For example, more elaborated rules 
weree issued to guarantee that receptacles were really clean (iii) . These 
methodss not only required the use of standardised water or adequate feed, but 
alsoo defined how these were to be prepared (i, ii, iii) . In addition, laboratory 
workerss were confronted with specific rules in the form of checklists and 
informationn sheets: for example, the required daily calibration of a diluter, i.e. 
thee test dosing system, had to be reported in detail in a 'diluter calibration 
form'.25 5 

Fourthly,, in some cases the recipes were transferred to prefabricated 
objects,, such as specific types of feed or deionisers (iv). Actions that were 
initiallyy performed by the laboratory workers were later performed by the 
objects,, reducing the margins of discretion for laboratory workers. Forms, 
laboratoryy workers, and apparatuses were even made to control each other. For 
example,, whereas originally the test water was manually dosed by skilled 
laboratoryy workers, this role was later performed by automated devices of 

USEPA,, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians,Amphibians, p. 46. 

244 USEPA, Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters...Waters...,, pp. 74-116, quote p. 74. 

USEPA,, Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters...,Waters..., p. 283 et seq. 
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increasingg sophistication (see figure 9).26 These had to be checked by laboratory 
technicians,, whose calibration performances were in turn disciplined by the 
mandatoryy use of calibration forms. 

figur ee 9: Diluter  dosing toxicants into test tanks (from 
Weber,, Methods for Measuring the Acute Toxicity"). 

2626 A diluter that is easy to operate can lower the operational costs of a test by 
deskillingg the laboratory work force and reducing the work time. A good diluter 
dilutess both ways. One early example that was used extensively is the 'proportional 
diluter'' of D.I. Mount and W.A. Brungs. (Mount and Brungs, "A Simplified Dosing 
Aparatuss for Fish Toxicology Studies") Cf. O'Connell, -'Metrology'*. 
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2.22 The TOP scheme for  standards 

Howw can we make sense of all these differences? How can we describe 
standardisation?? Taking the example of the diluter, I propose to start by re-
groupingg the elements of heterogeneous networks of expertise into three broad 
categories:: Texts, Objects, and People (TOP), corresponding to the same 
schemee we have used to distinguish types of boundary devices in chapter 2. 
Toxicologicall  tests clearly consisted of more than just the apparatus, the 
materiall  object, such as a test tank including the test organism(s), a diluter to 
dosee the toxicant, tubes for aeration of the water, or tools to make various 
measurements.. The operation of a test also depended on texts: manuals, a test 
protocoll  describing what actions needed to be taken, laboratory notes to record 
actionss that had been taken, and written test results, often formalised, that can be 
communicated.. Inscriptions are only one aspect of experimental practice, as 
peoplepeople evidently continued to be present both at toxicity tests and in assessment 
procedures.. They executed tests (and the fish in them), organise resources for 
thee development of new tests if they believed them to be promising, formed 
organisationss such as commercial test laboratories, and communicated results at 
meetings. . 

Whatt does this re-grouping allow us to do? Firstly, we can follow the 
transferr of expertise, competencies, and actions between these elements in the 
developmentt of a test. The specifications of very detailed protocols may be 
replacedd by the training of laboratory personnel; human actions in test 
performance,, such as periodically dosing the test water, may be transferred to 
apparatuses,, or objects, by developing an automatic diluter. In turn, extensive 
descriptionss of these diluters can be found in the texts of laboratory manuals, 
givingg instructions on how people can build and operate them.27 Secondly, we 
cann trace the actions that have not simply been transferred from one element to 
another,, but were added to the network, such as the cultivation of fish or the 
additionn of new statistical techniques. 

Usingg this conceptual tool, we can reconstruct the standardisation of 
toxicityy tests as consisting of at least two different movements. In a first 
movement,, standardisation implied the control and routinisation of people, 
objects,, and texts, per se. Each of the elements became increasingly 
standardisedd as new aspects of the test procedures were included in the manuals 
orr were constructed by the test performers. Manuals became thicker and textual 
ruless more specific, the material tests became more encompassing, and 
laboratoryy workers became more disciplined. However, the position of the 
laboratoryy workers is more complex: in a second movement, the expertise of 
peoplee was gradually transferred to objects and texts: objectified and 

Ass in USEPA, Methods for Measuring the Acute Toxicity of Effluents and 
ReceivingReceiving Waters..., p. 266 et seq. (Appendix C). Cf. Johnson, "Mixing Humans and 
Nonhumanss Together", where Latour calls such processes 'delegation'. 
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protocolised.. The operations of experts were embodied or 'packaged' in the 
toxicityy tests as various manipulations were automated and laboratory workers 
weree de-skilled. Skills that had been embodied in people became embodied in 
texts,, as manipulations that had been left over to the discretion of the test 
performerr were made explicit and prescribed in the textual format of a 
protocol,, (see figure 10) 

objects s 

' © © 

t© © 
people e 

Testing g 
chemicals s 

texts s 

© N N 

figurefigure 10: TOP model with standardisation of elements (1) and 
protocolisationn to texts and 'objectification ' (2). 

288 A liberal use of Fujimura's term, as she reserves the term package for a 
combinationn of a theory and a stabilised boundary object, Fujimura, "Crafting 
Science". . 

299 One eco/toxicologist expressed this de-skilling of the laboratory workers by 
suggestingg that the actual laboratory work is performed more adequately by 
'housewives',, as they are 'used to working with cookbooks': for the adequate 
performancee of a standardised toxicity test, laboratory workers were expected to 
restrictt their actions to prescribed interventions only. (Interview with Mount, 
Duluth,, December 1992.) Simple deep-freeze, do-it-yourself toxicity tests were 
underr development by the mid-nineties, but were treated with great suspicion by 
environmentall  toxicologists. (Interview with Rea, London, Department of the 
Environment,, June 2 1994.) 
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Becausee transfers between texts, objects, and people are possible, the location of 
expertisee in chemical risk assessment can vary widely. The TOP model can be 
appliedd not only to individual tests, but also in the reconstruction of the 
assessmentt procedures by which the results of these tests are evaluated. In some 
cases,, the assessment of chemical hazards is simply assigned to a committee of 
expertss who assess test results on the basis of their own professional judgement 
andd information found in research literature. In this sense, the expertise was 
attributedd mainly to the people involved. The most notorious examples of such 
riskrisk assessment could be found in English pesticides evaluations, where the 
expertss interpret and repositioned the texts and the objects with littl e constraint 
fromfrom formal assessment procedures (see chapter 6). In contrast, the US EPA 
assessmentt of pesticides was based on a set of standardised toxicity tests.30 

Combinedd with a highly formalised assessment scheme, the authority of the 
decisionss was shifted largely to what the tests say and how the results had to be 
interpreted.311 The main locus of expertise in this example lay with the textual 
ruless that guided testing and assessment, along with the use of standardised 
objects?objects?2 2 

Twoo important restrictions must be noted with respect to the impact of 
textss and objects that I am describing. Firstly, we know that experimental results 
underdeterminee the outcome of disputes over the validity of knowledge 
claims.333 The transfer of assessments to texts and objects is never absolute. Even 
thee results of a standardised test need interpretation, even if only to assess 
whetherr correct procedures were followed, a job performed by people such as 
thee EPA risk assessors. However, the aim of standardising a toxicity test is 
preciselyy to reduce these margins of interpretation. The central question then 
becomess how and under which conditions regulatory actors chose the specific 

Generall  introduction in: Jenkins, Layton, and Buikema, State of the Art in 
EcologicalEcological Risk Assessment. 

Thiss development is not uncontroversial. US regulators have been criticised for 
avoidingg responsibility by mechanising the assessment process, at the expense of 
expertt judgement. (E.g. Cairns and Pratt, "The Scientific Base of Bioassays".) 

33 These examples suggest that a complete transfer of competencies from humans 
too tests is rather unlikely, though more extreme cases of the transfer of expertise to 
apparatusess can be found even in environmental science. Clearly, the extent to 
whichh human actions can be carried over to machines is not to be decided here. The 
pointt is that human expertise is carried over to apparatuses, although the extent to 
whichh this happens remains an empirical matter. In the first place, we want to know 
how,, when, and why these shifts occur and what their consequences are. This is a 
differentt issue from the one debated in the artificial intelligence controversy. 

Ass is made clear in cases of 'experimental regress', cf. Collins, Changing 
Order,Order, or studies of escalated controversies over chemical risk, such as described in 
Jasanoff,, The Fifth Branch; or Landy, Roberts, and Thomas, The Environmental 
ProtectionProtection Agency. 
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strategyy of delegating these margins of interpretation to protocols and standard 
objects. . 

Secondly,, we also know that the mundane realities of laboratory practices 
evadee the idealised descriptions of experiments in research papers 4 or even 
protocols.. Laboratory manuals, test protocols, and other texts, like standardised 
objects,, can never be expected to control test performance entirely.35 In fact, 
remainingg room for negotiation in the domain of test performance can be an 
importantt mechanism for containing conflict with regulated industry, as we will 
analysee in more detail below. Even though variations in the performance of 
differentt laboratories could surely be found, the aim of standardisation is 
preciselyy to stabilise the application of test methods in different laboratory 
settings,, to reduce contingency even if it cannot be eradicated. 

2.33 Technologies to discipline eco/toxicity testing 
Itt is interesting to pay closer attention to the means by which these EPA 
manualss for environmental toxicity tests tried to create de facto replicable 
experiments.. The manuals describing the methods were but one aspect of the 
technologiess that were used to guarantee a consistent presentation of 
expertise.. Since the eco/toxicity testing of chemicals was highly 
decentralisedd in the US, the issue of standardising an environmental toxicity 
testtest was not just a matter of making sure these tests produced consistent 
resultss between different points in time, but also between various 
laboratories. . 

EPAA laboratories developed various techniques to train people to use 
tests.. Especially in the early seventies, EPA's regulatory scientists felt they 
couldd not rely on any consistent professional training of eco/toxicologists. 
Too make sure that other laboratories could reproduce the toxicity tests they 
weree developing, educative materials were produced in conjunction with 
testingg manuals, for example, specific training manuals on how to build and 
usee diluters. These manuals were then used in courses in eco/toxicity testing, 
organisedd at EPA departments all over the country.36 After audio-visual 
technologyy became more widely available, courses could be supplemented 
withh video training tapes, provided with a similar accompanying volume of 

344 As shown in laboratory studies, e.g. Knorr-Cetina, The Manufacture of 
Knowledge;Knowledge; Latour and Woolgar, Laboratory Life; or in studies of scientists' 
problemss with replication, e.g. Collins, "The Seven Sexes". 

355 As is indicated very convincingly by Jordan and Lynch, "The Sociology of a 
Geneticc Engineering Technique". 

366 USEPA, Bioassay Diluter Construction; Interview with McKim, Duluth, 
USEPA,, Environmental Research Laboratory, December 1992. 
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instructions:: one could buy videos from the EPA on how to raise water fleas 
orr fathead minnows.37 

EPAA did more to guarantee the consistency of testing. Laboratories 
weree also inspected to assess their ability to come up with acceptable 
toxicityy data. An interesting document in this respect is the Manual for the 
EvaluationEvaluation of Laboratories Performing Aquatic Toxicity Testsn This 
manual,, developed to evaluate regional laboratories working on water 
pollutionn of the EPA itself,39 offers a second example of disciplining 
technologiess controlling laboratory worked. In the manual, we find that once 
againn people, texts, and objects were used for these visits. People visited 
thesee laboratories: EPA laboratory inspectors checking on the facilities. 
Thesee visitors used texts during their visits. In fact, the manual contained 
overr 50 pages of forms, for checking the laboratory staff, the adequacy of 
thee workbench space, the presence and use of logbooks, or the availability of 
PCs.. Some of the forms applied to specific toxicity tests and checked such 
thingss as specific light intensities, feeding regimes of test organisms, or 
dilutionn water standards, part of which concerning the presence of the 
prescribedd apparatuses.40 Some of these parameters in turn required 
equipment,, objects, to make measurements during the inspection. Clearly, 
thesee forms were literary technologies that cut on both sides: not only did 
theyy control the laboratories, they also steered the inspectors in their job of 
evaluatingg the laboratories. 

Withinn EPA, the development of these sorts of controls, including the 
developmentt of rules of Quality Assurance, became the speciality of the 
Environmentall  Monitoring Systems Laboratory in Cincinnati, Ohio, which 
startedd as EPA's centre of expertise for chemical water analysis. The 1991 
manuall  quoted earlier gives examples of Quality Assurance rules of conduct 
thatt should guide laboratory actions in general, such as: 'Reagent containers 

E.g.. by 1991, EPA had video packages on culturing and short-term chronic 
toxicityy test methods for marine organisms and for freshwater organisms, such as 
CeriodaphniaCeriodaphnia Dubia, distributed through its National Audiovisual Centre. USEPA, 
MethodsMethods for Measuring the Acute Toxicity of Effluents and Receiving Waters..., pp. 
145,211,39. . 
388 Klemm, Lobring, and Horning, Manual for the Evaluation of Laboratories 

PerformingPerforming Aquatic Toxicity Tests, intended for use under the National Pollution 
Dischargee Elimination System-NPDES. 

Whenn the manual was written, there was no formal certification programme for 
commerciall  laboratories performing toxicity tests working for NPDES, but the 
manuall  was presented as a step towards such certification, (p.2) This would allow 
EPAA to control the performance of testing through a mechanism of excluding 
laboratoriess not considered competent. 

400 Such as the Millipore Milli-Q ® deioniser mentioned earlier. 
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shouldd be dated when received from the supplier, and the shelf life should 
nott be exceeded.' (p. 10) Some of these rules constituted meta-rules, 
invokingg other EPA methods, such as for chemical water analysis. In other 
cases,, methodology or quality assurance developed elsewhere were quoted. 
Forr example, the rules of Good Laboratory Practice for environmental 
toxicityy testing developed by the OECD frequently appear in these types of 
documents. . 

EPAA methods also relied on commercial standards. The Millipore Milli -
es®® deionisers mentioned in the table (see iv) were standard laboratory 
equipment,, produced by the Millipore Company, purifying water for a wide 
rangee of laboratory applications.41 These standardised objects need not always 
bee produced by companies specialised in laboratory materials. One example 
involvedd sources of test water. To avoid any form of interference in the results, 
aquaticc toxicity tests tend to be performed with 'reconstituted water', i.e. 
purifiedd water that is then made to resemble natural water, for example by 
modifyingg its hardness, acidity, and alkalinity by adding specific amounts of 
saltss to the water. Standard methods manuals therefore contained tables of how 
too prepare test water, which salts to add, etc. The 1991 manual offered a cheaper 
alternativee for the production of water of the category 'very hard': Perrier 
minerall  water.42 Some fish seem to love it. In other cases, standard objects were 
usedd that were commercially available to fisheries, such as the trout fish food 
mentionedd above. However, the mention of commercial products always 
includedd the clause 'or equivalent', since, by law, EPA could not favour 
specificc companies in its regulations. Hence, documents of this sort always 
includedd an additional general disclaimer to this effect: 'The mention of trade 
namess or commercial products does not constitute endorsement or 
recommendationn for use'.4 

Standardisationn could even extend to the organisms tested, for example 
byy selecting fish of specific species, size, age, health conditions, origins, etc. 
Inn the case of Daphnia magna, the most popular water flea species used in 
aquaticc toxicity testing, research has even indicated that the sensitivity to 
toxicantss varies between genotypes in the same species, suggesting genetic 

411 See Millipore, Milli-Q®  Ultrapure Water Purification Systems Webpage. 
422 USEPA, Methods for Measuring the Acute Toxicity of Effluents and Receiving 

Waters...,Waters..., p. 35, confirmed in interviews. 
433 USEPA, Methods for Measuring the Acute Toxicity of Effluents and Receiving 

Waters...,Waters..., p. ii. In practice, products were of course recommended in effect and 
failuree to use the ones mentioned put the test performer at risk of providing 
unacceptablee data, since the equivalence of the product used would have to be 
indicated. . 
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standardisationn possibilities by creating uniform strains, not unlike those used 
withh rats and mice used in medical research.44 

Howw successful were these control techniques? In the same 
bootstrapping,, recursive way, the success of the standardisation of these 
methodss were established with 'round robin' tests: tests were performed by 'a 
largee number of laboratories using the same method, species, and toxicant or 
effluent'.455 In these reliability tests, results of the different laboratories were 
correlatedd and the variability expressed in a coefficient. Evidently, this way of 
comparingg tests was self-referential. The adequacy of testing was assessed by 
parameterss that were defined within the testing practice itself: it did not assess 
thee validity of what is defined as 'toxicity'. Round robin testing could be 
performedd as part of the development of a test, to assess whether it was ready to 
travel.. In these circumstances, rigid round robin tests were performed with all 
thee materials used coming from one central (EPA) source.46 

Thee construction of a stable test was not merely a matter of aptly 
distributingg expertise over texts, objects, and people. Stability was obtained 
fromm the control exerted by each of the three elements over the others. What we 
findd is a recursive chain of control and of control-of-control: social control 
technologiess (a specialised control branch of EPA), controlling literary 
technologiess (using texts ranging from inspection manuals to calibration forms), 
controllingg people (inspectors), controlling other people (lab workers), 
performingg laboratory tests, controlled in turn by material control technologies 
(objectss such as deionisers and thermometers).47 This made these tests suited to 
travell  to the specific locations (certified) laboratories of eco/toxicologists and 
theirr results from there on to regulatory board rooms for evaluation and 
assessment.. These tests were also designed to travel to court rooms. And even 
there,, the disciplining technologies would not stop. Expert evidence in US 
courtss was never presented without the presence of an expert to answer 
questions.. EPA trained its officers on how to perform in court rooms, how to be 
aa reliable witness. Here is an excerpt from a manual for inspectors under the 
Toxicc Substances Control Act: 

444 See Calow, "The Politics of Chemical Risk". 
USEPA,, Methods for Measuring the Acute Toxicity of Effluents and Receiving 

Waters...,Waters..., p. 11 et seq.; similar in USEPA, Technical Support Document for Water 
Quality-BasedQuality-Based Toxics Control, pp. 10-11. 

466 Cf. the combination of 'intrinsic' and 'extrinsic' methods of standardisation 
describedd in O'Connell, "Metrology". 

477 Fujimura has suggested that concepts ('texts') and objects may be insufficient to 
guaranteee stability. (Fujimura, "Crafting Science", p. 204) My model recommends 
thatt people (their knowledge, their circulation) be included in understanding 
stability,, which more closely corresponds to the approach in O'Connell, 
"Metrology". . 
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Dresss is important. A well-groomed, neatly attired witness makes a more 
favourablee impression in the courtroom. (...) Do nothing that may attract 
attentionn to you. Make yourself as inconspicuous as possible. Do not sit 
inn groups with more mat 2 or 3 colleagues. Spread out in the courtroom. 
(...)) Do not volunteer information. Answer only the question asked, but 
answerr it fully and to the point.48 

Thee standardisation of toxicity tests was not a matter of research science. In fact, 
researchh scientists often looked down upon standardised toxicity testing, 
'protocoll  toxicology', and in interviews with academic eco/toxicologists they 
weree not always considered suited for research purposes and most certainly not 
requiredd to get articles published in refereed journals. These standard methods 
weree developed specifically for regulatory testing, with high involvement of 
regulatoryy agencies. To understand how and why these toxicity tests were 
constructed,, how they operated, and how this related to the boundaries in 
eco/toxicology,, we therefore need to analyse them together with the regulatory 
regimess in and for which they were developed. The question of thee stability of a 
standardisedd toxicity test then also becomes more than just a practical 
accomplishmentt on the desktop of a laboratory, but part of a policy of 
pacificationn of regulatory decision making that requires a.close integration of 
technicall  as well as political strategies. 

33 Eco/toxicity testing for water pollution control 

3.11 Water  quality criteri a and eco/toxicity tests 
Waterr pollution control was the first major regulatory programme of the US 
EPAA (see chapter 3). The eco/toxicology methodology initiatives of EPA's 
Officee of Water in the period researched concerned especially effluent testing 
andd the development of water quality criteria. Water quality criteria had a long-
standingg regulatory tradition. They consisted of lists of parameters with 
thresholdd values that were expected to guarantee the protection of surface water, 
specifiedd for different uses of water (e.g. drinking water). These parameters 
originallyy were set for hygienic reasons, mainly to control water bome diseases, 
suchh as typhoid. For these purposes, it was important to measure bacteriological 
andd chemical/physical parameters, such as the amount of oxygen or the oxygen 
demandd in water.49 The State of California was on of the first to bring data from 

488 USEPA, Toxic Substances Control Act Inspection Manual, pp. 4-11 and 4-14. 
499 Interview with Mount, Duluth, December 1992. It is in the context of sanitation 

thatt the APHA (American Public Health Association) Standard Methods 
developmentt originated, with a first edition in 1905 (then called Standard Methods 
ofof Water Analysis), but dating back to activities of the American Academy of 
Sciencee already in 1880. (American Public Health Association, American Water 
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thee scientific literature together in an attempt to write an integrated guidance 
documentt for the evaluation of water quality under its own legislation. After a 
firstfirst edition of the Water Quality Criteria in 1952, a version updated by 
CalTechh appeared in 1963.50 By this time, some industrial toxicants had been 
includedd in the threshold listings, but only as far as their danger to humans was 
concerned.. In 1966, the Secretary of Interior instructed a National Technical 
Advisoryy Committee to develop national water quality criteria, which led to the 
publicationn of the 'Green Book' in 1968. For the first time, chemical 
concentrationss that would protect aquatic life were incorporated,51 a 
developmentt paralleled by the removal of water quality responsibilities from the 
Publicc Health Service to the Department of the Interior.52 

Thee water quality criteria approach developed into a regulatory regime of 
aa particular nature. It is important to note that this regime was an extension of 
thee model of water sanitation. Just as in traditional water sanitation parameters 
weree specified to protect human health, so were values included to protect 
aquaticc life. The assumption was that one could specify a finite list of individual 
criteriaa for individual compounds that would, when added together, offer 
protectionn to communities of aquatic species in general.53 Parallel to this 
expansionn of the sanitation approach, another type of extension occurred. Water 
pollutionn increasingly became a national concern, rather than one of the 
individuall  States. For the development of water quality criteria as an instrument 
inn pollution control, this implied the formulation of more generalised criteria. A 
nationall  programme needed national criteria that could hold for all of US 
waters.. This development was intensified when water pollution became a 
responsibilityy of the EPA and with the enactment of the Federal Water Pollution 
Controll  Act Amendments in 1972.54 

Thee criteria had a particular use in policy. In practice, the water quality 
criteriaa books were used as state of the art reference manuals. Their original 
structuree much resembled an encyclopaedia: each parameter was presented with 

Workss Association, and Water Pollution Control Federation, Standard Methods for 
thethe Examination of Water, p. iii ) 

500 McKee and Wolf, Water Quality Criteria. This document was held in high 
regard:: the 1976 reprint appeared after at least two other national volumes had been 
edited. . 

511 Kimerle, "Has the Water Quality Criteria Concept Outlived Its Usefulness?", p. 
113;; Federal Water Pollution Control Administration, Water Quality Criteria. 
5252 Interview with Mount, Duluth, December 1992; see Landy, Roberts, and 

Thomas,, The Environmental Protection Agency, pp. 26 et seq, for discussion of 
relatedd Congressional politics. 

533 This was one of the occasions Cairns considered a missed chance for ecologists, 
seee chapter 4, Cairns, "Improving Environmental Protection". 

544 See chapter 3, Federal Water Pollution Control Act Amendments, PL 92-500. 
EPAA had to develop water quality criteria under Section 304(a). 
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aa discussion of all research results that had been found. As such, they suggested 
firmfirm scientific ground from which to derive policy goals for pollution 
abatement,, but were also used in courtrooms as scientific evidence.55 To protect 
thiss scientific status, it was a standard ritual for every water quality criteria 
documentt to draw a boundary between science and politics. Perhaps the first 
andd the most explicit statement can be found in the 1968 'Green Book': 

Onee troublesome task encountered in the initial meetings of the 
Committeee was that of semantics. The Committee faced the task of 
sortingg out meanings among the terms 'criteria' and 'standards'. 
Regardlesss of any other uses of the words, the following definitions are 
consideredd appropriate: 
Standardd - a plan that is establishing governmental authority as a 
programmee for water pollution prevention and abatement. 
Criteriaa - a scientific requirement on which a decision or judgement may 
bee based concerning the suitability of water quality to support a 
designatedd use.56 

Thee price to pay for this science/policy split was the difficulty to integrate both, 
too derive defensible 'standards' from scientifically legitimated 'criteria', for 
examplee as national water quality criteria needed to be translated into standards 
matt could apply to local water conditions. This gave rise to a series of efforts of 

Intervieww with McKim, Duluth, USEPA, Environmental Research Laboratory, 
Decemberr 1992. 

566 Federal Water Pollution Control Administration, Water Quality Criteria, p. vii. 
AA similar passage can also be found in the reprint of the Californian document 
(McKeee and Wolf, Water Quality Criteria, p. vii) or in subsequent EPA documents 
(USEPA,, Water Quality Criteria, 1972; USEPA, Quality Criteria for Water, p. 4) 
Thesee distinctions between science and politics parallel the distinction between 'risk 
assessment'' (a scientific business) and 'risk management' that would structure 
EPA'ss dealing with risk over a decade later, (see Jasanoff, "Science, Politics, and the 
Negotiationn of Expertise at EPA", p. 209 et seq.) However, this rhetorical boundary 
workk is much older than acknowledged in the literature. A similar distinction 
betweenn assessment and decision making was already suggested in: National 
Academyy of Sciences, Principles for Evaluating Chemicals in the Environment, pp. 
23-24.. The distinction between standards and criteria can be traced back to legal 
disputess over standards on the basis of the Californian criteria. (McKee and Wolf, 
WaterWater Quality Criteria, p. 87) However, as a boundary text, it was not stable and 
neededd constant reinvocation. For instance, the Green Book was said to be 
constantlyy misinterpreted as presenting 'standards'. The terms are confusing, as very 
littl ee in their common usage suggests the difference made in the regulatory context. 
(Miller,, "Water Pollution in the States", p. 120) 
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thee EPA to bridge this self-created gap, this time with a procedural fix: 
guideliness on how to derive standards from criteria.57 

Firstly,, the Office of Water considered the old encyclopaedic format no 
longerr suited for two reasons: political pressure to develop water quality criteria 
forr many more substances at a higher pace; and, secondly, the perceived need to 
producee 'more objective' criteria that would be more difficult to challenge and 
easierr to use in enforcement. Hence, EPA wanted criteria that were quantified as 
muchh as possible and formatted into clear-cut threshold values: numbers had to 
replacee an evaluative lemma of the old water quality criteria documents.58 The 
manoeuvringg of EPA to establish such criteria can be illustrated with the 
developmentt of the Blue Book, the 1972 successor of the Green Book. The 
writingg of this study was contracted out to the National Academy of Sciences 
andd the National Academy of Engineering59 'to give it more credence'.60 The 
strategyy was often used by the EPA: an 'outside' report by a well reputed 
institutionn could not be seen as a partisan effort of a regulatory Agency.61 To 
guaranteee the aura of an independent study, EPA scientists were formally 
forbiddenn to sit on the committee writing the Blue Book, although parts of it 
weree written by at least one EPA scientist as an assistant to the committee.62 

Inn academia, EPA was criticised for years for leaving the Blue Book 'on 
thee shelf until 1976.63 Rather than using the study, the Office of Water decided 
too rework it into yet another colourful successor, the 'Red Book'. The job done 
byy the research scientists did not fit  the Office's regulatory purposes. The 
wordingg and formulation did not allow for derivation of sharp, quantified 

USEPA,, Guidelines for Developing or Revising Water Quality Standards. This 
projectt was extended over the next decade, e.g. USEPA, Water Quality Standards 
Handbook.Handbook. In 1983 Guidelines were developed on how to derive site-specific 
criteriaa from the national criterion, see Stephan, "Are the 'Guidelines for Deriving 
Numericall  National Water Quality Criteria...", p. 516. (The coincidence of this 
attemptt for more flexibility in the criteria with the early Reagan administration is 
probablyy not accidental.) See also Staples et al, "A Model for Predicting the 
Influencee of Superseded Sediments on the Bioavailability", p. 426. 

588 EPA frequently expressed its official policy that numerical criteria were to be 
preferred,, e.g. USEPA, Guidelines for Developing or Revising Water Quality 
Standards,Standards, pp. 5-10. 

599 USEPA, Water Quality Criteria, 1972. 
600 Interview with Mount, Duluth, December 1992. 
611 Cf. the search for a balance between proximity and distance with EPA's Science 

Advisoryy Board. (Jasanoff, The Fifth Branch, p. 93 et seq.; Bush, Uneasy Partners) 
622 Interview with Mount, Duluth, December 1992. 
633 Interview with Buikema, Blacksburg, Virginia, Virginia State University, 

Decemberr 1992. 



PackagingPackaging eco/toxicity in US EPA regulatory regimes 209 

criteriaa and so eventually the new document was written by EPA experts 
64 4 

anyway. . 
Thiss development was reinforced by the Consent Decree, the out of court 

settlementt between EPA and the National Resources Defence Council (NRDC) 
off  1976, in which EPA agreed to write specific water quality criteria for 129 
'priorityy pollutants'.65 After the first of these individual criteria documents had 
beenn written, the documents turned out to be rather inconsistent. Just like the 
Redd Book, the drafts had been written up by different individual in-house EPA 
experts.. Apparently, these experts had each been using different means to derive 
aa criterion value from research data, which the Office of Water considered too 
inconsistentt in the face of possible legal challenges,66 such as the one by the 
NRDCC on the issue of water quality criteria. Rather than to rely on human 
expertise,, it was decided that uniform methods had to be developed to derive 
criteria,, which postponed the effort til l 1978.67 

Nott only were the water quality criteria themselves formalised to strict 
numbers,, the way these numbers were to be derived was now also formalised. 
Byy 1985, these guidelines had become an extensive set of detailed rules, 
definingg requirements for the acceptability of eco/toxicity data, the number and 
sortt of acute and chronic toxicity studies needed to derive criteria, the ways to 
computee different sets of test data into two criterion numbers, and even the word 
forr word expression to be used in the specification of criteria. From 
encyclopaedicc 'hazard assessments' based on customised evaluations by 
experts,, the criteria became explicitly numerical 'risk assessments', focused on 
calculation,, rather than on loosely descriptive evaluations.68 As the expertise of 
peoplee was perceived as questionable, EPA reacted by shifting the expertise to a 
literaryy form: guidelines that offered a procedural fix and reduced the decision-
makingg margin of risk assessors.69 Within EPA, some regulatory scientists 

644 Interview with Mount, Duluth, December 1992. 
655 Kimerle, "Has the Water Quality Criteria Concept Outlived Its Usefulness?", p. 

113.. See also chapter 3. 
666 Interview with Mount, Duluth, December 1992. 
677 A first version of the guidelines was published in the Federal Register in 1978 

andd updated later, more in: Stephan, "Are the 'Guidelines for Deriving Numerical 
Nationall  Water Quality Criteria...", p. 515; Kimerle, "Has the Water Quality Criteria 
Conceptt Outlived Its Usefulness?", p. 113; Interview with Mount, Duluth, 
Decemberr 1992. 

688 The two-number approach was new, see Stephan, "Are the 'Guidelines for 
Derivingg Numerical National Water Quality Criteria..."; Stephan et ai, Guidelines 
forfor Deriving Numerical National Water Quality Criteria... 

699 This margin did not disappear entirely. Decisions still had to be made, 
especiallyy evaluation of the quality of the toxicity of the toxicity data and the 
decisionn whether or not to include them in the calculation. (Stephan, "Are the 
'Guideliness for Deriving Numerical National Water Quality Criteria...", pp. 524-5) 
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pointedd out the disadvantages of this approach: it led to a reduction of 
discretion.. EPA had to make the way a criterion was derived public and could 
thenn no longer modify assessments in response to contingencies to the extent it 
usedd to.70 Nevertheless, water quality criteria were produced and used as a 
relativelyy solid building block for other regulatory programmes.71 

Thee regulatory regime of the water quality criteria was developed 
togetherr with a specific form of toxicity testing. The writing of criteria was 
dependentt on the research results available in the literature. When the first water 
qualityy criteria were developed, there was not much experience with toxicity 
testss for aquatic species72 and the extension from human health to protection of 
aquaticc life was problematic due to the limited information available. In 
response,, government laboratories started developing toxicity tests to meet the 
questt for data, such as scientists in the Water Pollution Control Administration 
inn the second half of the sixties. As water quality criteria were formalised during 
thee seventies, a specific type of toxicity test was needed. First of all, the toxicity 
testss would have to come up as much as possible with clear threshold values, 
reducingg the gap of expert interpretation between research data and numerical 
criteriaa as much as possible. Beyond such formal requirements, there were also 
substantivee issues. For example, the tests had to be performed with some form 
off  water that could be considered representative of most natural waters in the 
US,, to obtain national criterion values. From a credibility perspective, the data 
consideredd most valuable and rare were chronic toxicity studies. To obtain more 
dataa on chronic toxicity, the Water Pollution Control Administration laboratory 
nearr Cincinnati, Ohio, had already in the sixties worked on a five-month life 
cyclee test with fathead minnow fishes. This work was carried over to the EPA 
laboratoryy in Duluth, Minnesota. 

Inn Duluth, the work continued in two major directions. Firstly, two other 
speciess were included to test in cold, medium, and warm water, to correspond to 
differentt US surface water temperatures. Secondly, efforts were made to reduce 
thee duration and thereby the cost of the tests, leading to a test for fish the early 
lif ee stages of 30 or 60 days in 1972. The reduction in time was based on 
indicationss that the early life stages constituted the most sensitive part of the life 
cyclee of a fish.73 These kinds of tests were of relatively low standardisation.74 

Intervieww with Mount, Duluth, December 1992. The use of water quality criteria 
wass expanded further in subsequent regulation (such as Water Quality Act of 1987 
(PLL 100-4), see Bascietto et al, "Ecotoxicity and Ecological Risk Assessment", p. 
12. . 

711 USEPA, Technical Support Document for Water Quality-Based Toxics Control. 
722 For a short description see Jenkins, Layton, and Buikema, State of the Art in 

EcologicalEcological Risk Assessment, p. 19 et seq. 
733 Anonymous, Proposed Recommended Bioassay Procedure for Egg and Fry 

StagesStages of Freshwater Fish. 
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Tliee methods development documents in this period, focused on comparability 
off  data in general. The only need for consistency was to be able to bring 
differentt results together and calculate a criterion value from mem, favouring 
similarr procedures for different species. Tests were developed 'one size fits all* 
ass much as possible.75 Cost reduction by using shorter tests was important, but 
thee effort to shorten tests was by no means comparable to toxicity tests 
developedd later for other regulatory programmes. In fact, a longer duration was 
alsoo an asset, because of the higher scientific credibility of chronic tests. For 
instance,, the 30 day early life stage test remained unabbreviated until about 
1983,, when it was shortened for research unrelated to water quality criteria,76 

Inn sum, the toxicity testing oriented at water quality criteria was not 
highlyy standardised. The legal pressure of the 1976 Consent Decree did not lead 
too the extreme standardisation of toxicity tests described above. To the extent 
thatt expertise was shifted, it occurred in the phase of criteria derivation. Here, 
thee human component was reduced with the literary technology of a procedural 
fix.. However, specific toxicity tests were indeed constructed to gather data 
suitedd for criteria development. In this sense, human expertise was partially 
shiftedd to the test as an object, but still maintained high discretion in test 
performance. . 

3.22 Regulating discharges and eco/toxicity tests 
Thee National Pollutant Discharge Elimination System (NPDES), also part of the 
samee Water Pollution Control Act, had different requirements. Exceeded water 
qualityy standards do not point to individual dischargers, since many dischargers 
mayy deposit the same toxicant in the same body of water. Therefore, discharge 
permitss requirements were upheld as the counterpart of standards in the 1972 
Actt for enforcement purposes. Up until 1972, permits were generally written on 
thee basis of negotiated rule making between States and dischargers.77 After 
1972,, a new programme would make discharge permits largely dependent on 
strictt rules of how effluent was to be treated (technology standards, see chapter 

744 Even in 1985, the guidelines for deriving criteria had only very general 
limitationss on the acceptability of data, such as '(...) data should usually be rejected 
iff  they are from tests that did not contain a control treatment,(...)\ ASTM protocols 
weree only mentioned as examples of good procedures. (Stephan et al, Guidelines 
forfor Deriving Numerical National Water Quality Criteria..., pp. 21-22, 26 n.13) 

755 See USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, 
andand Amphibians, p. 2. 

766 Interview with Mount, Duluth, December 1992; Interview with McKim, Duluth, 
USEPA,, Environmental Research Laboratory, December 1992. 

777 Or 'administrative procedures', rather than the strong legalistic approach that 
thee young EPA preferred. The State of California was a known exception. (See 
Miller,, "Water Pollution in the States", p. 122.) 
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3),, supplemented with maximum daily loads for specific pollutants. After 
repeatedd delays in the over-optimistic programme and the inability to live up to 
ambientt water quality standards using this mode of control, EPA came up with 
ann entirely different philosophy for granting discharge permits. In 1984, EPA 
announcedd the 'Policy for the Development of Water Quality Based Limitations 
forr Toxic Pollutants', and proposed to assess whole effluents as such on their 
toxicity.. 'Biological techniques' were to supplement the chemical and physical 
standardss used in effluent permits.79 

Thiss policy change illustrates how the development of eco/toxicity tests 
wass not always 'pulled' by legal developments, but how sometimes the 
developmentss of eco/toxicity at regulatory laboratories could also 'push' new 
legislation.. The idea of testing whole effluents for their toxicity had been 
suggestedd and even developed by EPA scientists a decade before its regulatory 
introduction.. In the years preceding the 1984 policy statement, whole effluent 
testingg methods were developed even though the direct regulatory application 
wass limited. However, EPA scientists, especially at the Duluth Environmental 
Researchh Laboratory, knew that the technology based control programme was 
nott living up to its expectations and knew that eventually an alternative would 
bee required. They started to argue for the regulatory possibilities of their tests in 
wholee effluent testing with their colleagues in the Office of Water.8 

Testingg whole effluents for toxicity would require an entirely different 
typee of toxicity tests than the type of test used for writing up water quality 
criteria.. The tests of 1991 that were used in the earlier comparison were part of 
thee tests developed for this purpose. We have already pointed to their relatively 
highh standardisation. However, there was an additional set of chronic tests that 
comparess more easily with the kind of chronic tests that was used for the 
developmentt of water quality criteria. The chronic tests for NPDES were very 
short:: they ranged between 1 hour and 9 days.81 Again, these tests were derived 
att the Duluth laboratory. The results of 30-day partial life cycle tests with 
fatheadd minnow fishes were correlated with these so-called 'crucial life stage' 
testss results. In these tests, toxicity was established at larval or embryonic life 

788 PL 92-500, Sec. 303., See USEPA, Guidelines for Developing State and 
AreawideAreawide Water Quality Management Programme Development, pp. 5-10. 

799 In Federal Register., Vol.49, No.48, Friday, March 9, 1984. See USEPA, 
TechnicalTechnical Support Document for Water Quality-Based Toxics Control', Klemm, 
Lobring,, and Horning, Manual for the Evaluation of Laboratories Performing 
AquaticAquatic Toxicity Tests, p. 1; Interview with Mount, Duluth, December 1992. 

800 Interview with Mount, Duluth, December 1992. 
811 In fact, some toxicologists suggested that the name 'chronic' was misplaced 

becausee they were so short and that 'subchronic' might suit them better. (Interview 
withh Mount, Duluth, December 1992; USEPA, Technical Support Document for 
WaterWater Quality-Based Toxics Control, p. 11; Weber et ah, Short-Term Methods for 
EstimatingEstimating the Chronic Toxicity of Effluents and Receiving Waters) 
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stagess only. The results were considered satisfying enough to use in a series of 
riverr studies and were then mobilised for NPDES testing. Again, we can relate 
thee characteristics of tests to the regime in which they functioned. Effluent 
testingg was, unlike water quality criteria development, to be done on a large 
scale,, by many laboratories for large numbers of effluents. Long term chronic 
studiess would not suit a regular issuance of permits and, more importantly, 
wouldd not be accepted by industry. Another important element in the specific 
formm of these tests was the availability of the effluent that needed testing. On-
sitee toxicity tests were relatively expensive and performing long-term tests in 
laboratoriess would require a substantial amount of effluent that needed to be 
broughtt in from the site, hence short tests with small animals.83 

Thee production of these tests is also interesting from an institutional point 
off  view. The industrial opposition to the introduction of whole effluent testing 
forr permits was one of the major factors that EPA had to deal with in the 
developmentt of the toxicity-based approach to effluents. By the time EPA was 
consideringg this change, US industry had bundled forces into a number of 
institutess that had enough expert knowledge to question the increasingly 
complexx regulatory science successfully, some of which formed quite assertive 
lobbies.844 Fearing this opposition of 'the discharge community', the newly 
developedd tests were initially kept out of the committees of the American 
Societyy for Testing and Materials (ASTM) where the standardisation of tests 
wass discussed (more detail below).85 In times of confrontation, the informal 
circuitss became useless for building consensus and for constructing legitimacy. 

Too find alternative ways to sustain the credibility of the toxicity based 
effluentt testing and the methodology it used, a number of extensive field 
validationn studies were set up in six different rivers, spread over the country. On 
thee basis of these results, EPA engaged in the discussion with industry's 
representatives,, a project that continued into the nineties. In the mean time, EPA 
hadd developed further guidelines on how to evaluate the results of the effluent 
toxicityy tests in the light of water quality criteria, bringing more toxicity criteria 
intoo effluent permitting via another route.86 

Weberr et al, Short-Term Methods for Estimating the Chronic Toxicity of 
EffluentsEffluents and Receiving Waters, p. 4 et seq; Interview with Mount, Duluth, 
Decemberr 1992. 

833 Interview with Mount, Duluth, December 1992; Weber et al., Short-Term 
MethodsMethods for Estimating the Chronic Toxicity of Effluents and Receiving Waters, p.3. 

844 Cf. examples in Landy, Roberts, and Thomas, The Environmental Protection 
Agency,Agency, p. 77 et seq. on the American Petroleum Institute in the Ozone case, p. 159 
ett seq. on the changes in the Chemical Manufacturers Association and its role in 
Superfund. . 

855 Interview with Mount, Duluth, December 1992. 
866 Among these representatives, again, the American Petroleum Institute and the 

Chemicall  Manufacturers Organisation (Interview with Mount, Duluth, December 
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Thee development effluent toxicity testing of effluent toxicity testing 
showss how eco/toxicologists at the EPA not only responded to new regulatory 
needs,, but also induced new regulatoiy initiatives with their testing 
methodology.. Here too, we can the see the process of fine-tuning the details of 
testss to regulatory needs, specifically cost reduction in attempts to reduce 
industryy resistance, building scientific legitimation to compensate for limited 
legall  powers to enforce a new programme, and a reduction of the need of 
interpretationn of test results by experts to harness test results for enforcement. 

44 Organising tests for the environmental assessment of 
industrialindustrial chemicals 

4.11 Notification under  TSCA 
Underr the Toxic Substances Control Act (TSCA) of 1976, the regulation of the 
environmentall  hazards of industrial chemicals, excluding pesticides, food 
additivess and other specific groups of chemicals, was the responsibility of 
EPA'ss Office of Pollution Prevention and Toxics (OPPT, formerly OTS: Office 
off  Toxic Substances). To avoid the confusion of ever-changing EPA acronyms, 
thiss will simply be called the Toxics Office. The bulk of the regulatory activity 
off  the Toxics Office lay in the assessment of Pre-Manufacture Notices and 
Exemptionn Notices, regulating the process by which industry has to announce 
thee production of new chemicals or significant new uses of old ones. By the 
earlyy 90s, the Office on average received approximately 2,200 of these notices 
everyy year, by law containing all the test data in the possession of a notifier.87 

However,, TSCA did not require the notifier to perform any actual toxicity 
testingg prior to notification. The Toxics Office could require testing only if there 
wass reason to assume that a chemical 'may present an unreasonable risk of 
injuryy to health or the environment.'88 Once a notice had been submitted, risk 

1992).. Discussion of the validation studies: USEPA, Technical Support Document 
forfor Water Quality-Based Toxics Control, p. 7. Similar studies had also been 
performedd to support the validity of water quality criteria. For a discussion of these 
studies,, including responses to environmentalist criticisms, see USEPA, Technical 
SupportSupport Document for Water Quality-Based Toxics Control. 

877 Zeeman, Nabholz, and Clements, "The Development of SAR/QSAR for Use 
underr EPA's Toxic Substances Control Act (TSCA)", pp. 524-5; correspondence 
withh Vincent Nabholz, 2 June 1994. 

888 Toxic Substances Control Act, PL 94-469 Sec.5(d)(l)(B) and Sec.4(a)(l)(A)(i). 
Sectionn 5, dealing with the notices, were the most active section of the law. For a 
generall  description of the way this section operated, see Nabholz, "Environmental 
Hazardd and Risk Assessment under TSCA"; Auer, Nabholz, and Baetcke, "Mode of 
Actionn and the Assessment of Chemical Hazards". I will focus on these two sections 
off  the law, since I set out to look at the more routinised assessments of chemicals. 
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assessorss evaluated the quality of all the data in the notice to determine their 
conclusionn in the 'hazard profile*  of a chemical.89 

Thee tests used in this regulatory regime can be described in terms of the 
TOPP model in three different modes of test development: the construction of 
tests,, the standardisation of tests, and the deployment of tests.90 Firstly, the 
Officee invested substantially in the development of short tests, encouraging the 
embodimentt of expertise in apparatuses and objects rather than (expensive) 
people.. Secondly, during standardisation, these toxicity tests went through 
extensivee negotiation, gaining support of users (industry) and potential 
contestantss (non-agency environmental toxicologists), packaging consensus of 
humann expertise in the texts of detailed protocols and accepted standard objects. 
Thirdly,, in the deployment mode, the testing procedures resulting from this 
processs were frequently re-negotiated in the actual assessment procedure. 
Notifierss and assessors would alter details of the procedures and develop a 
chemical-specificc laboratory protocol, based on (but not necessarily entirely 
identicall  to) the protocols of standard methods. Typical modifications 
concerned,, for example, the approach to be used with chemicals that do not 
dissolvee easily in the testing water.91 In the assessment process, the people 
reappearedd in a central position, negotiating and modifying the role of the texts 
andd the objects for test performance and assessment. In each of these three 
developmentt modes of toxicity tests, we will use the TOP model as a guide to 
describee widely varying tests and assessment procedures. 

Too understand how the specific tests of the Toxics Office came about, we 
havee to understand the strategies of its regulatory officers. In turn, these 
strategiess can only be understood in light of the tensions and power balances of 
itss regulatory regime. We have already described some of the distinctive 
featuress of the regulatory regime of the Toxics Office in chapter 3 and can now 
connectt these with the development of strategies to develop specific 
science/policyy boundary devices. Especially the conflicts surrounding the 
passagee and implementation of the TSCA are crucial in understanding the 
strategiess followed by the regulators. 

Whenn the TSCA was accepted by Congress in 1976, the Toxics Office 
foundd itself in a rather weak position when trying to obtain data to assess 

899 Interview with Nabholz, Washington DC, USEPA, November 1992. 
900 I use the term 'modes of development' rather than 'phases', which could 

suggestt a linear structure of development processes from conception to application. 
Inn fact, the text will show how especially the anticipation and strategic behaviour of 
actorss provides crossovers between development modes. These modes should be 
understoodd as three typical kinds of development activity between which the 
developmentt of a test spirals. 

911 If desired, chemicals' solubility can be improved adding mediating chemicals 
(intervieww with Nabholz, Washington DC, USEPA, November 1992). 



2166 Boundaries of regulatory science 

chemicals.922 The EPA had been involved indirectly in the development of the 
TSCAA through personal links with the presidential Council on Environmental 
Qualityy that drafted the Law, but its attempts to obtain a strong legal mandate 
hadd been unsuccessful. Both the EPA and the Council for Environmental 
Qualityy had wanted to require a minimal set of toxicity data in every notice. 
Accordingly,, the original drafts obliged companies to perform limited toxicity 
testss prior to submitting their notices. Along with issues of the confidentiality of 
informationn submitted, this was a major point of contention in Congress, 
holdingg up the passing of the TSCA for six years. The counter-arguments were 
mostlyy economic: at a time where the exorbitant cost of water pollution control 
lawss was becoming apparent, the issue of regulatory cost sounded throughout 
thee congressional debates and into the TSCA. The final text of the law explicitly 
declaredd its intent to limit the cost effects of regulation on the economy and on 
technologicall  innovation.93 A set of required data was considered too heavy a 
burdenn for industry and therefore economically unsound.94 

Thee efforts of the EPA to require a minimal set of toxicity data after the 
passagee of the TSCA were successfully countered by industry.95 By 1981, the 
EPAA finally had to acknowledge the strength of the industrial lobby and limited 
itss own efforts to a suggested set of tests.^However, these suggestions had littl e 
effect,, since notifiers hardly ever would test a substance for toxicity if they were 
nott required to do so. To assess whether chemicals might pose a threat, risk 
assessorss in most cases had to work from the chemical and physical parameters 

922 An embryonic Toxics Office had already existed for several years prior. The 
passingg of the Law had been expected for a long time and the administration had 
beenn preparing for it. (USEPA, Core Activities of the Office of Toxic Substances; 
Nationall  Bureau of Standards, Summary of the Office of Toxic Substances 
Requirements)Requirements) A number of staff members from the Council on Environmental 
Qualityy came over to the Toxics Office to implement TSCA in 1976, expanding the 
officee to an operational size (Interview with Nabholz, Washington DC, USEPA, 
Novemberr 1992). 

933 Toxic Substances Control Act, PL 94-469, sec.2(b)3. The debate over the cost of 
waterr pollution abatement between 1972 and 1976 can be followed in The Journal 
ofof the Water Pollution Control Federation, see also chapter 3. 

944 Toxic Substances Control Act, PL 94-469, Section 5. Some background in 
Brickman,, Jasanoff, and Ilgen, Controlling Chemicals, pp. 58 et seq., 243. On the 
costt of alternative schemes: USEPA, Impact of TSCA Proposed Premanufacturing 
NotificationNotification Requirements; Starr, "Economic Impacts of the TSCA". More detailed 
legislativee history and discussion in: Sussman and Barton Hutt, "Premanufacture 
Notification". . 

955 Brickman, Jasanoff, and Ilgen, Controlling Chemicals, p. 284. 
966 The set consisted of chemical/physical data, tests for acute toxicity, subchronic 

orr repeated dose, mutagenicity, ecotoxicity, and degradation and accumulation. 
(USEPA,, "Premanufacture Testing Policy"; Sussman and Barton Hutt, 
"Premanufacturee Notification", p. 96) 
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off  a compound, although even the measurement of these parameters was not 
mandatory.. In addition, the initial assessment period for a notification was 
short:: the Toxics Office had to meet 90-day deadlines to respond to notices. 
Furtherr testing according to section 5 of TSCA could only be required if a (fast) 
casee for potential hazard could be made, and then only at risk of provoking a 
courtt case. Apparently, as a result of the complexity of this procedure and the 
threatt of expensive litigation, by July 1982 only nine chemicals had been tagged 
forr further investigation,98 out of the thousand-odd chemicals that by then had 
passedd through the notification scheme." 

Betweenn 1970 and 1982, the salient political and legal lines of the 
regulatoryy regime of industrial chemicals were drawn. In sum, these conditions 
forcedd regulators into a weak position where they lacked the means to impose 
strongg demands for information from industry. Attempts to raise support for 
strongerr legal mandate had failed. The Toxics Office was left with notices 
containingg very littl e data on the basis of which to assess chemicals and only a 
limitedd capacity to request additional testing, since the burden of proof of the 
needd of more data rested with the Agency. The possibility of expensive and 
unpredictablee court action by industry turned this into a lengthy and uncertain 
operation.. Under these conditions, brought about by the outcome of the conflicts 
aroundd the TSCA and the ensuing litigation, the Toxics Office had to find ways 
too implement regulation based on very limited data. 

4.22 Tests for  TSCA 
Forcedd into this politically and legally weak position, the regulators of the 
Toxicss Office looked for tests and strategies that they believed would give them 
maximumm control over the assessment process. Regulators were well aware they 
couldd not come up with expensive test methods or even standardised tests that 
weree not widely accepted, since they had to rely on industry's more or less 
voluntaryy cooperation to obtain data. This would have led to the submission of 

Requiredd data for a Premanufacture Notification included: chemical identity, 
molecularr structure, trade name, production volume, uses and amount for each use, 
by-productss and impurities, human exposure estimates, disposal methods, and any 
otherr test data in the possession of the notifier. In 1981, only approximately 75% of 
thee valid notifications presented physical and chemical data at all. (Sussman and 
Bartonn Hutt, "Premanufacture Notification", p. 96.) By 1990, EPA received toxicity 
dataa in less than 50% of the Premanufacture Notifications and environmental 
toxicityy data in approximately 5%. (Nabholz, "Environmental Hazard and Risk 
Assessmentt under TSCA", pp. 650-1, see also Zeeman, Nabholz, and Clements, 
"Thee Development of SAR/QSAR for Use under EPA's Toxic Substances Control 
Actt (TSCA)", pp. 52405, 527-8.) 

988 Sussman and Barton Hutt, "Premanufacture Notification", p. 96. 
999 Auer, Nabholz, and Baetcke, "Mode of Action and the Assessment of Chemical 

Hazards";; p. 184 (graph). 
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evenn less data eventually to a new industry campaign to challenge the EPA's 
methodss and requirements. On the other hand, from an industrial point of view, 
itt made littl e sense to perform a toxicity test to prove your substance innocent if 
thee assessors would not accept the data. In their negotiations, both industry and 
thee Toxics Office slowly discovered that to have mutually agreed upon standard 
testingg methods could be advantageous for both parties, especially in order to 
makee the outcome of notification and assessment more predictable. The issue 
thenn became: which tests and which standards?100 

Thee development of the toxicity tests implied a delicate learning process, 
inn which scientists from industry and regulatory laboratories negotiated the 
detailss of standard methods. Regulatory scientists discovered that a constructive 
dialoguee about methods was possible with key regulatory scientists from 
industryy in the Committee on Methods for Toxicity Tests with Aquatic 
Organisms,, which had been formed in November 1971. The committee 
consistedd of scientists from government laboratories, including several of the 
EPA,, and of scientists from industry, and the occasional university researcher. 
Thiss committee developed the 1975 toxicity methods discussed in the 
introductionn to this chapter. Making toxicity tests more cooperative was even its 
explicitt goal, but the steady involvement of the EPA illustrated the regulatory 
interestt of the endeavour, in those days especially for the water pollution 
programme.. The committee was dissolved when sections dealing with aquatic 
toxicologyy were formed within the American Society for Testing and Materials 
(ASTM),, 'to help prevent a proliferation of competing committees and 
conflictingg methods'.101 Here, the same tests were developed and endorsed in 
1980.102 2 

Thee ASTM could offer a lot more than the older Committee on Methods, 
whichh had been organised by the US EPA itself.103 In ASTM, academic 

1000 Interview with Nabholz, Washington DC, USEPA, November 1992. 
1011 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians,Amphibians, p. 5. 
1022 Hunn, "History of Acute Toxicity Tests with Fish, 1963-87", p. 5. The 
developmentt of these methods continued, e.g. Schimmel, Proposed Standard 
PracticePractice for Conducting Early Life-Stages of Fishes, Draft No. 5. 
1033 The Committee on Methods was not the only source of toxicity methods. A 
muchh older alternative was the American Public Health Association (e.g. American 
Publicc Health Association, American Water Works Association, and Water 
Pollutionn Control Federation, Standard Methods for the Examination of Water), 
underr the control of a relatively exclusive group of experts, which made it harder to 
introducee EPA needs and concerns. (Interview with Stephan, Duluth, Mn., USEPA, 
Decemberr 1992) Another alternative was provided by the workshops of the Society 
off  Environmental Toxicology And Chemistry, but ad hoc workshops could not 
guaranteee the continuous development and refinement of methods. (Although 
SETACC did get involved in method development for multispecies tests later, around 
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researcherss were represented more extensively. In addition, ASTM could be 
presentedd as an independent source, since EPA had no formal say in its 
operation.. The ASTM was endowed with a respectable tradition of standards 
developmentt based on extensive procedures of consensus building, involving 
largee numbers of participants. When a toxicity method was proposed in an 
ASTMM committee, anyone could make suggestions about its improvement. This 
couldd be done in writing, but scientists who wanted their modifications to be 
implementedd stood a much better chance if they were present at the subsequent 
discussions.. After the discussion, a new version of the method was written and 
thee process went through more rounds until no further relevant suggestions were 
made.. This was also the major disadvantage of the ASTM: the standardisation 
proceduree required substantial personal effort and could take more than five 
years.. Only researchers with a vested interest and the resources to be present 
att all the relevant meetings, such as EPA scientists, were likely to bring this 
demandingg effort to a successful conclusion. 

Nevertheless,, this was perceived as worth the effort by environmental 
toxicologistss with a good eye for regulatory intricacies, since they understood 
thatt methods coming from the ASTM were more likely to become important 
regulatoryy tools. ASTM standardisation committees offered a forum to negotiate 
aa modest basis for regulatory consensus: at least the endorsed methods were less 
likelyy to be challenged by industry later in the regulatory process. As an 
institutionall  configuration, the ASTM provided a cultural space where the 
detailss of methods could be negotiated, distanced from the EPA and from 
possiblee suspicion of partisanship, and ruled by a remarkable mixture of 
scientificc ethos and careful consensus building. In addition, the fact that ASTM 
couldd be presented as a disinterested outside source, representing 'state of the 
art'' methodology meant data could be presented more confidently in a court of 
law.. The Toxics Office was not formally obliged to pass through ASTM: 
specificc workshops or even feedback via publication of test methodology in the 
FederalFederal Register were also used. It was only one of the forums where 

1991-1992,, e.g. Society for Environmental Toxicology and Chemistry, Workshop on 
AquaticAquatic Microcosms.) 
1044 Interview with Stephan, Duluth, Mn., USEPA, December 1992; Interview with 
Mount,, Duluth, December 1992. 

AA similar role had been played by the APHA in the 1960s. As an American 
aquaticc biologist remarked during an early symposium on toxicity tests in 1964: 
"Thee inclusion of this test in Standard Methods [of APHA] gives it an aura of 
'official'' approval and acceptance. In cases in litigation in our courts there is a 
tendencyy to accept test results from some formal, published procedure rather than 
fromfrom an individually designed test. In this respect, Standard Methods is, in many 
instances,, looked upon as the 'Bible'." (C.B. Wurtz in Alabaster and Abram, 
"Developmentt and Use of a Direct Method of Evaluating Toxicity to Fish", p. 54) 
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methodologyy could be developed, but one that proved suited for this particular 
regulatoryy regime. 

Thee high involvement of industrial scientists in ASTM provided another 
advantage:: apart from offerin| a neutral space for building consensus over 
methodology,, ASTM turned out to be quite useful too as a meeting place for 
scientistss and officials from EPA and industry. Meetings between regulators and 
industryy in the US were regarded with great suspicion and were often regulated 
veryy strictly.106 However, EPA scientists were allowed to visit scientific 
meetingss without much restriction107 and discovered that ASTM subcommittees 
offeredd a place where one could get to know the scientists working for 
industry.108 8 

EPAA did not limit its role to participation in negotiations of the 
standardisationn of already existing tests. EPA scientists and regulators also took 
aa more proactive approach by initiating development work for new tests. In the 
EPAA laboratory in Duluth, scientists saw an opportunity to develop a test with a 
waterr flea species that seemed more practical than the traditional Daphnia 
Magna,Magna, the Ceriodaphnia. They had originally been looking for suitable live 
foodd for use in chronic toxicity tests with fish: organisms that would not die too 
quickly,, putrefy, and interfere with the toxic effect of the chemical under 
investigation.. As it turned out, the fish food could itself could be tested for 
toxicity.. The great advantage of Ceriodaphnia was that one could run a full life-
cyclee test in only seven days, making it a very short-term chronic toxicity test. 

1066 As a consequence of the 'fear of capture' of the new regulatory agencies (see 
chapterr 3), the Federal Advisory Committee Act of 1972 was designed to make sure 
theree would be no uncontrollable committees where regulators and industry would 
contrivee rules together. (Jasanoff, The Fifth Branch, P- 46 et seq.) For example, 
meetingss had to be announced publicly and in advance. (USEPA, Advisory 
Committees:Committees: Charters, Rosters and Accomplishements) In the Reagan period, the 
frequentfrequent of-record meetings of EPA officials with industry in the formaldehyde 
controversy,, were among the major factors that led to the loss of support and 
eventuallyy resignation of Administrator Anne Gorsuch. (Landy, Roberts, and 
Thomas,, The Environmental Protection Agency, p. 245 et seq.; Jasanoff, The Fifth 
Branch,Branch, p. 193 et seq.; cf. Vogel, National Styles of Regulation, p. 259 et seq.) 
Althoughh the EPA gained a lot of leeway towards the end of the 1980s and 
negotiationss with industry became somewhat more accepted as part of a regulator's 
job,, EPA scientists still got in trouble if they got too close with industry in the 
nineties,, (e.g. Marshall, "Science Advisers Need Advice"). 
1077 Cf. Jasanoff, The Fifth Branch, p. 57. 
1088 These possibilities would be expanded after the Society for Environmental 
Toxicologyy and Chemistry was formed in 1979, see chapter 4. 
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Livingg up to the low-cost requirement*  -the'test schedule was designed to fit  into 
aa five-day workweek, avoiding expensive weekend work.109 

Thee Ceriodaphnia test is an example of how the 'technical' details of test 
constructionn were adapted to specific regulatory purposes. From this point of 
view,, a good toxicity test was defined not only in terms of its ability to 
correspondd to (measured) effects of chemicals in the field, but also to the 
requirementss of laboratory operation, and to the regulatory regime for which it 
wass developed.110 Wide support for a test through negotiated standardisation 
wass not the only asset in attaining this adaptation. Aspects such as the cost of 
weekendd labour were also important. Another asset was the fact that the test 
couldd also be presented as a chronic test, which was generally considered more 
validd than an acute test:111 the LC50 of a chronic test would be multiplied by a 
smallerr 'safety factor' than the result of an acute test. 

Thee third mode of development was the deployment of the tests of the 
Toxicss Office, which involved negotiations about actual test design and 
performance.. Here people reappeared in a central position. Within the general 
ruless of Good Laboratory Practice and the standardised tests of the ASTM, 
specificc laboratory protocols were written for each test.112 Companies could 
evenn request and obtain information concerning the assessment procedure for an 
unsubmittedd chemical. To avoid the rejection of test results, protocols were sent 
too the Toxics Office for revision and suggestions. Thus, the test methods were 
negotiatedd not only in a general sense, but also in specific cases of test 
performance.. The risk assessors at the EPA knew the 40-odd laboratories that 
performedd these tests and maintained contacts with industrial scientists, 
especiallyy in the larger firms. Moreover, before legal action was taken to require 
moree testing, companies were notified. Negotiations with companies about extra 
testingg could start before formal action was taken, and could persuade these 
companiess to perform more tests, thus avoiding a costly legal procedure and the 
badd publicity it generated.113 

Thee development process of this particular test also offers a good example of 
thee extensive negotiations and development that went into such a test: it took years 
beforee the first version of the test was officially published. (Mount and Norberg, "A 
Seven-Dayy Life-Cycle Cladoceran Toxicity Test") Eventually, the test was used in 
thee effluent-testing programme of the Office of Water. (Interview with Mount, 
Duluth,, December 1992) 
1100 This parallels the three levels of scientific work that need to be aligned to 
constructt do-able problems: experiment, laboratory, and social world, in this case 
structuredd by the specific institutional arenas of regulatory regimes. Cf. Fujimura, 
"Constructingg 'Do-Able' Problems". 

E.g.. Giesy and Graney, "Recent Developments in and Intercomparisons of 
Acutee and Chronic Bioasssays and Bioindicators". 
1122 Interview with Mount, Duluth, December 1992. 
1133 Interview J.V. Nabholz, Washington DC, November 1992. 



2222 Boundaries of regulatory science 

Thee Toxics Office defended this approach not only for reasons of 
pragmatismm and fairness, but on scientific grounds also. It allowed risk assessors 
too make specific changes in protocols, adapted to the particularities of 
substancess and their intended uses. The Office was not alone and was not the 
firstt to recommend this approach, which was suggested in a very extensive 
reportt by the National Academy of Science of 1975: 

Itt will be impossible to make reasonable decisions on the basis of a single 
submissionn of test results, unless the data demanded are prohibitively 
extensive.. A much more efficient procedure would be to establish a 
dialoguee between the manufacturer and the regulatory agency at an early 
stagee in the process of development of a new chemical, so that the agency 
cann guide the testing procedure and advise the manufacturer at an early 
stagee if the risk-benefit ratio of the chemical appears likely to prove 
unfavourable.114 4 

Thiss recommendation was not observed in the much more legalistic procedures 
off  the TSCA text, but the assessment practice generally developed towards such 
aa more informal model. In the end, the acceptability of actually used laboratory 
protocolss depends on their review by the assessors of the Toxics Office.115 

4.33 The sublimation of tests 
Thee Toxics Office used various strategies to gain the support of industry to 
deliverr testing data where it did not have the power to demand them, and to 
reducee the risk of legal challenges where it had. It reduced the cost of tests, 
soughtt industry support in test standardisation, and negotiated laboratory 
protocolss with the scientists mat performed testing for companies to make sure 
dataa would be acceptable. In addition, it made sure that industry knew how data 
wouldd be evaluated by making its assessment techniques visible, i.e. the way the 
dataa would be evaluated, again after consultation over these techniques. 
Simultaneously,, it supported the development of testing methodology 
particularlyy suited for its regulatory regime. Probably the best example of these 
developmentss was the attempt to derive toxicity data where there were none: 
fromfrom the chemical and physical parameters of a chemical. 

Evenn before the passing of TSCA, in 1976, it was clear that the Toxics 
Officee would have trouble to assess large amounts of chemicals without any 

1144 National Academy of Sciences, Principles for Evaluating Chemicals in the 
Environment,Environment, p. 22. 
1,55 Interview with Nabholz, Washington DC, USEPA, November 1992. Examples 
off  negotiation over additional testing in Auer, Nabholz, and Baetcke, "Mode of 
Actionn and the Assessment of Chemical Hazards", p. 189 et seq; Vincent Nabholz, 
letterr to the author, 2 June 1994. 
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toxicityy data. Hence already in 1975, the Toxics Office was advised by the 
Nationall  Academy of Sciences to explore the possibilities of a technique that 
hadd originated in drug design: Structure-Activity Relations (SAR).116 The idea 
behindd SAR was to look for a direct correlation between the chemical structure 
off  a substance and its biological effects, based on extrapolations from tests with 
veryy similar substances. Where drug design was looking at the possibilities of 
improvingg the desirable effects of chemicals, the application in environmental 
regulationn would try to predict the unwanted effects. In the case of toxic hazard 
assessments,, this implied relating empirical toxicity data to parameters of 
chemicall  structure, such as molecular weight or water solubility. When a 
compoundd had to be analysed for which no empirical toxicity data are available, 
aa biological effect could then still be estimated by extrapolation of the chemical 
parameters.. If it could be proven that this approach would work for toxicity, the 
problemm of assessment of minimal data would be reduced to gathering enough 
existingg empirical toxicity data and finding the right kind of parameters to 
obtainn significant relations.117 The Toxics Office apparently had already been 
lookingg into the possibilities of SAR before NAS's advice came through, for 
alreadyy in March 1975, a SAR bibliography was published.118 

Inn the same year, a third event suggested concrete possibilities for how to 
putt the SAR work to use. Parallel to the Toxics Office, scientists at the 
Environmentall  Research Laboratory in Duluth were exploring the possibilities 
off  SAR. Since about 1973, attempts had been made to make estimations of 
bioconcentrationn factors, which indicate the tendency of chemicals to form 
residuess in organic tissue.119 Finding no interest for this SAR work in 
Washingtonn at that time, Gilman Veith of the Duluth laboratory successfully 
turnedd to the Great Lakes Research Advisory Board, the research board of a US-
Canadiann commission dealing with pollution in the Great Lakes. The 

1166 National Academy of Sciences, Principles for Evaluating Chemicals in the 
Environment,Environment, p. 21. 
1177 Interview with Veith, Duluth, Mn., USEPA, Environmental Research 
Laboratory,, December 1992. 
1,88 Franklin Institute Research Laboratories, Structure-Activity Correlation 
Bibliography,Bibliography, prepared for EPA on the basis of the Toxic's Office own files (p.iv). 

Thiss work was done in the margin of the more general Duluth research interests 
inn bioconcentration. The first Duluth SAR journal papers only came out in 1979, 
e.g.. Veith, DeFoe, and Bergstedt, "Measuring and Estimating the Bioconcentration 
Factorr of Chemicals in Fish". Checked in USEPA, The Environmental Research 
LaboratoryLaboratory - Duluth: Bibliography. According to Veith, it was hard to find a US 
toxicologyy journal that would accept this kind of work in the first couple of years of 
environmentall  SAR research, since it was so far off the beaten track. Interview with 
Veith,, Duluth, Mn., USEPA, Environmental Research Laboratory, December 1992. 
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researcherss got a year's time and some $ 40,000. With this support, an SAR 
symposiumm on bioconcentration and toxicity was held on the Canadian side of 
thee Lakes, hosting some top names in SAR research and scientists from 
industry,, academia, and regulatory agencies, including from EPA 
headquarters.1211 This symposium was seen as the take-off of SAR research in 
environmentall  toxicology, operating as a forum where the promises of the 
techniquee could be explored and brought to the attention of the regulatory 
officess of EPA.122 

Withh major support of the Toxics Office, an SAR research programme 
wass started in Duluth in the next budget cycle, approximately two years after the 
symposium.. Bearing in mind the specific use of SAR in the TSCA programme, 
aa budget of several million dollars was provided on an annual basis.123 Because 
off  this research effort, EPA was later received credit for perceiving the 
possibilitiess of SAR and for developing its practical applications in 
environmentall  hazard assessment.124 By 1981, two years after the start of the 
neww chemicals programme, the Toxics Office implemented the first structure-
activityy relations in the assessment of premanufacture notices. Of course, the 
researchh in Duluth had not yet come up with a comprehensive apparatus of SAR 
andd in the first couple of years the SARs used at the Toxics Office were often 
relationss found in the literature.125 

1200 Interview with Veith, Duluth, Mn., USEPA, Environmental Research 
Laboratory,, December 1992. 
1211 Veith and Konasewich, eds., Structure-Activity Correlations in Studies of 
ToxicityToxicity and Bioconcentration with Aquatic Organisms. Research of the Duluth 
laboratoryy was presented by H. Kopperman, 'Structure Toxicity Correlations of 
Phenolicc Compounds to Daphnia magna'' (p.57-72). 
1222 Interview with Veith, Duluth, Mn., USEPA, Environmental Research 
Laboratory,, December 1992. 
1233 This is very indicative of the possibilities of the regulatory offices to influence 
thee agenda setting of research in EPA laboratories at the end of the 1970's. Crucial 
actorss in the Office of Research and Development were strongly opposed to SAR 
researchh because of some early well-known failures in drug design applications in 
thee 1960s. The Toxics Office was able to circumvent these hesitations by funding 
thee research in Duluth directly. Interview with Veith, Duluth, Mn., USEPA, 
Environmentall  Research Laboratory, December 1992. 
1244 John Moore, interview, Washington DC, Nov. 24, 1992. An indicator of the 
centrall  role of Duluth is that the 1979 paper by Veith, DeFoe and Bergstedt 
mentionedd earlier became a highly cited successful paper, signaled by Current 
ContentsContents as a 'Citation Classic©'in 1992. (Veith, "The Black Magic of Chemical 
Residues")) Also highly cited was another SAR paper that was initially hard to get 
published:: Veith, Call, and Brooke, "Structure-Toxicity Relationships for the 
Fatheadd Minnow". 
1255 Interview with Nabholz, Washington DC, USEPA, November 1992. A seminal 
publicationn was the Dutch Könemann, "Quantitative Structure-Activity 
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Thee principle behind the research design of the Duluth SAR programme 
wass relatively straightforward: get as much toxicity data as possible, put these 
dataa together and look for correlations between parameters of chemical structure 
andd parameters of toxic effects. Yet finding suitable toxicity data appeared 
easierr said than done. Initial attempts at calculations with data from Duluth's 
extensivee toxicity database Aquire, did not lead to statistically significant 
results.. With a high faith in the possibilities of SAR, the problems for these 
initiall  failures were sought in the insufficient standardisation of the toxicity tests 
thatt were used in the literature and that formed the basis of the Aquire database, 
nott in the shortcomings of SAR as such. Also, Aquire did not have sufficient 
toxicityy data on one specific species and the differences in toxicity effects 
betweenn species were too big to make meaningful correlations. In response to 
thesee problems, Duluth proposed to set up a major testing scheme of its own. To 
gett sufficient data on different groups of chemicals, it was statistically 
calculatedd that some 900 individual tests would have to be performed. This 
testingg scheme would present the ultimate form of standardisation in toxicity 
testing:: tests would be performed with a well-developed protocol at one single 
laboratory,, using the same personnel as much as possible. This standardisation 
wass meant to reduce margins of error to an absolute minimum. 

Thee next step was to find out which animal and protocol would be suited 
mostt for such testing. After long discussions, the fathead minnow fish 96-hour 
toxicityy test was chosen. The test was short, Duluth had developed it itself and 
hadd substantial experience with it, but there was also another significant 
advantage.. The fathead minnow test was also used for the water pollution 
controll  programme NPDES. In the unholy event that the SAR effort would lead 
too nothing, then at least NPDES permit writers would have had a huge amount 
off  extra data that they could consider for effluent permits. Nevertheless, after 
monthss of testing, it became clear that the SAR programme would lead to 
significantt results. For several classes of chemicals, SARs were developed in the 
coursee of the following years, even to the extent of quantifying parameters of 
structuree (QSARs). The database that resulted from this research consisted of 
fivefive large printed volumes and was made available for research purposes 
throughh the University of Wisconsinn at Superior.126 

Thee Toxics Office eagerly used the research results, but now considered 
thee research more or less completed. After 1985, the SAR programme continued 
onn a more modest budget under the name 'predictive toxicology' and was 

Relationshipss in Fish Toxicity Studies", which was used in assessment practice. 
Togetherr with Duluth, Utrecht was another major centre of SAR research in 
environmentall  toxicology. 
1266 Interview with Veith, Duluth, Mn, USEPA, Environmental Research 
Laboratory,, December 1992. 
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limitedd to $3-400.000 annually after 1988. The Office or Research and 
Developmentt was still sceptical of its merit and the Toxics Office did not only 
judgee the marginal returns of more research to be minor, but had also found a 
neww way of creating QSARs. By the time toxicity data were coming in from 
notifiers,, it had access to more toxicity data than any research laboratory could 
everr dream of, stored in its own restricted PMN-Ecotox database.128 The bulk of 
thesee data fell under the business confidentiality provisions of TSCA129 and 
couldd therefore not be published in the literature or made available for research. 
Apparently,, risk assessors at the Toxics Office found the data reported to be 
sufficientlyy standardised to work with, which is quite remarkable when 
contrastedd with the efforts the Duluth laboratory had gone through to come to a 
veryy high degree of standardisation. The Toxics Office developed a stepwise 
proceduree to judge chemicals without toxicity data: Firstly, assessors tried to fit 
aa chemical to a QSAR, but if a suited relation based on data of the same type of 
chemicalss was not available, qualitative SARs would be looked for. As a last 
resort,, assessments could even be based on the 'best analogue' of a chemical. 
Inn tradition with the negotiating approach of the Toxics Office, these procedures 
andd the quantitative formulas used in assessments were made available to 
notifierss for them to anticipate the assessment outcome.131 

Thiss episode of the development and use of SAR makes clear that the 
definitionn of 'sufficient standardisation' depends on institutional context as well 
ass judgement of the users of these tests. If risk assessors found the PMN data to 
bee sufficiently standardised to calculate QSARs themselves, then this did not 
havee to correspond to the desired degree of standardisation at a research 
laboratory.. There is no way to determine a desired degree of standardisation of 
testingg or assessment methodology without consideration of its position in the 
regulatoryy regime, including the strategies and policy beliefs of the actors 
involved.. In fact, the very approach of investing in standardisation was in itself 
suchh a strategy. Regulatory use as such does not have to lead to higher 
standardisationn requirements, as with the toxicity tests discussed earlier. In this 
case,, the toxicity tests used to develop SARs were much more standardised than 
thee tests used by the Toxics Office to further develop regulatory SARs. The 
practicee was frowned upon by the original researcher, but was nevertheless used 
successfullyy in producing closure in assessments. 

1277 Interview with Veith, Duluth, Mn., USEPA, Environmental Research 
Laboratory,, December 1992. 
1288 PMN stands for Premanufacture Notice. Nabholz, Miller, and Zeeman, 
"Environmentall  Risk Assessment of New Chemicals under TSCA, Section 5", p. 38. 
1299 Toxic Substances Control Act, PL 94-469, sec. 14. 
1300 Nabholz, "Environmental Hazard and Risk Assessment under TSCA", p. 652. 
1311 Interview with Nabholz, Washington DC, USEPA, November 1992; Auer, 
Nabholz,, and Baetcke, "Mode of Action and the Assessment of Chemical Hazards", 
pp.. 186,95. 
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4.44 The regime and the strategy of the Toxics Office 
Fromm the perspective of the dominant image of US regulatory regimes, it is 
importantt to highlight the negotiation processes around toxicity tests. Despite all 
thee efforts at standardisation, the TSCA regulatory regime was also one of 
negotiation;; both in the standardisation process and in the way these tests were 
usedd and interpreted. This is quite surprising in the context of the American 
culturee of the 'new regulatory agencies'. Analysts have always stressed the very 
strictt rule-orientation of American regulations and the escalation of conflicts in 
litigation.1322 However, behind the major conflicts that made the news, regulation 
(andd in particular risk assessment) under the TSCA was negotiated long before 
negotiatedd rule-making became fashionable in the Agency, and even in the days 
whenn the entire EPA was under pressure from the press and the environmental 
movement,, which feared a new 'capture' by industry in the Reagan years. 

Inn spite of the development of detailed manuals for testing (texts) and 
standardisedd materials and species for testing (objects), people remained 
importantt in negotiations of toxicity testing for the Toxics Office in two ways. 
Firstly,, the rules of the assessment procedures were negotiated and packaged 
intoo standardised tests and protocols in the 'back regions' of standardisation 
committees.. Experts from acadernia, industry and the regulatory authorities, i.e. 
thee people, thus transferred their expertise to standardised objects and texts that 
couldd be used as resources in the assessment of specific chemicals. Secondly, 
regulatorss in this regime did not enforce the tests rigidly in the process of 
negotiatedd assessment. However, the negotiation process surrounding the testing 
off  a specific chemical is based on and partly constrained by existing standards. 
Thiss allowed both parties to contain conflict and maintain a high degree of 
predictabilityy of the assessment process.133 In other words: successful 
standardisationn of these tests was not just a matter of the technical 
accomplishmentt of constructing a stable object and unambiguous protocol texts, 
butt also of negotiated use of these test and the guarantee that they would be 

1322 Already between 1975 and 1980, the legalistic and adversarial approach of the 
neww agencies was being criticised by political scientists. Cf. Nagel, "Incentives for 
Compliancee with Environmental Law"; Wilson, ed., The Politics of Regulation', 
especiallyy Marcus, "The Politics of Regulation"; Reppy, "The Control of 
Technologyy through Regulation". For a discussion of trends towards negotiated rule 
makingg at EPA in the 1980s, see Fiorino, "Citizen Participation and Environmental 
Risk". . 
1333 In this sense, these standard methods allow for the kind of interpretative leeway 
off  boundary objects that Star and Griesemer described in connection with 
integrativee work between social worlds. (Star and Griesemer, "Institutional Ecology, 
'Translations',, and Boundary Objects") 
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supportedd by everybody in the expert community that bothered enough about 
themm to go to ASTM meetings.134 

Too a large extent, this practice of standardisation of tests became an 
automatism.. Maybe at some point these manoeuvres were planned and 
schemed,, but some of those original reasons are only remembered by scientists 
involved,, maybe mentioned in an obscure footnote in a technical document. 
Regulatoryy scientists and regulators may proceed to standardise a test because 
'itt just seems the natural thing to do'.135 By the early nineties, the strategy of 
standardisationn was widely accepted among EPA regulatory scientists as the 
logicall  thing to do and was seldom questioned.136 However, this did not imply 
thatt the strategy was pointless. In the following paragraph, we will further 
exploree the institutional aptitude of specific standardisation strategies to deal 
withh the specific tensions of regulatory regimes through a brief comparison of 
withh the regulatory regime of pesticides. 

55 Legalistic standards: toxicity tests for the assessment of 
pesticides pesticides 

5.11 Pesticide notification 
Thee nearest neighbour of the Toxics Office, the Office of Pesticides 
Programmess (henceforth the 'Pestics Office', following actors' colloquial 
abbreviationn of 'pesticides') used toxicity tests for the environmental assessment 
off  pesticides that differed with respect to the three modes of development 
identified.. Unlike the Toxics Office, the Pestics Office did not organise an 
extensivelyy negotiated standardisation process preceding the introduction of a 
test.. Secondly, the Pestics Office required far more (expensive) testing from the 
'registrants',, as defined in its guideline texts. Thirdly, there was very littl e 
negotiationn of specific test design and performance in the assessment practice of 
thee Pestics Office. Yet as with the Toxics Office, the description of the 
developmentt modes in terms of the TOP model can be related to the regulatory 

Seee the remarkable correspondence with the successful development of forensic 
fingerprintt techniques, the standardisation of which relied even more on the 
maintenancee of expert consensus: Cole, "Witnessing Identification". 
1355 Interview with Nabholz, Washington DC, USEPA, November 1992. 

Aroundd 1995, EPA even launched a major attempt to standardise its methodology 
forr toxicity testing across regulatory regimes, for example doing away with differences 
inn protocols for industrial chemicals and pesticides. Unfortunately, I was not able to 
investigatee this further: it would have been interesting to see whether and how the finely 
tunedd matching of these boundary devices for the various regimes would have been a 
problemm when forced upon other regimes. USEPA, "Workshop on Draft Ecological 
Riskk Assessment Guidelines" 
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regimee and the ways its regulators have developed to deal with regulatory 
tensions. . 

Wee have already discussed some the problems of regulation of pesticides 
inn the US in chapter 3: many were highly symbolic because of their role in 
puttingg pollution on the political agenda, they were 'designed to kill ' and hence 
moree toxic than average industrial chemicals, and they formed a big market.137 

Thee US regulatory regime of pesticides has dealt with this high-conflict policy 
domainn in a highly legalistic way. Again, the formative years of this regime help 
uss to understand this specific regulatory approach. The 1972 amendments to the 
Federall  Insecticide, Fungicide and Rodenticide Act (FIFRA) placed the 
environmentall  impact of pesticides high on the regulatory agenda. Under 
environmentall  pressure, frequently exerted by legal means, a more formal 
approachh to regulation was seen as the most appropriate way to guarantee 
environmentall  protection and to prevent the capture of a regulatory agency by 
thee very community it is supposed to regulate. For this purpose, FIFRA gave 
thee EPA more leverage to require data from pesticide registrants. Not only could 
thee Pestics Office demand information on the product's chemistry, but also on 
itss toxic effects (to target species, humans, and non-target species), and even 
dataa on expected residues and the environmental fate of the product.139 When it 
camee to requiring data, the Pestics Office enjoyed a much stronger regulatory 
positionn than the Toxics Office. 

Thiss formal, legalistic approach to regulation was also followed in the 
proceduress proscribed by the FIFRA for hazard evaluations. Following the 
generall  format of American legal proceedings, the original organisation of the 
assessmentt of available test data for pesticides relied heavily on adversarial 
sciencee settings. Jasanoff has described how these settings led to costly and 
lengthyy conflicts rather than the closure of debates. Claims about the hazard 
levelss of pesticides were not confirmed but continuously deconstructed, in a 
decision-makingg format that impeded consensus formation. The resulting 
conflictss were a major motive for the changes made to the FIFRA in 1975. 
Thesee amendments further formalised the decision-making process, but with the 
intentionn of creating less adversarial procedures with more room for 

140 0 

negotiations. . 

1377 American pesticide users spent some $8,5 billion in 1993. (Pesticide Action 
Network,, Total U.S. Pesticide Usage Reaches 2,23 Billion Pounds in 1993). 
1388 The amendments to the FIFRA formed the 'Federal Environmental Pesticide 
Controll  Act', PL 92-516. See Nownes, "Interest Groups and the Regulation of 
Pesticides",, pp. 7-9. Nownes traces this legalistic approach back to a high reliance 
onn court action in the strategy of the environmental movement of the 1960s, copying 
thee legal successes of the civil rights movement. 
1399 Jenkins, Layton, and Buikema, State of the Art in Ecological Risk Assessment, 
p.. 21. 
1400 Jasanoff; The Fifth Branch. 
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However,, both industry and the environmental movement continued to 
exertt severe criticism and pressure on the EPA, with both parties following 
everyy move of the Agency.141 In addition, the EPA found itself not only in 
betweenn these two camps, but also under high pressure from its scientific 
watchdog,, the statutory Scientific Advisory Panel, especially during the 1980s, 
inn addition to a Congress that imposed strict deadlines for the re-evaluation of 
oldd pesticides.142 Thus, conflicts over pesticides with high symbolic and 
financialfinancial stakes continued to be settled in court, despite attempts to de-escalate 
conflictss by more negotiation. Meanwhile, the Pestics Office generally 
continuedd to try to avoid accusations of partiality by maintaining its tough legal 
basiss and formalistic regulatory style. 

5.22 Testing for  pesticides notification 
Thee self-reproducing logic of high-strung conflicts of pesticide policy and its 
legalisedd approach formed the setting in which the regulators at the Pestics 
Officee tried to develop testing and assessment practices. Once again, these can 
bee described in terms of the role and position of texts, objects, and people in the 
threee modes of development distinguished above. Firstly, for the standardisation 
off  tests the Pestics Office undertook far less effort than the Toxics Office to 
achievee negotiation between large numbers of people over methods 
development.. Although the methods available from the ASTM were sometimes 
endorsedd by the Pestics Office during the 1980s, modifications of these methods 
aree made unilaterally.143 On other occasions, toxicity tests were developed and 
testedd in EPA laboratories and subsequently imposed on 'registrants' without 
lengthyy negotiations in forums like the ASTM. For example, 1992 insect 
toxicityy tests developed for the Pestics Office in the Duluth laboratory did not 
passs through the ASTM and were not standardised to the extent of the fish tests 
discussedd earlier.144 In contrast to the Toxics Office, the Pestics Office also 
publishedd the required methods in guideline documents, not in the Federal 
RegisterRegister for public comment, although the Pestics Office did sometimes seek 
broaderr feed-back through scientific workshops to review methods.145 The 
strongerr statutory position of the Pestics Office meant that the Office did not 

Cf.. Nownes, "Interest Groups and the Regulation of Pesticides", p. 11. 
Jasanoff,, The Fifth Branch, pp. 124-26. There are many accounts of escalated 

andd highly politicised controversies over pesticides in the 1970s and 1980s. 
Exampless in Jasanoff, The Fifth Branch, p. 131 et seq.; Brickman, Jasanoff, and 
Ilgen,, Controlling Chemicals, p. 215 et seq.; Bush, Uneasy Partners, pp. 6 et seq. 
Onn the defoliant 2,4,5-T. 

Suchh as USEPA, Pesticide Assessment Guidelines, Subdivision E, 
1444 Interview with Anderson, Duluth, USEPA, Environmental Research 
Laboratory,, November 1992. 
1455 Interview with Urban and Maciorowski, Washington DC, USEPA, November 
1992. . 
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havee to go through the subtle manoeuvring over test procedures to the extent of 
thee Toxics Office. With its strategy of presenting itself as a tough regulator, the 
Pesticss Office could mobilise tests without the lengthy procedures of tri-partite 
forumss such as the one provided by ASTM. With environmental watchdogs on 
itss tail, such negotiations might even have aroused inconvenient suspicion. 

Secondly,, toxicity tests for pesticides were generally more expensive and 
labour-intensive,, as for example in the case of full-scale chronic toxicity tests or 
testss with higgler organisms, m addition, pesticides were tested for a wider range 
off  possible adverse effects. This extensive testing resulted in an amount of 
toxicityy information that contrasts sharply with the data paucity of the Toxics 
Officee and led to much higher costs for registering a pesticide. Nevertheless, 
textss of experimental protocols remained the central elements in the network of 
expertisee of toxicity tests for pesticides. With a low reliance on short, simple, 
andd automated tests and a much more formalised way of dealing with registrants 
andd their tests, the regulatory regime and its assessments depended on the texts 
off  the guideline documents to define the way in which expertise is to be 
conferredd and formatted. This was most evident in the way the test results were 
combinedd and evaluated. Under constant criticism from registrants, the Pestics 
Officee specified formulas indicating how toxicity was to be weighed against 
environmentall  exposure.146 This part of the assessment procedure was 
standardisedd between 1984 and 1986. Much stricter assessment protocols were 
developedd by the Pestics Office and data requirements were further specified. 
Onee major novelty in this scheme was 'the tiered system', specifying a formal 
step-by-stepp approach to the assessment in three phases. The first step revolved 
aroundd the results of acute toxicity tests. If the results of these tests, weighed 
againstt expected environmental exposure, were deemed to indicate risk, then a 
companyy would have to proceed to the next tier to get its pesticide registered. 
Thiss second tier repeated the process with chronic toxicity tests. Finally, field-
testingg was the last resort of the third tier before a pesticide could be 
approved.147 7 

Thiss leads us to the third mode of development of toxicity testing for 
pesticides:: the deployment of tests in hazard assessments. As a matter of 
principle,, the Pestics Office would not negotiate the contents of a protocol for a 
specificc test run, although risk assessors would 'answer questions' on details of 
protocoll  design.148 The assessors tried to stick to the detailed textual rules and to 
reducee the role of people to a minimum. For example, along with other rules, the 

1466 Bascietto et ai, "Ecotoxicity and Ecological Risk Assessment", p. 12. Note the 
usee of 'ecotoxicity'. 
1477 Jenkins, Layton, and Buikema, State of the Art in Ecological Risk Assessment, 
pp.. 21, 24-5. 
1488 Interview with Urban and Maciorowski, Washington DC, USEPA, November 
1992. . 
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Pesticss Office had specified precisely which tests were acceptable. The Toxics 
Officee would accept data from any organism, as long as' the data were 
consideredd 'scientifically valid' on methodological grounds. In contrast, the 
Pesticss Office would categorically ignore data from goldfish or carp, because 
thesee were considered insensitive species.149 The standard protocols of the 
Toxicss Office were only recommended, at least for notification of new 
chemicals.. Adherence to these protocols increased the chances of having test 
resultss accepted and included in the actual assessment, but was not required. In 
contrast,, failure to follow the Pestics Office's specific set of protocols was a 
fairlyy good guarantee of wasting money. 

Inn sum, especially between 1975 and 1985, the assessment procedures of 
thee Pestics Office were packaged in ways that shifted expertise away from 
peoplee and mainly to texts of formalised procedures. In spite of the FDFRA 
amendmentss of 1975, the altered administrative procedures and the 'negotiation' 
theyy prescribed did not pertain to the first phases of the assessment process. The 
evaluationn and weighing of data and the subtleties of balancing environmental 
exposuree and toxic effects, on which an assessment of 'actual risk' depends, 
weree left entirely at the discretion of the Pestics Office, which responded with 
strictt procedures. This was seen as the best strategy to maintain integrity, as well 
ass avoid costly litigation. 

Comparedd with the closure strategies of the Pestics Office, the toxicity 
testss of the Toxics Office were devices that mainly mediated the negotiations of 
thee risk assessment process. Closure of the decision-making process was to a 
largee extent prepared in the negotiations over tests and test performance, with 
legall  action always remaining a possibility, but not considered a desirable 
solution.. This negotiated packaging of methods in texts and objects, made 
possiblee the implementation of widely accepted testing procedures in the actual 
assessmentt process, limiting potential sources of disagreement or conflict. 
Closuree strategies of the Pestics Office were aimed at later stages of the 
assessmentt procedure, increasing the possibility of disagreement over the 
'actuall  risk' of a pesticide. When consequently statutory negotiations of 'risk 
management'' failed, closure would eventually have to be reached in court. In 
thiss sense, the intensity of political and legal controversy over pesticides was 
stronglyy intertwined with these regulatory strategies, both as cause and effect, 
sincee regulators would respond to the possibility of court cases in designing 
theirr strategies. 

Intervieww with Urban and Maciorowski, Washington DC, USEPA, November 
1992;; Interview with Nabholz, Washington DC, USEPA, November 1992. Acute 
andd chronic toxicity tests for aquatic impact of pesticides were listed for only seven 
differentt species; see Jenkins, Layton, and Buikema, State of the Art in Ecological 
RiskRisk Assessment, pp. 23-4. 
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II  have indicated how the standardisation of toxicity tests and the way 
theirr results are evaluated in the assessment process can be related to the 
regulatoryy regimes where they are used and developed. The TOP-model has 
beenn taken as a heuristic tool to show how the particular packaging of expertise 
inn environmental toxicology is attuned to the different strategies for closure 
underr the two regulatory regimes. However, these contentions are only informed 
guessess unless we can also explain fat failure of such strategies in a symmetric 
way,, i.e. by invoking the same explanatory scheme. For this purpose, we need to 
comparee the troubled introduction of multispecies tests for toxicity in both 
regimes,, as opposed to the single species tests discussed here so far. By looking 
att this (partly) 'failing technology', we also gain more insight into the 
limitationss and strengths of standardisation as a way to transform expertise and 
enhancee closure. 

66 Multispecies tests 

6.11 Ecological tests in the Toxics Office: controllin g the 
microcosm m 
Betweenn 1979 and 1992, the Toxics Office actively supported the development 
off  laboratory-scale experimental ecosystems, so-called microcosms. For their 
constructionn and deployment, the Toxics Office used very similar strategies to 
thee single species tests. The interest of the Toxics Office in ecological testing 
startedd relatively soon after the passage of the TSCA in 1976. As the Carter 
administrationn moved into government and extra staff was needed in the Toxics 
Officee for the implementation of the TSCA, a new generation of administrators 
enteredd the Toxics Office. The new staff ambitiously started looking for 
innovationss to improve risk assessment methods. Among the new appointments 
inn the Toxics Office were some ecologists in key positions, who turned to their 
ownn background knowledge for innovative assessment techniques. To them, 
experimentall  ecosystems seemed to offer unacknowledged possibilities. 
Althoughh some research scientists at the EPA had already been signalling the 
potentiall  of such tests previously,151 and the National Academy of Science had 
recommendedd the development of several experimental systems in 1975, the 
regulatorss had not actively picked up these tests. Microcosms had been used for 
manyy years in the research community of aquatic ecology to study ecosystem 
relationss and dynamics. The proponents of experimental ecosystems argued that 
thesee tests could be adapted to environmental hazard assessment of chemicals, 
nott unlike toxicity tests. It was claimed that these tests would be more suited for 

1500 Interview with Nabholz, Washington DC, USEPA, November 1992. 
1511 Limoges et at., "From Ecotoxicology to Risk Assessment in Biotech.", p. 5. 
1522 National Academy of Sciences, Principles for Evaluating Chemicals in the 
Environment. Environment. 
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testingg the actual effects of chemicals in a complex environment. Single species 
weree said not to signal effects that went beyond direct physiological impact.153 

Thee new ecologists-administrators at the Toxics Office started to promote 
andd participate in workshops on microcosms, looking for promising candidates 
forr further development.15 However, they found themselves unable to make 
definitee choices given the large array of tests used and proposed by researchers. 
Regulatorss at the Toxics Office decided to submit the selection of suitable tests 
too expert advice, and contracted the newly formed but already prestigious 
Environmentall  Science Division of Oak Ridge National Laboratory. Its task was 
too produce a comprehensive review of the literature and to select microcosms 
suitablee for the regulatory tasks of the Toxics Office through expert judgement 
inn specialised workshops.155 The laboratory was assumed to have a sufficient 
sizee and range of expertise, and was thought to be an efficient organisation that 
couldd live up to this specific policy-oriented task. The original result was not 
entirelyy what the Toxics Office had expected. Rather than selecting a small set 
off  most suitable microcosms, a first report only came up with a list of all the 
experimentall  ecosystems available, without much prioritising. After pressure 
fromfrom the Toxics Office, a final report was written, selecting a limited number of 
testss for further development.156 This episode is typical of the close control that 
thee Toxics Office tried to maintain over the project, while simultaneously 
keepingg some distance from the experts. In the subsequent years, the 
developmentt of five of the suggested microcosms was continued with detailed 
indicationss from the Toxics Office, and most development work was brought 
underr closer supervision, or even into, EPA laboratories. 

Thee microcosms followed the same general development as the toxicity 
testss of the Toxics Office, with a similarly balanced role of protocols, standard 
objects,, and people, after long processes of negotiation with a wide range of 

Forr more details of this debate, as well a discussion of the differences between 
singlee and multispecies tests, see chapter 4. 

E.g.. James J. Reisa, then Associate Deputy Assistant Administrator of the 
Toxicss Office and an advocate of more ecology in its regulatory regime, explained 
thee needs of the Toxics Office to research scientists at a major microcosm 
symposiumm in 1978. He stressed the need to rely on non-agency research through 
thee new system of cooperative agreements, since, with the exception of mostly 
terrestriall  work at the EPA laboratory in Corvallis, little expertise in aquatic ecology 
wass available in-house. Through its laboratory in Corvallis, EPA was one of the 
sponsorss of the workshop, and approximately 18 of the 50 papers at the symposium 
acknowledgedd EPA support. (Giesy, ed., Microcosms in Ecological Research; 
Intervieww with Nabholz, Washington DC, USEPA, November 1992) 

Onn ecologists at Oak Ridge National laboratories see Kwa, Mimicking Nature. 
1566 Interview with Nabholz, Washington DC, USEPA, November 1992; Hammons 
etet al.t Methods for Ecological Toxicology. 
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experts.. Some of the tests were turned into ASTM protocols;157 most of them 
weree modified further in EPA laboratories for specific regulatory and research 
purposes;1588 and one of them even went through a 'round robin test', an 
interlaboratoryy calibration test.159 By 1987, five protocols were published in5 the 
FederalFederal Register,160 appearing in final versions as late as 1992. The process of 
turningg generally accepted research tools into tools of regulatory science had 
takenn approximately fifteen years. 

Thee final microcosm protocols were very similar to the single species 
toxicityy tests used by the Toxics Office. They contained very specific directions 
forr the species to be included, similar instructions for care and handling, and 
detailedd specifications of testing conditions, the substances under investigation, 
thee format of reports, etc. The texts of the protocols were highly specific, 
includingg detailed instructions of some the objects to be used, such as 
standardisedd nutrient media. Nevertheless, under the instructions of the Toxics 
Office,, the protocols, well defined as they were, still left room for the kinds of 
negotiationss between people that characterised the Toxics Office's hazard 
assessments.. When actual testing needed to be performed, a chemical-specific 
protocoll  would be drafted after meetings between the regulators and the test 

 161 

supervisors. . 
However,, the effect of microcosms on the regulatory regime of industrial 

chemicalss remained minimal. Because of their high cost162 and the Toxics 
Office'ss comparatively weak statutory position, very few Pre-Manufacture 
Noticee were expected to ever be submitted containing microcosm data. I found 
onlyy one example where a microcosm study had actually been submitted by a 
companyy for the regulatory reassessment of a chemical. The chemical company 
inn this case successfully used a microcosm test to prove the natural degradation 
off  its compound, which was an already marketed chemical on the reassessment 

1577 The synthetic aquatic microcosm test of Frieda Taub (Interview with Stay, 
Duluth,, USEPA, Environmental Research Laboratory, December 1992). Some of 
herr work was published by ASTM: Harrass and Taub, "Effects of Small Fish 
Predationn on Microcosm Community Bioassays"; Taub et ah, "Demonstration of the 
Ecologicall  Effects of Streptomycin and Malathion on Synthetic Aquatic 
Microcosms".. Another ASTM test was a terrestrial microcosm, the deployment of 
whichh was described in Limoges et al, "From Ecotoxicology to Risk Assessment in 
Biotechnology",, p. 11. 
1588 Such as the LefTier microcosm, Interview with Stay, Duluth, USEPA, 
Environmentall  Research Laboratory, December 1992. 
1599 Frieda Taub's test, Interview with Stay, Duluth, USEPA, Environmental 
Researchh Laboratory, December 1992. 
1600 USEPA, "Toxic Substances Control Act Test Guidelines". 
1611 Interview with Nabholz, Washington DC, USEPA, November 1992. 
1622 A microcosm test for notification under TSCA costs from $100,000 to 
$300,000.. (Vincent Nabholz, letter to the author, 2 June 1994.) 
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priorityy list. In this way, the company kept the chemical away from a formal 
EPAA ruling and the adverse publicity this could entail.163 From the perspective 
off  this comparison, it is important to note that this example of microcosm use 
involvedd negotiations over the laboratory protocol to be used, just as with the 
toxicityy tests of the Toxics Office. The long Hst of potential test parameters was 
carefullyy scaled down to one single environmental effect, involving the 
degradationn of the substance in natural sediments. There were two other 
exampless of the use of microcosms in assessments, in cases where regulatory 
testingg was performed at EPA's own laboratory in Naragansett.164 Nevertheless, 
workk on the microcosms did continue at EPA research laboratories, like the one 
inn Duluth, and microcosms also found a use in the regulatory assessment of 
geneticallyy modified organisms programme, also run under the TSCA.165 

AA comparison of microcosms with the other toxicity tests of the Toxics 
Officee in terms of the TOP model in the three development modes identified, 
explainss the (limited) success of the microcosms. As with the single-species 
tests,, officers of the Toxics Office were present at just about every crucial 
momentt of the construction process of the microcosms to make sure the test 
wouldd be suited for regulatory purposes. This negotiated construction took 
approximatelyy ten years, which may seem rather long, partly due to bureaucratic 
inertia,, but it is not extreme compared to the time it took some single species 
toxicityy tests to become formally accepted. The standardisation of the 
microcosmss resembled the standardisation of the toxicity tests that had proven 
usefull  in the Toxics Office's regulatory regime: in the context of extensively 
negotiatedd and detailed protocols, expertise was not entirely shifted to the texts 
andd objects. In important areas of decision making, the experts stepped in to 
negotiatee details. However, the high cost of the microcosm tests limited their 
valuee for the routine assessment of industrial chemicals to cases of chemicals 
alreadyy on the market and of sufficient economic importance for a company to 
underwritee such expensive and uncertain procedure. Although not often used, 
microcosmm testing produced data that could be considered in the regulatory 
regimee of industrial chemicals and has had an impact on decisions taken. 

6.22 Mesocosms for  pesticides 
Thee Pestics Office introduced mesocosms for the assessment of pesticides in the 
formm of series of outdoor ponds. The development and introduction of these 

1633 The priority compound on the Interagency Testing Committee was 
butylbenzylphthalatee (BBP), produced by Monsanto, a company that had invested 
heavilyy in ecological tests. Interview with Nabholz, Washington DC, USEPA, 
Novemberr 1992 
1644 Interview with Nabholz, Washington DC, USEPA, November 1992. 
1655 Limoges et al., "From Ecotoxicology to Risk Assessment in Biotechnology"; 
Cambrosioo and Limoges, "Controversies as Governing Processes". 
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testss contrasted sharply with the approach used by the Toxics Office. The 
constructionn process was short and involved only very limited negotiation; the 
endd result was a very expensive test of comparatively low standardisation. In 
addition,, the flexibility  of the protocols was not narrowed down in negotiations 
overr specific test design. Given the nature of the regulatory regime of pesticides 
andd the failing strategies for de-escalating its conflict-ridden decision making, 
thee mesocosm approach faced grave difficulties. 

Approximatelyy five years after the Toxics Office had become interested 
inn multispecies testing, the interest of the Pestics Office began in a similar way. 
Afterr severe cuts in the Pestics Office's staff and the crisis in its decision 
makingg during the early Reagan years, the Pestics Office went through a 
revitalisationn after 1983, when the EPA's first Administrator, William D. 
Ruckelshaus,, returned to the Agency. In various parts of the EPA, this led to a 
reinforcementt of research and to scientists being promoted to higher positions. 
Afterr the embarrassing political distress of his predecessor Anne Gorsuch, the 
neww Administrator turned to science to restore order in EPA affairs.166 In line 
withh the policy of strengthening the position of science in the Agency, a number 
off  new officers in the Pestics Office came from research-oriented backgrounds, 
suchh as the EPA's Office of Research and Development. Again, as with the 
Toxicss Office some six years earlier, ecologists came into a position to 
undertakee new initiatives. 

FTFRAA mentioned the need for field-testing of pesticides in some cases, 
butt these specifications were rarely invoked. In the few instances where 
companiess had submitted experimental field data, the experimental design had 
beenn questioned and the data had not been used. One major problem with field 
studiess was their lack off  experimental control and replication. Some members of 
thee Pestics Office argued that the provisions in FTFRA could be held against the 
EPAA if it did not develop a system for dealing with this kind of ecological 
information.. With the support of its newly acquired ecologists, the Pestics 
Officee decided to launch a programme to introduce ecological tests into its 
assessmentt scheme.167 

Jasanoff,, "Science, Politics, and the Negotiation of Expertise at EPA". 
1677 Interview with Slimak, Washington DC, USEPA, November 1992; Interview 
withh Stay, Duluth, USEPA, Environmental Research Laboratory, December 1992; 
Michaell  Slimak, interview, Washington DC, November 1992; Frank Stay, 
interview,, Duluth, December 1992; Interview with Lozano and Sierszen, Duluth, 
USEPA,, Environmental Research Laboratory, December 1992. Some basic 
proceduress for field testing had been proposed in 1978, but were never developed 
further.. See Touart and Slimak, "Mesocosm Approach for Assessing the Ecological 
Riskk of Pesticides", p. 33 et seq. According to one of the officers involved, the 
Pesticss Office was also petitioning for more attention for field studies in research 
planningg meetings with the Office of Research and Development of EPA around 
1983,, in the typical negotiations between sections of government departments 
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Insteadd of building on the already advanced work on microcosms of the 
Toxicss Office, the Pestics Office went on with the larger outdoor mesocosms. In 
interviewss I conducted, this approach was defended on the basis of a closer 
resemblancee of mesocosms to natural conditions, and on their closer 
correspondencee to the field-testing requirements of FIFRA.168 Following the 
customaryy pattern for the Pestics Office, a workshop on mesocosms was 
organisedd in 1986, consisting of mostly academic and regulatory scientists, 
completedd with a few scientists from industry. The report of the workshop went 
throughh a round of comment by a loose network of advisers and by the Pestics 
Office'ss Science Advisory Panel. The result of these operations was published 
onlyy two years later: a finished mesocosm test protocol.169 What had taken the 
Toxicss Office some ten years to establish, the Pestics Office managed to achieve 
inn about two. With respect to the first mode of development of toxicity tests, this 
approachh implied the speedy introduction of a test that had only been negotiated 
inn a relatively restricted circle, mostly experts invited by the Pestics Office itself. 

Thee Pestics Office had made sure that the design of the mesocosms 
wouldd include those parameters it considered important. For regulatory 
purposes,, it was deemed crucial to include a fish population in the test ponds. If 
thee impact of a pesticide on fish could be indicated, this would constitute an 
economicallyy relevant effect and a stronger regulatory case could be made. 
However,, including fish required a larger pond volume, which increased the 
costt of a test substantially. At the mesocosm workshop, it was discussed how 
thiss increase in volume and cost could be minimised and which species of fish 
wouldd optimally suit the purpose.170 Another test characteristic deemed 
importantt was the measuring of dose-response relations. From an ecological 
researchh perspective, the quantified analysis of responses to specific doses of 
toxicantss was not necessarily interesting. However, for regulatory purposes the 

dealingg with substantial policy and a research section that tries to set its own policy 
targets.. Interview with Urban and Maciorowski, Washington DC, USEPA, 
Novemberr 1992. 
1688 Interview with Urban and Maciorowski, Washington DC, USEPA, November 
1992;; Interview with Slimak, Washington DC, USEPA, November 1992. Ecologists 
traditionallyy argued that ecological tests were 'more realistic', cf. John Cairns' 
argumentss in chapter 4. (These, of course, were the reasons given by the actors 
involved.. By the end of 1992, the alleged realism of the tests did not seem to weigh 
soo heavily anymore.) 
1699 According to list of participants, of the 35 scientists present, 18 had an 
academicc background, 11 came from the EPA or other regulatory agencies, and 6 
workedd for industry. The list of names included several researchers who had also 
workedd on the development of microcosms. At least two key Pestics Office officers 
weree present. See Touart, Hazard Evaluation,, Touart and Slimak, "Mesocosm 
Approachh for Assessing the Ecological Risk of Pesticides". 
1700 Touart, Hazard Evaluation, pp. 33-4 (appendix with notes of the discussion). 
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abilityy to estimate safe concentrations was essential, since the Pestics Office 
usedd the widespread assessment principle of the comparison of expected 
environmentall  concentrations and toxic concentrations indicated by tests. For 
thiss purpose, the mesocosm protocol specified that tests had to be performed 
withh three different concentrations of the pesticide, besides the non-treated 
control.. By replicating this set three times, 'an acceptable design' would consist 
off  at least twelve ponds.171 

Thatt the text of the mesocosm guidance document was not very specific 
wass clear from many passages, such as this one: 

Dimensionss of a mesocosm must be large enough to accommodate a 
viableviable finfish population. Depth should be sufficient to provide a 
representativerepresentative open water area (...) An acceptable design would occupy 
approximatelyapproximately 0,1 acre surface area with a volume of at least 300 cubic 
meterss (...) (ital. added) 

Thee mesocosm must contain a 'representative' pond biota.172 (sic) 

Inn sharp contrast with other methods documents, there is no reference at all to 
anyy other standard, e.g. species origin, water, or the measurement techniques of 
thee EPA, the ASTM, or similar organisations. In fact, the protocol is not even 
calledd a 'standard method' but a 'Technical Guidance Document', and is rather 
explicitt about its intent: 

Thiss document is not intended to detail specific test methods, but only to 
providee a flexible framework for developing an acceptable aquatic 
mesocosmm study protocol.173 

Initially ,, representatives of the pesticide industry used this lack of 
standardisationn to argue against the introduction of the mesocosms. The actual 
performancee of a mesocosm test alone took about a year, not including planning 
andd assessment, and would cost approximately two million dollars. Industrial 
representativess asked for the protocol to pass through the ASTM for further 
discussionn and standardisation. Officers of the Pestics Office, fearing a delaying 
action,, offered to start procedures in the ASTM, but only if in the meantime the 
registrationn of pesticides up for mesocosm testing would be suspended. 
However,, some pesticide-producing companies were actively supporting the 
introductionn of mesocosm testing. Even before the mesocosm workshop came 

1711 Touart, Hazard Evaluation, p. 6; Interview with Slimak, Washington DC, 
USEPA,, November 1992. 
1722 Touart, Hazard Evaluation, pp. 6-7 and 8. 
1733 Touart, Hazard Evaluation, p. 4. 
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together,, at least one chemical company undertook a pond study for regulatory 
purposes.1744 The mesocosms, expensive and lengthy as they were, offered 
industryy a chance to prove a pesticide innocent, where acute and subsequently 
chronicc toxicity studies would have suggested danger. Hoping to use these 
ecologicall  tests to register pesticides that would otherwise fail to qualify as safe, 
thee pesticides industry finally accepted the procedure as it was, and by 1987-
19888 the first test results arrived at the Pestics Office in Washington DC.175 

Itt had been the Pestics Office's intention to discuss every test with the 
registrantt and design a chemical-specific protocol for each pesticide.176 For 
researchh scientists, every mesocosm study would therefore provide a chance for 
innovativee experimental design work.177 This is also how each mesocosm run 
wass planned. Although some negotiations between the regulators and the test 
performerss did take place, diverging from the traditionally more restrained line 
off  the Pestics Office, these negotiations did not lead to highly specific test 
protocols.. A large number of parameters were to be measured, leading to 
extensivee files of information for assessment. In terms of the third mode of 
development,, it would turn out that these negotiations failed to re-package the 
genericc mesocosm test into a format that could produce sufficiently specific 
data. . 

Byy the end of 1992, when I was wandering around the EPA offices with 
myy tape recorder, mesocosms were on their way out of the assessment 
procedures,, which raised quite a stir. Assistant Administrator Linda Fisher had 
decidedd that the regulatory assessment of pesticides should no longer routinely 
requiree mesocosms or field studies, with the backing of a task force that 
includedd participants from various other EPA offices.178 On the basis of various 

1744 Ian Hill of ICI 'carried out the first large scale regulatory mesocosm study for 
thee EPA in 1985'. (Society for Environmental Toxicology and Chemistry-Europe, 
GuidanceGuidance Document on Testing Procedures for Pesticides in Freshwater Mesocoms, 
p.. 43) 
1755 Interview with Slimak, Washington DC, USEPA, November 1992; Interview 
withh Urban and Maciorowski, Washington DC, USEPA, November 1992. 
1766 Touart, Hazard Evaluation, p. 15; Interview with Urban and Maciorowski, 
Washingtonn DC, USEPA, November 1992; similar in Touart and Slimak, 
"Mesocosmm Approach for Assessing the Ecological Risk of Pesticides", p. 35. 
1777 Interview with Stay, Duluth, USEPA, Environmental Research Laboratory, 
Decemberr 1992. 
1788 Note from Vic Kimm, Deputy Assistant Administrator, to Eco Task Force 
Members,, Subject: 'Draft Decision Memo on Eco Task Force', OPP, 28 Sep. 1992. 
Thee decisions were announced in a Memorandum from Linda J. Fisher to Douglas 
Camptt (Director of the Pestics Office), 'Decisions on the Ecological, Fate, and 
Effectss Task Force', OPTS, 29 Oct. 1992. The Task Force worked on the issue from 
Mayy until September 1992. (USEPA, Questions and Answers: Improvements to 
EPA'sEPA's Programme to Prevent Adverse Environmental Effects of Pesticides) 
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actors'' accounts and official statements, the background of this decision 
appearedd complex. Firstly, mere was political pressure. The 1988 revisions in 
FIFRA1799 had forced the Pestics Office to speed up the re-registration of 
pesticides,, after industry had complained about the long delays in the 
programme.. These delays were caused not only by the mesocosm studies, but 
theyy were a contributing factor: the full assessment process of a mesocosm 
studyy took between three and four years. The new policy forced the Pestics 
Officee assessors to make decisions much earlier and recommended that risk be 
mitigatedd by means of use specifications instead of strict bans.180 

However,, the mesocosm programme also encountered many difficulties 
inn the use of mesocosm data in actual assessments. Companies were 
complainingg that they were required to submit very expensive data that nobody 
wass evaluating.181 The original plan behind the introduction of the mesocosms 
inn 1988 had been to introduce the tests into the assessment scheme for a while, 
andd then to analyse and compare the results in order to decide on the 
continuationn of the programme. By the end of 1992, the Pestics Office had 
aboutt a dozen sets of mesocosm results, consisting of an enormous amount of 
raww data. As a regulatory office under permanent high pressure and with ever-
stricterr deadlines, they never had sufficient time to perform this evaluation. 
Exceptt for one mesocosm study, the data of the tests were never thoroughly 
analysed,, and it was even suggested that the Pestics Office simply did not have 
enoughh qualified staff to do so. The head of the Pestics Office publicly stated 
thatt the workload mesocosms placed on the EPA staff was 'out of proportion'. 
Forr reasons the interviewed regulatory officers did not explain, the Pestics 
Officee also refused to hand the evaluation over to an EPA research laboratory. 
Moreover,, I found no examples of cases where the mesocosm data had actually 
beenn used in regulatory decisions, or, as it was officially stated: 

Thesee studies do not provide risk managers with information which 
greatlyy enhances the risk management decision-making process.182 

AA third reason was perhaps the most interesting from the perspective of this 
research:: a regulatory decision based on mesocosm results would, when taken to 

1799 FIFRA, PL 100-532, nicked 'FIFRA-lite'. Nownes, "Interest Groups and the 
Regulationn of Pesticides", p. 10. 
1800 Interview with Slimak, Washington DC, USEPA, November 1992; Interview 
withh Urban and Maciorowski, Washington DC, USEPA, November 1992. 
1811 Interview with Slimak, Washington DC, USEPA, November 1992. 
1822 Note from Vic Kimm, Deputy Assistant Administrator, to Eco Task Force 
Members,, Subject: 'Draft Decision Memo on Eco Task Force', OPP, 28 Sep. 1992, 
p.4;; Memorandum from Linda J. Fisher to Douglas Campt (Director of the Pestics 
Office),, 'Decisions on the Ecological, Fate, and Effects Task Force', OPTS, 29 Oct. 
1992,, attachment p.2. 
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court,, require extensive expert testimony without back-up of commonly 
acceptedd standards, which greatly decreased the predictability of lengthy and 
expensivee litigation. The officers of the Pestics Office did not want to take this 
riskk and, from the perspective of EPA's regulatory scientists and risk assessors 
involved,, this had been the most important reason not to use mesocosm data in 
ann actual assessment procedure.183 

Inn my analysis, the Pestics Office had steered the design and selection of 
thee parameters in the mesocosms and had tried to attune them to its regulatory 
needs,, but had failed to consider the importance of standardisation and adequate 
distributionn of expertise over texts, objects, and people. No previously 
standardisedd objects were used in the tests, and people had too much discretion 
inn test performance to suit this regulatory regime. In addition, no assessment 
proceduress were set up to meet these problems. There were no formalised 
assessmentt protocols that detailed how data were to be used or interpreted, and 
assessmentt was left to unspecified negotiations that were not part of the Pestics 
Office'ss normal strategies. In addition, the Pestics Office proceeded after 
consultingg of only a limited number of industrial experts, and faced continued 
criticismm from other parts of the pesticide industry. The result of these failures to 
integratee mesocosms in the assessment procedures and practices of the Pestics 
Officee was that the status of the mesocosm tests and their results remained 
unclear,, leading to their eventual removal. As a boundary device that was to 
constructt a working division of labour between ecologists and the regulatory 
regimee for pesticides, they largely failed. 

Thiss case offers interesting material for comparison. The Toxics Office 
alsoo relied on negotiations, both to develop detailed laboratory protocols for 
microcosmm tests and to come to final assessments, but within the framework of a 
moree specific and negotiated set of standards. The introduction of microcosms 
wass extensively prepared, with considerable feedback through a literature 
review,, several workshops, action through the ASTM, and public review 
throughh the Federal Register. The Pestics Office carried enough legal weight to 
proceedd faster, but it underestimated the political and legal consequences of the 
swiftt introduction of a littl e standardised, high cost test with limited support. 

Thee standardisation of a test is not merely a question of guaranteeing its 
materiall  stability across different settings, but also a matter of gaining the 
supportt of the actors involved. The negotiation of actual test performance 
dependss in turn on how standards can narrow down the scope for disagreement. 
Ass long as the Pestics Office stuck to its relatively standardised assessment 
techniques,, it managed to cope with its conflict-ridden policy area. When it 

Intervieww with Stay, Duluth, USEPA, Environmental Research Laboratory, 
Decemberr 1992; Interview with Siefert, Duluth, USEPA, Environmental Research 
Laboratory,, December 1992; Interview with Slimak, Washington DC, USEPA, 
Novemberr 1992. 
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startedd to rely on approaches that resembled research science more Jhan 
regulatoryy science, this strategy failed. Part of the explanation for mis move may 
havee come from the research orientation of some of the scientists involved, who 
didd not think much of the scientific value of highly standardised eco/toxicity 
tests.. However, the example of mesocosms illustrates the different logic of 
researchh science and regulatory science, and the different criteria of 'useful 
tests'' in regulatory regimes. 

Inn the meantime, work on mesocosms for pesticide testing continued at 
EPAA laboratories. In spite of the Pestics Office's scepticism, pesticides were 
alsoo tested with the microcosms developed for the Toxics Office,184 as part of a 
researchh programme that started in 1983 in response to criticism from the 
researchh community.185 Part of this research programme also were validation 
studiess designed to test the claims of environmental toxicologists that single 
speciess tests could actually provide adequate environmental protection. In these 
validationn studies, mesocosms played a role as representatives of 'the field' and 
thuss formed a measure by which to judge the value of other toxicity tests.186 (In 
otherr words: single species tests of environmental toxicology were being 
validatedd with ecological tests.) However, compared to the entire research 
effort,, their share was marginal. 

77 Regulatory regimes in the US: where was ecology? 
Whenn asked why ecological tests are largely absent from the regulatory regimes, 
thee single most frequent answer I got from EPA regulators and scientists was 
thatt ecological tests were not 'sufficiently standardised'. By the early nineties, 
thiss answer seemed obvious. Our analysis has shown how important it was to 
havee eco/toxicity tests standardised just enough, with the right kind of 
consensuss building, with the right kind of distribution of tasks between texts, 
objects,, and people, the right kind of parameters, and geared to the specific 
regulatoryy regimes and strategies used in the specific regulatory regime they 
weree meant for. With the exception of the microcosms of the Toxics Office, the 
multispeciess tests ecologists had been defending did not seem to fit. However, 
thiss answer leads to the question why so few ecological tests were standardised 

E.g.,, sponsored by the Society for Environmental Toxicology and Chemistry 
andd the WWF: Society for Environmental Toxicology and Chemistry, Workshop on 
AquaticAquatic Microcosms. 
1855 Interview with Urban and Maciorowski, Washington DC, USEPA, November 
1992. . 
1866 Interview with Stay, Duluth, USEPA, Environmental Research Laboratory, 
Decemberr 1992; Interview with Siefert, Duluth, USEPA, Environmental Research 
Laboratory,, December 1992. 
1877 Judging for instance from a bibliography of research in Duluth, with only a 
handfull  of papers on the issue: USEPA The Environmental Research Laboratory — 
Duluth:Duluth: Bibliography. 
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byy the same processes as single species test? Why did the few tests that were 
standardisedd come so late? 

Thee second most mentioned answer I got was that ecological tests were 
tooo expensive. They cost several times more than a simple acute toxicity test 
andd were therefore not suited for routine testing, especially not in the regulatory 
regimess where EPA did not have enough legal and political power to enforce 
them.. However, even the cost argument is more complex than it seems. 
Ecologistss regularly claimed that the cost of a multispecies test should not be 
comparedd with an individual single species test, but with a batch of tests on 
differentt species, ranging from acute to chronic toxicity tests. A single 
multispeciess test, so it was claimed, could come up with data equivalent to 
severall  single species tests at a similar or lower cost.188 The reason why this 
argumentt carried littl e weight did not lie in cost, but in marginal cost. The way 
riskk assessments were structured, under NPDES, TSCA and FIFRA, an 
applicantt for a permit would always come up with the cheapest data first. Only 
iff  the most basic information was insufficient would a company turn to the next 
step.. However, the details differed in the various regulatory regimes. The order 
was,, roughly: physical/chemical analysis, calculated toxicity (SAR/QSAR), 
acutee toxicity test(s), subchronic tests, chronic toxicity test(s), microcosms, 
mesocosmss and field studies. The exact cost of each of these steps varies 
dependingg on type of species used and which protocol is used, but their order of 
magnitudee rose almost exponentially with each next step, (see figure 11) 

AA microcosm study might turn out to be cheaper than a series of single 
speciess toxicity tests, but one only knows whether all these tests are needed after 
theirr results are known. Thus, one can only establish with hindsight whether in 
somee cases a microcosm system might have been cheaper. For these reasons, 
ecologistss like John Cairns had challenged this 'tiered structure' of risk 
assessment,, suggesting assessment schemes that started with multispecies tests 
orr at least simultaneous with single and multi-species tests, potentially focusing 
inn on specific aspects with smaller tests. In stead, multispecies tests were seen as 
testss to explore specific problems later in the assessment process, after single 
speciess tests had raised cause for concern.189 

1888 Interview with Cairns, Blacksburg, Virginia, Virginia State University, November 
1992;; Interview with Stay, Duluth, USEPA, Environmental Research Laboratory, 
Decemberr 1992. For an example of a favourable cost calculation see Perez and 
Morrison,, "Environmental Assessment from Simple Test Systems and a Microcosm". 
1899 Cairns, "The Case for Simultaneous Toxicity Testing at Different Levels of 
Biologicall  Organisation"; Interview with Cairns, Blacksburg, Virginia, Virginia 
Statee University, November 1992; Giesy, ed., Microcosms in Ecological Research; 
Intervieww with Giesy, East Lansing, Mi., Michigan State University, December 
1992. . 
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figurefigure 11: Order  of magnitude of eco/toxicity test cost.190 

Thee cost argument becomes even more complex when we assume the point of 
vieww of a registrant and compare the costs of convincing EPA that a chemical or 
effluentt was safe with expected returns from production of a chemical. Not all 
testt results carried equal weight in the assessment procedure. This principle was 
mostt formalised in the Toxics Office's 'assessment factors': the toxic 
concentrationss suggested by tests (e.g. LC50s) were multiplied with a factor, 
meantt to compensate for the extrapolation of test results to 'the field'. These 
safetyy margins were established somewhat arbitrarily, but nevertheless applied 
veryy systematically as a formal rule. If toxicity data came from (Q)SARs and/or 
ann acute toxicity test, then concentrations considered of concern in the 
environmentt would be a thousand times lower; one hundred times lower if 
severall  acute toxicity studies were available, ten times lower with a lowest 
chronicc effect concentration, and the factor would be one for a microcosm or 

1W1W Data from interviews. Some multispecies tests were more 'competitive': a 
microbiall  colonisation test would cost approximately $4,000 (the multispecies test 
developedd by Cairns), a single species acute test approximately $2,000. (Interview 
withh Niederlehner, Virginia State University, Blacksburg, Virginia, November 1992) 

Mesocosm m 
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fieldfield study. When assessment procedures are structured like this, it might be 
worthh going through a test that is one hundred times more expensive to get an 
acceptablee concentration that is one hundred times lower, especially if the 
chemicall  at hand represents a market of a few million dollars. This explains why 
multispeciess tests, in spite of their cost, had the interest of especially major 
pesticidee producers, like Monsanto, and why the few examples of use of these 
testss concerned chemicals already on the market, i.e. with an established 
economicc value. It explains why these companies supported the plans of the 
Pesticidess Office to introduce mesocosms: they expected to be able to use 
ecologicall  tests to lower the norms suggested by the tests of environmental 
toxicology.. It is in fact ironical that the environmental movement protested 
whenn mesocosms were no longer required: by 1992, they were perceived as 
toughh regulation because they required expensive testing, but their actual 
introductionn had been supported by part of the pesticide industry. 

Thee pattern is in fact a more general one for the outsider ecologists: there 
aree many more examples of industry turning to ecology when the standards 
suggestedd by environmental toxicology were too strict, i.e. ecologists were 
mobilisedd to deconstruct the false positives, rather than false negatives. In fact, 
thiss is one of the ways even the Virginia Tech ecologists had managed to raise 
industriall  interest for their research, for example by doing field research on a 
receivingg river after the company in question experienced problems with its 
dischargee permit.192 Already in 1970, Cairns had signalled this, suggesting 
biologicall  water monitors as a more precise measurement of pollution compared 
too early water quality standards: 

Currentt rigid standard (...) probably have a considerable safety factor 
thatt prohibits full utilisation of the receiving capacity of a stream for a 
particularr toxicant for large periods of the year, since they must be 
designedd to protect against the worst possible conditions.193 

Inn contrast, environmental toxicologists argued that their single species tests 
mayy not have been the most realistic, but with the safety margins of assessment 
factors,, they at least offered protection of the environment. In addition, false 

1911 USEPA, Estimating "Concern Levels"; Bascietto et ai, "Ecotoxicity and 
Ecologicall  Risk Assessment"; Interview with Nabholz, Washington DC, USEPA, 
Novemberr 1992. 
1922 Cherry et ai, 1991 Corbicula Control Program; Interview with Cherry, 
Blacksburg,, Virginia, Virginia State University, November 1992; Interview with 
Cairns,, Blacksburg, Virginia, Virginia State University, November 1992. 
1933 Cairns, Sparks, and Waller, "Biological Systems as Pollution Monitors", p. 22. 
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negativess seemed to have been rare and validation studies generally confirmed if 
nott the predictive, then at least the protective value of single species tests.194 

Ass a further qualification of the cost argument: one should not only 
comparee the cost of the tests at one point in time, but also at similar stages in 
theirr development from research tool to standardised test. Around 1970, when 
EPA'ss laboratory in Duluth was working on test development, the only way to 
doo a chronic fish toxicity test was to do a full life cycle test, which took five 
monthss with short-lived species and even a few years for species with a longer 
lif ee cycle, comparable to the duration of a mesocosm study. We have described 
howw these were reduced to the 28-day early cycle tests, and eventually even 
sevenn critical life stage tests, reducing the cost enormously. Ecologists may be 
veryy sceptical of this comparison or the suggestion that a field study could be 
reducedd from years to days, but this was one of the effects of the microcosm 
standardisationn research in Duluth, making the microcosm cheaper and suited 
forr the TSCA regime.195 In addition, several relatively cheap tests looking at 
'higherr level' biological effects were suggested in the literature, such as Cairns' 
colonisationn test or tests of primary production.196 From the point of view of this 
analysis,, the cost issue then becomes: why have multispecies tests not been 
standardisedd and made less expensive? 

AA third case for the impracticability of ecological tests was the 
complexityy argument: allegedly, multispecies tests were too complex, produced 
tooo many parameters, 'none of which were ever decisive'. Nevertheless, in 
environmentall  hazard assessment, ecological tests were seen as better 
representationss of nature, since they allowed for more complexity, judging for 
instancee by the fact that the assessment factor for a microcosm was one. 
However,, there is no reason to assume that the only way to reduce the 
complexityy of nature is by reducing the effects of chemicals to their effects on 
organisms,, more specifically death of the organism. Colonisation capacity, 
primaryy production, or species diversity were the ecological parameters 
equivalentt to the death of the organism (or size of population in the case of 
DaphniaDaphnia tests) of environmental toxicology. The problem was rather that there 
weree too many of such parameters. For example, the range of parameters that 
couldd be tested in multispecies tests was notorious. They varied from 
communityy structure, ecosystem fecundity, production, measurements of 
functionall  feeding groups, grazing rates, leaf decomposition,197 predation rates, 

Stephann and Mount, "Use of Toxicity Tests with Fish in Water Pollution 
Control";; Interview with Giesy, East Lansing, Mi., Michigan State University, 
Decemberr 1992. 
1955 Interview with Stay, Duluth, USEPA, Environmental Research Laboratory, 
Decemberr 1992. 
1966 E.g. Cairns, Pratt, and Niederlehner, "A Provisional Multispecies Toxicity Test". 
1977 Buikema and Vosshell, Toxicity Studies Using Freshwater Benthic 
Macroinvertebrates. Macroinvertebrates. 
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competitionn measurements, to even parasitism and symbiosis.198 However, the 
variationn in endpoints in environmental toxicology was also enormous, at least 
whenn one looks at the research literature: various behavioural disorders, 
bioconcentration,, reproductive inhibition, genotoxicity, immunotoxicity, gill 
ventilationn rate, heart beat rate, blood chemistry, histopathology, enzyme 
activity,, etc. EPA has dealt with this variety by selecting a relatively small 
numberr of endpoints to test and developed these for regulatory purposes.199 

Timee and time again one finds the remark that field testing or testing at 
ecologicall  levels would be more adequate, but were not feasible.200 In historic 
perspective,, the argument is peculiar, since the same could have been argued 
aboutt the chronic toxicity tests of the early seventies. 

Soo why did ecologists not manage to produce more successful boundary 
devicess in American regulatory regimes? Combined with the descriptions of the 
developmentt of US ecology and environmental toxicology of chapter 4, we can 
tryy to answer, without having to resort to the 'one crucial factor' answers cited 
above.. The diversity of intellectual traditions in ecology is one part of the 
answer.2011 With systems ecology and community ecology competing, ecologists 
weree prone to fiercely debate their own favoured endpoints of testing, e.g. 
productionn indicators versus diversity indexes. Interviewed regulatory scientists 
complainedd about the difficulty of getting ecologists to agree over such 
selections.. As we have seen, successful test development hinged on such 
agreement,, as regulators like the ones at the Toxics Office learned to construct 
consensuss over test methodology. I do not want to suggest that environmental 
toxicologistss always agreed. However, environmental toxicologists were much 
moree dependent on regulatory research, especially in the early seventies, when 
theyy mostly worked for regulatory agencies. The first sentence of the 1975 
manuall  for single species tests quoted before, was the following 'conclusion', 
almostt as if the scientists involved were surprised about themselves: 'A diverse 
groupp of scientists interested in aquatic toxicology can reach agreement 
concerningg detailed methods for conducting toxicity tests with aquatic 
animals'.2022 In cases where the scientists could not agree, regulators tended to 
makee sure some consensus was constructed, via workshops, SETAC, ASTM, or 

1988 Hammons et ai, Methods for Ecological Toxicology, pp. 11-12, 15. These 
measurementss are generally divided into structural and functional parameters, cf. 
Odum,, "Microcosmology". 
1999 E.g. Weber et ai, Short-Term Methods for Estimating the Chronic Toxicity of 
EffluentsEffluents and Receiving Waters, p. 3. 
2000 E.g. Stephan et ai, Guidelines for Deriving Numerical National Water Quality 
Criteria...,Criteria..., p. 1; USEPA, Review of Ecological Risk Assessment Methods, p. 2~ 
2011 Acknowledged by ecologists as well as STS: Wang, "On Ecology"; Hagendijk 
andd Cramer, "Intellectual Traditions as Cognitive Constraints". 
2022 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians,Amphibians, p. 1. 
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evenn publication in the Federal Register. Given EPA's key position as ultimate 
clientt of the bulk of research in US environmental toxicology, these methods 
wouldd quickly become generally accepted standards. By the time ecologists 
camee into positions at the EPA where they could start to develop their own 
approachess and develop multispecies tests, they already were approximately ten 
yearss behind single species tests that had been designed to fit  the various 
regulatoryy regimes, with test practices that had been considerably reduced in 
cost.. When I asked John Cairns why he had never taken his multispecies 
colonisationn test to the extensive standardisation meetings of ASTM, he 
answeredd that it would have cost him too much time and it would not have been 
interesting.2033 He simply could not be bothered - for an academic ecologist 
theree were more important things to do and, for most ecologists, enough 
alternativee sources of funding. 

88 Conclusions and implications 
Thiss chapter allows for two important conclusions on the nature of 
standardisationn of testing in regulatory regimes. Firstly, standardised toxicity 
testss were not designed to circulate anywhere, but to travel to very specific 
places:: industrial laboratories, commercial testing laboratories, the board room 
wheree test design or test results are negotiated/enforced between regulators and 
industry,, and ultimately the American court room with its adversarial 
presentationn of expertise. Standardisation is thus not a matter of constructing 
'mobiles'' that are 'immutable' in all circumstances and all places. These places 
aree structured by deeply embedded institutions, such as legal institutions, or the 
intricatee structure of developing but nevertheless tenacious regulatory regimes. 
Secondly,, standardisation of these tests was not a matter of shifting all expertise 
too objects and texts. Rather, they are used as devices to frame negotiations over 
detailss of testing or resources to provide regulators leverage to obtain data. In 
somee cases these tests were used as a consequence of regulatory strategies, in 
otherss they were used to innovate regulatory strategies. In all cases, they formed 
boundaryy devices that demarcated 'science' and 'politics' in different ways, and 
helpedd to construct specific divisions of labour between experts and policy 
makerss in each regime. This becomes very clear when the different modes of 
developmentt of toxicity tests are described with the heuristic 'shopping list' of 
texts,, objects, and people. 

Thee analysis has shown how the transformation of expertise by 
standardisationn is undertaken by regulatory actors as part of a strategy to harness 
regulatoryy decisions and to pacify conflicts in regulatory regimes. Because 
regulatoryy regimes differ significantly in the way they obtain closure for 
decisionn making, a comparison of regulatory regimes and the tests they use 

Intervieww with Cairns, Blacksburg, Virginia, Virginia State University, 
Novemberr 1992. 
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providedd insight into how the actors have developed very specific 
standardisationn strategies. 

Inn the Office Of Water, standardisation focused on producing numerical 
waterr quality standards, producing highly formalised ways to derive standards 
fromfrom toxicity tests and later principles to apply these to local circumstances and 
dischargee permits. The boundary texts of the procedures to derive standards 
weree the main boundary devices. The structure of the regulatory regime of 
industriall  chemicals revolved around the weak statutory position of the Toxics 
Office.. As a result, the Office has developed a style of regulation that depended 
onn extensive negotiation in context of painstakingly standardised assessment 
procedures,, which was both cause and effect of a relatively low level of 
contestation.. The boundary devices used therefore consisted of a particular 
combinationn of boundary texts (the protocols), boundary objects (the material 
tests),, but with a significant role for the boundary people: the regulatory 
assessorss negotiating testing practices with regulatory scientists working for 
'notifiers'.. The Pestics Office, in contrast, had to confront a high-conflict 
domainn of policy, but from a much stronger legal position. Its regulatory style 
dependedd on strict enforcement and a legalistic approach to uphold its decisions 
andd maintain its regulatory independence. Hence, its boundary devices relied 
muchh more on texts and objects, rather than on people. 

Inn the case of the Toxics Office, thoroughly negotiated tests of high 
standardisationn and low cost led to successful closure in risk assessment 
proceduress that centred on negotiations over test design and planning. When the 
costt of such tests became too high, as with the microcosms, their regulatory 
usefulnesss was lower and restricted to specific situations where companies 
wantedd to challenge false positives for commercially important chemicals. In the 
casee of the Pestics Office, negotiations over the development of a test received 
lesss attention, and could even work adversely, since the Office tried to maintain 
itss aura of regulatory autonomy. The toxicity tests of the Office were also highly 
standardised,, but there was littl e negotiation in the assessment procedure. In 
fact,, the assessment procedures were transferred largely to the textual rules of 
assessmentt protocols. The mesocosms differed from the toxicity tests of the 
Pesticss Office in all three development modes, and were unsuccessful boundary 
objectss by any possible criteria. 

Thesee patterns in the science/policy boundaries in these regimes were 
closelyy related to the boundaries in eco/toxicology. The result of the 
developmentt of these boundary devices was that expertise that did not fit the 
particularr format of these regulatory regimes was pushed out, creating a 
situationn in which ecology was either used in research to validate environmental 
toxicology,, or occasionally mobilised as a very expensive means to obtain an 
exemptionn from regulation based on single species tests. The origins of this 
patternn are complex, involving regulatory settings that are conducive to 
formalisedd and 'objectified' ways of presenting expertise, but also the 
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institutionall  location and history of both fields. At the time when American 
ecologyy was carving out niches for itself in the academic environment of 
universities,, turning away from policy engagement, environmental toxicology 
originatedd in an environment that was almost entirely dominated by regulatory 
concerns,, leaving it with a much higher interest in the development of 
methodology. . 

Thiss development had consequences for the way environmental 
hazardss of chemicals were evaluated. Forms of knowledge that emphasised 
thee complexities of concrete, localised natural environments were difficult to 
incorporatee into regimes that rely so heavily on standardised methods, based 
onn a generalised, abstract environment of a standard fish, standard water, 
averagee streams, and average death of organisms as prime concern. The 
participationn of ecological knowledge in these regimes was almost exclusively 
possiblee by compromise, by conforming to this reductionist form of 
knowledge,, for example in reducing the complexity of nature to a limited 
rangee of parameters in the microcosms.204 A similar dilemma confronted the 
environmentall  movement, which was largely absent from this analysis, and 
nott by accident. Environmentalists were not present as such in the 'technical' 
discussionss of regulatory science, although especially academic scientists 
couldd import their sympathies. If this analysis is correct in showing that an 
importantt part of the closure of regulatory policy occurs under the heading of 
science,, in the committees of ASTM and the workshops of SETAC, then 
manyy of the important decisions remain beyond the reach of 
environmentalists.. On the other hand, participation in technical decision 
making,, in the back rooms where methods are standardised and developed 
andd where protocols are written, may imply entanglement in a web of 
negotiationn processes that operates to pacify the participants. I will return to 
thesee issues in the epilogue, but will now try to drive the analysis further by 
contrastingg these stories from the US with examples of assessment practices 
andd test development from England and the Netherlands. 

AA similar point for the UK is made in Wynne, "The Rhetoric of Consensus 
Politics",, pp. 32-5. 




