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Chapterr  4: Boundaries in eco/toxicology1 

MoreMore than elsewhere, I saw them thronged and pressed 
ThisThis side and that, yelling with all their might, 

AndAnd shoving each a great weight with his chest 
Inferno,, VII:25-27, 4*  Circle, the Hoarders and the Spendthrifts 

11 Eco/toxicology 
Byy the early 1970s, there were two research traditions in the study of the 
effectss of pollutants on wildlife. One stemmed from ecology, stressing 
interactionss between species, or between the various processes constituting an 
ecologicall  system. The other one was a more physiologically oriented 
traditionn that was beginning to call itself environmental toxicology, studying 
effectss of pollutants on individual organisms, originating in close relation to 
fisheriess research. As biologists developed an interest in the effects of 
pollutants,, and especially as they got involved in regulatory regimes 
controllingg the polluting effects of chemicals on wildlife, the differences 
betweenn these two approaches became the subject of boundary work. 
Biologistss from both traditions attempted to demarcate 'ecology' from 
'environmentall  toxicology' in various ways, sometimes separating the two, 
sometimess trying to define a more or less integrated programme of 
'ecotoxicology'. . 

Thee most explicit examples of this boundary work could be found in 
rhetoricall  definitions of the (competing) fields of eco/toxicology. Especially 
inn emerging fields, or in cases where relations between research fields are in 
flux,flux, scientists will go through great lengths to define what does and does not 
belongg to their field, or inversely to keep such definitions vague when they 
seee opportunities for expansion of their research practice.2 Definitions not 
onlyy form a shared point of reference, but they also stake a jurisdictional 
claimm over an area of research (or conceptually construct such an area). 
Throughh a definition, guiding members of a field state or restate a claim on a 
rangee of phenomena for study or on a particular way of studying these 
phenomena.. Typical definitions of a research field therefore build on a 

11 An earlier version of the ecotoxicology story in this chapter was published as 
Halffinan,, "The Boundary between Ecology and Toxicology" and I would like to 
thankk the reviewers of this piece, both anonymous and John Cairns, Jr. I am much 
indebtedd to Henriette Bout for collecting the empirical material in the section on 
educationn programmes and the Department of Science Dynamics for making this 
possible. . 

22 Gieryn, "Boundaries of Science"; Gieryn, Cultural Boundaries of Science; De 
Wilde,, Discipline en Legende. 
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descriptionn of the research domain and/or a description of an approach. In 
casess where a research field operates with strong client relationship, particular 
relationss with the client will also tend to be part of attempts to define the 
researchh endeavour.3 Here is an example from the preface to a handbook of 
environmentall  toxicology: 

Environmentall  toxicology is the study of the effects of toxic substances 
occurringg in both natural and manmade environments. The main task of 
environmentall  toxicologists is to assess objectively the risk resulting 
fromfrom the presence of such substances. (...) Whatever advice is given, it 
mayy have economic implications leading to considerable expenditure, 
eitherr from private or public funds. It is therefore essential that the 
assessmentt of risk be made in full knowledge of the potentialities and 
thee limitations of the procedures likely to be used. 

Thiss definition delineates not only a particular set of phenomena for 
environmentall  toxicology ('natural' and 'manmade environments'), but also 
placess environmental toxicology directly in the context of regulatory regimes. 
Inn this case, the boundary work continues in the delimitation of subjects in the 
handbook,, further defining what is and is not supposed to be counted as part 
off  the field. In particular, environmental toxicology is presented as the study 
off  toxic effects of chemicals on both wildlif e and people, after passing 
throughh 'the environment'. (As opposed to definitions that restrict 
environmentall  toxicology to wildlif e impacts only.) For an area of research as 
involvedd in regulatory work as eco/toxicology, these definitions do not just 
arisee from some existential need of a clear taxonomy of the sciences or of 
knowingg whom to invite to conferences, but also from attempts to stake 
claimss in regulatory advisory work. 

Apartt from in handbooks, this kind of definitional boundary work can 
alsoo be found in various other texts, for example in programmatic journal 
articles,, polemics between members of competing research traditions, 
addressess to professional organisations, or editorial policy statements of 
scientificc journals. Together, they form a set of boundary texts, i.e. textual 
resourcess available for ongoing boundary work. That means: in ongoing 
attemptss to define what is and is not part of a research practice, as well as how 
thiss research practice should interact with other (research) practices. The 
boundariess in these texts therefore have the double character that has already 
beenn pointed out in chapter 2: they both demarcate and specify conditions of 
exchange,, i.e. they construct a division of labour. In this chapter, I will 

33 Koenis, Tussen Marge en Professie; Groenewegen, Scientists, Audiences and 
Resources. Resources. 

44 Dufrus, Environmental Toxicology, p. 1. 
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describee the attempts to define eco/toxicology: various definitions that 
attemptedd to establish particular divisions of labour among research traditions 
andd between researchers and policy makers in regulatory regimes. I will start 
withh a brief history of the term 'ecotoxicology': the origins of the term, how it 
wass defined, and how its definitions shifted as boundary work between 
ecologyy and environmental toxicology became more pronounced. 

However,, the division of labour between 'ecology' and 'environmental 
toxicology'' was not only a matter of discursive manoeuvring with definitions. 
Eco/toxicologistss also performed mutual boundary work through eco/toxicity 
testss that they proposed for the regulatory assessment of chemicals; with 
institution-buildingg (journals, research programmes, or educational 
programmes);; all leading to institutionalised boundaries that carved up the 
jurisdictionn of regulatory work for specific forms of knowledge. As I will 
showw throughout the story of 'ecotoxicology', successful boundary work does 
nott operate through boundary texts alone, but operates through boundary 
objectss and boundary people as well. The second part of the chapter will focus 
moree on how eco/toxicological boundaries were embodied, not just in texts, 
butt also in the more complex institutionalised patterns that gave 
eco/toxicology'ss division of labour its obduracy. 

22 Defining ecotoxicology 

2.11 Lesson one: establish the term 'ecotoxicology' 
Inn June 1969, René Truhaut, a French toxicologist with a background in 
pharmacology,, conceived of the term 'ecotoxicology'. Ecotoxicology was to 
bee a new discipline that would study the harmful effects of chemicals in the 
entiree 'biosphere'. The catchword clarity of the term was - and still is -
deceptive.. Ever since Truhaut created his neologism, there has been debate 
overr its precise meaning. Until 1976, this debate was limited to an elite group 
off  international entrepreneurial scientists in a world of acronyms. Truhaut had 
proposedd the term in the context of an ad-hoc Committee of the International 
Councill  of Scientific Unions (ICSU), an organisation stimulating international 
cooperationn of scientists 'for the benefit of humanity', built around the 
membershipp of academies of science and research councils. The term was 
takenn on board by the Scientific Committee On Problems of the Environment 
(SCOPE)) that was subsequently formed in the ICSU. SCOPE was to conceive 
off  an international research response to the environmental issues, which were 
noww so prominent on the political agendas. In 1971, SCOPE in turn formed a 
Preparatoryy Commission for a project on Ecotoxicology, of which Truhaut 
wass a member. One of the first tasks this Preparatory Commission set out to 

55 Thank you, Malcolm McLarren. 
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doo was to draft a more accurate definition and a research agenda for this new 
field.6 6 

Whilee the members were still preparing and deliberating the 
publicationn of a definition, Truhaut published his own version in 1977, after 
presentationss at a few conferences: 

Ecotoxicologyy is the branch of Toxicology concerned with the study of 
toxicc effects, caused by natural or synthetic pollutants, to the 
constituentss of ecosystems, animal (including human), vegetable and 
microbial,, in an integral context.7 

Thee definition had two key features. Firstly, ecotoxicology was to be defined 
byy an object of study: the journey of chemicals from their emission from 
industriall  production, through the biosphere and its possible complications 
suchh as food chain contamination, to the impact on ecosystems, and ultimately 
onn people. Secondly, ecotoxicology was to be 'a new branch of toxicology', 
althoughh the complex nature of the journey of toxicants would require the 
helpp of other sciences, such as ecology. Nevertheless, in line with Truhaut's 
ownn background and the dominant attention for health issues of regulatory 
policiess of the 1970s, human health was intended to be the main point of 
attentionn for ecotoxicology, not wildlife. 

Meanwhile,, the Preparatory Commission for the project on 
Ecotoxicologyy was still deliberating. In 1976, it held workshops in 
Neuherberg,, Germany, and in Brussels. Eventually, almost ten years after 
Truhautt had come up with the term, the resulting report, 'SCOPE 12', was 
publishedd in 1978. It contained a slightly different definition of 
ecotoxicology,, but one that became a common point of reference in the 
followingg years: 

Ecotoxicologyy is concerned with the toxic effects of chemical and 
physicall  agents on living organisms, especially on populations and 
communitiess within defined ecosystems; it includes the transfer 
pathwayss of those agents and their interactions with the environment. 

66 Holdgate and White, eds., Environmental Issues, p. 75 et seq. More on SCOPE: 
Scientificc Committee on Problems of the Environment, SCOPE Website. ICSU has 
longg dropped the 'unions' and is now called simply 'International Council for 
Science',, but still uses the same acronym. (International Council for Science, ICSU 
WebWeb Site.) 

77 Truhaut, "Ecotoxicology", p. 152. 
88 Butler, ed., Principles of Ecotoxicology, p. xx 
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Thee definition was designed to avoid overlap with the study programmes of 
thee World Health Organisation (WHO) and to differentiate the 'new' or 
'emergingg science' from classical toxicology, with its focus on the effects on 
individuall  organisms and especially human health. In contrast to toxicology, 
ecotoxicologyy would limit itself to 'populations and communities within 
definedd ecosystems', putting ecotoxicology squarely in an ecological 
tradition.. Whereas for Truhaut the focus was on human health, the committee 
ass a whole put the emphasis on an ecological agenda. Thus, from the start, 
ecotoxicologyy became a contested domain, both for toxicologists and 
ecologistss who tried to stake claims in a new research area, and for 
internationall  organisations that tried to demarcate their stakes in pollution 
issues. . 

Thee explicit objective of ecotoxicology as seen by its early promoters 
wass to create a research programme of interest to both scientists and policy 
makers,, be it in the design of testing protocols, the construction of databases, 
orr the construction of 'scientific criteria' for use in policy. The 'SCOPE 12' 
definitionn and the programme formulated in the report, were based on the idea 
thatt toxic substances were to be evaluated at their point of action, the 
environmentall  receptors. In order to do so, four processes had to be analysed: 

1.. the release of toxicants in the environment, their quantities, forms 
andd sites; 

2.. the transport and chemical transformation of these substances 
throughoutt the environment; 

3.. the exposure of the receptors; 
4.. the response of these receptors.9 

Onee could hardly think of a better institutional context to launch a new 
researchh programme. SCOPE and the ICSU provided a world-wide network 
off  statesmen of science and their activities found funding from eminent 
sources.100 The word 'ecotoxicology' quickly became more than a quote from 

99 Miller, "General Considerations"; similar in Truhaut, "Ecotoxicology". 
i00 For example, among its members were Gordon C. Butler and D.R. Miller, 

directorr and member of the Division of Biological Sciences of the National 
Researchh Council of Canada. There was a researcher from one of the environmental 
sciencee laboratories of the US EPA, G.E. Walsh. Also a member was Frederick 
Moriarty,, a toxicologist from the Institute of Terrestrial Ecology of the Natural 
Environmentt Research Council in England, member of the wildlif e section of the 
Advisoryy Committee on Pesticides, who would later write the first handbook on 
ecotoxicology.. Another member was the Belgian Ph. Bourdeau, a high-ranking 
officiall  in the Directorate General for Research and Education of the European 
Commission,, which also funded SCOPE workshops, as did the Deutsche 
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aa report. In 1977, even before the SCOPE report was issued, the journal 
EnvironmentalEnvironmental Quality and Safety reappeared as Ecotoxicology and 
EnvironmentalEnvironmental Safety. In 1983, the International Society for Environmental 
Safety,, a primarily European scientific association, became the International 
Societyy for Ecotoxicology and Environmental Safety (SECOTOX to the 
insiders).. The Journal, the Society, and the associated Academy for 
Environmentall  Safety, all founded in 1971-73, were closely connected by an 
interlockingg directory of researchers and policy makers. The cluster of 
organisationss also had intricate personal relations with 'the SCOPE 
Preparatoryy Commission on Ecotoxicology. Six of the seven members of the 
committeee were on the editorial board of the Journal. One of them has been 
onee of the two main editors ever since. 

Theree were also close ties between this network of scientists and the 
Europeann Commission. The Dutch Jan G.P.M. Smeets served as president of 
thee International Academy and of SECOTOX, and was involved with both 
fromfrom the start. He became responsible for pollution prevention in the 
Europeann Commission's Directorate General for Environment and Consumer 
Protectionn in 1977. As a European civil servant, he was involved in the 
preparationn and implementation of the Community Directive on control of 
industriall  chemicals.12 He wrote several articles for Ecotoxicology and 
EnvironmentalEnvironmental Safety on EC environmental policy, explaining the 
'ecotoxicologicall  aspects' of European environmental programmes. 
Throughh the International Academy of Environmental Safety, with a more 
restrictedd membership than SECOTOX, workshops were set up where 
memberss of regulatory agencies such as Smeets discussed methodologies for 
thee assessment of chemical hazards, including for the pending industrial 
chemicalss programme ('Sixth Amendment', see previous chapter).14 In 1978, 
thee European Commission set up its own small advisory committee of experts 

Forschungsgemeinschaftt or the Rockefeller Foundation. (Butler, ed.> Principles of 
Ecotoxicology,Ecotoxicology, pp. ix-xii , Moore, The Bird of Time, <p. 183) 

111 Friedhelm Korte, founder of the Institut für Ökologische Chemie [Institute for 
Ecologicall  Chemistry] in Neuherberg, near Munich, Germany, now 
Forschungszentrumm fur Umwelt und Gesundheit. (Editorial information of 
EcotoxicologyEcotoxicology and Environmental Safety; Society of Ecotoxicology and 
Environmentall  Safety, Secotox: The International Society of Ecotoxicology and 
EnvironmentalEnvironmental Safety and Its Regional Sections.; Society of Ecotoxicology and 
Environmentall  Safety, Ecotoxicology and Environmental Safety: Environmental 
Research,Research, Section B) 

122 Bourdeau, "In Memoriam Jan G.P.M. Smeets". 
133 E.g. Smeets, "Ecotoxicological Aspects"; Smeets, "New Challenges to 

Ecotoxicology". . 
144 Smeets and Hunter, eds., The Evaluation of Toxicological Data for the 

ProtectionProtection of Human Health. 
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onn 'toxicology and ecotoxicology'. The committee was drawn from the very 
samee small circle of scientific statesmen and was to be a crucial source of 
directt expert advice to the European Commission on matters of the 
environmentall  regulation of chemicals.15 

Inn these attempts to define ecotoxicology, the demarcation of the 
jurisdictionn of international organisations was coupled directly to 
demarcationss of jurisdiction among scientists. At stake was not just whether 
thiss new ecotoxicology was to be more ecological or toxicological. In fact, the 
wayy ecotoxicology was interpreted was general enough to take on board 
humann health effects next to wildlif e effects, as long as the chemicals 
involvedd passed through the environment in general. This is clear from the 
kindd of articles published in Ecotoxicology and Environmental Safety 
throughoutt the 1980s.16 Regulatory considerations gave rise to a demarcation 
fromfrom labour and food toxicology, which were left to international 
organisationss such as the WHO, and aimed to construct a field of research that 
wouldd provide knowledge to the regulatory efforts of the European 
Commission,, and more particularly its contemporary efforts in the regulation 
off  industrial chemicals. Simultaneously, the scientists and scientist/civil 
servantss that launched ecotoxicology formed a boundary elite: under the 
headingg of the scientific Academy of Environmental Safety, regulatory issues 
couldd be discussed and plans could be made to develop approaches to 
chemicall  hazard assessment that could be put to use in a regulatory context. 
Thee 'reasonability' of this expert advice was guaranteed by the elite nature of 
thee Academy, which spilled over into the European Commission's own 
eco/toxicologicall  expert committee. 

Inn other words, these experts did not only attempt to draw boundaries 
withh a crafty definition, but also proceeded to set up professional 
organisationss (the Academy, the Society), the journal, and eventually this 
advisoryy committee. They launched their 'ecotoxicology' with boundary texts 
andd boundary people, combined in a series of new scientific organisations. 
Thesee provided a selected company of scientists and a cultural space in which 
regulatoryy issues could be discussed and coordinated with research 
developments.. One of the implications was that scientists who were perceived 

155 Commission of the European Communities, Beratender Wissenschaftlicher 
AusschuB;AusschuB; Commission of the European Communities, Scientific Advisory 
CommitteeCommittee to Examine the Toxicity and Ecotoxicity of Chemical Compounds; 
Moore,, The Bird of Time, p. 201. 

166 The "Information for authors" in the journal did not only build on the 1977 
definitionn of ecotoxicology, but also stated that "The Editors are particularly 
involvedd in reports about the entry and fate of chemicals in the biosphere and 
reportss of (...) the toxic effects of chemical pollutants and their impact on man." 
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ass too radical or activist could be discretely kept at bay, possibly by limiting 
theirr involvement to the Society and not the Academy. 

Throughh this network of people and organisations, the term 
ecotoxicologyy spread quickly. In a few years time, it became a buzzword, 
usedd by international organisations, regulatory agencies, and environmental 
scientistss beyond the circles of eco/toxicologists around the European 
Commission.. Around 1980-81, the term had crossed the Atlantic and started 
too appear in American publications. The term became prominent in Dutch 
governmentt reports and funding agencies in the mid-eighties. 'Ecotoxicology' 
startedd to appear in the name of laboratories and university departments, 
especiallyy in the Netherlands and Germany. And then, in 1983, British 
eco/toxicologistt Frederick Moriarty wrote the first handbook of 
ecotoxicology. . 

2.22 'Ecotoxicology' as a boundary device 
2.2.12.2.1 Shifting meaning, contested boundaries 
Inn the preface to the 1983 edition of his handbook, Moriarty took the position 
thatt ecotoxicology was to be a merger project, although not an easy one: 

Thee subject is primarily a blend of toxicology and ecology, and I have 
becomee steadily more frustrated by a seemingly widespread failure to 
combinee the two approaches. I have attempted, therefore, from a 
synthesiss of these and other disciplines, to present my own view of how 
farr the subject of ecotoxicology has developed. 

Thee 1990 second edition is less liberal. Here, precise boundaries are drawn 
withh (environmental) toxicology. 

Onn occasion, the only difference between toxicology and ecotoxicology 
appearss to be in the species selected for toxicological tests: acute 
toxicityy is measured on the water flea in stead of on the laboratory rat. 
Thiss misses the essential difference between the two sciences. 
Toxicologyy is concerned with effects on single organisms; 
ecotoxicologyy is concerned with effects on ecosystems. 

Sincee 1964, Moriarty's scientific home had been Monks Wood Experiment 
Station,, the flagship of the English Natural Environment Research Council's 
Institutee of Terrestrial Ecology. The laboratory had a tradition of ecological 

177 This was mentioned in several interviews with members of the next generation 
off  eco/toxicologists. 

188 Moriarty, Ecotoxicology, p. vii. 
199 Moriarty, Ecotoxicology, p. 1. 
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researchh on wildlif e effects of pesticides, especially birds, dating back to the 
endd of the fifties, as well as of involvement in nature conservation policy. As 
such,, it had played a pivotal role in putting wildlif e effects of pesticides on the 
regulatoryy agenda in England, though its policy impact was waning by die 
earlyy eighties.20 The work at Monks Wood had mainly consisted of 
exploratoryy research on pesticide effects in wildlife: tracing pesticides through 
foodd chains, establishing pesticide residues in dead birds, as well as the 
physiologicall  mechanisms of toxic impact. The research had shown the 
difficultiess of extrapolating physiological effects of pesticides in laboratory 
animalss to animals in the wild, because of processes such as seasonal 
differencess in protein metabolism, problematic modelling of food availability, 
orr of temperature conditions. On the basis of such findings, the researchers of 
Monkss Wood argued for the study of the effects of pesticides on animals in 
thee wild.21 The 1960s origins of this work lay clearly in ecology, but the 
Institutee had attracted researchers with backgrounds in analytic chemistry or, 
ass in the case of Moriarty, toxicology. 

Moriartyy drew no explicit boundaries between ecotoxicology and 
ecology.. On the contrary, in the introduction of his textbook, he even 
describedd ecotoxicology as a 'subdiscipline of ecology', as long as ecology 
wass seen as the study of the interactions that determine the distribution and 
abundancee of organisms. The 1990 handbook started with three extensive 
introductoryy chapters on ecology, to continue with four more on the actual 
effectss of pollutants. Moriarty's approach was based on population ecology. It 
wass premised on the strong conviction that toxicants had their primary effect 
onn individual physiology of animals, but he considered the effects on 
populationss to be the really relevant parameter for environmental protection.22 

AA simple recourse to research-ecology-as-usual did not seem sufficient 
too Moriarty. His handbook repeatedly stated the connection with regulatory 
needs:: the need to develop tests and evaluate extrapolations of test results to 
fieldd conditions, used in regulatory assessments of increasing numbers of 
chemicals.. However, by the mid-1980s, tests to assess hazards of chemicals 
onn wildlif e were taking a very specific form: aquatic toxicity tests, involving a 
singlee organism in a test tank or a small population of a single species, were 
quicklyy becoming dominant. In his handbook, Moriarty tried to develop an 
approachh that would save the ecological tradition by combining it with the 
toxicologicall  approaches that were quickly gaining field in regulatory 
regimes. . 

Sheail,, Pesticides and Nature Conservation; Moriarty, "Toxic Pollutants in 
Aquaticc and Terrestrial Ecosystems". 

211 E.g. Osborn, "Pesticides and British Wildlife" . 
222 Moriarty, Ecotoxicology, p. 14, referring to the Krebs definition of ecology. 
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'Ecotoxicology'' thus became a boundary issue between ecology and 
environmentall  toxicology, not quite the broadly defined multidisciplinary 
programmee to study the effects of chemicals in the biosphere as originally 
definedd by Truhaut c.s. Moriarty tried to relate the two, identify conditions of 
exchangee for research cooperation, i.e. construct a division of labour in 
eco/toxicology. . 

Inn the US, this issue was played out most sharply. A small group of 
Americann ecologists argued that the very term 'ecotoxicology' obviously 
impliedd the need for a central role of ecology in the assessment of chemical 
hazards.. Most prominent in the discussion was John Cairns, Jr., ecologist and 
headd of an interdisciplinary centre in environmental studies at Virginia State 
andd Polytechnic University. For him, 'ecotoxicology' meant the evaluation of 
chemicall  hazards at 'higher levels of biological organisation', i.e. effects 
measuredd not just through the physiology of organisms, but through 
ecologicall  parameters, such as community structure or primary production. 
Thee issue of ecotoxicology landed in boundary work between ecology and 
environmentall  toxicology that focused on the appropriate tests to be used in 
evaluationss of chemical hazards to wildlife. Already around 1977, Cairns had 
beenn arguing for a more prominent role of 'multispecies toxicity tests', 
againstt what he considered a single species bias of environmental 
toxicologists.233 We will need to digress briefly to explain the precise 
differencee between these types of tests. 

2.2.22.2.2 Single and multispecies tests 
Singlee species aquatic toxicity tests, the hallmark of environmental 
toxicology,, typically consisted of a test tank with one species (e.g. one fish or 
aa population of micro-organisms such as algae or water fleas). The objective 
off  such tests was to establish the toxicity of a chemical to the organism, while 
neutralisingg as many complicating factors as possible in the experimental 
design.. In practice, this meant that, in the case of an acute toxicity test with a 
fish,, a fish was put in water of a known composition and at a specified 
temperature,, in which a chemical would have been mixed. In order to 
neutralisee any kind of interaction than could increase or decrease the 
measuredd toxic effect of the chemical, many factors were taken into account. 
Forr example, to build an aquarium, specific sealants were prescribed to avoid 
interactionn with the chemical tested. The fish were not to be exposed to any 
formm of stress, which could be caused by improper handling when putting it in 
thee test tank, improper living conditions prior to the experiment, or illnesses 
orr the presence of parasites. In the case of one experiment that I was shown 

233 E.g. Cairns (ed.),Aquatic Microbial Communities (1977), 'Biological 
Monitoringg part II ' (1981), (ed.) Multispecies Toxicity Testing (1985). 
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duringg a visit to a laboratory, the aquariums were even shielded off with black 
plasticc to avoid stress to the fish from laboratory personnel walking in. 

Thesee toxicity tests were normally performed in batches (see figure 1), 
withh sets of different concentrations of a chemical and control groups with 
'clean'' water. At regular intervals, the dead fish were counted and after a 
fixedfixed amount of time, for example 96 hours, records were made of the final 
numberr of fish that had died. From these data, the dose/response curve was 
calculated,, with basic statistic estimation procedures. The toxicity was then 
typicallyy expressed as a 'lethal concentration' of the chemical at which 50% 
off  the fish died, in this case therefore as '96-h LC50'. This way of expressing 
toxicityy was based on the similar use of the lethal dose at which 50% of test 
organismss die in mammalian toxicology, the 'LD50', the crucial difference 
beingg the means by which test organisms were exposed to the chemical tested. 

figur ee 1: Single species fish toxicity test, static acute, in 5 
gallonn pickle jars, used until the 1960s, here at the Fish 
Controll  Laboratory , Lacrosse, Wisconsin (from Hunn, 

AA History of Acute Toxicity Tests with Fish). 
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Alreadyy in the 1970s, there were many forms of aquatic single species toxicity 
test.. They varied especially with respect to species used, duration, the means 
off  keeping the concentration of the toxicant stable, or the precise effect tested. 
Speciess were mainly selected on the basis of the ability to keep them in the 
laboratory,, leading to a preference for smaller fish, and their assumed 
sensitivityy or local economic or ecological relevance. Depending on the 
durationn of an experiment, one could have 'acute' or 'chronic' toxicity tests. 
Withh respect to toxicant concentration, aquatic toxicity testing protocols 
distinguishedd experiments with test water that was not replaced during the test 
('static'' tests), test water that was circulated for purposes of aeration or 
filtrationfiltration ('recirculation' tests), test water that was replaced periodically 
('staticc renewal' tests), or test water that was refreshed constantly ('flow-
through'' tests). Aquatic toxicity tests were also developed for non-lethal 
effectss ('endpoints'), such as growth of organisms or other specific 
physiologicall  responses. Other variations included toxicity not expressed as 
ann LC50, but as an LC20 or even as the lowest concentration at which a 
certainn adverse biological effect was observed (LOEC), or the highest 
concentrationn at which no effect was observed (NOEC), etc. 

Byy and large, the species used in single species testing were non-
mammalian255 and especially aquatic: fish, algae, and very often water fleas 
{Dahpnids,{Dahpnids, among which the most popular is Daphnia magna, see figure 2). 
Thiss stress on aquatic species could be explained partly by the environmental 
importancee of the water compartment. Chemicals are discharged to rivers or 
eventuallyy end up in river water through run-off or ground water. Particularly 
longg and lowland rivers in industrial countries can become chemical sinks 
wheree the effects of pollutants present themselves emphatically through fish-
kill ss or spoiled drinking water. As shown in the previous chapter, these issues 
weree among the first to receive regulatory attention in the early seventies. 
Anotherr reason for this concentration of aquatic organisms was the long 
traditionn of studies on commercially important fish species, prior to the 
developmentt of environmental toxicology.26 Research on trout or other 
salmonidss could build on experiences with spawning, rearing, and feeding 

244 For aquatic toxicity testing, see for example: USEPA, Methods for Acute 
ToxicityToxicity Tests with Fish, Macroinvertebrates, and Amphibians; USEPA, Methods 
forfor Measuring the Acute Toxicity of Effluents and Receiving Waters...; or the more 
recentt Van Leeuwen, "Ecotoxicological Effects", pp. 184-6. 

255 The standard mammalian species is the rat, studied as a model for humans. This 
researchh is considered part of (human) toxicology and is much closer to medical 
research. . 

266 Hunn, "History of Acute Toxicity Tests with Fish, 1963-87". 



BoundariesBoundaries in eco/toxicology 131 

thesee fish in hatcheries or could rely on test material provided by such 
hatcheries.27 7 

figur ee 2: Daphnia magna or  water  flea, used in 
aquaticc toxicity tests (from Van Leeuwen, 

"Ecotoxicologicall  Effects"). 

Whatt all these single species tests had in common was that they expressed the 
toxicityy of a substance as the effect it had on the physiology of an average 
healthyy organism. This fitted an approach in which regulatory hazard 
assessmentt was split into two separate sections: exposure assessment and 
toxicityy assessment. For example, a chemical could be extremely toxic, but if 
itt was going to be produced only in minute concentrations, or degrade 
quickly,, or end up in the environment only in extremely diluted 
concentrations,, then it was still possible that there was no cause for concern. 
Inn that approach, the notion of toxicity had to be isolated from exposure 
complications.. Hence the design of tests in which the interaction of the 

277 USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, and 
Amphibians. Amphibians. 
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toxicantt and the physiology was isolated from complicating factors, even if 
thiss implied creating highly artificial testing conditions. For example, if need 
be,, chemicals that would not normally dissolve in water could be made to 
dissolvee by adding other chemicals, just to be able to establish this abstract 
toxicityy parameter.28 

figurefigure 3: A 1971 multi-species test (from Metcalff, Sangha, 
andd Kapoor, "A Model Ecosystem for  the Evaluation of 

Pesticidee Biodegradabiliry and Ecological Magnification") . 

Ecologistss like John Cairns presented multispecies toxicity tests as the 
alternativee to these single species tests. Multispecies toxicity tests involved 
testt tanks that contain not one, but various species. The idea behind these tests 
wass to model (part of) an aquatic ecosystem as a receptor for a toxicant; hence 
theyy were also called 'model ecosystems' or 'micro-ecosystems'. An early 
multispeciess test of 1971 consisted of an aquarium including fish, sediment, 
waterr plants, etc. (see figure 3).29 After adding a chemical substance to the 
aquarium,, various parameters could be tested, not necessarily just the lethality 
off  the substance to (various species of) organisms. In fact, the 1971 test was 
proposedd to test the biodegradation and bioaccumulation of pesticides, more 
specificallyy for US pesticide hazard assessment. This meant that a pesticide 
wass added to the water and at the end of the test period, traces of the pesticide 
wouldd have to be detected in various 'compartments' of the system: the 
sediment,, the water, and the organisms. 

E.g.. USEPA, Methods for Acute Toxicity Tests with Fish, Macroinvertebrates, 
andand Amphibians, p. 35. 

299 Metcalff, Sangha, and Kapoor, "A Model Ecosystem". 
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Trilroed e e 

figurefigure 4: Micro-organism microcosm (from Kersting, 
"Effectenn van giftige stoffen op ecosystemen"). 

Otherr proposed multispecies tests did not strive for such a model which, at 
leastt to the untrained eye, looked just like a bank of a pond. Based on 
ecosystemss research, other tests tried to model specific ecosystem processes, 
suchh as primary production or decomposition, using micro-organisms in a 
highlyy controlled bench-top testing system (see figure 4).30 Such laboratory-
sizee test systems were later called 'microcosms', while larger-scale outdoors 
testss would be called 'mesocosms', a term coined in a public lecture by 
Universityy of Georgia ecologist E.P. Odum in 1981. Odum argued that if 
microcosmss were to be seen as a representation of the macrocosm, i.e. 'the 
large,, complex, real world' ecology, the mesocosms would aim somewhere in 
between.311 In contrast to the microcosms, mesocosms were outdoor test 

300 E.g. a Dutch system developed around 1975 with algae, bacteria and Daphnids 
(waterr fleas): Kersting, "Effecten van Giftige Stoffen op Ecosystemen"; or a similar 
systemm developed in the US around the same time: Taub, "A Continuous 
Gnotobioticc (Species-Defined) Ecosystem". 

311 Published as Odum, "The Mesocosm". As far as I know, the historic irony of 
thee term has gone unnoticed in the eco/toxicological community. The 
micro/macrocosmm concepts go back at least to the 16th century and were central 
conceptss in the hermetic cosmology of Paracelsus (1493-1541). The term referred to 
thee parallels between the (dis)functioning of the human body (the 'microcosm') and 
thee universe (the 'macrocosm'), providing a guiding metaphor for medical practices. 
(Winder,, ed., From Paracelsus to Van Helmont) The irony of this lineage to 
Paracelsuss is that (environmental) toxicologists - often the opponents of 
micro/mesocosmm testing - consider this same Paracelsus to be their discipline's 
foundingg father. They refer to him especially for his alleged statement that any 
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systems.. Freshwater ecologists developed two types of mesocosms: artificial 
pondss and artificial streams. In pond tests, a series of small ponds would be 
dugg out and stocked with samples of plants and aquatic wildlife, and then left 
too stabilise, after which a chemical to be tested would be added. Artificial 
streamss would provide streaming water for a series of test situations. There 
aree examples of indoor as well as outdoor artificial streams (see figure 5). 
Apartt from these freshwater tests, marine ecologists also developed outdoors 
multispeciess tests, for example in the form of series of large suspended bags 
floatingg at sea. The difference between microcosms and mesocosms was not 
consideredd relevant by all ecologists. Outdoor systems might actually be 
smallerr than laboratory systems and some laboratory systems are actually 
consideredd 'more real' than outdoor systems. Ecologists like Cairns 
consideredd interaction of various species more relevant and thus preferred to 
stickk to the term 'multispecies test'.32 

figurefigure 5: Laboratory scale artificia l streams 
(J.. Comeaux, Va. Tech). 

Whereass single species toxicity tests generally had only a few endpoints of 
testing,, most commonly lethality, the endpoints of multispecies testing were 

substancee is toxic, provided the dose is high enough {dosis facit venenum - the dose 
makess the poison). The argument is often positioned by toxicologists against 
'irrational'' fears of'man-made' chemicals compared to fears of'natural' chemicals. 
(E.g.. Casarett, "Origins and Scope of Toxicology", pp. 6-7; Koeman and Smies, 
"Watt is Giftig?", p. 5) 

Kennedy,, Johnson, and Johnson, "The Use of Constructed or Artificial Ponds in 
Simulatedd Field Studies", p. 150. 
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moree varied. Some tests had well defined endpoints, such as species 
abundancee indicators or primary production indicators, but most required the 
measurementt of a more varied set of parameters. In addition, multispecies 
testss tended to make a less sharp distinction between effect and exposure 
measurement:: the chemical to be tested was added to the entire system and 
especiallyy in the more complex testing systems, this meant that it could go to 
moree compartments before actually reaching the target organisms (soil, plants, 
orr other aquatic organisms).33 

Bothh single species and multispecies tests had a history that pre-dated 
thee 'environmental revolution' of the early seventies. American 
eco/toxicologistss traced back their single species tests to the work of P. 
Doudoroff,, W.B. Hart and their colleagues, who developed an aquatic toxicity 
testtest at the research laboratories of the Atlantic Refining Company in the 
1940s.344 This was one of the first tests that would be considered a 'standard', 
butt aquatic toxicity tests as such go back much further. As early as in 1863, 
thee effects of chemicals used in dye-works were tested, using water from the 
Scottishh River Leven, already using concepts such as the 50% mortality rate 
andd the lethal threshold concentration. In England, the effects of lead from 
miningg on fish were studied extensively in the 1920s. In 1937, American 
biologistss working for the US Bureau of Fisheries, reported research on a 
widee range of toxic substances, as well as the effects of oxygen depletion and 
pHH range, using a combination of laboratory and field studies. Throughout the 
1960s,, acute toxicity tests were further developed at laboratories with 
regulatoryy interests such as the research centres of the US Fish and Wildlif e 
Service,, or of water authorities England.35 

Multispeciess tests, under names such as 'artificial streams' or 
'experimentall  lakes' or 'field experiments', also had a long tradition. Studies 
off  the decomposition of sewage with artificial streams were conducted in 

333 Interview with Giesy, East Lansing, Mi., Michigan State University, December 
1992. . 

344 Cairns, "The Genesis of Ecotoxicology", p. 1; Jenkins, Layton, and Buikema, 
StateState of the Art in Ecological Risk Assessment. A key publication was Hart, 
Doudoroff,, and Greenbank, The Evaluation of the Toxicity of Industrial Wastes, 
ChemicalsChemicals and Other Substances to Fresh-Water Fish, a company report of 1945, 
whichh made it to a standard method for toxicity testing accepted by the American 
Publicc Health Association in 1960 (see discussion in Alabaster and Abram, 
"Developmentt and Use of a Direct Method of Evaluating Toxicity to Fish".) 

355 Hunn, "History of Acute Toxicity Tests with Fish, 1963-87"; Mount, 
"Developmentt and Current Use of Single Species Aquatic Toxicity Tests". Already 
inn 1958, the Magnuson-Metcalf bill had mandated the Fish and Wildlif e Service to 
undertakee research into the effects of pesticides, Jenkins, Layton, and Buikema, 
StateState of the Art in Ecological Risk Assessment; Alabaster and Abram, "Development 
andd Use of a Direct Method of Evaluating Toxicity to Fish". 
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Englandd in 1880. In the 1950s, similar studies were performed in Germany, 
butt the major surge of interest in came in the 1960s, with research into the 
effectss of temperature, surfactants, and pesticides.36 The first reference I have 
foundd to 'laboratory micro-ecosystems' was of PhD research at the University 
off  Texas in 1962. By the end of the 1960s, artificial ecosystems were used 
too research pollution effects in the Netherlands as well,38 although the 
developmentt seems to have been slower in Europe than in the US.39 

Multispeciess tests could also build on a long tradition of research on lakes in 
ecologyy ('limnology'), including experimental studies with manipulated 
lakes.40 0 

2.2.32.2.3 Ecotoxicology in America 
Thee debate over the meaning of 'ecotoxicology' in the US thus landed in 
disagreementss between ecologists and environmental toxicologists over single 
speciess and multispecies tests. The opposition was a relatively new one. As is 
clearr from the history of single and multispecies tests, their history was 
entangled.. To the extent that there had been a rift in this research, it had been 
moree between academic and regulatory research. American fisheries 
biologistss of the early seventies interested in regulatory issues, shared the 
samee agenda whether they had an ecological or toxicological background: get 
moree biology into pollution hazard evaluation. 

Ass was mentioned briefly in the previous chapter, John Cairns had 
beenn one of these biologists.41 In 1970, he had set up the interdisciplinary 
'Universityy Centre for Environmental Studies and Hazardous Materials' 
Virginiaa Polytechnic and State University. It was to become one of the prime 
academicc centres of biological research in the 1970s. From this base in the 
departmentt of biology, he engaged with the engineers that dominated water 
pollutionn affairs in order to develop practical tests for biological evaluation of 

Pontasch,, "The Use of Stream Microcosms in Multispecies Testing". 
377 Research by R.J. Beyers at Austin, see Cooke, "Experimental Aquatic 

Ecosystemss and Communities", p. 62. 
388 With references to the work by HJ Hueck and D.M.M. Adema, see Cooke, 

"Experimentall  Aquatic Ecosystems and Communities", p. 95. 
399 Slooff, "The Role of Multispecies Testing in Aquatic Toxicology", pp. 51-52. 
400 The Lake as a microcosm by SA. Forbes, published in 1925, was a classic in 

limnology.. Cairns traced back his interest in experimental work on ecosystems to 
thee pond studies of R.E. Lindeman of 1942, but especially to his work with Ruth 
Patrickk at the Limnology Department of the Academy of Natural Sciences of 
Philadelphiaa between 1948 and 1966. (Interview with Cairns, Blacksburg, Virginia, 
Virginiaa State University, November 1992; Cairns, Curriculum Vitae) 

Forr this section I have relied on: extensive interviews with John Cairns in 
Novemberr 1992, the bulky curriculum vitae he provided me with, as well as the 
archivee materials on the Centre in his university library's Special Collection. 
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waterr quality and toxicity, both in the university, the Water Pollution Control 
Federation,, or even the Ohio River Valley Water Sanitation Commission. 

Cairns'' initial work in Virginia focused on five lines of research. The 
firstt involved attempts at automatic identification of diatoms, involving 
opticall  physics. Using laser technology, the idea was to develop an automated 
systemm to measure diatom species diversity and abundance as rapid indication 
off  pollution effects, the first results of which were published in 1972. A 
secondd line involved the study of recovering ecosystems, after pollution or 
otherr physically disturbing incidents.43 A third line of research, starting 
aroundd 1968 when Cairns became professor at Virginia Tech, developed 
automatedd measurement of the health of a fish in a flow-trough tank. It 
includedd the real-time measurement of a fish's heartbeat, movement, and 
eventuallyy even respiration rates (see figure 6).44 For biological evaluation of 
waterr quality, Cairns worked on diversity indices, the fourth line of research. 
Inn order to make these suitable even for people with limited biological 
training,, they operated on diversity of genera only and did not require actual 
identificationn of species. Detailed instructions on how to sample, how to 
count,, even including a simple Fortran programme, were published where the 
waterr management profession was most likely to read them: in the Journal of 
thethe Water Pollution Control Federation, in 1971. The measurement of species 
diversityy was based on the assumption that pollution reduces species diversity 
andd this, in turn, would lead to ecosystem instability.45 These four research 
liness mixed physiological and diversity indicators specifically for practical 
biologicall  evaluations in effluent regulation regimes. 

422 Cairns et al., "Coherent Optical Spatial Filtering of Diatoms in Water Pollution 
Monitoring". . 

433 Leading to 'restoration ecology' and 'ecosystem health', which would become 
onee of Cairns' main research interest in the 1990s, see Cairns, "Restoration of 
Damagedd Ecosystems"; Cairns, "Ecosystem Health through Ecological 
Restoration". . 

444 Cairns, Sparks, and Waller, "Biological Systems as Pollution Monitors"; Cairns 
etet al, "The Development of an Automated Biological Monitoring System for Water 
Qualityy Management"; Cairns and Gruber, "Coupling Mini- and Microcomputers to 
Biologicall  Early Warning Systems"; Cairns and Van Der Schalie, "Biological 
Monitoringg Part I". 

455 Cairns and Dickson, "A Simple Method for the Biological Assessment of the 
Effectss of Waste Discharges". 
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Withh these assessment tools, Cairns would argue time and time again that 
moree biological evaluations of water quality were the only way to surpass the 
simplicityy of the handful of physical and chemical parameters that water 
regulationn of the early 1970s was built on. In arguing this, he found a group of 
committedd biologists by his side, with physiological and ecological interests 
alike.466 For example, in a 1975 article directed at engineers, ecologist Cairns 
andd his fish physiologist colleague Alan Heath argued together for biological 
assessmentt techniques. By showing how temperature changes affected 
toxicityy of chemicals, they argued that chemical and physical parameters of 
effluentt or surface water could never provide adequate protection. They 
arguedd that: 

Usingg criteria and standards based on the in situ response of indigenous 
organismss (always accompanied, of course, by chemical-physical data 
gathering)) seems to be the most direct way to deal with 'pipe 
standards'.47 7 

Inn fact, Cairns himself had performed extensive research on the physiological 
effectss of various forms of pollution on freshwater fish, especially between 
19566 and 1966, and would continue to supervise such work after he moved to 
Virginiaa Tech. 

However,, the fifth line was the one that would become central in the 
ecotoxicologyy argument. Based on a model for the (re)colonisation of island 
faunass by McArthur and Wilson, Cairns developed a simple multispecies 

466 E.g. Cairns and Dickson, eds., Biological Methods for the Assessment of Water 
Quality,Quality, an edited book for the American Society for testing and Materials (ASTM), 
publishedd in 1973, including many biologists who play key role in American 
eco/toxicologyy over the next decades. In line with the goals of ASTM as an 
organisationn geared at standardisation and methodology, the book listed several 
monitoringg techniques in great detail, including, for example, a checklist for 
equipmentt that should be present in mobile laboratory. Among the contributors to 
thee book were, for example, Donald I. Mount, William Brungs, and Charles E. 
.. Stephan of the EPA laboratory in Duluth, who were very busy developing fish 
toxicityy tests (USEPA, Methods for Acute Toxicity Tests with Fish, 
Macroinvertebrates,Macroinvertebrates, and Amphibians); Ruth Patrick, Cairns' example and a big 
namee in limnology; Cornelius I. Weber of the EPA, who would later produce 
severall  EPA manuals for aquatic toxicity and biological monitoring (Weber and ed., 
BiologicalBiological Field and Laboratory Methods...; Weber et al, Short-Term Methods for 
EstimatingEstimating the Chronic Toxicity of Effluents and Receiving Waters; Weber, Methods 
forfor Measuring the Acute Toxicity of Effluents); as well as several of Cairns' 
colleagues. . 

477 Cairns, Heath, and Parker, "Temperature Influence on Chemical Toxicity to 
Aquaticc Organisms", p. 277, italics in original. 
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toxicityy test. During summer courses in freshwater ecology, Cairns had come 
upp with the idea to use the polyurethane foam that was used to pack 
microscopess to illustrate colonisation behaviour of freshwater protozoans to 
students.. Anchored with a piece of string, these blocks of foam would be 
submergedd and serve as a substrate for colonisation by micro-organisms.48 

Thiss didactic tool turned into a research instrument. Starting around 1973, the 
effectss of chlorine pollution were added to these colonisation experiments, 
laterr followed by analyses of the effects of sublethal doses of copper 
sulphate.499 By 1976, Cairns began to argue for the development of such tests 
intoo microcosms for regulatory purposes, which by then several aquatic 
ecologistss were suggesting as alternatives to single species toxicity tests.50 

(seee figure 7) 

figur ee 7: Micro-organism colonisation as pollution indicator 
(byy Cairns and Niederlehner, Va. Tech). 

Cairnss et al, "The Relationship of Fresh-Water Protozoan Communities to the 
Macarthur-Wilsonn Equilibrium Model". This research went back to his interest as a 
graduatee student in pollution effects on protozoa, at the University of Pennsylvania 
betweenn 1948 and 1953. 

499 This would lead to the development of a multispecies toxicity test at Virginia 
Techh in the years after (Cairns, Pratt, and Niederlehner, "A Provisional Multispecies 
Toxicityy Test"); followed by multispecies tests with artificial streams (e.g. 
Clements,, Cherry, and Cairns, "Structured Alterations in Aquatic Communities 
Exposedd to Copper in Laboratory Streams"). 

Seee examples in Caims, ed., Aquatic Microbial Communities; Hammons et al., 
MethodsMethods for Ecological Toxicology; Taub, "A Continuous Gnotobiotic (Species-
Defined)) Ecosystem"; Giesy, ed., Microcosms in Ecological Research. 



BoundariesBoundaries in eco/toxicology 141 

Thee arguments of these ecologists in favour of multispecies tests were several. 
AA key argument was that single species toxicity tests were 'not realistic'. 
Theyy criticised their reliance on highly artificial, over-standardised test 
conditionss and a focus on lethality as an endpoint (some ecologists jokingly 
calledd it 'drop dead biology' in the interviews). The ecologists argued that 
singlee species toxicity tests were reductionist: more complex interactive 
effectss between species would go unnoticed. 

(...)) such [single species] tests are relatively meaningless since such 
pollutantss as pesticides are applied, in practice, to the community and 
ecosystemm levels of organisation and not to the organism or population 
level.51 1 

Inn addition, they claimed that single species test had not been validated 
sufficiently,522 and that they relied on the notion of 'sensitive species' too 
much.. Against the notion of sensitive species, they argued that toxicity was 
tooo species-specific: what was the most sensitive species for one chemical 
mayy actually be a highly tolerant one for another.53 When aquatic 
toxicologistss replied that multispecies tests were too cumbersome and 
expensive,, ecologists claimed that testing costs could actually be reduced to a 
similarr order of magnitude and the extra cost would easily be recovered by a 
higherr predictive capacity and hence better allocation of wastewater 
treatment.54 4 

Thee ecologists were well aware of the regulatory stakes. In a paper 
presentedd at a symposium of the American Chemical Society in 1980, dealing 
withh the effect of water quality criteria on the petroleum industry, Cairns and 
hiss colleague Alan Buikema, Daphnid specialist and professor in zoology at 
Virginiaa Tech, went as far as to argue that EPA's water quality criteria were 
nott valid because they were based on unrealistic single species data: 

Thee basic acute test methods are no different than those used by 
physiologistss for at least 125 years. Admittedly, advances have 
occurredd in acute and chronic test methods in the last 10 years, but 

Cairns,, ed., Aquatic Microbial Communities, p. 95. 
522 Cairns, "Biological Monitoring, Part IV" . 
533 E.g. Cairns argued that one of the most often used test organisms, Daphnia 

magna,magna, considered to be a sensitive species, was relatively resistant to the 
organochlorinee pesticide endrin (Cairns, Smith, and Orvos, "The Problem of 
Validatingg Simulation of Hazardous Exposure in Natural Systems", p. 449). 

544 Cairns and Pratt, "Ecotoxicological Effect Indices", pp. 8-9; Cairns, "Putting the 
Ecoo in Ecotoxicology", pp. 232-3. 
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muchh of this was directed toward improving the toxicant delivery 
systemm so that the concentration was constant rather than intermittent.55 

Thiss was 1980, just a few years after the Natural Resource Defence Council 
(NRDC)) had manage to force the US EPA into developing their first 
comprehensivee water quality criteria. The argument was now that the consent 
decreee between EPA and the NRDC required for the most recent scientific 
resultss to be used in water quality criteria and multispecies tests were not part 
off  the assessment procedure. These ecologists also realised that they were 
laggingg behind the development of protocolised single species toxicity tests, 
leadingg Cairns to suggest the possibility of a moratorium on the further 
developmentt of single species toxicity tests.56 Apart from defending the use of 
ecosystemss themselves, ecologists tried to have influential sources speak the 
samee language. They tried to interpret environmental laws in their support.57 

Similarly,, a committee of the National Research Council, headed by John 
Cairns,, produced a report defending the use of microcosms in 1981,58 which 
couldd be quoted as an authoritative outside source. 

Itt is important to note that in both cases, biomonitoring and toxic 
substancee testing, the strategy of ecologists was largely alike: the point was not 
too remove existing practices such as single species testing. Their value was 
repeatedlyy acknowledged and after his belligerent claims of 1980, Cairns even 
rebukedd some of his allies for scaring the EPA officials too much when 
debunkingg single species tests over-enthusiastically. The prime goal of 
ecologistss was not to move single species out, but to move microcosm testing 
intoo regulatory practice.59 Throughout the 1980s, ecologists would continue to 
makee this point, with Cairns as one of the leading proponents of multispecies 
tests.600 (I will explore the regulatory use of single and multispecies tests for 
regulatoryy purposes in more detail in the next chapter.) 

Buikemaa and Cairns, "Misuse of Scientific Information in the Development of 
Waterr Quality Criteria", p. 2. 

566 Buikema and Cairns, "Misuse of Scientific Information in the Development of 
Waterr Quality Criteria", p. 11. 

577 As the Clean Water Act of 1977, interpreted to mandate "a more holistic 
approach""  (Kimball and Levin, "Limitations of Laboratory Bioassays: The Need of 
Ecosystem-Levell  Testing", p. 167; Cairns, ed., Multispecies Toxicity Testing, p. xiv). 

588 Odum, "The Mesocosm", p. 559. 
599 E.g. Cairns, "Biological Monitoring, Part IV" , p. 941; Cairns, ed., Multispecies 

ToxicityToxicity Testing, p. xiii . 
600 Cairns, "The Perspective of an Aquatic Ecologist"; Cairns, ed., Multispecies 

ToxicityToxicity Testing, Cairns, Pratt, and Niederlehner, "A Provisional Multispecies 
Toxicityy Test"; Cairns, Smith, and Orvos, "The Problem of Validating Simulation of 
Hazardouss Exposure in Natural Systems"; Cairns, "Should Regulatory Criteria and 



BoundariesBoundaries in eco/toxicology 143 

Inn 1987, Cairns linked the multispecies issue to 'ecotoxicology'. 
Addressingg aquatic eco/toxicologists at the EPA research centre in Duluth, he 
arguedd that it was time to "put the eco in ecotoxicology". Evaluating strengths 
andd weaknesses of single and multispecies tests, he argued mat the way 
forwardd was to integrate more ecology in aquatic toxicity testing. Mesocosms 
andd microcosms would be the way this had to be done.61 In 1989, he wrote a 
fieryy editorial for the journal Environmental Toxicology and Chemistry, a 
highlyy visible journal among American environmental toxicologists, entitled 
'Wil ll  the Real Ecotoxicologist Please Stand Up?' In this piece, he 
distinguishedd 'the real ecotoxicologist' from a range of possible fake ones. 
Thee 'real ecotoxicologist' was 'one who assesses the effects of toxic 
substancess on ecosystems', as opposed to the flawed surrogate of single 
speciess within ecosystems. For Cairns, this implied that the true 
ecotoxicologistss needed to try harder to develop practical tools for purposes of 
regulatoryy assessments, while simultaneously toxicologists and ecologists 
shouldd cooperate more closely to achieve this.62 By 1995, he signalled a 
growingg research interest in true ecotoxicology, although American regulatory 
assessmentss of chemicals were still relying exclusively on single species tests, 
withh only a very few exceptions.63 

Ass in Moriarty's 1983 handbook, the term 'ecotoxicology' had now 
becomee an instrument in the boundary work between environmental 
toxicologistss and ecologists. In the US, the debate revolved entirely around 
thee issue of multispecies versus single species tests. In the early 1970s, it had 
seemedd obvious that ecologists would get involved in research on pollution. 
Twentyy years later, it seemed as if a new field had caught up with the 
ecologistss and had put a firm grip on aquatic pollution research, leaving the 
ecologistss in a secondary role. However, the 'real ecotoxicologists' did not 
onlyy have regulatory agencies and the environmental toxicologists to blame. 

Inn 1991, addressing limnologists, Cairns tried to analyse the failure of 
ecologyy to play a more prominent role in the regulatory assessment of 
chemicall  hazards, turning to a series of four 'lost opportunities' for ecology 
sincee World War II . Firstly, according to Cairns, ecologists should have 
pointedd out the flaws of chemical and physical parameters used for water 
qualityy after WWII. Secondly, their failure to agree on "ways to measure 
ecosystemm condition (...) led the engineers and chemists in charge to try yet 
anotherr non-ecological approach": process standards such as Best Available 
Technologyy and Best Practicable Means. Thirdly, ecologists should have 

Standardss Be Based on Multispecies Evidence?"; Cairns and Pratt, "The Scientific 
Basee of Bioassays". 

611 Cairns, "Putting the Eco in Ecotoxicology" 
622 Cairns, "Wil l the Real Ecotoxicologist Please Stand Up?". 
633 Cairns, "The Genesis of Ecotoxicology". 
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insistedd that the $100 billion dollars spent over 15 years to improve municipal 
wastee treatment should have been evaluated, because the ecological benefits 
weree questionable. Fourthly, Cairns pointed at the Toxic Substance Control 
Act,, where ecologists had failed to push for multispecies testing and had left 
thee field to environmental toxicologists.64 By now, Cairns was blaming 
ecologistss themselves for not 'putting the eco in ecotoxicology', showing 
frustrationfrustration with the continued failure of the development of ecological 
approachess to the assessment of pollution effects on wildlife. 

2.2.42.2.4 Redefining ecotoxicology: the Netherlands 
Inn 1981, the Dutch toxicologist Jan Koeman held a plea at an international 
symposiumm on 'Chemical and Toxicological Aspects of Environmental 
Quality'.. It was published in Ecotoxicology and Environmental Safety, at that 
timee one of the most prominent outlets for professional eco/toxicological 
debatee in Europe. The argument was very similar to the reasoning of John 
Cairns:: in ecotoxicology, there was more need for 'the eco-side of the 
problem'.. He argued that a more accurate prediction of the environmental 
effectss of chemicals could be given with more consideration for ecological 
parameters,, by representing an entire ecosystem instead of only a few 
individuall  species. This would not necessarily mean tighter norms for 
chemicals,, since he suggested that the adjusted environmental standards 
wouldd sometimes be more strict, sometimes more lenient. Rather, more 
ecologicall  norms would optimise the regulation, eliminating the 'false 
positives'' (restricted chemicals, actually safe) and 'false negatives' (non-
restrictedd chemicals, actually dangerous). Ecology was positioned in the 
envisagedd cooperation in a specific way: 

Soo far professional ecologists have played only a modest role in the 
fieldfield of toxicology. Most scientists involved in the discipline are 
biologists,, chemists, and toxicologists who approach the subject from 
thee toxicological side. Their basic training is in toxicology rather than 
inn population dynamics, population interrelationships, regulatory 
mechanismss in nature, life-cycle biology of species, etc. Ecotoxicology 
shouldd benefit more than it does at present from professional ecologists 
whoo if they want to cooperate could be classified as 
'' toxicoecologists' .65 

Whereass Cairns had originally attempted to define ecology into the core of 
ecotoxicology,, Koeman defined ecotoxicology as first and foremost a 
toxicologicall  project. Nevertheless, he acknowledged the need for more 

Cairns,, "Improving Environmental Protection". 
Koeman,, "Ecotoxicological Evaluation", p. 359. 
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ecologyy and the possibility to benefit from willin g ecologists. These 
ecologistss would not just become part of ecotoxicology, but would be 
'toxicoecologists',, a specific area of environmental toxicology. This was very 
muchh the kind of interdisciplinary toxicology that Koeman himself had 
organisedd at his own laboratory at Wageningen University and his own style 
off  research, which included extensive attention for field research.66 The term 
'toxico-ecology'' was not picked up and a year later Koeman adopted the term 
'ecotoxicology'.677 Just like in the US and England, most of the definitional 
boundaryy work between ecology and environmental toxicology would be over 
thee meaning of'ecotoxicology'. 

Thee actual kick-off for the Dutch definition debate was the publication 
off  the proceedings of a 1984 symposium on 'ecotoxicology' in the Vakblad 
voorvoor Biologen, the professional journal for Dutch biologists. The special issue 
reportingg on the symposium both started and ended with discussions on the 
precisee meaning of ecotoxicology. Van Genderen, the founding father of 
Dutchh toxicology of the University of Utrecht, opened by referring to 
ecotoxicologyy as a science studying the effects of pollution on population and 
communityy levels, whereas toxicology was reserved for the level of the 
organism.. For him, the problem was that extrapolation from the level of the 
organismm to these higher levels of biological organisation might extend 
beyondd the domain of expertise of the toxicologist. Therefore, 
interdisciplinaryy cooperation was needed, especially with ecologists.68 

Eijsackers,, then president of the Dutch ecological association (Oecologische 
Kring)Kring) closed by signalling the one question that had "continuously come up 
inn the discussions as an undercurrent: what is ecotoxicology really". He 
suggestedd ecology could have a distinct role in suggesting relevant indicator 
speciess or the description of the pathways of chemicals through the 
ecosystem.699 In between, a wide range of toxicologists and ecologists, 
includingg Frederick Moriarty who had been invited to the symposium, 
debatedd the proper way to identify and estimate the hazards of chemicals. 
Theyy especially focused on the possibilities and problems of extrapolating 
fromfrom single species to ecosystems or the possibilities to undercut these 
problemss with model ecosystems. Although especially the latter point seemed 
too involve some disagreement, the overall impression is one of mutual 

Koeman,, coming from the environmental toxicology group at the University of 
Utrecht,, had set up the research group in Wageningen, which had developed a 
strongg problem-oriented approach, working with students from various areas of 
biologyy and agricultural sciences. (Interview with Koeman, Wageningen, University 
off  Wageningen 1991; Groenewegen, Scientists, Audiences and Resources, p. 151 et 
seq.) ) 

677 Koeman, "Ecotoxicologie: Inleiding". 
688 Van Genderen, "Ecotoxicologie". 
699 Eijsackers, "De Betekenis van Ecotoxicologisch Onderzoek" 
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understandingg between ecologists and toxicologists. Toxicology was 
identifiedd as the science of the organism-level, but the need for cooperation 
withh ecology was generally acclaimed. 

Thee 1984 symposium of ecotoxicology once again shows the 
intertwinementt of disciplinary boundary work and the policy context. The 
symposiumm involved the issue in the dense network of Dutch science policy 
whilee using a strategy of consultation and consensus building. The 
symposiumm was organised by the Oecologische Kring, the Dutch Institute of 
Biologyy (NIBI, the professional organisation of Dutch biologists), the section 
Environmentall  Toxicology of the Dutch Association of Toxicology, the 
sectionn Environmental Chemistry of the Royal Dutch Association for 
Chemistryy (KNCV), with support of the Council for Environmental and 
Naturee Research (RMNO) and the Ministry of Physical Planning and the 
Environment.. Present were prominent ecologists, toxicologists, and chemists 
fromfrom universities, government research institutes, advisory boards, and 
industry.. The problem of how to assess chemicals from an ecotoxicological 
perspectivee was continuously linked to the problem of how to assess 
chemicalss from a regulatory point of view. The possibility to develop 
ecologicall  tests and expertise was also assessed in the light of its possible use 
inn regulatory decision making. In addition, the problem of ecotoxicology was 
putt in the context of science policy, a connection that did not appear Very 
prominentlyy in the debates in the US and England. The problem of what to do 
withh ecotoxicology was soon picked up by advisory bodies. 

Inn 1987, two reports appeared advising the Dutch government on 
researchh priorities for ecotoxicology, at request of the Ministry of the 
Environment.700 The question of how to define the term kept reappearing. In 
onee particular report by the Health Council of the Netherlands, 31 involved 
peoplee were interviewed and an attempt was made to find a common 
denominatorr in several issues related to ecotoxicology, among which the 
problemm of the definition of the term. By now, the matter was almost entirely 
seenn as a matter of the relation between ecology and (environmental) 
toxicology.toxicology. The author of the report, A. Murk, signalled the tendency of some 
Dutchh toxicologists to define ecotoxicology as equal to or a subsidiary of 
environmentall  toxicology in publications from 1984-85. Nevertheless, in her 
ownn interviews, she found an acceptable common denominator: 

Thee largest section of the respondents agreed that there can only be 
mentionn of ecotoxicological research if use is made in the research of 
ecologicall  knowledge and population dynamics. Therefore, 

Raadd voor Advies voor het Wetenschapsbeleid, Advies Inzake Ecotoxicologie; 
Murk,, Ecotoxicologie: de Visie van 31 Betrokkenen. 
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ecotoxicologyy cannot be part of environmental toxicology. Partly, the 
fieldss of ecotoxicology and environmental toxicology coincide.71 

Inn 'ecotoxicology', the attention for the functioning of ecosystems would be 
unique,, while environmental toxicology could also look at human health 
effects. . 

Duringg the following years, human health effects would disappear from 
environmentall  toxicology and the relation between ecology, environmental 
toxicologyy and environmental chemistry came to be represented as a triangle, 
comprisingg the 'multidisciplinary field' of ecotoxicology,72 following a 
suggestionn by Koeman of 1982.73 (see figure 8) Nevertheless, a certain 
tensionn remained in the use of the term ecotoxicology: although generally 
takenn to mean environmental chemistry, toxicology and ecology, this did not 
meann that 'ecotoxicologists' all agreed on whether or not the ecological 
aspectss received enough attention. In the first half of the nineties, advisory 
reportss continued to suggest that ecological aspects such as population effects, 
multispeciess tests, or the problem of extrapolation of single species tests to 
fieldd conditions required more attention.74 

Thiss became the generally accepted state of affairs in the Netherlands. 
'Ecotoxicology'' was considered by most to refer to either the entire field of 
wildlif ee pollution effects, or specifically to the ecological aspects of it. 
Dependingg on the researcher, organism level research could be presented as 
'ecotoxicological'' research projects, and studies of interactions between 
organismss could be presented as part of a research project in 'environmental 
toxicology'.75 5 

711 Murk, Ecotoxicologie: de Visie van 31 Betrokkenen, p. 21. 
722 E.g. Van Straalen and Verklei), eds., Leerboek Oecotoxicologie, p. 1; Van 

Leeuwen,, "Ecotoxicological Effects", p. 175; cf. Raad voor Milieu en 
NatuurOnderzoekk and Nationale Raad voor Landbouwkundig Onderzoek, 
HoofdlijnenHoofdlijnen Systeemgericht Ecotoxicologisch Onderzoek, p. 23. 

733 Koeman, "Ecotoxicologie: Inleiding", p. 28. 
744 Gezondheidsraad, Ecotoxicologie op Koers; Raad voor Milieu en 

NatuurOnderzoekk and Nationale Raad voor Landbouwkundig Onderzoek, 
HoofdlijnenHoofdlijnen Systeemgericht Ecotoxicologisch Onderzoek. 

755 The food chain effects of fish-eating cormorants were called a matter of 
'environmentall  toxicology' in Utrecht, while at the Free University of Amsterdam 
LC500 experiments with wood lice were part of their 'ecotoxicological' research. 
(Universityy guides; Malta, Proefdier en Milieu', Interview with Van Straalen, 
Amsterdam,, Free University of Amsterdam 1992). 
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2.2.42.2.4 'Ecotoxicologie' or 'oecotoxicologie'? 
Theree are actually two ways to spell ecotoxicology in the Netherlands: 
'ecotoxicologie'' and 'oecotoxicologie'. The spelling relates to an unusual 
discussionn in Dutch ecology.76 A littl e skirmish in the Dutch journal Natuur 
enen Landschap in 1973-74 gives a littl e insight in the considerations of Dutch 
ecologistss behind an 'o' more or less.77 In this period, the journal was a 
professionall  communication channel for ecologists, but it also announced 
eventss of environmental or conservationist concern. The peculiar 
disagreementt over the persistence of 'oecologie' next to 'ecologie' was 
startedd by jhr. mr. M. van der Goes van Naters, a senior social democrat 
politiciann with an interest in conservation issues. With a short letter he wanted 
too offhandedly straighten out this case of 'exceptional phonetics', following 
thee similar operation in English.78 

Yett the matter was not that simple. Apart from eloquent replies 
discussingg linguistic affairs such as the correct way to transcribe and 
pronouncee the Greek 'oi' in Dutch, ecologists appeared to be rather attached 
too subtle differences in meaning, between 'oecologie' and 'ecologie'. Two 
plantt ecologists from Groningen University replied that 'oecologie' was to be 
distinguishedd from the American 'ecology', which tended to develop in the 
directionn of a social science. They indicated that 'ecology' implied the 
relationn between people and their environment, as well as issues of 
environmentall  hygiene. This was not the object of study of 'oecologie', they 
argued.. 'Oecologie' was strictly an academic, natural science that studied the 
non-humann environment, belonging to Biology. This science could have 
(potential)) application in nature conservation, but definitely not in 
environmentall  hygiene!79 A year later, Van der Goes van Naters insisted that 
internationall  customs be followed, especially since it was already quite 
obviouss that ecology belonged to biology. He considered the matter settled 
anyhow,, since 'ecologie' had become the common spelling in policy 
documentss of the new Ministry of Pubic Health and the Environment. 

Thee term has been used systematically since 1972 by the biological research 
councill  (BION), and in the name of ecology departments at Dutch universities. 

777 I owe every little bit of this story to Martin Pastoors, who put me on the lead 
andd provided the material. The story is briefly touched upon in Cramer, De Groene 
Golf,Golf, p. 53. 

788 Goes van Naters, "Oecologie of Ecologie?". 
799 Bakker et al, "Oecologie of Ecologie? (2)" Less explicit about the difference in 

meaningg were reactions under the same heading by plant ecologist professor Victor 
Westhofff  from Nijmegen University and G.J.A. Ridderbos, biomedical scientist at 
Groningenn University. (More on Westhoff in Schulte Fischedick, Practices and 
Pluralism,Pluralism, p. 42 et seq.) 
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Professorr Victor Westhoff, plant ecologist at Nijmegen University, 
settledd the matter with a lecture in the taxonomy of the sciences. He persisted 
that t 

(...)) the opposition between the DUTCH forms 'ecologie' and 
'oecologie'' is NOT fictitious. (...) The difference lies in the fact that we 
inn our language HAVE both the word ecologie and oecologie and that 
thereforee a differentiation of meaning could occur here that was 
impossiblee elsewhere.80 

Whatt was this difference? According to Westhoff, 'Oecologie' was the study 
off  the relation between the living system and the environment, whether the 
livingg system was an organism, population, community. In contrast, 
'ecologie'' had a much broader and fuzzier meaning, implying also the human 
environmentt or attention for impact of environmental change on people. So 
whoo were these people that persisted in the use of the unsharp 'ecologie'? 

Amongg those who use the spelling 'ecologie' are three categories. First, 
theree are those who mean the American 'ecology' (either explicitly or 
inn a half-conscious ignorance [een halfbewuste klok en klepel visie]); 
secondd those who want to give the concept 'oecologie' (in the sense 
mentionedd above) a modern ring; third those who clearly want to stress 
thee meaning of 'human environment'.81 

Wovenn through amateur linguistics we find references to the position of 
Dutchh ecology. For these university ecologists, ecology should not become a 
sociall  science, should stay away from 'environmental hygiene', and quite 
explicitly:: should remain in its academic stronghold. Thus, the use of the 
symbolicc marker 'oecology' became a carrier for the demarcation of Dutch 
ecologyy vis-a-vis other sciences as well as vis-a-vis the developments in the 
policyy process. In the first half of thee seventies, those other sciences consisted 
off  the kernels of environmental science that started to form at Dutch 
universities.. The members of these environmental studies centres generally 
hadd close informal contacts with environmental movements and were 
perceivedd as highly politicised. Their interdisciplinary composition and 
orientationn at environmental problems implied that they did not resemble 
hard,, natural science. In contrast to a field such as ecology, they developed 

Myy translation, Westhoff in Goes van Naters, "Oecologie of Ecologie? (Slot)". 
Myy translation, Westhoff in Goes van Naters, "Oecologie of Ecologie? (Slot)". 
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throughh contract research, with only limited support from established 
faculties.82 2 

Thiss was the kind of environmental science that the prominent 
academicc Dutch ecologists did not want to be associated with. They chose to 
establishh their field within the academy, aloof from the turmoil of the militant 
andd anti-establishment environmental movements of the seventies. Especially 
whenn some of these movements began to claim that ecology would provide 
thee scientific theories to support their case, the risk of damage was considered 
tooo high.83 On the government side, even the civil servants at the young 
Departmentt of the Environment were going through something of a militant 
phase.844 Within this specific time frame, 'oecologie' became a marker of 
academicc boundary work. As late as 1989, a policy document describing 
Dutchh applied ecological research by the National Council for Agricultural 
Researchh found it necessary to explain in a footnote that its use of the term 
'ecology'' was a matter of tradition, not difference in meaning. In the previous 
year,, a similar document on fundamental ecological research by BION 
preferredd the term 'oecological'.85 

Duringg the 1980s, things became quite different for 'oecotoxicologie' 
inn the Netherlands. Although remote from the study of pollution effects on 
humann health, it clearly got involved in pollution issues, the 'environmental 
hygiene'' that was so unthinkable for the academic 'oecologists' of the mid-
seventies.. I have even heard Dutch ecologists argue that just as oikonomos 
referss to (good) house management, 'oecotoxicologie' refers to good 
environmentall  management. 

Whatt becomes clear from these episodes is that these peculiar debates 
overr the naming of a field, over mutual demarcations, entail boundary work 
bothh with respect to professional jurisdictions and with respect to the relations 
betweenn professions, or between groups of scientists vying for expert status. 
Wee should therefore look at the development of ecology and environmental 
toxicologyy and their relations with environmental policy a bit more closely to 
understandd the professional context of the definition debates. American 
ecologistss had a difficult relation with environmental policy, especially in the 
1970s,, and ecologists in the Netherlands and England also had struggled with 
tensionss between academic and policy agendas. In fact, the field of ecology 
andd environmental toxicology followed quite different paths of development, 

Copiuss Peereboom and Bouwer, "Environmental Science 'Milieukunde' in the 
Netherlands". . 

833 Cramer, De Groene Golf. 
844 Interview with Hekstra, The Hague, Ministerie van Ruimtelijke Ordening en 

Milieuu 1995; De Koning, In Dienst van het Milieu. 
855 Van der Aart, Andel, and Woldendorp, Programma voor Oecologisch 

Onderzoek,Onderzoek, Nationale Raad voor Landbouwkundig Onderzoek, Op Toepassing 
GerichtGericht Ecologisch Onderzoek. 
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withh some significant differences between countries as well, which we wil l 
needd to investigate in more detail. 

33 A tale of two fields 

3.11 Ecology and environmental policy 
Thee history of ecology of the 1960s and 1970s abounds with stories of its 
troublesomee relations with policy. Time and time again, ecologists tried to 
developp practical knowledge for environmental policy, only to find such an 
endeavourr much more difficult than expected. Even though 'the ecology' was 
colloquiallyy used as synonymous with 'the environment', even though 
ecology'ss concepts found their way into every day speech as well as into 
policyy discourse,86 even though even other professions acknowledged the 
importancee of ecology as almost self-evident,87 developing environmental 
policyy tools or giving expert advice involved a painful learning process. 

Afterr American ecologists managed to draw attention to environmental 
problemss in the 1960s, they found themselves overwhelmed when policy 
makerss turned to them for answers to the problems they had defined and 
articulated.. Initially, especially the Ecological Society of America (ESA) tried 
too stimulate the field to live up to the expectations. However, in the first half 
off  the seventies, American ecologists experienced several major 
disappointmentss in their attempts to become the preferred experts of 
environmentall  policy. 

Inn 1971, American ecologists of the ESA set up the Institute of Ecology 
inn Washington DC to lobby for the discipline and forge a connection with 
environmentall  policy. The Institute failed and was dismantled a few years 
later,, after disputes over professional accreditation. Ecologists where overrun 

866 On 'ecosystem', see Bramwell, Ecology in the 20th Century. 
877 When in 1969 the American Chemical Society (ACS) wrote up its answer to 'the 

environmentall  problem' in a comprehensivee report, the science of ecology was not left 
out.. On the one hand, the chemists stressed that 'a strong vein of chemistry runs 
throughoutt environmental chemistry and technology' and drew extra attention to the 
importancee of analytic chemistry and measuring techniques for pollution research. 
However,, there were also ecologists on some of the commissions that prepared and 
wrotee up the report and the basic role of ecology was acknowledged in several 
passages.. In 3 of the 72 recommendation, there was a call for more ecological research 
andd 7 contained calls for more biology. (American Chemical Society, Cleaning Our 
Environment:Environment: The Chemical Basis for Action) This report can be seen as an attempt of 
thee ACS to secure a piece of the "war on pollution", at a time when professional 
chemistryy was confronted with stagnation and disemployment. (Gillette, "ACS: 
Disgruntledd Chemists Seek New Activism from Old Society"; the stagnant 
membershipp of the ACS shows in the statistics: Thackray et al., Chemistry in America, 
p.. 18 etseq.) 



BoundariesBoundaries in eco/toxicology 153 

byy ecological consultants with all kinds of backgrounds, not necessarily in 
universityy ecology degrees and not necessarily as members of the ESA. In 
fact,, few scientists in the US could actually call themselves certified 
ecologists,, as the first PhDs in ecology were only awarded around 1970 
(insteadd of general degrees in botany or zoology). Nevertheless, American 
ecologistss had been trying hard to establish themselves as an academic 
discipline.. ESA membership had grown from just under a thousand to two 
thousandd between 1950 and 1960, to over four thousand in 1970, while 
ecologicall  research had started to receive funding from the National Science 
Foundation.899 Efforts at a professional ethics code or professional certification 
weree not able to bring about the incumbent discipline to steer the course of a 
regulatoryy science. In a number of cases, ecologists trying to develop a 
professionall  practice in environmental policy were even confronted with 
criticismm from their own academic ranks for disregarding standards of good 
ecologicall  science.90 

Anotherr disappointment for American ecologists was the decline of the 
Internationall  Biological Programme. This had been a major project for 
ecology,, based on large-scale modelling with the purpose of centralist 
interventionn in ecosystems, but it had turned out to be a case of unwarranted 
technocraticc optimism. Systems ecologists had over-stretched their claims, 
leadingg to doubts about whether the discipline was ready to advise 
environmentall  policy with any degree of predictive certainty.91 Another major 
disillusionn came when the newly founded US Environmental Protection 
Agencyy provided far less of a sponsor and job market for ecology than was 
hopedd for. Ecologists had difficulties with the new policy instrument of 
environmentall  impact statements, especially as their expertise had to face 
debunkingg counter-experts in the courtroom.92 After the failure to certify 
ecologicall  knowledge and the increasing perception that ecology was 'not 

Mcintosh,, The Background of Ecology, pp. 311-2; Nelkin, "Scientists and 
Professionall  Responsibility". 

899 Burgess, "United States"; Burgess, "The Ecological Society of America". 
900 Nelkin, "Scientists and Professional Responsibility". Strong academic 

commitmentss of ecologists have lead to such disdain for applied ecology also over 
thee role of ecology in pest control, see Paladino, "Ecological Theory and Pest 
Controll  Practice". 

911 Kwa, Mimicking Nature; Taylor, "Technocratic Optimism"; Burgess, "United 
States",, pp. 78-90. 

922 Burgess, "United States", pp. 71-2; Nelkin, "Scientists and Professional 
Responsibility",, p. 80 et seq. The National Environmental Policy Act of 1969 
(Publicc Law 91-190, 1 January 1970, Section 102) required Federal agencies to 
preparee environmental impact statements for major projects, creating an entirely 
neww area of professional activity. (O'Riordan, Environmentalism, p. 234 et seq.) 
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readyy for policy', many American ecologists shunned too close an 
involvementt in environmental policy by the mid-seventies. 

Suchh problems were not unique to American ecologists. British 
ecologists,, in particular at the ecological research institutes of the Nature 
Conservancy,, had a close association in with nature conservation and in the 
casee of the Institute of Terrestrial Ecology, where Moriarty worked, with 
pesticidess policy as well. Nevertheless, the pull of the academic side of 
ecologyy operated here too. Changes in the Nature Conservancy, splitting its 
taskss in conservation and research, increased the distance with direct policy 
concerns,, which was considered to be to the advantage of fundamental 
research.933 Similar to American ecologists, British academic ecologists also 
hadd been concerned about professional standards and had also responded with 
attemptss at certification, which also failed. By the end of the 1970s, British 
ecologistss too were turning away from too close an involvement in 
environmentall  policy. In 1978, the British Ecological Society even took a 
clearr position against what it perceived as the dangers of political 
involvement,, in favour of 'value-free' science and academic research.94 

DutchDutch ecologists were more successful in developing their position as 
policyy advisors in the 1970s, although here too there was a tension with more 
academicallyy oriented scientists (the 'oecologen'). In contrast to the US (and 
too a lesser degree England), a large section of Dutch ecological research was 
situatedd in government research laboratories, with research oriented at the 
waterr quality management.95 In addition to the bigger research centres, the 
highlyy decentralised water authorities in the Netherlands set up their own 
smalll  research groups, hiring ecologists to perform water quality evaluations 
andd to help develop targets for water quality policy.96 This research could 
draww upon academically trained ecologists, from the end of the 1960s even 
trainedd specifically in aquatic ecology, a long tradition of involvement of 
ecologistss in water policy, and Dutch ecologists that already in the 1960s had 
beenn intent on increasing the role of ecology in environmental management.97 

Byy the early 1970s, Dutch aquatic ecology had established itself as a 
discipline,, recognised in the relevant research council and with several 
universityy departments. 

Tensionss in Dutch ecology developed along two lines. Firstly, there 
weree the different schools of ecology. Systems ecologists, following the 

Sheail,, Natural Environment Research Council. 
944 Mcintosh, The Background of Ecology, pp. 308-9. 
955 Cramer and Hagendijk, "Aquatic Ecology in the Netherlands". 
966 Cramer, Mission-Orientation in Ecology, p. 81. 
977 Cramer, "The Behaviour of Dutch Freshwater Ecologists"; Cramer and 

Hagendijk,, "Dutch Freshwater Ecology"; Cramer, Mission-Orientation in Ecology, 
p.. 137. 

988 Cramer, Mission-Orientation in Ecology. 
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popularityy of the systems approach in the US and in the International 
Biologicall  Programme, operated next to community ecologists, or ecologists 
withh a stronger interest in physiology. These divisions ran through 
governmentt as well as academic research, with nature conservation agencies 
havingg a preference for more taxonomically oriented ecologists, where 
speciess inventories and abundance counts were developed to identify specific 
locationss of interest for environmental protection. The second dividing line 
rann between the more academically oriented ecologists and the ecologists with 
closerr involvement in environmental policy. This became especially clear 
whenn the working group on water quality assessment withdrew from the 
workingg group on aquatic ecology of the biological research council (BION) 
inn 1975. This research council had a very strong integrative character, 
bringingg together the large majority of academic Dutch biologists to discuss 
thee development of their field and allocate the research council's budget. 
Aquaticc ecologists had started to set up a working group of their own in 1971, 
andd were accepted as a working group by the council in 1973. Especially after 
1975,, these aquatic ecologists represented academic research in particular, at 
leastt until the mid-1980s, when academic ecologists were getting more 
involvedd in policy-oriented research too." 

Engagementt of Dutch ecologists in environmental policy was by no 
meanss unproblematic. Especially in the early 1980s, ecologists discussed their 
policyy role, analysed in which issues they could (and could not) provide 
adequatee advice and tried to understand the consequences of their internal 
divisionss - even with the involvement of Dutch science studies.100 The 
reflexivee debates of the profession were a consequence of actual policy 
experiences.. The initial enthusiastic engagement in environmental policy 
researchh - and for many ecologists in environmental politics as well - led to 
fundamentall  questions about the nature of the discipline and its relations with 
valuesvalues and politics. Ecologists tried to understand and explain the strenuous 
relationss with environmental policy through some sort of unique 
epistemologicall  position of the discipline or its subject matter.101 

Nevertheless,, although their impact on environmental policy was not always 
whatt they had hoped for, Dutch ecologist did manage to develop an 
involvementt as experts in environmental policy, in spite of some academic 
disdain. . 

Alkema,, Het Ontstaan en de Ontwikkeling van BION..., pp. 22, 32-3; Cramer 
andd Hagendijk, "Aquatic Ecology in the Netherlands". 

Cramer,, ed., Ecologie en Beleid; Cramer, "Problems of Ecologists as Experts". 
1011 Cramer and Van Den Daele, "Is Ecology an 'Alternative' Natural Science?". 
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Justt like other scientists, ecologists have boldly stepped into the arena 
off  policy problems and have learned it was sometimes wiser to retreat.102 Just 
likee other disciplines trying to develop a professional practice in policy fields, 
ecologistss had to learn the needs and consequences of policy research: the 
constructionn of an operational boundary between science and politics. One 
elementt in this was the need to find a balance between policy involvement 
andd independence of expertise. In the Netherlands and England, this had a 
veryy specific connotation. Too close an alliance with the environmental 
groupss of the 1970s, often perceived as 'irrational' and 'radical', was seen as 
problematic.. The tension has been described by Cramer for Dutch 
ecologists,1033 but British ecologists involved in pesticide research also 
expressedd the need to keep distance from 'this other kind of ecologists', by 
whichh they meant the 'self-appointed experts' of environmental 
movements.104 4 

Anotherr source of trepidation was that policy concerns would lead to 
fragmentedfragmented research agendas that would undermine academic research 
agendas,, valued higher by ecologists with established academic positions. 
Suchh tensions were clear in Dutch aquatic ecology throughout the 1970s and 
1980s,, for example among the more academically oriented ecologists at the 
Universityy of Amsterdam, but also played a role among British ecologists and 
alsoo John Cairns explained at length the difficulties of maintaining his 
regulatoryy research interests in a department of biology that tended to value 
academicc research much more. 

Ass with other environmental problems, some ecologists did claim to 
havee relevant expertise on the hazards of chemical substances specifically to 
wildlif ee and such claims were generally acknowledged in the early 1970s. 
Celebratedd cases of ecological research of the 1960s of problems with 
organochlorinee pesticides - such as DDT, aldrin/dieldrin or other 'drins' -
weree often used to anchor this imagery. They presented heroic stories where 
ecologistss saw the dangers of pollution in an age of chemical optimism. 
Throughh food chain effects and the interactions between species, such 
chemicalss led to complicated chains of interaction cast in ecological terms. In 
thesee stories, ecologists discovered the exotic mechanisms that led to 
disastrouss events: the decline of birds of prey caused by DDT through egg 
shelll  thinning or through the biomagnification of organochlorine pesticide 

1022 Cf. the 'expansionist' and 'retreatist' strategies in the history of sociology, see 
Dee Wilde, Discipline en Legende; Lepenies, Between Literature and Science. 
1033 Cramer, Mission-Orientation in Ecology, p. 197 et seq.; Cramer, "The 
Behaviourr of Dutch Freshwater Ecologists", p. 213. 
1044 Sheail, Pesticides and Nature Conservation, p. 230; cf. Zuckerman, Advice and 
Responsibility. Responsibility. 
1055 Interview with Cairns, Blacksburg, Virginia, Virginia State University, 
Novemberr 1992. 
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concentrationss along the food chain. With these discoveries, ecologists helped 
too put the environmental dangers of chemicals on the political agenda 
throughoutt the fifties and sixties.106 However, the central position of 
ecologistss as the experts on pollution suggested by these stories should be put 
inn perspective. 

Firstly,, ecologists were never the only scientists to signal the 
environmentall  dangers of pesticides, let alone chemicals in general. Risks of 
pesticidee residues in food were known even before the arrival of 
organochloriness and especially physicians had been pointing out the link 
betweenn cases of poisoning and spraying.107 Even with respect to the dangers 
too wildlife, ecologists did not have a unique position. Rachel Carson has been 
describedd as a 'literary naturalist' rather than an ecologist and although the 
groundbreakingg Silent Spring speaks of problems of 'ecology, of 
interrelationships,, of interdependence', medical and toxicological research 
weree at least as central to its argument.108 British biologists began to study the 
effectss of chemicals on fish physiology around the same time (1863) as the 
termm ecology was coined (1866).109 With respect to the risks of water 
pollutionn to human health, a completely different community of experts had 
developedd by the end of the 19th century: sanitation engineers, analytic 
chemists,, physicians or bacteriologists all acquired positions as experts on 
pollutionn long before ecologists came along.1 In this perspective, ecology 
couldd even be called a newcomer among the sciences claiming pollution 
expertise. . 

Secondly,, even though ecologists did play a role in putting the wildlif e 
hazardss of pollution on the political agenda, their role as providers of 
expertisee for the regulation of chemicals was never very extensive. Human 
healthh remains the more important concern in chemical regulation to this day 
andd provisions for the protection of wildlif e or the non-human environment 
onlyy slowly became more prominent in environmental regulations over the 
lastt two decades. Ecologists did advise in matters of chemical pollution -
especiallyy of pesticides - in England and the Netherlands in the sixties and 
earlyy seventies, but most of their expert stature waned as soon as the 
evaluationn of environmental effects of these chemicals became 
institutionalisedd (more on this in chapter 6). Although ecologists have 
expandedd research on chemical pollution in the mean time, littl e of this 

Exampless in Moriarty, Ecotoxicology; Moore, The Bird of Time; Sheail, 
PesticidesPesticides and Nature Conservation; Interview with Koeman, Wageningen, 
Universityy of Wageningen 1991. 
1077 Whorton, Before Silent Spring; Van Zon, Tachtig Jaar RIVM, pp. 252-6. 
1088 McCay, Rachel Carson, pp. 34, 85 et seq., Carson, Silent Spring. 
1099 Hunn, "History of Acute Toxicity Tests with Fish, 1963-87"; Mcintosh, The 
BackgroundBackground of Ecology. 

Hamlin,, A Science of Impurity.. 
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researchh has resulted in test technology used in the regulatory evaluation of 
chemicals.. With some important and particularly illustrative exceptions that 
wil ll  be analysed in detail in the following chapters, virtually all assessments 
off  chemicals for toxicity to non-human organisms are now based on a field 
withh quite different origins and approaches: environmental toxicology. 

3.22 Environmental toxicology and the academy 
Inn contrast to ecology, toxicology had difficulties in establishing itself at 
universities.1111 Especially with respect to environmental toxicology, these 
difficultiess seemed almost the inverse of ecology. The majority of the pioneer 
researchh institutes in environmental toxicology in the world were (semi-
governmentt labs. Whereas ecology became well established in academia 
duringg the 1970s, environmental toxicology only managed about a decade 
later.. By the end of the 1980s, only approximately a dozen American 
universitiess offered graduate programmes in environmental toxicology. In 
England,, minor academic centres of environmental toxicology existed in the 
1980s,, until a few academic departments managed to secure a viable 
combinationn of academic and regulatory work to expand into a successful 
programme,, in particular at the University of Sheffield and the University of 
Liverpool.. In the Netherlands, environmental toxicology developed as a 
researchh interest at the University of Utrecht under Van Genderen in the 
1960s,, with close personal ties with government research laboratories 
(especiallyy TNO and RIVM). Environmental toxicology was a personal 
interestt of Van Genderen, who set up the toxicology programme in Utrecht in 
19611 when he accepted the chair of veterinary pharmacology. However, the 
groupp was small, with only approximately six researchers throughout the 
1970s,, when its existence was constantly under threat. Growth and a more 
stablee position only came in the 1980s. A small research group in 
environmentall  toxicology developed at the Agricultural University in 
Wageningenn after Jan Koeman moved from Utrecht to Wageningen in 1972, 
alsoo only taking off around 1980.1'3 

1111 The difficulties of Dutch toxicologists have been described in detail in 
Groenewegen,, "Attracting Audiences"; Groenewegen, Scientists, Audiences and 
Resources. Resources. 
1122 The American Society for Environmental Toxicology and Chemistry (SETAC) 
holdss regular surveys on graduate programmes in its field, the first of which was 
heldd in 1988. The inventory listed 57 programmes in the US, however, most of them 
clearlyy focused on human health effects. Only 14 of the programmes descriptions 
actuallyy mentioned environmental toxicology, aquatic toxicology, or some other 
termm referring to wildlif e effects. (Society for Environmental Toxicology and 
Chemistry,, National Survey of Graduate Programmes...) 
1133 For more detailed description, see Groenewegen, Scientists, Audiences and 
Resources,Resources, p. 125 et seq. and 47 et seq. on Wageningen. 
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Environmentall  toxicology developed as a specific area of attention in 
governmentt laboratories working for regulatory policy early in the 1970s. At 
thee Dutch Institute of Public Health and Environmental Policy (RTVM, then 
stilll  just 'RIV\ focusing on health), research in environmental toxicology 
startedd around 1970. (One of the first research projects in environmental 
toxicologyy was the analysis of the fish kill s that resulted from the endosulfan 
pollutionn incident in 1969.) At the RTVM, a research programme on 
environmentall  toxicology was set up in the context of interests in human 
toxicology,, and especially food toxicology, that went back to WW II . RIVM 
toxicologistss had a close involvement in regulatory policy, including in the 
draftingg of regulatory legislation or the representation of Dutch positions in 
internationall  regulatory negotiations.114 By 1978, the institute had facilities 
forr both routine testing and research, involving Daphnia, algae, and various 
freshwaterfreshwater fish species. It was also studying food chain accumulation and 
teratogenicc effects. Another group actively involved in environmental 
toxicologyy worked at the Netherlands Organisation for Applied Scientific 
Researchh (TNO) in Delft, with research on fish, crustaceans, and molluscs.115 

Inn the US, the first prominent centres of environmental toxicology were 
USS EPA laboratories, especially the Environmental Research Laboratory at 
Duluth,, Minnesota, which became operational in 1967 (i.e. prior to the 
formationn of the EPA). While the Duluth laboratory focused mostly on 
aquaticc toxicology, other EPA laboratories handled terrestrial research or 
analyticc chemistry. In England, the main centre of environmental toxicology 
inn the 1960s and 1970s was the Water Research Centre, a laboratory and 
expertisee centre for government policies, originally with a focus on water 
pollutionn engineering. 

Thee regulatory context in which environmental toxicology originated 
wass not only clear from the location of its pioneering research labs, but also 
fromfrom the structure of its professional organisations. In the US, the Society of 
Environmentall  Toxicology and Chemistry was founded in 1979, involving 
severall  environmental toxicologists from EPA labs. It would grow to over 
1.4000 members in less than ten years.116 Its membership involved scientists 
fromfrom industry, government, as well as academia and functioned as a forum 
throughh workshops and meetings, and through its journal,117 where regulatory 

Groenewegen,, Scientists, Audiences and Resources, pp. 67 et seq., spec. 88. 
1155 An inventory of toxicological research of 1978 lists the RIVM (then RIV) and 
TNOO groups as some of the most prominent centres of environmental toxicology 
researchh in the Netherlands, together with research groups at the University of 
Wageningenn (of Jan Koeman) and the University of Utrecht (Van Genderen). (Raad 
voorr Gezondheidsresearch TNO, Het Toxicologisch Onderzoek in Nederland, 
Intervieww with Hueck, Delft 1991.) 
1166 Fava, "Editorial". 
1177 Parrish, "SETAC: Completing the Puzzle". 
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riskrisk assessment and methodology were recurring topics of debate. Frequently, 
thee newest developments in risk assessment or environmental research in EPA 
weree announced and explained by EPA officials.118 Currently, the by-laws of 
thee Society even demand balanced representation of these three groups in its 
governingg bodies.119 

Formerr president of SETAC, John Giesy, recalled the need for a 
specificc society for environmental toxicology, given the marginal attention for 
pollutionn issues in the Ecological Society of America (ESA), as well as the 
Americann Chemical Society (ACS). In addition, they did not provide the kind 
off  setting that regulatory scientists desired. 

Inn the chemical society, in which I was active, they did not know how 
too deal with the toxicology and environmental chemistry. It was always 
att the end of a meeting in a 'miscellaneous' session. In ecology [too], 
theyy never effectively really dealt with that. There were people 
interestedd in contaminants and toxicology and effects on ecosystems, 
butt it was the same thing. (...) So SETAC said: let's not replace the 
Ecologicall  Society and the Chemical Society, the Toxicological 
Society,, let's do something at a higher level. (...) The academic 
societiess were not a good forum for industrial and government 
scientistss to really get together. That was the impetus to foster this kind 
off  understanding and [SETAC] has been very effective in bringing 
thesee groups together (.. .).120 

Althoughh there was some disagreement over the precise motivations to set up 
SETACC among interviewees,121 the society clearly became a forum for issues 

1188 Not only the lower ranks of the EPA showed up at meetings and/or published in 
thee society's journal, e.g. the then director of the Science Advisory Board (Yosie 
andd Kurtz, "Peer-Review Processes Used in Environmental Decison Making"); or 
thee former Assistant Administrator of the Office of Pesticides and Toxic Substances 
(Moore,, "Environmental Effects"), or even the administrator himself (Thomas, 
"Strategiess for Research in the USEPA"). 
1199 Society for Environmental Toxicology and Chemistry, SETAC Web Page. 
1200 Interview with Giesy, East Lansing, Mi., Michigan State University, December 
1992. . 
1211 Interview with Stephan, Duluth, Mn., USEPA, December 1992. Giesy described 
itt in a publication as: "(...) the founders wanted to establish an organisation open to 
alll  scientists in the arena of environmental toxicology and chemistry. Existing 
professionall  societies tended to be dominated by academics and were very 
conservative.. The founders and charter members felt a strong need for a forum for 
individualss from the three major 'camps': business and industry, government 
agenciess and academic institutions. (...) [They] need to share ideas, establish a 
factuall  basis for understanding and find common ground for discussion to effect a 
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inn regulatory science - and not just academic research. This created tensions 
withinn the organisation, as disagreement over research issues could easily spill 
overr into disagreement over regulatory policies. Giesy explained how SETAC 
handledd this. 

Thee ESA has an office in Washington DC. Part of their role is to 
influencee government policy - not SETAC. As soon as we try to 
influencee government policy, that means we have represented one part 
off  our constituency at the exclusion of another. (...) An active area now 
iss to try to integrate the participation in the Society's forum of 
advocacyy groups, environmental groups, without coming to the table as 
ann advocate, but to learn to discuss issues, not to try to come out with a 
SETACC position. (...) So what SETAC tries to do is to keep the 
politicall  separate from the science.122 

Too guarantee a scientific discourse in the society and to avoid involvement in 
advocacyy politics, SETAC demanded a science degree as condition of 
membership.. Because a number of older regulatory scientists had been trained 
onn the job, a doctorate would have excluded not only graduate students, but 
alsoo some key members of the profession, so the requirement became a 
Master'ss degree. 

Wee have many charlatans that would like to represent themselves as 
expertss and one way they get 'expertise' is to join scientific societies 
andd say: T am a member of this, so therefore I am an expert'. Different 
societiess have ways of guarding against that. What SETAC does is 
requiree the [training] of a technical expert, to be a scientist, it is a 
societyy of scientists. If you do not have the credentials to be a scientist, 
thenn you can't be a member. One of the problems we have is that 
advocacyy groups generally (not always, but often) are not trained 
scientists,, and there lies part of the problem. We would like to have 
themm in the mix to discuss, bring their points of view and learn 
technicall  issues, but the problem is: they do not always have the 
technicall  training.123 

compromisee in the decision making process." (Giesy, "SETAC: Part of the Solution 
orr Part of the Problem?", p. 1327) 
1222 Interview with Giesy, East Lansing, Mi., Michigan State University, December 
1992. . 
1233 Interview with Giesy, East Lansing, Mi., Michigan State University, December 
1992. . 
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Severall  forms of boundary work were thus going in the expansion of SETAC. 
Firstly,, there was the construction of a specific jurisdiction, demarcated from 
academicc societies, among which the ecological, chemical, and toxicological 
societies.. In contrast to these societies, SETAC was to put pollution issues on 
topp of the agenda, instead of the marginal attention this had received in these 
societies.. In addition, SETAC developed as a platform for discussion between 
regulatoryy scientists, including not only academia, but also industry and 
government.. Secondly, but closely connected, this implied a specific 
positioningg of the society with respect to regulatory policies. Whereas the 
Ecologicall  Society tended to take on an advocacy role, occasionally taking 
environmentall  positions and lobbying for resources for academic research in 
ecology,, SETAC carefully avoided taking positions as a society on politically 
sensitivee issues. This does not mean that SETAC did not perform 'political' 
roles,, but these were carefully restricted to discussion of policies within the 
ethoss of scientists and to advisory roles such as reviewing policy documents 
inn a technical, factual discourse. The boundary devices mobilised to construct 
thiss particular cultural space included not only boundary texts (particular 
definitionss of science and politics, mission statements, the society's laws and 
by-laws),, but also social boundaries of selecting membership on the basis of 
academicc accreditation. 

However,, although SETAC clearly distinguished itself from the 
Ecologicall  Society, it did not do so with respect to ecologists. In fact, several 
ecologistss defending the use of multispecies tests were also members of 
SETACC and the multi- versus single species issue was discussed regularly in 
itss journal and at its conferences. On the other hand, the field covered by the 
societyy was, at least initially, primarily defined as environmental toxicology 
andd environmental chemistry. 

Thee professional organisation of environmental toxicology in Europe 
wass different. We already discussed SECOTOX, its more explicit attention 
forr ecology, as well as its reliance on people and social connections in 
drawingg boundaries around and among its membership. From several 
interviews,, it appears that frustration and discontent with the elitist structure 
off  SECOTOX formed the basis for the success of SETAC in Europe, founded 
inn 1989. Although many European scientists had already been members of 
SETACC in the 1980s, the formation of SETAC-Europe was an instant success. 
Followingg the stronger presence of ecology in pollution research in Europe, 
prominentt ecologists became members. Although arguably SETAC-US arose 
fromfrom a more specific attention for environmental toxicology, by the early 
nineties,, both SETAC-US and SETAC-EUROPE clearly had no qualms about 
beingg a platform for ecologists as well as environmental toxicologists. In 
1991,, SETAC-US supported a workshop on the use of aquatic microcosms for 
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assessmentt of pesticides, while the European branch set up a workshop on 
similarr use of mesocosms, organised by UK members.1 5 

3.33 Eco/toxicology: professional development and boundary texts 
Wee can now sum up how the 'ecotoxicology' debates related to professional 
developmentss and to the engagement of eco/toxicologists with regulatory 
regimes.. In the US, the differences between ecology and more physiologically 
orientedd approaches were not every relevant before approximately 1975: 
eco/toxicologistss that would later enter in fierce disagreement stood side by 
sidee in trying to raise more attention for biological indicators and wildlif e 
effectss of pollution. After 1975, environmental toxicity quickly developed 
intoo a successful field, with active engagement and close connection with 
regulatoryy regimes. Simultaneously, American ecologists experienced 
considerablee frustration with environmental policy and many tried to find an 
academicc niche. However, not all ecologists withdrew from policy work and a 
smalll  group continued to work on regulatory issues, even if this was not 
thoughtt of highly by academic colleagues. The US 'ecotoxicology' debate 
startedd with ecologists trying to claim their dominance over the field (with 
bothh 'superior' multispecies tests and theoretical dominance), but in the 1980s 
thiss turned into an attempt of outsiders trying to get into a field by then 
dominatedd by environmental toxicology. Thus the 'attempt to put the eco into 
ecotoxicology'' was rhetorical boundary work of ecologists who somehow had 
missedd the take-off of environmental toxicology, against the background of 
Americann ecologists in general that showed littl e support. 

Inn England, 'ecotoxicology' was first and foremost rhetorical boundary 
workk of interdisciplinary groups of ecologists and toxicologists trying to stay 
inn position as a regulatory science (e.g. NERC), perhaps with larger stakes for 
ecologicallyy oriented researchers. These issues never became very contentious 
inn England, where academic ecologists had largely withdrawn from regulatory 
involvementt in the 1970s, and where involvement of university researchers in 
environmentall  regulatory regimes was extremely limited altogether until the 
endd of the 1980s. 

Inn the Netherlands, there was involvement of ecologists in 
environmentall  policies since the early 1970s, especially in government 
laboratoriess and in spite of a tendency of academic ecologists to keep distance 
fromfrom anything that smacked of politics (including the sprouting environmental 
sciencee groups). Although environmental toxicology laid the foundations of a 
successfull  regulatory science in the 1970s, ecologists were never completely 

1244 Society for Environmental Toxicology and Chemistry, Workshop on Aquatic 
Microcosms. Microcosms. 
1255 Society for Environmental Toxicology and Chemistry-Europe, Guidance 
DocumentDocument on Testing Procedures for Pesticides in Freshwater Mesocoms. 
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gone.. The Dutch ecotoxicology debate of the 1980s can therefore be seen as 
boundaryy work that tried to accommodate both ecology and environmental 
toxicology. . 

Thus,, the attempts to define ecotoxicology produced boundary texts in 
differentt contexts of professional development and in different patterns of 
developmentt of engagement with regulatory regimes. Whereas ecology has a 
longg history of difficult relations with environmental policy, practical 
concernss of environmental regulation were omnipresent in the development of 
environmentall  toxicology. The field has provided the basic concepts, tools, 
andd protocols for the assessment of environmental effects of chemicals on 
biotaa and its members hold key positions in regulatory agencies and their 
advisoryy bodies. Its professional organisations actively support the 
involvementt in regulatory policy and even welcome members of regulatory 
agenciess as their members. The role of ecologists as experts in matters of 
pollutionn seems to be less successful. Ecologists advise environmental 
decisionn making in matters of regional planning and especially nature 
conservation.. They help writing up environmental impact statements or assess 
thee consequences of development projects, but their role as experts on 
pollutionn from chemicals that do not abound in the 'natural environment' is 
muchh more problematic. Notwithstanding their expertise on eutrophication or 
acidification,, their position is less clear when it comes to less common and 
syntheticc chemicals or 'xenobiotics', especially in the US. 

Thee attempts to define 'ecotoxicology' offer an interesting entry into 
thee boundary work in eco/toxicology. In addition, they show how boundary 
workk produces boundary texts that can be recycled for further boundary work, 
forr example as the original ecotoxicology definitions SCOPE were re-used in 
otherr contexts. While these boundary texts may acquire new meanings in new 
roundss of boundary work, it is obvious that their flexibilit y is not infinite 
(whichh would make them useless as resources in boundary work anyway). For 
example,, the Koeman representation of the triangle of ecotoxicology became 
ann icon that represented the accommodation of Dutch eco/toxicology. 

However,, the view from the rhetorical boundary work is also limited. 
Forr example, in general, environmental toxicologists hardly replied to the 
attemptss of US ecologists to construct a 'real ecotoxicology'. Their response 
wass largely one of silence. In as far as they did respond to the criticism of 
ecologists,, they argued along pragmatic lines: accepting the ecological 
definitionss of nature and even the potential higher realism of multispecies 
tests,, but arguing that single species tests were more practical (i.e. they 
providedd clear standards at relatively low testing costs).126 

Intervieww with Giesy, East Lansing, Mi., Michigan State University, December 
1992;; Mount, "Development and Current Use of Single Species Aquatic Toxicity 
Tests". . 
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Focusingg on this rhetorical boundary work misses something. It misses 
otherr forms of ongoing boundary work, other processes that also decide the 
outcomee of relations between fields, the possibilities for the development for 
interdisciplinaryy research, or the effect of excluding forms of knowledge from 
considerationn in regulatory regimes. Interesting and important as boundary 
textss and rhetorical boundary work may be, they are not conclusive for 
determiningg how two fields do or do not relate. It is one thing to define 
ecotoxicologyy as research that is both toxicology and ecology and that 
combiness tools and concepts from both fields. Even if some generally 
acceptedd meaning of the term could be constructed, then by itself this does not 
createe a new field, as by decree. To illustrate this, I will look more closely at 
DutchDutch science policy for eco/toxicology and the way boundaries were drawn 
inn academic education in eco/toxicology. 

44 Organisational boundaries: Dutch eco/toxicology science 
policy policy 
Thee boundaries between scientific fields are not just anchored in definitions, 
butt also in the structure of organisations such as research foundations, where 
boundaryy texts are intertwined with personal or material boundaries. For 
example,, by maintaining separate committees for evaluating research in the 
variouss fields, the boundaries between these fields are reproduced. This 
occurss in a variety of ways. The names or circumscriptions of the fields are 
reproducedd in the titles of research committees as symbolic markers. In some 
cases,, research committees even manifestly come with definitions of their 
domain.. Here is an example from the Dutch Foundation for Biological 
Researchh (BION) of 1972, the research council for biology in the Netherlands 
fromfrom 1970 to 1992, locating aquatic autecology (i.e. ecology focused on 
physiology): : 

Byy putting central the study of the individual as a totality (reflecting the 
propertiess of the species), the autecology is demarcated from other 
ecologicall  disciplines (population dynamics, systems ecology), from 
parasitologyy as a more applied field and from the disciplines on organ-
levell  (physiology).127 

1277 Biologisch Onderzoek Nederland, Jaarverslag, p. 186 (1972), my translation. 
Originall  text: "Door het centraal stellen van de studie van het individu als totaliteit 
(dee eigenschappen van de soort weerspiegelend) is de autecologie afgegrensd 
tegenoverr andere oecologische disciplines (populatie-dynamica, systeemoecologie), 
tegenoverr de parasitologic als meer toegepaste richting en tegenover de disciplines 
opp orgaanniveau (fysiologie)." 
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Here,, the boundaries embodied in the definitions of fields return, but now as 
partt of an organisational structure. They can be invoked in an attempt to 
obtainn funding as well as to turn down funding applications as being 
inappropriate.. When a proposal is accepted into the refereeing process of a 
researchh committee, it will then be judged by the specific standards of the 
field.. To make it through the evaluation process, a proposal will have to 
conform,, not only to the subject matter as it is carved out in the organisational 
demarcations,, but also to the styles and customs that belong to the separate 
'chunks'.. As part of the evaluation process, the boundaries between fields are 
alsoo reproduced in cognitive terms, as the evaluation process is an occasion 
forr scientists to discuss and negotiate the research agendas and their 
demarcation. . 

Inn fact, this was the original function on which the organisational 
structuree of BION was based when it was founded in 1970. The foundation 
initiallyy incorporated already existing networks of cooperation in various 
fieldss of Dutch biology. From its inception, BION was seen as both a way to 
stimulatee such integrative networks in all of Dutch biology, as well as to 
allocatee government funds to them. BION started with four such networks in 
Junee 1970, which became the first of its Divisions [Werkgemeenschappen]. 
Thee Divisions were set up as the key forums for debate over allocation of 
funds,, the future developments of their research field, as well as intellectual 
affairs.. They determined their membership autonomously.128 As BION 
quicklyy gained momentum in its first two years of existence, more networks 
joinedd and new ones were formed. The phase of bottom-up growth of the 
organisationn led to attempts to integrate the growing number of Divisions in 
largerr units from 1975 onwards. In 1979, new Divisions were no longer 
allowedd and during the next year the twenty-two existing ones were organised 
inn five sections.129 Some Divisions initially had double membership in a few 
sections,, but, by 1982, the organisation chart of BION was a hierarchical tree. 
Thee Sections grouped Divisions, in turn consisting of Research Groups 
[werkgroepen]]  headed by a senior scientist and generally associated with one 
laboratory.130 0 

Thee newly formed Section of Ecology was organised in Divisions of 
Plantt and Vegetation Ecology, Population Biology, Aquatic Ecology, and 

Biologischh Onderzoek Nederland, Jaarverslag, p. 2 et seq. (1971). These 
Divisionss were Population Dynamics and Genetics, Theoretical Biology, 
Comparativee Endocrinology, and Ethology. The integrative plans were mistrusted 
byy some biologists for their Bernal-like ring of optimalisation of means and 
avoidancee of duplication. (Alkema, Het Ontstaan en de Ontwikkeling van BION..., 
p.. 8 et seq.) 
1299 Alkema, Het Ontstaan en de Ontwikkeling van BION..., p. 11 et seq.; Biologisch 
Onderzoekk Nederland, Jaarverslag, pp. 5-6 (1980). 
1300 Biologisch Onderzoek Nederland, Jaarverslag (1981, 1982). 



BoundariesBoundaries in eco/toxicology 167 

Biologyy of Speciation. The Aquatic Ecology Division was organised around a 
ratherr integrated research project with a focus on systems ecology. The 
integrativee shifts in BION of the mid-seventies had formed this tight group, 
withh the aquatic ecologist of the University of Amsterdam in a central 
position.. The research programme was geared at fundamental ecosystems 
research,, concentrated in a few ecosystems considered representative of the 
Netherlandss and of sufficient scientific interest. Microbiologists and groups in 
biologicall  monitoring of water quality had left this setting in which they felt 
marginalised.. The latter even left BION altogether.131 

Throughoutt the seventies, toxicology was of limited significance in 
BION,, with only a handful of Research Groups under physiological 
Divisions.1322 In 1981, the toxicology groups joined in a project group with 
speciall  status, after extensive consultation with the higher echelons of BION. 
Thee formation of a proper Division was prevented by the restrictive policy of 
BION,, weary of disintegrative tendencies after having spent a lot of energy on 
thee creation of consolidated, tight networks.133 It consisted of a dozen 
projects,, all Research Groups in the Division of Metabolic Physiology, in turn 
partt of the Section Animal Physiology. Only two of these projects had a clear 
interestt in non-human toxicology, both concerned with fish physiology.134 

Thiss project group formed the bridgehead for the formation of a cooperative 
projectt with the medical research council, the Steering Committee on 
Toxicologyy [Dwarsverbandcommissie, literally: Cross-linkage Commission]. 
Thee committee coordinated toxicological research and managed funding 
programmess with priority for toxicology in the following years.13 Toxicology 
didd not become an independent Division until January 1990.136 

1311 Alkema, Het Ontstaan en de Ontwikkeling van BION..., pp. 21-45 for a more 
detailedd description. 
1322 Especially compared to ecology, toxicology was a minor focus of attention for 
BIONN until at least 1981. In 1981, the Section of Ecology covered 31% of BION 
resources,, about as much as Animal Physiology with 29%. The Division of 
Metabolicc Physiology, of which toxicology was a small part, covered 6%. In a more 
detailedd overview, there were a few dozen projects in ecology supported by BION, 
butt I could find not one project in toxicology, again for 1981. None of the supported 
ecologicall  projects had an obvious connection with effects of pollution. (Biologisch 
Onderzoekk Nederland, Jaarverslag, pp. 9A, 10-22 (1981)) 
1333 Interview with De Cock Buning, The Hague, BION 1992. 
1344 Biologisch Onderzoek Nederland, Jaarverslag, pp. 165-7 (1981); 
Groenewegen,, Scientists, Audiences and Resources, p. 58. 
1355 Such as: BION priority in 1983, and, following advice of the Cross-linkage 
Commission,, special ZWO programme in 1987 [ZWO: fund for Pure Scientific 
Research,, later NWO]. (Biologisch Onderzoek Nederland, Jaarverslag-, Interview 
withh De Cock Buning, The Hague, BION 1992) 
1366 Biologisch Onderzoek Nederland, Jaarverslag (1990). 
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Thee Steering Committee was the first of a series of initiatives that 
attemptedd to link branches in the 'tree of knowledge'-model of BION.137 

Nevertheless,, even these connections did not cut through the sharp 
demarcationn between the toxicology and ecology of the BION organisation. In 
1983,, BION made resources available for priority attention for toxicological 
research.. The basic evaluation of proposal for the Priority Programme was a 
matterr of the Steering Committee on Toxicology, i.e. animal physiologists and 
medicall  scientists. Ecologists were explicitly encouraged to stress potential 
importancee of their research for this research programme.138 Since toxicology 
hadd priority status in BION, claiming relevance of research for toxicology 
couldd be an asset for a research proposal. However, such priorities were only 
includedd in the evaluation process at the top of the organisation, at the end of 
thee proposal selection procedure. The heart of the matter remained that 
ecologicall  proposals were evaluated by ecologists, toxicological ones by 
toxicologists,, and all of this in different committees.139 

Inn 1983 also, BION established another area with priority status: soil 
biology.. The initial evaluation of proposals in this area was undertaken by the 
discussionn group on soil biology, a network of biologists from a variety of 
sectionss of BION. The discussion group did not show the strict demarcation 
betweenn toxicology and ecology, but gathered around biology of the soil as a 
researchh topic. The programme was intensified when BION came to manage 
thee biological part of a substantial government research programme in soil 
researchh (Speerpuntprogramma Bodemonderzoek), in 1987. Although this 
researchh programme was presented as new, for BION it meant a continuation 
off  the priority status of soil biology and of the committee that undertook 
initiall  evaluation of the proposals. One of the research groups of relevance 
heree that benefited from these funds was the 'ecotoxicology' group at the Free 
University.University.140140 This group was considered the best example of integration of 
ecologicall  and toxicological research in the Netherlands,141 specialising in 
terrestriall  ecotoxicology of soil evertebrates. 

Somee other initiatives that cut across the tree-model were the "Discussion 
Groups",, first on Plant Pathology in 1983, Soil Biology in 1984 and Animal 
Experimentss in 1989. (Biologisch Onderzoek Nederland, Jaarverslag) When BION 
wass criticised for this tree-like structure, it minimised its relevance by pointing at 
alternativee structures in the organisation: the discussion groups and targeted 
researchh programmes. (Raad voor Advies voor het Wetenschapsbeleid, Advies 
InzakeInzake Ecotoxicologie and reply: letter on behalf of the BION bureau by Tj.de Cock 
Buningg to J. Dijkhof of NWO, april 15 1988.) 
1388 Alkema, Het Ontstaan en de Ontwikkeling van BION..., pp. 41, n.69. 
1399 Biologisch Onderzoek Nederland, Jaarverslag, p. 8 (1986). 
1400 Biologisch Onderzoek Nederland, Jaarverslag, p. 4 (1987). 
1411 By several respondents in the interviews. 

http://Tj.de


BoundariesBoundaries in eco/toxicology 169 

Thee programme for soil research was intended to mobilise research to 
tacklee problems of soil pollution.142 The evaluation of this programme in 
termss of societal returns has been rather negative. According to its critics, the 
programmee academicised and did not lead to the policy instruments it was 
intendedd for. However, two distinctly positive outcomes have been noted. A 
firstfirst one was the production of useful biological tests for soil pollution 
evaluationn and a second one was the effect of integrating biological soil 
specialities,, specifically concerning ecology, microbiology, and 
ecotoxicology.14 4 

Inn 1986 and 1987, toxicology received major financial injections from 
aa combined effort of ministries and from a new project of the Dutch Research 
Foundationn (NWO), the overarching organisation of which BION was part. 
Thee ministerial programme, the 'Stimulation Action Toxicological Research' 
(Stimuleringsactie(Stimuleringsactie Toxicologisch Onderzoek), identified gaps in toxicological 
researchh and compared them with policy needs. Several advisory bodies had 
beenn arguing for more toxicological research, resulting in an exploration of 
thee possibilities by the Ministry of Science and Education in 1985. The 
Ministryy asked Prof. Jan Koeman of the Agricultural University of 
Wageningenn to write a proposal for a toxicological research programme. In 
hiss proposal, Koeman identified three areas of priority: occupational 
toxicology,, research into new toxicological tests, and 'Ecotoxicology (part of 
environmentall  toxicology)'. Koeman used his topography of ecotoxicology 
thatt he had presented in an academic format in 1981 (cf. supra): 
ecotoxicologyy was to be benefit from cooperation with ecology, but had to be 
seenn as part of (environmental) toxicology. Increased support to this 
ecotoxicologyy had to lead to research into the effects of chemicals on the 
environment,, including the evaluation of toxicological tests and the 
extrapolationn of test results to the environment. The issue was more than a 
matterr of definitions, since his report led to the conclusion that the toxicology 
groupp at Wageningen was best suited to coordinate such research. The 

1422 The programme was ecological in its origin (originally 'Onderzoeksprogramma 
Bodembiologie',, 1985) and was later redefined to include technical aspects of soil 
sanitation.. The programme was supported initially by the Ministries of Agriculture 
andd Fisheries, the Environment and Regional Planning, and Transport and Water, 
withh fl. 40 million each. Soil ecology and ecotoxicology were important focuses of 
attention,, as was the development of ecotoxicity tests. (Speerpuntprogramma 
Bodemonderzoek,, Jaarverslag 1987). 
1433 Smit, "Acht Jaar Strategisch Bodemonderzoek"; Raad voor Milieu en 
NatuurOnderzoek,, Maatschappelijke Evaluatie Speerpuntprogramma 
Bodemonderzoek. Bodemonderzoek. 
1444 Koeman, Advies Stimuleringsplan Toxicologisch Onderzoek, pp. 16-8, 27-8. 
Thee report also gives an overview of similar positions taken by advisory boards and 
researchh organisations in the preceding years. 
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programmee was accepted and received substantial financing, initially from 
19866 to 1989, but with extensions until 1993. The programme committee, 
a.k.a.. the 'Koeman Committee', had its secretariat at the Foundation for 
Technicall  Sciences (STW), traditionally focused on applied technical 
sciences.145 5 

Thee NWO programme that was started in 1987 eventually identified 
thee priorities somewhat differently, based on a proposal by BION and the 
medicall  research council: combination toxicology (the study of the combined 
effectss of compounds) and processes of toxification and detoxification. BION 
reintroducedd ecotoxicology on this agenda. The programme was managed in 
thee same way as the older priority programme of BION, by the Steering 
Committeee of toxicologists from BION and the medical research council.146 

Thee links between the NWO Steering Committee and the Koeman committee 
weree close. NWO was represented in the Koeman committee and as the end 
off  the first round of both programmes drew to a close, there were several joint 
meetings.. The NWO programme ended together with the Stimulation 
programmee in 1993.!47 

Especiallyy the more policy oriented 'Stimulation Action Toxicological 
Research'' showed a combination of projects with toxicological and ecological 
orientations.. Projects ranged from strict orientations to human health effects, 
suchh as effects of PCBs and dioxins on human milk, to projects that 
investigatedd food chain effects on predators such as cormorants, or evaluation 

Thee project was a substantial effort. It was supported with 15,3 million guilders 
forr a period of four years, resources made available by the Ministries of Education 
andd Research, of Transport and Water, of the Environment, and of Agriculture and 
Fisheries.. By 1988, the Ministries of Social Affairs and Employment, Public Health 
andd Culture, and even Defence had joined the initiative and the budget was 
increasedd to approximately fl. 22 million. In the first year, 50 funding applications 
weree made. The programme committee {Programmacommissie Toxicologie) ran its 
ownn newsletter, Tox-Post. (Anonymous, "Het Stimuleringsplan Toxicologisch 
Onderzoek";; Stichting Technische Wetenschappen, Jaarverslag (1986-1995); 
Bijlsma,, Buning, and Kastelein, Stimuleringsgelden van Belang voor Biologen, pp. 
25-6.)) In comparison, the budget of NWO for its priority programme of toxicology 
wass in the order of magnitude of 2 to 5 hundred thousands guilders per year. (With 
fl.fl.  196.310 still 3% of BION's 1990 budget, Biologisch Onderzoek Nederland, 
Jaarverslag,Jaarverslag, p. 15 (1990).) 
1466 Biologisch Onderzoek Nederland, Jaarverslag, pp. 6-8 (1987). 

Nederlandsee Organisatie voor Wetenschappelijk Onderzoek, Jaarboek (1989, 
1991,, p. 27). However, government Departments continued to order research and 
thee Ministry of Agriculture, Nature Management, and Fisheries (reorganised at the 
formationn of the third Lubbers Cabinet in 1989) announced further support for 
ecotoxicologyy in particular. (Stichting Technische Wetenschappen, Jaarverslag, p. 
100 (1993);) Ecotoxicological themes form these programmes were continued in new 
programmess in biomarkers and crop protection. 
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off  laboratory toxicity tests for pesticides in outdoor artificial streams. The 
artificiall  streams project provides a good example of the kind of integrative 
effectss of the research programme, which provided part of the funds. In this 
project,, research groups in nature conservation, with a strong focus on 
ecologicall  approaches, and toxicological groups participated.148 Especially 
researchh groups in (semi) government research institutes such as the National 
Institutee for Public Health and the Environment (RIVM) seemed to defy the 
strictt boundaries between ecology and toxicology of the academic institutions. 
Amongg the few university groups that participated with clear ecological 
orientations,, were the Wageningen toxicology department and the 
ecotoxicologyy group of the Free University. The integrative effect of the 
NWO/BIONN programme was not as clearly traceable. However, it is clear that 
thee programme provided more possibilities for combining ecological and 
toxicologicall  research than the traditional BION tree-like structures. 

Thee integrative effects of research programmes at the end of the 
eightiess can also be investigated from the perspective of ecological 
programmes.. At the end of the eighties, similar attempts were made to 
programmee Dutch ecological research. After several reports of advisory 
boardss of science policy,149 BION came with a programme for ecological 
researchh in 1988. The report suggested priorities for ecological research and 
wayss to coordinate 'fundamental ecological knowledge' with already existing 
programmes,, such as the ones on toxicology or soil biology. The programme 
itselff  presented research priorities for ecology. To the extent that these were 
relatedd to the study of pollution effects in the aquatic environment, the 
prioritiess were concerned with the traditional issues for aquatic ecology: 
eutrophicationn and acidification, considered as problems of excess of 
naturallyy occurring substances. Only in the description of the 'related 
programmes',, such as the soil biology or toxicology programmes, was the 
relationn between ecology and the effects of pollution made. Ecology was 
presentedd as a basic, integrative science that would provide knowledge for 

1488 Research of the programme was reported in its research newsletter, Tox Post 
(1988-1992).. The groups in the artificial streams project were the Institute for 
Pesticidee Research (IOB), the National Institute for Nature Management (RIN), and 
thee toxicology, nature conservation, and water quality management departments of 
Wageningenn University. The facility was also to be used by other (semi) 
governmentt research groups, such as the Service for Inland Waters. (Leeuwangh, 
"Proefslotencomplexx te Renkum", p. 1.) 
1499 Raad voor Advies voor het Wetenschapsbeleid, Jaaradvies; Prud'homme van 
Reine,, Disciplineplan Biologie; Verkenningscommissie Biologie, Van Levens-
belang:belang: Biologie; Nationale Raad voor Landbouwkundig Onderzoek, Meerjaren-
planplan Landbouwkundig Onderzoek 1987-1991. 
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thesee more 'applied' programmes.150 The programme was used as a 
backgroundd document, but did not develop into a major financial stimulus for 
ecologicall  research. 

Whatt we have seen in action in this story is the use of the boundary texts of 
definitionss and disciplinary labels in interaction with social boundaries: the 
structuree of research committees, patterns of in- and exclusion of groups of 
researchers.. These are the more complex combinations of different boundary 
devicess used and reproduced in boundary work. 

Thee boundary configuration of ecology and environmental toxicology 
embodiedd in the financing institutions of the Netherlands showed two 
prominentt features. Firstly, there was the sharp demarcation between ecology 
andd environmental toxicology in the organisational structure of BION. 
Throughoutt the seventies, this demarcation was not an issue, given the virtual 
absencee of (environmental) toxicology in the organisation. In 1981, when the 
projectt group on toxicology was formed in BION, toxicology was placed in a 
branchh relatively distant from ecology in the tree of knowledge structure of 
BION.. This was also the year when Koeman engaged in the debate over the 
meaningg of 'ecotoxicology' and the beginning of a series of signals of the 
complexx advisory structure of Dutch science policy that a closer integration 
betweenn ecology and toxicology was desirable or at least an issue. 

Thee original development of toxicology in association with animal 
physiologyy created a sharp demarcation with ecology, with two qualifications. 
AA first qualification concerns the basis of this demarcation. The structure of 
BIONN was not unalterable and was to a large extent the consequence of the 
republicc of scientists, in practice the community of senior biologists in the 
Netherlands.. Although the organisation did achieve a more centralised grip on 
itss structure by about 1979, biologists themselves created the basic patterns in 
thee early seventies. The point is this: once such a demarcation is in place, 
oncee it is organised and embodied in even the most profane aspects of such an 
organisationn (rosters of meetings, membership rules, letter heads, 
membership,, personal networks), it will again require work to dis-organise it. 
Onee wil l need to convince allies that it is worth reorganising, dis-embodying 
thee demarcations and setting up new ones. The position of toxicology, as a 
relativee newcomer in this academic forum, is a good example, as it had a hard 
timee getting beyond the status of a discussion group in the organisation. In 
addition,, toxicology and ecology were kept separate in the organisation, 
maintainingg different committees to evaluate research proposals. This 
separationn even survived BION and carried over into the new Foundation for 
thee Life Sciences in 1993. 

Vann der Aart, Andel, and Woldendorp, Programma voor Oecologisch 
Onderzoek. Onderzoek. 
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AA second qualification concerns the existence of double memberships. 
Researchh groups or even individual scientists did not have to restrict their 
membershipp to one branch of the tree, but could sit on several branches.151 

Especiallyy the ecology/ecotoxicology group of the Free University was 
presentt in terrestrial ecology as well as toxicology committees of BION. Still, 
descriptionss of the projects of this group under ecological headings were 
cruciallyy different from descriptions under toxicology. Under toxicology, the 
studyy of the effects of chemicals on evertebrate populations were brought to 
thee fore, while towards ecologists, research on the same species was presented 
ass more fundamental, further detached from pollution issues. Even though 
doublee membership was possible, which offered some avenues for research 
groupss to blur these demarcations, this did not imply that the same happened 
withh the discourse of BION. 

Thiss brings me to the second prominent feature of the boundary 
configuration.. The research programmes that were set up with a stronger 
orientationn towards environmental policy showed a much more blurred 
demarcationn between environmental toxicology and ecology. The dynamics of 
environmentall  policy and not the dynamic of academic funding created 
opportunitiess for eco/toxicology with respect to funding. The argument that 
thiss is caused by the inherent 'interdisciplinarity' of policy problems is not an 
explanationn for this phenomenon. The argument does not explain why the 
combinationn consists specifically of ecology and toxicology. It does not 
explain,, for example, why in the Dutch context of funding environmental 
chemistryy is institutionalised separately, whereas in other contexts 
environmentall  toxicology and chemistry are part of the same organisations. 
Moree importantly, it does not explain why this blurring of the boundary 
betweenn environmental toxicology and ecology occurred in the Netherlands 
andd largely failed in the US. This suggests not only that the policy context is 
cruciall  to understand the dynamic of the boundary configuration between the 
twoo fields, but also that there is something about specific policy contexts that 
doess or does not create these kinds of opportunities. 

Hence,, there were two policy contexts relevant for Dutch 
eco/toxicology:: research policy and regulatory policy. In the Netherlands, 
researchh policy for eco/toxicology developed funding structures and research 
programmess in broad, cooperative formats, in response to regulatory needs, 
butt with some degree of distance from the specific needs of one specific 
regulatoryy agency. The programmes brought together various ministries with 
ann interest in eco/toxicological research. Meanwhile, the biologists that set up 
thesee programmes, whether they worked as research scientists or held jobs in 

Inn 1981, BION reported on double memberships and indicated that no less than 
2000 of their 1500 member scientists were a member of more than one research 
committee.. (Biologisch Onderzoek Nederland, Jaarverslag, p. 9A (1981). 
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ministries,, were crucial in defining such research programmes, the 
environmentall  problems they were to address, and in detennining the desired 
skilll  mix. Established academic ecologists continued to be weary of an 
involvementt in pollution research beyond the traditional issues of 
acidificationn and eutrophication. It was a younger generation of ecologists that 
becamee active in this sort of research and mat had a stake in blurring the 
demarcation.. These new research programmes where all interested parties 
weree to be represented, offered such perspectives. 

Inn the US, in contrast, the eco/toxicological scientists I interviewed 
weree categorical about their chances to apply for NSF funding: their work was 
consideredd too applied. The major funders of eco/toxicological research were 
consideredd EPA and industry, and to a lesser degree other state agencies, such 
ass state water pollution authorities.152 Similarly, in England (and Wales), 
eco/toxicologyy scientists I interviewed indicated that research money in 
eco/toxicologyy came almost entirely from either industry or the Ministries of 
thee Environment and Agriculture, Food and Fisheries, who directed their 
sharee to research centres they trusted and were used to. (Although some of 
thesee relations changed by the end of the eighties, in combination with new 
EUU research policies, more detail in Chapter 6.) If this assessment is right, and 
II  admittedly relied heavily on interviews, then this would mean that part of 
thee boundary work in eco/toxicology was performed in a different arena in the 
Netherlandss than in the other two countries, where researchers faced a choice 
betweenn either the research councils for more fundamental and general 
ecologicall  research, or a direct client relation with government or industry. In 
otherr words, the buffer of coordinated, negotiated research programmes for 
eco/toxicologyy simply did not exist or, as in England, was far less important. 

55 Organisational boundaries: how to become an 
eco/toxicologist eco/toxicologist 
Whatt have been the possibilities for students to combine ecology and 
toxicologyy in their university training? How have those possibilities 
developedd over time? The question is relevant for the development of 
boundariess in research between ecology and environmental toxicology in two 
ways.. Firstly, the demarcation of curricula structures the kind of bodies of 
knowledgee that students have readily available for research and policy work. 
Forr example, students with combined backgrounds in ecology and toxicology 
couldd create a generation of researchers with the skill and background to 

Findingg data for funding of environmental toxicology is extremely difficult, 
sincee the label is rarely used in statistics. There was a large National Toxicology 
Programmee in the US, initiated by the Department of Health, Education and 
Welfare,, but this focused on human toxicology (see Brickman, Jasanoff, and llgen, 
ControllingControlling Chemicals, p. 147). 
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performm a more integrated kind of 'ecotoxicological' research, blurring the 
boundaryy between ecology and environmental toxicology. Similarly, 
eco/toxicologistss have taken their knowledge to policy jobs, where they have 
putt it to use in designing and operationalising regulatory programmes. 
Secondly,, the construction of curricula combining ecology and environmental 
toxicologyy could directly enhance contacts between researchers from both 
fields,fields, especially when curricula are organised on an advanced level. 

Curriculaa obviously do not determine what courses students choose to 
combinee and what bodies of knowledge they acquire during their training. 
Mostt universities do not make it impossible for students to make unusual 
combinationss of courses, within some constraint of curricular requirements. 
Thee actual possibilities to make such combinations also depend on the 
availabilityy of courses in the immediate environment. This constitutes the first 
aspectt this section will investigate. Inversely, fully designed study 
programmess create ready-made study paths, the road of least resistance most 
studentss typically take. The construction and existence of study paths 
integratingg elements from toxicology and ecology wil l be the second focus of 
attentionn of this paragraph. The analysis was based on course guides 
composedd by universities and professional organisations, in as far as these 
couldd be retraced,153 combined with educational surveys and some interview 
material. . 

5.11 Studying eco/toxicology in the Netherlands 
5.7.77 University education in the Netherlands 
Fromm around 1981 until the time of writing, Dutch undergraduate education 
consistedd of state-licensed programmes that were divided in obligatory and 
optionall  courses.154 The first one to two years generally consisted of pre-

II  am very thankful to Henriette Bout for help with collecting and scoring this 
data.. Finding appropriate data on the precise composition of curricula was a difficult 
process.. Whereas university records are notoriously incomplete, the traces left of 
formerr curricula are even more minimal. Course guides are the only comprehensive 
sourcee of information about curricular possibilities, especially looking back over 
moree than two decades. Other sources keeping track of programme developments, 
suchh as student records, are either too recent or too general to provide detailed 
informationn on the composition of programmes. Therefore, it was not possible to 
determinee what students had actually studied and how they had combined courses in 
theirr training. We can only determine which trajectories were organised in them and 
too what extent students were stimulated or even obliged to follow certain courses. 
1544 The basic material for this section on the Netherlands was based on university 
coursee guides. Since course guides are written with the very specific objective of 
providingg information about the near future to students, archivists see no obvious 
reasonn to preserve this information once it becomes obsolete. The Dutch Ministry of 
Educationn tries to keep track of developments for policy purposes, but even its 
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structuredd trajectories. The possibilities to choose courses gradually increased 
inn the third and fourth year. The last phase of undergraduate study 
traditionallyy involved research projects combined with a small thesis. In this 
respect,, the graduation phase of Dutch undergraduate training was similar to 
graduatee school in Anglo-Saxon universities. During the last phase, the 
curricularr structure was the least compulsory and often there was only very 
generall  information about it in course guides.155 

AA very brief overview of the rather radical changes of the reforms in 
universityy training of the early eighties is necessary for an interpretation of the 
data.1566 Before 1981, the system of undergraduate education was based on 
five-yearr curricula, but on average it took students 7,2 years to graduate (in 
1970).. The long duration of studies, the high cost this implied, as well as the 
insufficientt adjustment of university training to the non-academic job market, 
weree identified as problems in the educational policy debates throughout the 
seventies.. The reorganisation attempted to shorten this time, while increasing 
thee student success rates. A second goal was to diversify the offer of 
undergraduatee training, both in terms of duration of curricula and in terms of 
varietyy of programmes, in order better to meet job market demands. 

Inn line with the policy goals, the length of curricula was shortened to 4 
yearss (in the programmes considered here, programmes such as engineering 
orr medical science took longer). This was the most important factor in the 
reductionn of average study duration to 5,4 years in 1986, although cuts in 

libraryy could not provide all the information for the period researched. Eventually, 
mostt old course guides were found through university departments and their 
(former)) personnel. After an extensive search, limited information was found on 
trainingg programmes at the Agricultural University of Wageningen, the University 
off  Amsterdam, the Free University of Amsterdam, the University of Utrecht, and to 
aa very limited extent for the University of Nijmegen. Two universities of importance 
forr this project, had to be omitted: the University of Groningen, with a major 
programmee in ecology, and the University of Leiden, an omission that would have 
beenn more dramatic if we had studied human toxicology. Course guides were 
probedd every five years, starting in the academic year of 1973/74. An exception had 
too be made for 1983/84, since the Dutch undergraduate education was still in 
transitionn after reorganisations that started in 1981. The 'Wet twee-fasenstructuur' 
[Two-phasee Structure Act] was adopted in March 1981 and was implemented in the 
followingg years. (Ministerie van Onderwijs en Wetenschappen, Evaluatie-
OnderzoekOnderzoek Wet Twee-Fasenstructuur) 
1555 Currently, universities are preparing a bachelor-master structure. 
1566 The changes in Dutch higher education in the beginning of the eighties were far 
moree radical than changes in the UK, or other neighbouring countries for that 
matter,, see Centrum voor Studies van het Hoger Onderwijs, Aspecten van Hoger 
Onderwijs,Onderwijs, p. 8 et seq. 
1577 Ministerie van Onderwijs en Wetenschappen, Evaluatie-Onderzoek Wet Twee-
Fasenstructuur,Fasenstructuur, pp. 7 et seq., 221 et seq. 
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studentt allowances also contributed to this. The differentiation of course 
offeringss was enhanced, although this trend had already started in the natural 
sciencess before the changes were implemented. The evaluation of the 
reorganisationn pointed out that the variety of programmes as well as the 
possibilitiess to customise training for individual students had effectively 
increased.. The reduction of the curricula length with 1 to 1,5 years was 
especiallyy achieved by university departments by a reduction of the so-called 
'graduationn phase'. This phase, concluding undergraduate training with 
internships,, research projects, and a short thesis, was traditionally scheduled 
att approximately two years. In most programmes, this time was halved, while 
aa greater variety in graduation phase programmes was developed. However, 
especiallyy in obligatory parts of curricula, university departments and 
programmess showed the tendency to maintain their proper courses, at the 
expensee of courses provided by other training programmes.158 Postdoctoral 
trainingg programmes in the Netherlands were organised informally at the end 
off  the eighties, through cooperation of a few universities. These programmes 
receivedd a formal character from 1993 onwards, when Dutch research and 
researchh training were reorganised into 'research schools'. These consisted of 
cooperatingg universities and organised training for PhD students. 

Onee would expect the increase of choice in curriculum composition 
afterr the 1981 reorganisation to increase possibilities for students to combine 
ecologicall  and toxicological courses and thus to blur the educational 
demarcationn between the fields. However, departmental territorialism could 
alsoo inhibit cooperation between different programmes, especially since 
ecologyy and toxicology tend to be in separate departments at Dutch 
Universities.1599 These effects may play at curriculum level, but in the nineties, 
studentss have extended possibilities to compose their own programme through 
internationall  exchange programmes such as ERASMUS. 

Thee very fact that higher education policy of government can have such 
aa detailed impact on the auricular structure of universities is in itself an 
importantt difference with the US and England, where universities and 

Ministeriee van Onderwijs en Wetenschappen, Evaluatie-Onderzoek Wet Twee-
Fasenstructuur,Fasenstructuur, pp. 44-9, 62-4. Figures for the average duration of actual 
undergraduatee studies are scarce. A more recent source, mentions 5,7 years for 1983 
(Centrumm voor Studies van het Hoger Onderwijs, Aspecten van Hoger Onderwijs, p. 
64)) and the report Kengetallen universitair onderwijs 1996 of the universities 
(VSNU)) mentions 5,5 years for 1996 {Volkskrant, Rotterdamse en Delftse Studenten 
zijnn Traag, 15 August 1996). 
1599 Groen has noted the traditional strength of the demarcations between Dutch 
facultiess in terms of education since the nineteenth century. He has suggested that 
thesee demarcations have decreased slowly, starting with the possibilities to set up 
'experimentall  study programmes' in the sixties. (Groen, Het Wetenschappelijke 
OnderwijsOnderwijs in Nederland, pp. 184-5 (Vol. ED).) 
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collegess have traditionally been much more autonomous in determining 
curriculumm composition.160 Up until the 1981 reorganisations, curriculum 
compositionn was anchored legally. Study programmes were very broad and 
definedd in terms such as 'biology', but with specifications of which exams 
neededd to be taken after the first year ('propaedeuse') and the second phase 
('kandidaats',, which was no longer discerned from the graduation as 
'doctorandus'' after the reorganisation).161 After the reorganisation, study 
programmess needed ministerial approval and were then noted in a central 
register,, but course composition of these programmes was in practice largely 
leftt to departments. 

5.1.25.1.2 Undergraduate eco/toxicology 
Ass was signalled earlier in this chapter, (environmental) toxicology was 
virtuallyy absent from Dutch universities until the early seventies.162 However, 
thee virtual absence of separate university departments in the early seventies is 
somewhatt misleading. Interestingly, study programmes preceded research 
departmentss in toxicology, as for example in Wageningen, where the study 
programmee started before the start of the chair in toxicology in 1972. For the 
casee of Wageningen, the course guide record is most complete. 

Untill  1985, Wageningen was still a non-university college 
('hogeschool').. It traditionally had a strong emphasis on applied agricultural 
knowledge.. Education was traditionally clustered around agricultural sectors, 
nott around disciplines as with the universities. It was one of the first 
institutionss of higher education in the Netherlands to start with training 
programmess in 'environmental hygiene': problem-oriented environmental 
educationn rather than discipline-based. Within 'environmental hygiene', the 
specialisationn in 'water' was one of the first programmes to oblige students to 
studyy both toxicology and ecology. The programme was started in 1970, in 
thee same period as the initiation of discipline-based education in 

1600 Centrum voor Studies van het Hoger Onderwijs, Aspecten van Hoger 
Onderwijs,Onderwijs, p. 42 et seq., on England. Abbott contrasts the American tradition with 
thee Continental one, where the state licenses training and degrees. Abbott uses the 
examplee of France, but relation with the state is very similar in Belgium or the 
Netherlandss - although the Dutch state does not seem to have as tight a grip on 
curriculaa as the French. In fact, my own Belgian undergraduate degrees are called 
'licentiaat',, licentiat in French: I am a 'licensed' sociologist. (Abbott, The System of 
Professions,Professions, pp. 79-81) 
1611 Defined in the 'Academisch Statuut 1963', which was renewed in 1982, in the 
midstt of the reorganisations and soon to be overruled by them. Examination courses 
weree also defined very broadly, in terms of general disciplines (chemistry, 
biology,...).. (Groen, Het Wetenschappelijke Onderwijs in Nederland, pp. 83 et seq., 
Vol.ïï) ) 
1622 Groenewegen, Scientists, Audiences and Resources, pp. 52, 56-8. 
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Wageningen.. Later, the specialisations in 'Soil' and 'Environmental Effect 
Analysis'' followed the pattern, obliging students to study ecology and 
toxicology.toxicology. This combination of ecology and toxicology in Wageningen 
remainedd strong into the nineties. Although toxicology was offered in the 
curriculumm of discipline-based biology (and ecology within it) in 84/85 and 
88/89,, the focal point of the integration between ecology and toxicology can 
bee found in programmes oriented towards environmental problems. By 
1993/94,, toxicology had even disappeared again from the ecology curriculum 
whilee it was offered in the new programme in 'Environmental Biology', 
returningg the focus of eco/toxicological demarcation-blurring in the problem-
orientedd study programmes.164 Meanwhile, toxicology could still be studied 
throughh cell biology, where ecology was a first year obligatory course. Telling 
fromfrom the curriculum structure, you could either study ecology or toxicology 
underr a disciplinary umbrella of biology, but to'integrate both, your best 
chancess were in problem-oriented environmental programmes. 

Thiss pattern of integration in problem-oriented curricula is a recurrent 
one.. Utrecht ecology programmes, strongly plant-oriented, were part of a 
generall  biology programme in the seventies. By 1984/85, a specialised 
ecologyy programme was organised. Combination of this curriculum with 
toxicologyy was not developed and in the 1984/85 course guide even explicitly 
'nott recommended'.165 The possibility to switch to 'biological and aquatic 
toxicology'' was developed later. Only by 1993/94 had stronger curricular 
integrationss between toxicology and ecology taken place, once again in a 

Thee Wageningen biology programmes in the overview were created in 1971. 
Backgroundd in Groen, Het Wetenschappelijke Onderwijs in Nederland, p. 331 et 
seq.. (Vol.11). The first course in (interdisciplinary) 'environmental studies' was 
startedd at the University of Amsterdam (then still the 'Municipal University') in 
1971.. (Overview in Copius Peereboom and Bouwer, "Environmental Science 
'Milieukunde'' in the Netherlands", p. 164.) However, issues in eco/toxicology were 
generallyy far from the Dutch 'environmental studies'. In fact, several Dutch 
ecologistss and toxicologists chose to stay aloof from environmental studies well into 
thee eighties, feeling uncomfortable with the involvements with environmental policy 
andd campaigning, as has been illustrated in previous sections. When postgraduate 
trainingg programmes and research schools were formed, both fields were organised 
inn separate organisations. 

Groenewegenn has noted that the orientation towards environmental issues and a 
non-academicc job market of toxicological teaching at Wageningen has had an 
influencee on the determination of research subjects, more so than at the more 
discipline-basedd university of Utrecht. (Groenewegen, Scientists, Audiences and 
Resources,Resources, pp. 158-9) 
1655 Relations between the toxicologists in Utrecht and the biology faculty had 
apparentlyy not always been easy, especially in matters of student numbers. 
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programmee called 'environmental biology', with both ecology and toxicology 
ass obligatory courses. 

Att the University of Amsterdam, 'aquatic ecology' was redefined into 
'aquaticc ecology, ecotoxicology, and environmental biology' by 1988/89. 
Ratherr than to form new and inter-facultary 'applied' programmes, these were 
developedd from within the traditional discipline-based structures. Ecology and 
toxicologyy were combined in curricula but provided by different faculties. 

Thee Free University offered possibilities to combine ecology and 
toxicologyy after the general natural science curriculum was diversified, 
amongg which specialisations in ecology. These appear in the overview in 
1988/89.1666 Ecotoxicology at the Free University was known best for its 
terrestriall  side. As mentioned before, it is also considered as one of the places 
wheree ecological and toxicological research were most integrated, grafted 
uponn ecological research and in absence of a strong toxicological tradition at 
thiss university. 

Thee list could be made longer, but the general pattern is clear and can 
bee summarised in a few core features: ecology was part of basic training in 
Dutchh biology throughout the period studied. After the 1981 reorganisations, 
moree specific training programmes developed, among which specific ecology 
programmes.. Apart from a basic introductory course, it was still possible to 
studyy environmental toxicology without ecology by 1995, but more 
programmess now integrated the two subjects. These integrations occurred in 
twoo ways. The first - and the oldest - was along the lines of problem-oriented 
curricula,, such as environmental hygiene or environmental biology. The 
second,, starting at the Amsterdam universities at the end of the eighties, 
specificallyy came from a renewed attempt of ecologists to train students in the 
assessmentt of chemicals and effects of chemicals in the environment. 

5.7.33 Graduate eco/toxicology 
Inn 1992, the Royal Academy of Sciences of the Netherlands started the first 
roundd of assessments for the establishment of 'research schools'. These 
schoolss were to be both centres of graduate training and graduate research. 
Although,, originally, they were seen as ways to develop national centres of 
researchh excellence, each concentrated in one university, they developed into 
cooperativee networks between several universities. In various cases, the 
structuree of a research school would build from already existing networks of 
cooperationn between universities, often based on joint graduate research 

1666 According to a guide of SETAC-Europe, the course 'Introduction to 
Ecotoxicology'' has been given at the Free University since 1986. The guide is too 
fragmentedfragmented and incomplete to serve as a basis for an analysis of Dutch education 
(Societyy for Environmental Toxicology and Chemistry-Europe, Register of 
Courses). Courses). 
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training.. In the case of the research school 'Environmental Chemistry and 
Toxicology',, the school could be constructed from an earlier network of 
graduatee training in toxicology, of which I found a first formal announcement 
forl990-91.167 7 

Thee programme of the course was organised around toxicology, both 
humann and environmental. A detailed course description of 1992-93 described 
aa programme of twenty-four weeks, three weeks of which were reserved for 
'ecotoxicology',, the only section explicitly treating the effects of chemicals 
onn wildlif e and ecosystems. The three weeks were in turn divided in a week 
forr effects on individual species, a week for populations, and a week for 
ecosystems.1688 The programme was organised by three predominantly 
biomedicall  toxicology departments (from Nijmegen, Leiden, and the Free 
University)) and two departments which also worked on wildlif e impacts 
(Wageningenn and Utrecht). By 1992, the latter were joined by the 
ecotoxicologyy group of the Free University.169 

Thiss was not the only possibility for graduate training, since workshops 
andd ad-hoc courses were also available. Of relevance here was a series of 
workshops,, later dubbed 'advanced courses', in ecotoxicology on the isle of 
Texel,, the first of which was held in 1989. Topics in these courses ranged 
fromfrom regulatory policy of the EU, to problems of extrapolation of laboratory 
testtest results to the field; from effects of chemicals on individual organisms, to 
populationn effects.170 The toxicology group at Wageningen was generally the 
organisingg centre of such courses. The ecological aspects ('higher levels') of 
chemicall  impact were generally covered by the department of ecology and 
ecotoxicologyy of the Free University. 

However,, this was not a happy alliance. By 1994, the first research 
schoolss had passed the evaluation by the Academy of Sciences and a general 
vieww of the new alliances was becoming clear, at least for biology. The 
departmentt of ecology and ecotoxicology of the Free University was aiming 
forr a membership in the research school of environmental sciences and not in 
Environmentall  Toxicology and Chemistry, just as the newly formed 
departmentt in aquatic ecotoxicology at the University of Amsterdam. Both 
departmentss had their roots in ecology departments. The envisaged research 
schooll  of environmental sciences consisted of a very broad and 
interdisciplinaryy constituency, stretching to social sciences also. Year after 

Anonymous,, "Post-Doctorale Opleiding Toxicologie; Cursus 1990-1". 
1688 Thus the term ecotoxicology is used here in the broad sense: the effects of 
chemicalss on wildlif e and ecosystems, not restricted to 'higher levels of biological 
organisation'. . 
1699 Anonymous, "Post-Doctorale Opleiding Toxicologie; Cursus 1990-1" 
1700 Anonymous, "Cursus Ecotoxicofogie 1989"; Anonymous, 5th Advanced Course 
onon Ecotoxicology. 
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year,, it failed recognition by the Academy, allegedly for lack of coherence in 
thee research programme, until 1994.171 Meanwhile, the research school of 
'Environmentall  Chemistry and Toxicology', containing, among others, no 
lesss than eleven departments of the University of Wageningen, received 
recognitionn and started to operate. In addition, two other biological research 
schoolss related to environmental sciences were being formed: 'Production 
Ecology',, grouping all of Wageningen ecology, and 'Functional Ecology', 
withh just about all the other ecological departments in the country.172 Hence, 
thee result of the formation of research schools was that the programmes that 
blurredd the boundary between ecology and toxicology most, were left out of 
thee school of 'Environmental Chemistry and Toxicology'. 

5.22 Studying eco/toxicology in England 
5.2.15.2.1 Higher education in England173 

Higherr education in England consists of three years of 'graduate' 
programmes,, which were relatively separated from research, as in the first 
phasess of Dutch undergraduate programmes. (I will call these 'undergraduate' 
too avoid confusion.) On average, students took 3,3 years to obtain their 
degree.. This was followed by one to two years of 'postgraduate' education, 
forr which there were generally no structured educational programmes. In 
contrastt to the Netherlands, the institutions of higher education are very 
autonomouss in composing and structuring curricula. Allocation of 
governmentt funding based on numbers of students was largely determined on 
thee level of the higher education institutions ('block grants'), although 
additionall  instruments increasing competition over students has been 
introduced.174 4 

5.2.25.2.2 Undergraduate eco/toxicology in England 
Registers1755 for undergraduate education in the UK mentioned approximately 
two-dozenn universities that offer graduate courses in environmental 

1711 SENSE, The Sense Research School 
mm Anonymous, "Overzicht van de Onderzoeksscholen in de Biologie". When the 
Universityy of Wageningen radically reorganised its research in 1998, this also 
underminedd the research school for Environmental Chemistry and Toxicology: the 
denominationn no longer fitted in the plans of university managers. Some of the 
Wageningenn groups ended up in the Wageningen Institute for Environment and 
Climatee Research (WIMEK) and the Utrecht groups in the research school of 
Animall  Health. 
1733 To prevent over-complexity, the overview has been limited to England. 
1744 Centrum voor Studies van het Hoger Onderwijs, Aspecten van Hoger 
Onderwijs,Onderwijs, pp. 22-5, 42-4, 64. 
1755 An analysis of UK curricula in eco/toxicology similar to the one made for the 
Netherlandss was not possible, because of lack of (access to) equivalent sources. 
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toxicologyy by the early nineties. For most universities, these implied one or 
twoo courses, offered to several programmes. I found only one complete 
undergraduatee programme in environmental toxicology, appearing in course 
guidess in 1993/94: the University of Luton offered a full BSc and MSc 
programmee called 'Ecotoxicology and Pollution Studies'. The courses in 
environmentall  toxicology were part of programmes that led to a BSc in 
biology,, usually 'applied' or 'environmental', or environmental sciences, 
sometimess chemistry. Environmental toxicology offered as part of an ecology 
curriculumm was exceptional. Among the few places where I could track such a 
combinationn from the course guides, was the University of Wales College of 
Cardiff,, with a course in environmental toxicology as part of several BSc 
programmes,, among which ecology. Reading offered courses on pollution 
assessmentt from an ecological perspective, as part of a programme in zoology 
andd environmental biology.176 The Luton programme in 'Ecotoxicology and 
Pollutionn Studies' was another possible exception, but it was not clear what 
thee role of ecological courses was in this programme. A last case was 
Sheffield,, where 'animal toxicology' and 'biology of pollution' were offered 
ass part of several degrees, among which also a degree in ecology. 

Overall,, there were only a limited places in the UK where 
environmentall  toxicology was part of ecology programmes. The low 
integrationn with ecology may be due to a limited specialisation in UK 
undergraduatee studies. In addition, it is not clear to what extent students could 
choosee additional ecological courses in their programme. Nevertheless, there 
iss no trace of the blurring of boundaries between ecology and environmental 
toxicologyy as found in Dutch undergraduate programmes. 

However,, starting in 1992, the UK branch of the Society of Environmental 
Toxicologyy and Chemistry Europe has edited registers of 'graduate' and 
'postgraduate'' training programmes. The registers are based on 'questionnaires 
distributedd to over 200 departments of biology and chemistry-related disciplines in 
collegess of higher education, polytechnics and universities throughout the UK.' 
(Societyy of Ecotoxicology and Environmental Safety - UK, Register of Courses in 
EnvironmentalEnvironmental Toxicology and Environmental Chemistry in the UK 1992) The 1993 
registerr mentions more precisely that 75 institutions actually returned the 
questionnaires.. (Society of Ecotoxicology and Environmental Safety - UK, 
EnvironmentalEnvironmental Toxicology Environmental Chemistry: Register of Courses in the UK 
1993/94,1993/94, pp. nn., Introduction). Based on these registers, we can get an overview of 
educationn for 1992/93 and 1993/94. Because these guides offer an entrance from the 
pointt of view of environmental toxicology, a general course guide for the UK was 
consulted,, but this could not repair the bias entirely. (Anonymous, Graduate Studies 
1993/94)1993/94) Additional information came from the 1995 European overview of mostly 
graduatee programmes of SETAC-Europe (Society for Environmental Toxicology 
andd Chemistry-Europe, Register of Courses). 
1766 The courses were 'ecophysiology of metals' and 'environment ecology'. 
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5.2.35.2.3 English 'postgraduate'programmes 
II  have found seven programmes that claim to have a complete series of 
coursess leading to an MSc in environmental toxicology (not all of which are 
strictlyy speaking in England).177 Three of these had an emphasis on human 
health.. Of the remaining four, two programmes had a clear ecological slant, 
Readingg and, once again, Luton. The Reading programme was supported by 
NERCC and stressed 'mechanisms of toxicity in the context of ecological 
effects'.. Cardiff had a graduate programme in 'hydrobiology', given since 
1974,, where toxicology was taught as part of a programme on estuarine 
ecosystems.. Approximately ten other MSc programmes were listed that 
offeredd environmental toxicology as one course in a wider programme. These 
weree either programmes in pollution management or toxicology, only in one 
casee as part of an ecology degree. The guide of SETAC-Europe also listed a 
master'ss programme in 'Biology of water resource management', including 
ecologyy and 'ecotoxicology' at Napier University, Edinburgh. The 
programmee existed since 1980.178 Ecology appeared in this overview as part 
off  programmes oriented at environmental management, generally without 
mentionn of toxicology. 

Inn sum, UK postgraduate programmes offered a few possibilities for 
studentss to combine ecology and environmental toxicology, especially in the 
programmess that specialised in environmental toxicology as such. The 
possibilitiess to combine ecology and environmental toxicology were more 
developedd than on an undergraduate level. However, unlike the Dutch 
situation,, the combination of courses in one curriculum did not seem to take 
placee in the programmes that were oriented at environmental problems. In 
suchh programmes 'ecology' was mentioned as a focus of attention, but then 
toxicologyy was generally lacking. Ecology and toxicology were combined in 
programmess oriented at research-training and, with littl e exception, not in the 
oness geared at environmental management. 

5.33 Studying eco/toxicology in the US 
Undergraduatee programmes in the US were generally so broadly defined, that 
ann analysis of the details of the curricula with respect to the boundary between 
ecologyy and environmental toxicology would make littl e sense. In fact, 
undergraduatee training was not even mentioned in the registers of training 
programmess made by the professional organisations and used for these 

1777 In the SETAC UK guide for 1994. 
1788 Society for Environmental Toxicology and Chemistry-Europe, Register of 
Courses. Courses. 
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analyses.1799 A general analysis could be made for the period between 1988 
andd 1993. Few graduate programmes in environmental toxicology mentioned 
ecologyy as a focus of attention.180 The few that actually did, were degrees in 
environmentall  science on the one hand, or in biology or ecology on the other. 
Theree were no degrees in 'ecotoxicology'. Ecotoxicology was mentioned as 
partt of a programme only three to four times every year. This followed the 
loww key of the term in the US described earlier. Not only was the term rare, 
thee integration and/or blurring of the boundary between ecology and 
toxicologyy in graduate curricula was also exceptional in the US. Even in a 
moree detailed course guide of the Society for Toxicology, ecology was a rare 
subject.. From these more detailed programme descriptions, it seems the 
combinationn with ecology was made in a few interdisciplinary toxicology 
programmes,, usually where there was an ecologist on the staff.181 Such 
interdisciplinaryy programmes were run as cooperative arrangements between 
variouss departments. For example, the programme at Virginia Tech formally 
offeredd its degrees through 15 participating departments (although in practice 

Ass regards the UK, the analysis of US training in eco/toxicology was made on 
thee basis of series of study guides made by professional organisations. One such a 
seriess are overviews of programmes than contain courses in environmental 
toxicologyy made by SETAC. These were based on a survey sent out 'to all graduate 
deanss in the United States and Canada that are listed in the current directory of the 
Councill  of Graduate Schools.' In the first edition of 1988 (Society for 
Environmentall  Toxicology and Chemistry, National Survey of Graduate 
Programmes...)Programmes...) there was little or no selection in the response. Approximately 18 of 
thee programmes mentioned had an emphasis on human health. Later editions (of 
19911 and 1993) were edited more selectively and excluded a number of programmes 
thatt had no "environmental component or emphasis". (Society for Environmental 
Toxicologyy and Chemistry, Graduate Programmes in Environmental Toxicology 
andand Environmental Chemistry, Second Survey', Society for Environmental 
Toxicologyy and Chemistry, Graduate Programmes in Environmental Toxicology 
andand Environmental Chemistry, Third Survey) A more detailed survey was 
undertakenn by the Society of Toxicology (Society of Toxicology, Resource Guide to 
CareersCareers in Toxicology). Most programmes in this guide have an exclusive health-
perspective,, but the guide also lists a number of programmes in eco/toxicology. 

Whenn courses listed under 'environmental toxicology' and 'Miscellaneous' are 
takenn together, the number of programmes mentioning ecology as an area of 
emphasiss are 5 out of 47 in 1988, 6 out of 63 in 1991, and 9 out of 49 in 1993. 
1811 Exceptions are the 'Integrated Toxicology Program' of Duke University, the 
'Multidisciplinaryy Ph.D. Program' of the Institute for Environmental Toxicology of 
Michigann State University, and toxicology programmes at the University of 
Californiaa at Davis, the University of Georgia, and the University of South Carolina. 
Thee (small) programme of the Centre for Environmental and Hazardous Materials 
Studiess of Virginia Tech was not listed here. (Society of Toxicology, Resource 
GuideGuide to Careers in Toxicology) 
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thee number was far less). Such arrangements are generally hard to maintain 
andd require constant negotiation and organisational alertness. As long as there 
weree hardly any research departments that integrated ecology and toxicology, 
theree was no other possibility for developing integration in graduate teaching 
programmess but through special programmes or cooperative agreements 
betweenn various departments. 

AA remarkable change in the period 1988-1993 was that the number of 
programmess that offered a degree that was actually called 'environmental 
toxicology'' decreased sharply, while the number of programmes offering a 
degreee in 'toxicology' increased. None of these programmes in toxicology 
mentionedd ecology as a focus of attention. It seems that, around the beginning 
off  the nineties, programmes based on toxicology with potential specialisation 
inn environmental toxicology were seen as more viable than programmes in 
environmentall  toxicology with links to ecology. Not only was a combination 
off  ecology and environmental toxicology rare in graduate curricula, 
environmentall  toxicology moved the other way, towards general and 
discipline-basedd toxicology. 

66 Eco/toxicology: academic boundaries 
Betweenn 1970 and 1995, complexity seems to be the overall impression of the 
boundaryy configurations of academic eco/toxicology, i.e. the combination of 
social,, textual, and material devices, combined in (research) organisations. On 
thee whole, the calls for a blurring of the boundaries between the 
physiologicallyy oriented environmental toxicology and ecology were not very 
successful.. While mainstream ecologists became suspicious of policy 
involvementt in the 1970s, environmental toxicology developed more or less 
separatelyy in regulatory settings. By the early 80s, the ecologists who wanted 
too pursue work in the environmental assessment of chemicals had to struggle 
forr their approach in a field that was organised around single-species testing 
ass the dominant model. Ecology was considered an important aspect of the 
backgroundd knowledge for an environmental toxicologist and ecologists 
foundd jobs in regulatory research centres, but the division of labour implied 
thatt ecology was mostly the secondary body of knowledge, perhaps with the 
exceptionn of validation studies to support single species testing. 

However,, there were some differences between the countries studied. 
Thee situation of Dutch ecology in the early 1970s was ambivalent. On the one 
hand,, academic ecology (at the universities and the research institutes of the 
Royall  Dutch Academy of Sciences) had a tendency to keep considerable 
distancee from problem-oriented research. On the other hand, a large section of 
ecologicall  research was performed in government research institutes, with 
agendass in environmental policy. In the Netherlands, the division of labour in 
eco/toxicologyy was represented by researchers more as a cooperation on equal 
footing.. Much more than in the US, the term 'ecotoxicology' was picked up 
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andd used as the combination of ecological, toxicological, and even chemical 
bodiess of knowledge as applied to the study of environmental effects of 
pollution.. This account was put forward most clearly in the context of 
researchh policies of the 1980s. Nevertheless, the cooperation was not always 
withoutt tension, as was illustrated with the attempts to propose a toxico-
ecology,, where environmental toxicology would be the dominant field, or the 
choicee of the Amsterdam eco/toxicology groups to opt for the research school 
off  environmental studies, rather than environmental toxicology and chemistry. 
Environmentall  studies was also the context in which integration of ecology 
andd environmental toxicology in study programmes was strongest. In 
England,, the idea of an integrated ecotoxicology was defended most by 
researcherss who actually worked in this sort of setting, ecologists and 
toxicologistss alike. It also found limited success in educational programmes. 

Regulatoryy policies were always present in the struggles over the 
divisionn of labour in eco/toxicology. Not only did the term ecotoxicology 
originatee in a regulatory setting, the activities of professional organisations 
andd of teaching programmes were often directed at regulatory agendas. 
Controversiess and disagreements were argued in terms that included 
regulatoryy considerations, such as the cost of single versus multispecies tests, 
theirr repeatability, or legal reliability. Regulatory agencies funded major parts 
off  this research. (At least in the US and England: in the Netherlands, part of 
thee regulatory research finances were combined in research programmes with 
highh levels of inter-departmental cooperation and ecotoxicological 
integration.)) Participants in the 'ecotoxicology' debates were academic 
scientists,, government scientists, industry scientists, as well as non-researcher 
officialss of government agencies. SETAC even organised the profession along 
thesee lines. What was and was not proper ecotoxicology throughout this 
historyy therefore implied attempts to delineate an academic field as well as 
demarcatee the science that would count in regulatory decisions, while 
simultaneouslyy the form of the boundary between this science and policy 
makingg was at stake. 

Too understand the boundary configuration of eco/toxicology (and its 
development)) more fully, we will therefore have to look at their involvement 
inn regulatory regimes in more detail. By doing this, we wil l also be able to pay 
moree attention to the boundary objects: the toxicity tests that were developed 
forr regulatory policy. As we will see, the share of ecology varies considerably 
betweenn regulatory regimes, offering us another part of the ecotoxicology 
puzzle. . 
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