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Abstract 

How does one product corne to substitute for another? What is the process by which one 

p d u c t  supplants another in performing a particular function in the economy? These are 

the questions addressed here. Specificaily, this dissertation contends that the way 

substitution has been conceptualized and investigated to date in the discipline of strategy 

is incomplete. It is especially inadequate for providing guidance to managers of firms, 

NGOs and govemment departments trying to cope with unfortunately increasingly 

common phenornena of substitution events triggered by environmental and health 

concerns. Unsatisfied with the literanue's preoccupation with objectivist assumptions 

about infornation and a focus on the material realm of competing tcchwlogical artifacts, 

this research explores the possibility that evaluation and measurement of products' 

relative perfomance is subject to historically contingent processes of social construction 

and negotiation in the d m  of ideas. Research efforts have thenfore investigated a set 

of actors wider than that at the level of analysis of industry, opting for analysis at the 

level of interorganizational domain. Fhdings of a single exploratory case study aimed at 

theory building are presented; the fascinating story of dichlorodiphenyltrichlomethane 

(DDT) is told, focusing on its entry into and exit h m  the United States economy. 

Because DDT was substituted for at different times through different processes in 

different markets, the single case snidy yields multiple uni& of analysis. 

This dissertation identifies and describes three ideal types of substitution for which both 

inductiveIyderived empirical evidence and deductively-denved theoreticai support is 

offereâ. It concludes that a comprehensive mode1 of substitution includes three distinct 

processes: artif~t-making (or b'tool-maicing") in the material d m ,  as well as fat- 

making and de-making in the d m  of ideas, with a common theme of contestation 

linking aü three. So whereas substitution has to date k e n  viewed mostly in terms of 

sûuggle in the marketplace, this dissertation concluées that it is ktter viewed as three 

@el, shultaneous, and entaagled piocesses: stniggies over "Efficiency", stniggics 

over CbTruth", and stniggles over '4Justicen. 



Réaumé 

De quelle façon un pmduit vient a substituer un autre produit? Quel est le processus par lequel un 

produit supplante un autre et anive B jouer un rôle, voire une fonction, dans l'économie? Voici les 

questions que nous mulevons ici. Plus spécifiquement, la présente Mse  propose que la façon que 

la substitution a C t t  conceptualis& et investiguée jusqu'à maintenant dans la discipline de la 

stratdgie demeure incompiète. Les connaissances actuelles sont particuliérement insu€f7santes 

pour guider les gestio~aires d'entreprises, ceux des ONG, ainsi que ceux des d6partements 

gouvernementaux de plus en plus préoccupés par le phénomène regrettable de h substitution liée 

aux problémes environmentaux euou de santé. L'emphase trop souvent mise dans les écrits de la 

littémture sur des conceptualisations objectivistes de l'information et sur des objets physiques 

limite I'utilitl de ces écrits. La présente étude de cas a pour but d'explorer I'hypothhe suivante : 

les &aluations et les mesures de la petfonnance des produits concumnts sont sujets au processus 

de la construction sociale, et par le fait même ils sont sujectifs et situés historiquement. Pour ce 

faire, nous avons réalisé une ttude de cas exploratoire ayant servi bâtir la théorie, dont les 

résultats sont présentés ici. Nous avons investi* un ensemble plus grand d'acteurs que celui 

suggtré par le concept de ti l'industrie »; nous avons documentC et Chidi6 l'ensemble des acteurs 

du (i domaine interorganisationel M. La présente th& raconte I'histoire fwinante du 

dichlorodipheny ltric h l o d a n e  (DDT). Elle r concentre plus particul ihement sur la façon que 

ce produit est entré âans l'économie aux États-unis et sur la fqon que ce pdui t  a par la suite 

quia6 cette économie. Dans diffdrents marchés, le DDT a été substitu6 pu des produits diffbrents 

et B travers des processus diffbrents. Ces substitutions multiples, mises en lumihe par I'Ctude de 

cas unique du DDT, nous a donc permis de rtvCler plusieurs unités d'anaiyse. 

Cette thèse identifie et décrit trois types de substitutions, dites « idtales N, qui sont supportés par 

deux types d'argumentation: inductive et déductive. En guise de conclusion, nous suggCrons 

qu'un modéle compréhensif du processus de substitution doit inclure les mis sous-processus 

suivants : la construction des nouveaux outils )) (voire « proâuits N) dans le monde physique, la 

constructh des nouveaux E( faits » dans le monde des idées, ainsi que la construction de 

nouvelles a ddes » dans k monde des idées. Jusqu'l ce jour, la littérature a conceptualisé le 

processus de substitution comme un concours ou comme une lutte dans des marchés. La présente 

thèse conclut que le ptocessw de substitution se conceptualise davantage comme trois a luttes » 

s h u l ~  et difficiles I isoler les unes der autres : les luîtcs pour n ~'Efficacia », les luttes pour 

(4 la Vérité 1) et Ies luttes pour it k Justice ». 
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INTRODUCTION 

This is not a typical thesis for the discipline of strategic management because it is, in 

many ways, a biography. But it is not the biography of a celebrated CE0 or charismatic 

leader. Rather, it is the biography of a molecule: 1 , l , 1 -trichloro-2,2-bis(4- 

chlorophenyl)ethane, or DDT. This thesis documents the rise and fa11 of this celebrated 

and controversial synthetic organic chemical. 

Measureâ in ternis of the public's attention, the insecticide DDT is perhaps the most 

famous chemical product ever mandactured. It emerged from World War Two as a war 

hero, credited with swing the lives of literally millions of people - a symbol of the 

marvel and promise of technologid progress in modem economies. Yet less thaa 

twenty years later, it was condemned as a dangernus and deadly poison. Then too it 

smed as symbol, becoming an odpresent rexninder of al1 that could go wrong when 

the fidl consequences of new technologies finally came to light. 

To this day, DDT still amuses passions. Recent efforts by the United Nations 

Enviromnent Prognim to cwrdinate the negotiation of an "International Legally Binding 

instrument for Irnplementing International Action on Certain Persistent Organic 

Pollutants" have once again put DDT at center stage. Many d e n  will be surpriscd to 

hear that this substance is still in use in a number of countries around the world, and still 

receives the official support of scientists, govemments, and intergovemmental 

organhtions in ik use aga- mospuito populations within malaria control programs. 

But many othm scientists, govemments, inter- and non-govermental organizations 

remain convinced tbat DDT is neither safc nor necessory, and that growing problems of 

insect nsistance are evidence tbet it may not even k effective in its primary hc t ion  as 

an insect control technology. Meetings, research and negotiations continue. So although 

the finai chapter of this dissertation hes been (finaiiy!) completed, that of the £Ùii 

biography of DDT =mains to be written. 



The fate of this uifamous molecule is, however, sealed in the United States as well as in 

other developed economies. In 1972, DDT became the first of its class of insecticides - 
the chlorinated hydrocarbons or bborganochlo~es", which had e n t d  the economy just 

subsequent to WWII - to exit the US. economy as the result of a national ban imposed by 

the United States Environmentai Protection Agency. Subsequently, other organochlorine 

substances, like aldria, chlordane, dieldrin, en&, heptachlor, hexachlorocyclohexane, 

mirex, and toxaphene foliowed, theu registrations for various uses forcibly "cancelleâ" 

by authorities or ''voluntarily withdrawn" by their mdacturers. 

One nads biographies for many reasons. Well done, they capture, illuminate and perhaps 

offer insights into the complexities of events in subjects' - and reaâers' - worlds. The 

story of an individual is simdtaneously the story of their times and of the places and 

peoples that they found themselves amidst: of triumph and trageày, of conflict and 

coexistence. of questions asked and -ers offered, of unshakable certainties and 

unyielding mysteries. This is also the case with our focal molecule, DDT. 

Indeai, the richaess of the tale of DDT leaves a humbled biographer a wealth of 

possibilities. Delimiting the boundaries of this fascinating story quickly brings a 

researcher to the reality of tragic choice, of promising paths not taken. Perhaps 1 will be 

forgiven, at least partially, for the unrrasonably length of time it twk me to prepare thi- 

document once readers get some sense of d l  the intmsting places - in time, space and 

concepts - that the research taok me. 

Following the story of DDT meant following DDT itselE h m  the beakers of industrial 

chemists to AUied trenches in WWII Europe; firom greenfield chernical processing plants 

to green fields of cotton, corn and other crop plants in the United States; fiom the outnow 

of spraying equipment used by the Department of Agriculture in their insect eradication 

campaigris, to the inflow of midue measuring equipment used by the Department of the 

xii 



Interior's Fish and Wildlife S e M e  scientists who were finding DDT in birds, fish, and 

mammals. 

The specific physical and chernical properties of DDT meant that it could - and can st i l i  - 
be found everywhere on Earth. Literaily; you, the reader, have DDT in your body fat. 

Purity is gone. The discomforting conclusion motivating many environmentalists today - 
that the naturol cannot escape the synthetic - was to a great extent made unavoidable by 

the rnolecule DDT and its properties. 

Documenthg the story of DDT meant documenting its accumulation Ui ecosystems 

around the globe, dong with the paraiiel though lagging accumulation of lmowledge of 

this pervasive contamination. DDT residws contaminated almost sacred places, h m  the 

body fat of bald eagles, symbolic of the Uniteâ States' freedorn and power and whose 

populations were hatened,  to the body fat of penguins in Antmtica, a place which 

after DDT can no longer be symbolic of the pristine and untainteci. Even motber's mik 

contained traces of DDT beguuiuig in the 1950s. Today, processes of global 

"distillation" are occhng in which DDT used in southem climes is transporteci around 

the globe and deposited in the colder north, where scientists continue to monitor its 

accumulation in the species - and peoples - of the Arctic. The Vice President for Canada 

of the Inuit Circumpolar Conference laments a world where "As we put our babies to our 

breasts, we fied thetn a nomnus chernical cocktail that fbreshadows neurological 

disorders, cancer, kidney f4lure, reproductive dyfinctio~, et cetera. " (Watî-Cloutier, 

1998, p 24). 

As molecules of DDT sprrad, so did talk of it: h m  the M D  iaboratories of chemicai 

companies to the Agricdhiral Experixnent Stations at land grant universities; h m  the 

pages of scientific j o d s  of entomology to those of wildlife biology, phmacology and 

toxicology; h m  the Nobel Lecture given by the scicntist awafded his p h  for b ~ g i n g  

DDT into the economy to the testimony of hundreds of witnesses at f o d  hearings into 

w h a b a  it should k banisbed h m  the economy forever; h m  town hall meetings 



around the U.S. where local citizens debated the merits of insect sprayhg progmms to 

senate meetings on Capitol Hill, in Washington, where their representatives debated 

similar issues on a wider scale. Through each of the numerous texts - the cold, technical 

jargon of scientific papers, the inspiring prose of Rachel Carson, the characteristic Legalist 

language of regdatory statutes - the nature(s) and meaning(s) of DDT are revealed. 

This fascinating story of one synthetic chemical is simuitaneously the story of great 

individuals: Nobel pke-winning scientists piayed central roles, and oiher important 

actors have come to take on almost mythical statu, Iike Rachel Carson, the celebrated 

author of Silent Sprîng. The story of DDT is in many ways the story of the 

environmental movement itself. New nongovemmental organizations like the 

Environmental Defcnse Fund and govemment agencies like the EnWonmental Protection 

Agency were bmught into the world at least pady because of this molecde and its 

pmperties, and these organizations continue to play important roles in the construction, 

discussion and resolution of environmentai issues to this &y. 

1 m u t  say here a few words here about the perspective and path actually taken with this 

research, and, in particular, about the theme of contestation that has come to characterize 

the findings. Of course, with stlbstitutton as the focal phenornena under cxamination in 

this project, it was no sinprise that concepts like contestation and cornpetition would play 

a central mie, but at the outset I had little idea that it would be necessary to expand the 

use of these notions beyond the arena of the marketplace. Over and over again, in my 

efforts to describe what was happening as the process of substitution of DDT played itself 

out, and to cornpress this description hto a hanchi of usefbi concepts and insightfid 

relationships bctween hem, I found myself rewrting to the language of conflict and 

sîruggles@r domi~nce. Now this raises the question as to whether tbis was merely the 

projection of my own prroccupations ont0 the data or whether the data achiaily spoke, 

itseif, in a language of war. Certainly 1 cannot c l a h  an absence of interpretation during 

the pouring o v a  of the data. In inductive, qualitative ~scarch, the researcher himself is 

an unavoiâable instrument But 1 do think that, a b  mriding this diseriation and 



:e weighing the evidence presented, readers will agme that this phenornena of contestation 

I was both the objectively observable reality as well as the subjectively experienced reality 
I 

I of many of the actots involved. Actors in the studied domain understood and ncounted 

the events surroundhg the bistory of DDT using the discome of war. 

Indeed, battles, fights and conflicts are everywhere in the data. This theme of confiict 

was difficult to miss even in background reading undertaken in preparation for the case 

stuciy. Introductory texts on entomology and iasect control routinely begin with a 

charactetization of the history of the celationship of man with insects as an ongoing high 

stakes war. Agriculhual chemicals are commonly rrfemd to as, and understood to be, 

arms in an ongoing struggle, be it against insects which plundered fields for food or 

insects which served as vectois of transmission for serious and deadly diseases. In 

addition, modem synthetic insecticides have theu mots in the events of WWII, where 

d i ta ry  prionties and considerations played a major role in their development and 

deployment DDT emerged fiam WWII  as a war hero, cmlited with stopping a typhus 

epidemic, while other commercially signifiant agricultural chernicals have limage 

traceable to military RbD, chernical weapom, and even formaily pianned gewcide. 

But the tale of the rise and fa11 of DDT - its entry into, and exit h m ,  the economy - is not 

merely one of Man-insect stmggies in the material world of bollworm-infested cotton 

fields, mosquito-filled jungles, and louse-ridden soldiers' barracks Nor, l e s  

dramatically, is it a simple story of competing generations of technolo&cal artifacts rising 

to dominance in the marketplace based on their economic merits and relative 

performance. No, a complete biography of this molecule must also include a description 

of sîrugglesfir dominance in the reulm ofideas. People involved in the identification 

and resolution of the environmentai controversies sumunding DDT and other pesticides 

wodâ, when describing the wmplex process of scientSc debate and regdatory change 

in which they were engagea repuiarly characteriz wbat was happening in staik military 

tcmis: they had "enetnies" as ml1 as "allies" in wbat theù fights over theficts about 

DDT as well as the rules to govem its use, both of which wcn contested. 



So, whereas 1 began this research aimed at understanding our focal phenomena of 

substitution - the process by which new technological products replace incumbent 

products - with a clear focus on the physical realm of action and artrYacts, 1 eventuaily 

found myself, in order to undemaiid that process, also investigating the ideatioaal or 

discursive realm of tafk. In order to understand and track cornpetition between rival 

products, 1 found it necessary to describe and track competition between rival beliefS. 

Was DDT safe aad effective? Many believed it was, but many others held the exact 

opposite views. I also found it necessary to describe and track competition between rival 

values as well. Siiould the rights of citizens to a clean environment outweigh those of 

chernical companies and famers to earn a living? Were dead robias found on people's 

lawns a fair exchange for warding off Dutch E h  disease on tree-lined subutôan streets? 

Different actors valued these potentidly codicting rights differently. 

In resolving these two sorts of questions, one descriptive and the other normative, actors 

engagcd in discursive stniggie. That is, they e n t e 4  into the social arenas in which the 

fate of beliefs and values were decided. There, they d e  and promoted their c l a b ,  

offerhg evidence, justification and reasons why theu beliefs and values should pmail 

over competing ones. Thtough this process, certain beliefs became w i d e s p d  and 

iasti~ionaiïzed until M y ,  in the absence of M e r  contesiation, they had become 

hardenecl hto '4facts". Similady, the values, preferences and decision d e s  pmmoted by 

some actors became, through contestation and clashes with rivai values, the ïules" as 

particular ûadeoffs and preferences became institutionalized and applied in a widesptead 

marner, idonnallly as noms or forxnaily as regulations. 

And so firom my study of the phenomena of substitution, of stniggle for dominance in the 

marketplace, has corne a description of t h  padel, simuitaneous and entangled 

processes: stniggies over "Efficiency", stniggies over "Truth", and stniggles over 

'4Justice". 



SECTION 1 

This Section presents the motivations behind this research as well as the methodology 
which guided it. 

After pointing to the practical need for increasing our understanding of the study's focal 
phenornena, rubatitution, the organizational literature is reviewed and critiqued. 
important concepts and conceptual tools are pmented, with theù advantages and 
didvantages noted. Gaps in out theoretical understanding of substitution are identified 
and juxtaposed with promising liws of inquiry. 

Finally, the rcsearch pmject around which this dissertation is based is presented, dong 
with details of the methods employed. 



1 Research Motivations and Framing 

This Chapter describes what has motivated the research pr~sented in this dissertation. 

The research questions have been posed in such a mamer so as to give priority to gaining 

imights into practical concerns about current environmental problems, the resolution of 

which will have serious implications for technological evolution and hence strategists and 

managers in a number of industries. It was anticipated that a study aimed at answering 

the primary research question would also shed light on important theoretical concerns of 

researchen in the field of strategy, and these furnished basic concepts used to frame the 

research questions and to focus the study. 

The Chapter begins first with a presentation of the practical concerns motivating this 

research, situahg them within larger research contexts associateci with rustainable 

development and organiutional atrategy. These are then comected by a concephial 

bridge built muad the notion of substitution, which is the focal phenomena investigated 

in the study. A literature review foliows which presents and summarizes theoruùig about 

this focal phenomena within the discipline of strategy, identifies its shortcomings, and 

suggests the avenues for investigation that oriented this research. 

1.1 Practical Concenw Motivating the Research 

1.1.1 Real and Ressing Concenu for Ail C&ens: The Economy Continues to 

Genetate Envimnniental and Healrk PIobiems 

There is littie doubt that the world is experiencing an increase in thc number, scope and 

scde of unuitended and undesirable environmental problems ( B m  et al, 1998; Goudie, 

1991; MacNeill et al, 1991; Strong, 1988; WCED, 1987), nor that these environmental 

problems are increasingly king nflected in the concerns, attention and actions of social 

actors: citizens, scientists, fimis, govemments and non-govemrnental organizations 

(NGOs) (Weale, 1992; Caimcross, 1992; WCED, 1987). Then is a growïng co~lsensus 



arnongst business leader themselves that these problems present challenges that affect 

and will continue to afEect Uidustry in a major and evm profound way (khot Br Fischer, 

1993; Schmidheiny, 1992; Deloitte & Touche, 199 1; WCED, 1987). in response to the 

growing myriad of environmentai problems has emerged the general policy goal of 

"sustainable development". 

We focus hem on the chemical indusîry, where strategists and managers are convhced 

that achieving "sustainable development" wiU require significant change (Chernicd 

Manufacturers Association, 1994; Canadian Chernical Producers Association, 1994; 

Magretta, 1997; Avial & Whitehead, 1993; Newall, 1990). The products of this 

paiticular sector of the economy are such that their production and consumption are 

fkquently implicated in incidents of unintendeci and undesirable consequences in 

ecosystems and the human body. Indeed, examples abound. 

DDT, PCBs CFCs tetmethyl lead, methyl bromide - what do each of these products 

have in common? Subsequent to king succcssîüIly inserted into various markets and 

achieving commercial success, they have corne to be banned or severely restricted in 

rnany jurisdictions and removed fiom the web of goods and srnices that is the economy. 

From the chemicai industry's perspective, the changes necessary to achieve sustainable 

development c m  indeed k significant. Recent history is fui1 of examples of society 

"changiag its mind" about the appmpnateness of various chemical products, and 

subsequently "changing its khaviouf' to accommodate the phase-out and absence of the 

product through processes of substitutioa. in 1994, the United Nations' Collsdidated 

List of Pmducts .lYhose ColESUrnption has been Banned, Severei'y Restricted or not 

Approwd by Governments contained almost 600 such molecules with agriculnital, 

industrial or phannaceutid value and has grown since (United Nations, 1994). The 

practicaî concerns motivating this ceseaich are d, and Tabie 1.1.1.1 - Practical 

Concem Motivating the R e m h  summarizes them. 



Table 1.1.1.1 - Pmctical Concerns Motivatinn the Researcb 

Uaintended, Undesirable Conseauences 

New Alarm Bells ... 

New Repeating Our Mistakes? 

Many recognizcd and unfortunatcly fmilisr problcms of unintendcd consqu~~~ces continue to 
pose difficult chrllcnges for fhu, govemmcnts rad NO<h. Activim and rientists continue to 
link cxisting products with a diverse set ofuodesirable efkcts, like camw and resistmce amon8 a 
long List of othm such as birth defccts, stcrility, livcr damage, ccosystcm disniption, etc. 

oncogcnicity (United Nations, 1994). Yet this pmceoo is fàr fmm, and may never be, complctc. 
Many aonomically important agricultural and industrial chcmiuis rcrnain the wbjcct of 
controversy, ongoing rescarch and potentiai withdrawal h m  individual jurisdictions. ft is highly 
likcly that WC will witncss aven more cxits h m  diffcrent countncP' economies by suspectcd 
oncogens. 

With respect to mistanCC, many clah that Uucar and bactcria arc winning ihc smu nçe CO 
which rnankuid bas chrllcngcd thcm, as theu ability to dtSf out cumnt arsenal of pesticides and 
antiiiotics is gmwing. The numbcr of spccies of uisccu that are mistant to thc insecticides useâ 
to control thcm is growing, thrratcning public bcalth initiatives (spraying of rnosquitocs to conml 
malaria) as well as ihc economic viability of entire agriculturai sectors in some regions (Wm, 
1994; Kiss & Meetman, 199 1; PimCntal, 1987). 

Cancer rates arc on the rise in the devclopcd world (IARC, 1999). and although the= is much 
dcbatc about its causes, activists and scientists am lobbying for more mearch into the rolc of 
synthetic chcmicds in the environment (Stcingraber, 1997). To date a large nwnber of substances 
have been introduccd only to k later removcd fiom the marketplace duc to th& suspectcd 



Table 1.1.1.1  continued dl - Practical Concerns Motivation the Research 

Lesbianism in seagulls; female snails growing penises; alligators with shninken and dysttnctional 
pcniscs; dedining human male spenn counts; rishg rates of tcsticular cancer; and p w i n g  
attention dcficit disorder in childrcn- Each of these rnay be a symptom of a new class of problem 
of unintendcd conscquences king associatcd with cxposwe to synthctic chernicals in the 
environment known as endocrine disrtption. wherein the hormonal activity of humans and 
animals goes awry due to cxposure to very small arnounts (in the parts per million range) of 
various substances- Roundcd up and standing accuscd arc some of the usud suspects like DDT 
and PCBs, but also hcluded in the scicntific police line-up are substances which to this date have 
btcn relatively uncontrovcrsial and which currently play very important colts in the web of goods 
and services that is the economy, including: the herbicides 2,4-D, atraPne and alachlor, dong with 
many other agricuiturai chernicais; plasticizing compounds known as phthalatcs which are found 
ubiquitously Ut items as diverse as fimtwear, carpct backing, nail polish, shower curtains, paints, 
and cauhg ;  and s-ts known as alkyi phcnol ethoxyiates wd in grcases, lubricating oils 
and dctcrgcnts (Colbom et al, 1997). Should rcmoval of al1 or evcn some of these substances h m  
the economy bc judgcd ncccJsary, the amount of systemic change rquirtd of the economy will be 
enormous. Research. lobbvinp. armimentation and debatc continues. 

Partly in respollse to a growhg mistnist of widtsprcad and intensive use of synthctic chemicals, 
many actors h m  the indwtry that brought the world DDT and othcr arc cmntly  
Ulvesting hcavily in ncw emerging biotcchnologics, lkc Monsanto and DuPont for example. 
Transgenic mps (plants with n-anipulaîcd genetic makcup) bave becri creatcd which can tolcratc 
very intensive applications of a particulru herbicides manutàcnd, typically, by those with 
propcrty rights to dic transgcnic sscds. The gcncs of bactcria which producc "naturaln toxins that 
act on insects have been succcsstiilly spliccd into the gcnctic strings of plants to yield new strauis 
of mps which "nanirally" produce these toxins. Thcre is concern and cnticism howcvcr that the 
widesprcad utilization of these innovations will only lcad to anothcr round of battles a p h t  
familiar pmblems of unintendcd collsequeaces. Take reshtame for examplc, where it is feareâ 
that widespread and continucd exposure of pets to so-callcd 'hanual" toKins will eventually 
mirror our expcticnce with synthetic toxuis, substituting one tcchnological trcldmill for another 
(Bcnson, Arax & Burstcin, 1997). 



in addition to known and nasonably understood problems, nobody knows nor can predict what 
othcr challenges the adoption of thcse innovations may hold for humanity. Some argue that we 
cannot worry about undcfined and potentially nonexistent problems, yet others disagree. Indeec!, 
it would be very surprishg if the ncw emerging biotechnologies did not generate new types of 
surprises and unintendcd consequences. Comucopian arguments by techological optirnists can 
be turned an thtir head to suppon this claim. 

Recently it bas become fashionable to clairn that we are ushering in the dawn of a new cm of an 
explosion of ncw opporitnities and technologies using combinatorial arguments, whcrcin new 
technologies art scen as sccn as the u~nficipcrted but desirable consequences of combinations of 
older technologies - "valuable w ho les" assembled b y combining old technologies acting as parts 
(Kaufnnan, 1995). But if such a deterministic process of tcchnological evolution is indeed in 
opemtion and plays itself out, thcn as more and more combinations arc exptrimentcd with by 
actors who are not omniscient, we would also expect that more and morc ununticipored and 
wldesirable conscqucnccs would Iilso corne into existence. Indeed, philosophers of science argue 
convincingly chat as socictics acquire, apply and implement more and mort howledge - 
introducing morc and more objccts into theV material and conceptual worlâs, artifkt3 in the 
fonncr case and constnicts in the latter - the nurnbcr of possible lbhgcs bctwccn al1 of these also 
increascs. "TirUr we face the parada that w M e  our Anowledge continues to grow exponentially, 
uur reIevant ignorcuace &O d m  30, men more r@a@ " (Ravctz, 1986, p 423). 

Alrcady mgtics have raiscd conccms about possible ncw pmblcms. A numkr of "latent" allergies 
may kgin to pioduce symptoms and musc problem as the genetic origins of what constitutc f& 
are rnanipulated (Benson, Arax & Burstcin, 1997). These do not exist roday bccause, for example, 
people do not at such thlligs as a pctunia, but thcy might bc cating one of its gen~-cally designcd 
cousins in the thtum. Additionally, once tclcased into ecosystcrns, humans' control over 
particular gencs, gcnotypes and gcnctic cvolution is weak at bcst, giving risc to the poasibility of 
the appcarancc of "super-wcedsn or "super4isc(~scs". This is becam the desirable propenics of 
toughness against insccts and herbicides that bave been designcd into certain crops through 
gcnctic eng ince~g  may sptcad to u*?d spcciw through hybridizing. Or the "crop" rnay become 
a "w&, invading and ovcrwhclmin~ ecosystems other than the agm-ecosystem for which it was 
designcd (Rissler & Mellon, 19%). 

The chernical indusûy has been one of the most innovative sectors of the economy during 

this pst century. Cumntly there are over 70,000 traded substances in economies - and 

therefore also in ecosystems - mund the world (WCED, 1987). Given the prevailing 

techno10gical optimism and ecological ignorance of earlier this century, as well as the 

novel challenge thet these substances posed for institutions at the thne of theù 

introduction, it is highly likely that îhe pundwock for a number of latent "surprises" has 



already ken  prepared and that society wiil be forced to deal with even more problems of 

unintended and undesirable consequences in the fiiture. More recently, corporations from 

this innovative industry have tumed their attention to biotechnology. Fimis formerly 

known as "chernical" companies and who bad built competences in the science of 

"death" (insecticides, herbicides, fungicides, etc.), like Monsanto, Novartis and DuPont, 

are fast transfomüng themselves into "life sciences" companies and in the process 

building a new sector. New product technologies are king brought to market in the 

midst of debates filled with discourse, both promotional and oppositional, that echoes - 
eenly - that heard earlier this century when synthetic organic chernicals, many of which 

would ultimately be banned, were inwduced. Inevitably, more and new problems of 

unintended and undesirable consequences will indeed be encouatered as a result of these 

new technologies, and some will corne to k removed fiom the economy. 

Hence, an understanding of how economies nact to the surprises of uninteaded and 

undesirable consequences of products is an important practical concem. Achievuig a 

better understanding of our focal phenomena of substitution is of much practical 

si gni ficance. 

1.1.2 Real and Ressing Co~~cetns for Sholegbt~: Envimnmental and HeaIth 

Of importance to organizational researchers, concerns about environmental problems 

incmsingly preoccupy orgauizations and the strategists leading hem (Schot & Fischer, 

1993; Schmidheiny, 1992; Winsemius & Outram, 1992). This is espccially true in the 

chernical UidUSfCY (Chemical Manufactwers Association, 1994; Caaadian Chemical 

Producers Association, 1994). This is unsupishg given tbat the discovery that a 

product bas mintendeci and undesitable consequences for the enviro~~ment and human 

h e m  can ~eriously affkct o r g ~ t i o n a l  viability, posing b a t s  to both pmfitabüity and 



1.1.2.1 Threats 

Firms survive by producing and selling goods and services at a profit in various markets. 

Obviously, if activities like the production, tramport, export, purchase, possession and/or 

use of a product are pmhibited in piuticular markets, this has direct economic 

consequences for h s  involved in its manufacture. Banned products do not help the 

bottom line. 

in addition, nmis upstream and downstrearn in the value chah are also affécted. 

Suppliers of raw materials see demand for their products &op, and customers are forced 

to find and integrate substitutes into their activities. These substitutes can be more 

expensive and less effective, imposing a recming direct cost of change on these h s  as 

well. The ubiquity of chernicd products in the econorny, with product shipments 

radiating out fiom this core sector to the value chahs of almost every other sector, is 

significant. Bans on products h m  this sector cm affect rnany others, and perhaps the 

entire economy. Indeed, the impact on the economy of a suciden p d u c t  withdrawal is 

analogous to that of a supply shock. 

The significance of the t k a t  of a product ban to an individual producing fkm depends 

upon many factors: the degree of diversification of the finn's portfolio, the pace at which 

the p d u c t  leaves the economy, regdators' compensation policy, etc. Yet the stakes can 

be enormous. Let's put these into perspective. 

What affects the chemicals sector af5ects everyone. Worldwide, annual revenues in the 

chernical industry are over $1.3 triiiion. In the United States, the industry employs some 

1.1 million people who are involved in producing shipments valued et $314 billion, 

almost 2% of US GDP. Each year. the sector invests $21.8 billion in new plant and 

equipment while fimding M D  to the tune of $1 6.7 billion (al1 figures h m  CMA, 1994, 

p 21). The numbers are smaller if we limit ourselves to apriculturai chemicals, but the 

stakes are staggeruig nonetheless. In 1996, sales of pesticides topped $3 1 billion (British 

Agmchemicd Association, cited in A p w .  1997 01 1 1) AU of the top ten agrocbernical 

companies in terms of sales grosseâ over $1.5 billion each, with the top fïnn (Novartis, 



which resulted from the merger of Ciba-Geigy and Sandoz) pulling in over $4.5 billion 

and the m e r  up (Monsanto) generating almost $3 biliion (Agrow, 1997 04 18). 

Yet consider that Monsanto's herbicide Alachlor, wbich bad sales of $320 million in 

1986, is currently under attack in the US for its suspected oncogenicity, and has already 

been banned in Canada and the Netherlands (Fagin et al. 1996; UN, 1994). Or consider 

that the herbicide Atrazine, which represented 25% of Ciba-Geigy's (now part of 

Novartis) crop chernical business in 1995, is a suspected oncogen and has been fingered 

as well as an endocrine disnipter (Fagin et al, 1996; Colborne et al, 1997). 1 could go on 

for a long tirne Listing products, theù importance to individual nmis ruid the economy, 

and the critiques against hem, but suffice it to say that there are cumntly numerous high 

stakes struggles bebg played out ktween supporters and critics of these and other 

substances. 

1.1.2.2 Ovvurhmities 

To this point the focus hm been negative, looking at potential threuts to organizational 

Mabiiity, but these conîmversial pmducts can represent opporfunities for some 

organizations, offering the potential for an increase in viability. The potentiai gains to 

manufactwers of substitute prducts should controversial products be bamed are an 

obvious example of such opportunities. 

But even for manufacturers of controversial products, these ep ides  may also represent 

opportunities relative to other manufacniiers, especially if their strategies prior to and/or 

during the episode diverge. The direct costs of a controversy to producers may not be 

homogeneously distributed acmss the industry, perrnitting relative gains by particuiar 

finns. Technologically more advanced b s  may actively seek strict regulation to 

increase the strategic and cornpetitive value of their advantage (Cairncross, 1992). It is 

also possible that certain industfy incumbents rnay k the source of substitute products. 

lndeed, ia the case of CFCs, the search stimuiated by the ozone hole eventually led to the 

discovery of substances that turneci out to be more economical for some uses. Or 

consider that Moasanto hss turned criticism of chemicai-intensive apiculture into a 



justification of its diversification into a@-biotech, which has helped it to become a leader 

in that emergïng sector. The CE0 of Monsanto also claims that its transfomation fiorn a 

6bchemicai" company to a "life sciences" company working towards bbsustaiilability " has 

improved worker morale (Magretta, 1997) Reputation effects may be heterogeneousl y 

distributed as well. For example, compared to its European and espccially its British 

couterparts (ICI), the Arnerican chemical industry (and especially DuPont) looked 

progressive and socially responsible throughout the CFC debate and the knitting together 

of the Montreal protocol (Benedick, 199 1). 

Once again, the practical concems motivating this research - the threats and oppottunities 

faced by companies - are real. Achieving a better understanding of our focal phenomena 

of substitution is of much ptactical sigaüicance. 

VWkat + the pronss by which one p d u c t  subsiiiluta for another one? 

This is the most generai statement of my reseacch question. Substitution is the focal 

phenomena under investigation in this research. A comprehensive mode1 of this process 

would describe not ody uaeontroversial instances of product substitution, but also those 

instances of substiîution âriven by environmentai and health problems. To explicitly 

capture these practical conceras, the research question cm a h  be expressed as follows: 

"wL.r i s  the proras &y which pducts enter the econotqy, enjoy 
commemil succcss, t k n  conte to k vlmvd as unaccep!ably damagin8 
ta the env i ro~~ l l l ~~~ t  an&r human heahh, with their subsque~~! ucr 
dmmaîicd& nduced as t h 9  a n  subst&ited for by ultemothiu 
pIOdYClllitW 



Our focal phenomeua of substitution is one at the heart of the strategy discipline. It is 

central to explanations of sustainable cornpetitive advantage (Porter, 1980; Bamey, 1991) 

and techwlogical evolution, itself of increasing importance to the strategy field 

(Tushman & Anderson, 1986; kami & Numagarni, 1992). Yet it is a phenomena about 

which gaps in understanding and theoretical concerns exist. 

In subsequent sections of this Chapter, it is demonstrated how the focal phenomena of 

substitution serves as a conceptual bridge linking practical concems about environmental 

problems and sustainable development to the discipline of stmtegy. A literatw review 

follows which presents (1) concepts, theories and models from the strategy and 

organization science literature which are relevant to understanding, fiaming and 

answering our research questions, (2) the limitations of these, and fuially (3) directions in 

which exploratory cesearch could probe to contribute to building a more compnhensive 

theory of substitution. 

My review of the strategy litenrture, and the treatment of the focal phenomena of 

substitution therein, concludes that then is a need for research that goes beyond the 

detenninistk economic models which currently dominate by adopting a more socio- 

political perspective. So whereas prior research on substitution has been conducted 

around the notion of indus@ and the institution of the market, the research presented in 

this dissertation investigates a wider set of actors, organizations and social iaslitutions at 

the slightly higher level of analysis of interorganizationol domain. in addition, the 

literatwe review also concludes that there is a need for research that gets beyond the 

physicd world to include and explore actors' ideas about that world, both their 

descriptious of it and theu prescriptions for it. So whereas prior research on substitution 

has focuseâ attention on the material d m  of cornpethg producis (or ''technologies" or 

"artifacts"), this resecirrh investigates both the material aml ideational realms. 



1.2.2 Strategy and Sustainable Deyelopment 

Social responses to environmental problems are fkquently lump4 together under the 

notion of suatainable development, a concept which has captwd the attention of 

governrnents, non-govemmentai organizations, activists, scientists and businesspeople. It 

is kquently referred to in the speeches of corporate leaders as well as in the mission 

statements they develop to shape theù corporate identity and to guide theù actions. Since 

its entry into popular discourse in 1987 with the publication of the Brundtland Report, 

also known as Our Common Future (WCED, 1987), the meaning and implications of the 

concept of sustainable development have been debated and developed by n a d  and 

social scientists around the globe. in this section, we intmduce this concept and connect 

it to the strategy literature. 

First, it is important to underline that there is no univedly accepted interpretation of the 

term "sustainable development". The definition most widely adopted is that h m  the 

publication of ûur Conunon Future which is "development thor meets the needr of the 

present without cornpromising the aability offiture generations to meet their own neeak " 

(WCED, 1987, p 43). As is evident, this statement leaves much room for iaterpretation 

and dBerent operationalizations, as what constitutes "development" or "needs" will 

inevitably incorporate value judgments. 

"No single definilion of sustainable development ic uniwrsallly 
acceptubkk or correck ~ a c h  counw region, und people will assign 
diferent weights to the vurious ways thut existjhr achieving a sustainable 
future through sustainable development. It is however possible to 
delineute the scope of the concepr. the principees and elements which it 
encomparses and the challenges it presents. " 

(Brtgha et al, 1990, p 1) 

"Although it is possible to state the general directions in which 
dewloptnent must proceed in order to be more rather than less 
sustainable ... ir ir net y& possib(e to define the p h  co~~ditiolls fur 
systoinabü.. in respect to each specipc development. Nor is it necessa~y. 
At this point, sustainabilily is best regarded 60th ar a social goal a d  ias a 
criterion for development. IR this respect it resembîes other worthy and 



wideb accepted but conceptually dtflcult social goals such us 
democracy, justice or even national security, econonric development and a 
healthy environment. '" 

(MacNeill et al, 199 1, p 27) 

To criticize its lack of precision would be to miss the strategic value of its ambiguity. 

The term has an existence and a finctionality outside of the technical and scientinc 

discourses of economics and ecology, and it was not meant to be a ngid and fured 

foundation for an elegant theoretical infrastncture. Since the publication of the 

Brundtland Report, ''sustainable development" bas become a popular (in the sense of 

mainstrram and widespread) policy goal guiding individuals, organizatioas and 

politicians in their decision-making as well as a problern domain for academic research. 

Its arnbiguity serves it well in both of these d e s .  

As a jmlicy goal, its imprecision is essential. Vague and ambiguous goals are themselves 

resilient and provide nsilience to the system or organizations using them. Ambiguity and 

goal fluidity are the glue of tenuous coaiitions within organizations (Cyert & March, 

1963) as well as outside. The notion of sustainable development is "a strong yoke for 
different objectives and views " (BE gha et al, 1 990). 

The expression has taken on symbolic content as well, becoming the rallyîng point for 

activists, politicians and the gener.1 public. Again, its ambiguous nanue is an asset h m  

this perspective because "successfi~ symbols me vague, multivocai, open to different 

meanings and applications " (Spooner, 1984). 

The notion's fluidity and ambiguity also make it an enduring domain for a diverse set of 

scientific researchers. As a problématique that is consciously and necessaily 

mdtidisciplinary, the expression's opemess acts as a magnet for different disciplines, 

preventing its appropriation by any one of them. Indeed, many argue that it is precisely 

tbis tendency for individual disciplines to mstle monopoly control over certain concepts 

and problern domains that is at the mot of cunrat envitonmental problems (WCED, 

1987; Redclift, 1988; Norgaard, 1988; Holling, 1989). Sustainable development has 



drawn the attention of the "harder" scientists in economics and ecology and spawned 

collaborative intndisciplinary rrsearch in a way Lhat other ideals and organizing 

principles like "justice" and "democracy" have not. By helping to bridge the gap 

between social and natutal scienti*, the notion of sustuinable development may 

contribute to the evolution of scientific thought in a way far more significant than any 

b'rigourous" tenn ever could. 

But ultimately, for the purposes of our rescarch, this ambiguity must be reduced and we 

must state what we mean by the sustainable development and how we expect to connect 

it to the field of strategy and our proposed research project. 

We adopt here a process view of development as qualitative change, and believe that 

development is better understood as a complex societal pmcess of leaming (qualitative 

ideational change) and evolution (qualitative material change) which can be explored in 

t e m  of multiple dimensions: the ecological, the economic, the political and the culturai 

(Brown, 1989; Bregha et al, 19%). 

"Sustainable development con be most weficlly seen as an on-going 
process that moves the world towm& a more desirable fiture by orienting 
development patterns, strategies, metho&, and attitudes to better address 
O date of social and environmental imperutives ficing the world " 

(Bregha et al, 1990, p 2) 

"Yet in the end, sustainable development is not a fned state of harmony, 
but rather a process of change in which the exploiation of resources, the 
direction of investments, the orientation of technological development, and 
institutional change are made consistent with m e  as well as present 
needr. We do not pretend that the pmcess is eacy or straighr/onwrd. 
Painficl choiees have to be made. mus in the finul anolyss, sustainable 
development nrwt rest on political will. " 

(WCED, 1987, p 9) 

Development cm be defiwd as "the modijkation of the biosphere und the application of 

humun, fimnciuf, l M g  a d  non-living resowces to satisfL huinan me& md to improve 

the quality of humun l@" (IvCN, 1980). Development is distinguished h m  growth in 



that the former implies qualitative change in economic activity and not merely 

quantitative change (WCED, 1987; Munn, 1989). Qualitative change - in both social and 

ecological systems - implies the "creative destruction" of the present, or the '6destructive 

creation" of the fbture (Schumpeter, 1943; Holling, 1986). In social as opposed to 

nahiral systems, ihis process of "creative destruction" plays itself out in both the material 

and ideational worlds as new behaviours, technologies and artifacts along with new ideas, 

insights, plans and visions replace old ones. 

As to the "sustainability" of development processes, this is a very difncult question 

because the causesffect relationships which characterize our physical environment are 

the subject of much scientific research and debate. Given the current rate at which 

ecological understanding is changing, that which is viewed as "sustainable" or 

ecologically "acceptable" today may be labeled as "unsustainable" or ecologically 

"unacceptabley' in the near fiiture. This "changing of the minâ" poses particular and 

significant challenges to fms,  so it is important that it be one object of our inquiry. The 

aims of this research include understanding how social systems and the actors therein go 

about, themselves, interpreting "sustainability" or, to be more piecise, how they go about 

determinhg the acceptability of patticular pducts  and their environmental impacts. 

Hence the focus is on how modem social systems go about reconciling (and perhaps 

reorienting) their 'bdeveloprnent" with their prevailing views of bbecosystems" and 

"sustainability". Nahirai and social scientists agree that the= is a need for empiricdy 

grounded research which investigates the coevolution of social systems - including 

organizations - with ecosystems (Norgaard, 1988; Holling, 1989; Dietz & van der 

Straaten, 1 992; Gladwh, 1 993; Holling, Berkes & FoUte, 1997). 

The identification and resolution of environmental pmblems Uivolves, ultimately, some 

actors, somewhere, changing their products, industrial processes, ptactices, activities or 

khaviom. Old pducts, industrial pmcesses, pmtices, activities or khaviours are, 

atta having been categorized as ecologicaily undesirable, substituted for by more 

ecologicaily soud alternatives. Indeed, efforts to mmove p d u c t s  from the economy 

quickiy translate hto an assessrnent of the existence, efficiency and efficacy of 



alternatives. If h s  and theV customers could substitute problematic and controversial 

proàucts with d e r  or cieaner alternatives with mo impact - techralogicaliy, 

economically, organizationally, politically, or culturally - they would. Drawing upon the 

literature and theoretical tmls of the discipline of seategy, we will address sustaiaable 

development by viewing and studying it through the lem of substitution. 

in our quest for tools to address our primary research question, we tumed to the literature 

on substitution. It was swpnsingly thin. The keyword indexes for the Strategic 

Management Journol c o v e ~ g  the penod h m  1980 - 1989, as well as that for 

Administrative Science Quarterly coverhg the period fiom 1956 - 1985, contain aot one 

single refennce to the concepts of "substitutes". The absence of a sustained discourse 

around the topic of substitutes is quite surprising, given that this concept is absolutely 

central to theories of sustainable competitive advantage (SCA), a coastnict that is, 

arguably, the raison d'être of the strategy discipline. 

But this may be because understandhg 'bsubstitutes" requires nothing less than a 

substantive or qualitative theory of value - how utility is created, mahtained and 

destroyed, with an emphasis on the substantive nature of dernad. This has not been the 

ficus of strategy nsearch, as much more effort has gone into explaining how scarcity 

arises, is maintaineci and destroyed. Research efforts have focused on explaining rents 

quantitatively in ternis of product or resource supply king more limited than in the 

theoretical ideal of perfect markets, as well as how f h s  can ensure that the rents that are 

generated as a result of this situation are upptopriable. 

I look, here, at how substitution is a d d r e d  in the strategy literature, begiiiniag with the 

literatwe focusing on sustainable competitive advantage. In the end, 1 conclude that the 

SCA lîterature has liale to offer for understanding tbe proeess of substituthg one pmduct 



for another, but the prominence of substitution within that literatw means that it merits 
' @ treatment, if for no other reason than to dernonstrate why it is of little utihty. 

2 . 3 .  Substitution within theories of  sustainable commtitive advantane 

The notion of sustainable cornpetitive advantage (SCA) is central to the strategy research 

program, a d  the work of Barney (1991) has gone dong way in explicating what 

constitutes and underlies it. 

c o ~ ~  udwntage: when a firm is implementing a value-creuting 
strutegy not simuitaneousiy being implemented by any current or potettrial 
coinpetitors 

sustainable c o ~  udvantage: when a firm is implementing a value- 
creating strategp not sirnultaneously being implemented by any nvrent or 
potenfial cornpetitors, PLUS w k n  these 0 t h  jirm rire unable to 
dtiplicate (the benepis 08 this strategy 

Much of the research in the strategy literature is devoted to discovering the conditions 

necessary for SCA, h m  which it is hoped "success factors" and c'wimhg'' stmtegies can 

then be deduccd (Ghemawat, 1991). But different theoretical fhmeworks approach this 

phenornena fiom different perspectives, work at dBerent levels of analysis, and employ 

different conceptions of bdamental components of the defuiition, especially ''f'irm" and 

"strategy". How h s  and their strategies are to be viewed, operationalized, recognized 

aad labeled is at the centre of these debates, outlined briefly hem. 

A firm's strategy is tiequently decomposed into two components: corporate level strategy 

and business level strategy (Miller, 1986). Corporate strategy is a h ' s  solution of what 

Miles & Snow nfer to as the ''entrepreneutial pmblem" facing dl firms, and for new 

finas is singuiar: "a specipc prtxiuct or service and a target market or m a r k  segment" 

(Miles & Snow, 1978) which "lucutes the core business " (Mintzberg, 1988). Corporate 

strategy qresents the fïnn's choice of pducts and markets within which it wili becorne 



a cornpetitor. The pmcess of making such product-market choices is sometimes referred 

to as stroiegic management (Ansoff, 1991). Business level strategy applies to individual 

business units in the firm and represents the manner in which they compte within their 

respective industry or product-market domain (Portet, 1980). Decisions related to 

cornpethg within a given industry are sometimes r e f e d  to as competitive management 

(Ansoff, 199 1). or distinguishing the core business (Mintzberg, 1988). Typologies of 

generic strategies which have k e n  suggested for achieving or maintaining penetrution 

(Ansoff, 1965) of a product-market domain include cost leadership, di,@ierentiation, and 

niche (Porter, 1980) as well as qualify, design, support, image, and price (Mintzberg, 

1988). 

Each of these generic recipes are aimed at distinguishing the firm from its cornpetitors, 

rendering its product unique dong sorne dimension (including price) important to 

customers such that revenues exceed costs (i.e. value-creating, as per the above 

defnition), generating rents for the finn and giving the f m  a competitive advantage. 

But f h s  do not just desire the existence of uniqueness and appropriable rents, they also 

desire their persidence over some tirne fkme such that theu cornpetitive advantage 

wanmts the adjective sustainable porter, 1980). 

The dimensions used to characterize business strategy are based upon relative scaies, 

with cornparison to rivals implicidy or explicitly carried out in order to categorize the 

nrm's strategy. This is not the case with corporate strategy, where a fm is either in a 

product-market domain or it is not, and no reference to nvals is needed to determine this. 

With business strategy howcver, the definition of such things as "low cost" and 

bbdifferentiateâ" products is always contingent upon the action of rivals. To capture this 

relativity, business strategy is se<iuently defïned as a position relative to nvals and 

potential new entrants (Porter, 1980; Mintzberg, 1987; Mintzberg, 1990). 

This positionist thinkirig is typically identitied with researchers worhg within the 

industntal ocganization (IO) fhmework, but is also in evidence more mcently with 

reseerchers adopting the 0 t h  popular strategy fnunework inherited h m  economics, 



which is the resource-based view of the finn (RBVF). As highlighted in Table 1 .M. 1.1, 

both 10 and RBVF make essentially the same positianist arguments, stnssing the 

importance of the appropriable-rent-generating potential of the position, dong with the 

inability of others of attaining the same position (Porter, 1980; Rumelt, 1984; Petcraf, 

1993). The two views are simply discussing two different conceptual "spaces". IO 

approaches the fh h m  the outside in, "howing" it - identifying it and characterizing it 

relative to other firms - in tems of differences in products (including prices) and markets, 

while RBVF approaches the timi nom the inside out, "knowing" it - identifjmg it and 

characterizhg it rehive to other firms - in tems of differences in the resources it 

possesses, its capabiiities and its cornpetences. 



view of h: 

IO RBVF 

nature of firm 
heterogeneity 

underlying existence of 
appropriable rents: 

focus of analysis: 

portfolio of  products 
(or product-market 

couples) 

products, markets resoutces 

"unique" product 
(low cost or differentiated 

products) 

type of nats: Moaopoly 

persistence of the 
appropriability of rents: 

persistence of rents due to 
supply firictions (Le. fimi 
Unmobility) and continued 

scarcity or quantitative 
b'uniqueness": 

persistence of rents due to 
demand frictions and 

continued qualitative 
"uniqueness" : 

"unique" resources 
@em9tting low CO& or 
differentiated products) 

low negotiating power of 
suppliers and customers 

non-tradability of resourccs 

barriers to imitation for 
rivals and barriers to entry 
for potentiai mw entrants 
result in Mtabii i ty of 

product position 

non-substitutability of 
product by customers 

(i.e. barriers to 
substitution) 

isolating mechanisms I result in inimitability of , 
msource by nvals &d 
potential new entrants 

non-substitutability of 
resoum by rivals and 

incumbents 
(i.e. barners to 
substitution) 



And so while IO research has coacentrated its efforts on characterizhg a perfect form of 

produçts and industry structure h m  the perspective of the firm thmugh the rigourous 

explication of which "oppomuiities", if exploited, are most likeiy to lead to SCA, the 

contribution of the RBVF approach has been the "characterikation of a perfecfform of 

resources" @ 257) through the rigourous explication of which of a finnys 'bstrengths"y if 

exploiteâ, are most likely to lead to SCA by identiwg the properties of fim resources 

necessary for this (Montgomery, 1995). 

Both of these perspectives are usefid, and indeed were seen to complement each other 

when RBVF origiaally becarne popular in strategy (Wemerfelt, 1984 & 1995). Analyses 

which ignore one or the other are incomplete because the definition of "bette?' resources 

or "bette?' products must presume the other. Unique resources acquite their value or 

"resourceness" only as they are employed to produce low-cost or differentiated prducts 

which are valued by customers, although this contingency tends to be masked by the 

ûequent use of a value-laden definition of what constitutes a iesource (for such a 

detinition, see Barney, 1991; for a critique, see Montgomery, 1995). Othea say 

essentially the same thing when they stress the importance to tüms of possessing 

resources which "overlap with strategic industry factors" (Amit & Schoemaker, 1993). 

Conversely, low cost and differentiated products are not squeezed out of abstract 

production fhctions through calculation and deduction, and in fact these mathematical 

expressions represent reai physica: and human capital that is in a process of continuous 

coustruction and is not dways mobile nor tradable. In short, "bette?' tesources and 

"better" products mutually define each other. 

So despite apparent differences between IO and RBVF research, the= are many perallels 

in their underlying logics which are due to theù common 1006 in the equilibrium 

fnimework of microeconomic theory, and 1 have attempted to highlight these in Table 

1.2.3.1.1. Both IO and RBVF approaches emphasize 'b~~ntenty' over "process" and 

ultimately they explain SCA in tmas of the persistence of appropriable rents whkh arise 

fiom the qururtitative and qualitative uniqueness of a nmi (described in tenns of either 

pducts or resources) in some product market. Moreover, within both appmaches, 



research has been preoccupied with intra-industry rivalry and how the rent-generating 

uniqueness of a fim is maintained quantitatively due to supply-side fictions, 

conceptuaiized as isolating mechanisms at the level of the h, mobility barriers at the 

level of the strate& group, and entry barriers at the level of the industry (for a 

comprehensive list, see Mahoney & Pandian, 1992). Neither Porter nor subsequent IO 

researchers elaborate on industry-level "barriers to substitution", and RBVF researchers 

have similady ignored bbsubstitutability" at the level of resources. in other words, the 

empbasis has bcen on the existence and scarcity - rather than ficnctionc~lity - of fms' 

products and resources. 

This is understandable given the origllis of these models in microeconomics where the 

unit of anal y sis is, ovemhelmingl y, a single industry . Technicall y, within 

micmeconomic models, if new entrants or imitating fimis are successful, they increase 

the supply of a focal product; if makers of wbstitute pmducts are successful, they 

decrease the demand for a focal product. But in the bulk of microeconornic analysis 

which Worms strategy research, demand is explicitly treated as exogenous and given in 

oder to mode1 and comprehend the dynarnics of supply. SCA tesearch has tended to 

focus on and study firms' actions and decision-making within a single industry. But 

studying substitutes and substitution means studying activities and decision-making in 

multiple industries: that of the f d  product, that of the substitute product, and that of 

customers. In this respect, SCA rescarch has serious limitations when it comes to 

understanding our focal phenornena of substitution. 

The two views of SCA presented in the above Table do differ in tems of how they 

conceive of rents, which are dehed  as nturns in excess of a resource ownets 

opportunity costs (Tollison, 1982). Monopoly rents are retunis made possible by market 

power and the restriction of possible output; Scarcity rents are retwns to unique resources 

pducing output at some unreswicted maximum capaciîy. Both are notions developed 

within equilibrium f'i.amewotks, and in fw the dennition of SCA employed above has 

ban h w n  h m  such a h e w o r k :  "his definition of sustuined cornpetitive ach,antage is 

an equilibrium de8nition " (Bamey, 199 1, p 102). Notice the absence of the construct of 



tirne in the definition of SCA. This atemporality is a clear indication that it applies to a 

closed system at equilibrium. Monopoly rents exist in the long run after entry attempts 

(i.e. attempts to increase the supply of the rent-generating product) have ceased and 

Scarcity rents exist in the long nui after imitative attempts (Le. attempts to increase the 

supply of the rent-generating resource) have ceased (Barney, 199 1). 

A third type of rent, termed a Schumpeterian or Entrepreneurid =nt, has been postulated 

which represents r e m s  to risk-taking and entrepreneuriai insight (Schumpeter, 1934). 

Schumpeterian rents are assumed to be inherently tninsient, dissipating over some finite 

time frame due to either (1) the bringing to market of sunilar products by other actoa 

which destroys the scarcity of a product through imitation or (2) novel entrepreneurid 

activity by other actors which destroys the value of a p d u c t  through innovation, as with 

our focal phenomena of substitution (Schumpeter, 1934; Schoemaker, 1990). 

But within the strategy literature, SCA is rarely addressed in t e m  of Schumpeterian 

rents nor process models. This dominance of equilibrium notions of rents and the over- 

emphasis on content over process in SCA research has been criticized (see, for example, 

Williams, 1992; Winter, 1995). The cenûaiity of the notion of rates to strategy is 

underlined by Williams (1992). who states that "time, the denominaior of economic 

value, evenhrrilly renders nearly all advantages obsolete" @ 29). and argues for the 

development of process models employing a Schumpeterian notion of cents. But to date 

such models of the creative destruction of value n rare within the SCA liteninire. 

Sorne work has been done on how the scarciîy component of value is destroyed through 

imitation wbich occm at some rate or pace. Because Schumpeterian rents, by definition, 

exist witbia a dynamic context and are always "at risic" over some t h e  d e ,  they can be 

related back to Monopoly or Ricardian rem probabilistidly by tuauig this risk andlor 

this t h e  d e  to a low value. Re~eafchers, instead of working with resources/products 

of impossible imitability in theu models, which would mean the existence of Monopoly 

or Ricardian rents, have begun to incorporate the notion of resourcedpmducts of 

uncertain or imperfect imitability, which means the existence of Schumpeterian mnts that 



are at risk of dissipating over some time fnime (Lippman & Rumelt, 1982; Rumelt, 

1984). But to date, no strategy researchers have investigated uncericlin or imperfict 

substitutabilify which would require investigating how the utifity component of value 

cornes to be creatively destroyed. 

Al1 in dl, one can conclude that the strategy literature has had much more success in 

explaining how, once created, value is rnaintained or destmyed quantitatively in the sense 

that value Bows nom scarcity of strpply, be it supply of products or resources. As 

illustnited in Table 1.2.3.1.1, researchers working within the industrial organization (IO) 

paradigm argue that Monopoly nnts are protected by barriers to entry which limit the 

supply of a focal product (example of barriers to Uidustry entry: economies of scale, 

favourable access to raw materials or technologies through property rights and patents, 

ngulations, etc.), while those researchers adopting a resource-based view of the f m  

(RBVF) argue that Ricardian rents are protected by barriers to imitation, thus limitbg the 

suppfy of key resources necessary to profitably manufhcture the focal pmduct, and by 

extension, the supply of the focal product (example of barriers to resource imitation: 

intellecnial property rights, causal ambiguity, tacitness, social complexity, need for 

complementary assets, etc.). 

In addition, the IO and RBVF perspectives have also been quite successful at explaining 

the locus of value appropriation - who claims and appropriates (surplus) vaiue and why it 

is not bargained aor bid away h m  the f h  enjoyiag SCA. IO researchers point to the 

wealc ôargaining power of suppliers and customers (due to theu number and cornpetition 

amongst them) and RBVF researchers point to the non-tradability of rent-generating 

resources (due to transaction costs related to ill-defïned property rights and specialized 

assets). 

But strategy mearchers bave had very linle sisccess in explaining the creation, 

maintenance and destruction of vaiue mbstantively (i.e. qu41itatriwly)). conférred on 

proâucts due to theV utiliiy at satisfjhg demand. This WU uitimately be rrquired for any 

theory of how value is created then destroyed that goes kyond good and hd "luck", an 



explanation we fînd in the literatun (Barney, 1986). Conspicuously absent h m  theories 

of SCA is that configuration of elements which confers utility value on products and the 

resowes employed to produce them: customers' needs or prefirences for a particular 

finctionaliiy and their beliefs or expectations about how well cornpethg products satisfy 

that f'unctiodity. How and ut w h t  rate do these change? Understanding demand will 

be centrai to any theory or model of our focal phenornena of substitution. 

Studying anâ understanding demand means studying and understanding the activities of 

actors outside a focal indusûy, and in order to build such a model, one must get beyond 

the confines of micmeconomic theory. 1 propose to do just that by accessing litemtures 

that are less formalistic and mathematical but also less constrarnui 0 .  

g: (1) by replacing an 

emphasis on "products" with one on "technology", and (2) by extendhg that set of actors 

considemi relevant beyond those captured by the notion of "industry'' to those captured 

by the notion of "domain". 

1.2.3.2 Substitution within theories of technoIonical change 

Technological evolution and change have becorne an increasingly important topic in the 

organizational and strategy litemture (Anderson & Tushman, 1990; Itami & Numagarni, 

1992). In order to escape the iroa-cage of institutionaliz6d ways of thinking built upon 

importeci Newtonian models of simpie systems - with assumptions of market equilibrium, 

exogenous demand, negative feedback, decmasing retunis, and an optimieng invisibk 

Hand - as soon as one tries to nsearch or even talk about products, econornists and 

o rgh t iona l  researchers concerneâ with explaining empirical outcornes in the econorny 

bave increasingly îumeà to the more abstract concept of technofogy in the production of 

their discourse. This scerningly subtie shift  in emphasis, because of tûe ambiguity of that 

latter notion, has k e n  crucial to the process by which they ekeâ out a space for 

themselves to discuss the economy in a raâically different way that is increasingly 

accepted by strategy marchas  and sûategists aiike: as a cornplex system, fat-- 

quilibrium, with coevolving supply anci demaad processes and which at times may be 



characterized by positive feedback loops, increasuig r e m ,  and lock-in on subsptirnal 
@ yet oevertheless dominant designs. The (de- L re-)construction of ~ a l i t y  begins with the 

manufacture of ambiguity. 

Orthodox economics had staked out a difficuit-to-contest discursive monopoly when it 

came to b'products" and "competition" between them. Note how the boundary and 

definition of a "pr~duct'~ is unambiguously given by the market exchange transactions in 

which it is involved. By deflnition, in economic discourse, "products" are those goods 

exchanged in the "market", and hence corne with numerous uncontestable (or at least 

difficult to contest) assumptions and even 'îacts"" or ''truths" co~ected to a long- 

standing and orthodox understanding of that particular institution: consumers are 

sovereign; theu preferences are consistent, stable and exogencous; supply and demand 

equilibrate and the outcome is Pareto optimal; information is "objective" and is gathered 

or discoverrd but never b'coristructed"; etc. But when it cornes to "technologies", not 

only is there a long tradition of research into how these are sociaily constructed (Berger 

& Luckman, 1967) and hence potentially "arbtrary"rather than "optimal" (Mackenzie & 

Wajcman, 1985), but even those researchers who adopt a tecbnologically deterministic 

stance do grant that, at a minimum, at least the "boundaries" or "Scale" at which 

technologies are or should be defined and snidied is ambiguous. Even deteminists 

accept the notions of competing "technologicai systems", "socio-technical systems", or 

entire "technological trajectones". The scale at which competition is occuring between 

technologies - the level at which processes of "creative destnictiod7 are o c c u ~ g  - is 
ambiguous and multiple. Many other actors are integral parts of such technological 

systems, so, with this concept it will be easier to get at the dynamics of demand. 

Early technology research by organization scientists concentrated on the impact of 

techwlogicai change on industries, organizations, individuals, and their otganizational 

roles, but recenly, much more emphasis has been placed on the nature and dyaamiks of 

technologid change and competition. Because a fimi's techwlogicai environment is an 

important source of both opportunities and threats and its technologicd resources may be 

the source of its strengths and ultimately SCA, the pace and direction of technological 



change are of obvious interest to strategists and sûategy researchers (Andrews, 1971; 1 iwni tù Numagarni, 1992). 

Typologies of technological change exist, and within these one fin& our focal 

phenomena of substitution. Tushan and Anderson (1986) classify technological 

changes by drawing distinctions between products (Le. goods sold) and processes (Le. 

manufactu~g activities, machines, etc.), and also between changes which build upon 

current expertise, knowledge and know-how so they are ucompetence-enhaacing and 

those which draw upon new skills and are therefore "cornpetence-destroying" (Tushman 

& Anderson, 1986; Anderson Bt Tushman, 1990). 1 feei that these are important concepts 

but they are unfortunately poorly labeled: it is not competences themselves which are 

enhanced or destroyed but rather the value of these competences. The abilities to 

maoufacture low-cost buggy whips, saddles or horseshoes were not affecteci by the 

introduction of the automobile, although certainly the ictility and relevance of these 

competences were. This regrettable terminology is a cornmon problem in the RBVF 

literature where tesources and competences are defineci in value-laden tems 

(Montgomery, 1995). 

But despite their vabladen temiinology, Tushman & Anderson's typology is 

nevertheless quite illutrative and well accepted. It is shown below, with our focal 

phenomena highlighted in boid italics. Because they assume substitution to be an inter- 

industry (rather than intra-industry) cornpetitive process initieted by non-incumbent 

h s ,  these authors argue that it is likely to be 4bcompetence-destroyîng" h m  the 

perspective of incumbents (Tushrnan & Anderson, 1986). 



Table 1.2.3.2.1 - A Tv~oloev of Technolonical Cbanees 

Produch 

1 - major product 

I - new product class 
Competencc-dcstmy iiig - product substitution 

Competeilee-enhancing 

Procesaes 
- major pmcess 
hprovements 

- incremental process 
improvements 

improvements 
- incremental product 

improvements 
- crystallization of dominant 

designs 

- pmcess substitution 

Tabk is from Tushmri & Anôuson (1986) 

These same mearchers are also nsponsible for what has become probably the most 

generally accepted model of technological change in the literature, which is their cyclical 

evolutioaary model (Anderson & Tushman, 1990). One cycle of this pmcess is illust~ated 

in Figure 1 2.3.2.1. 

Fimm 1.23.2.1 - A Cvclical Mode1 of Technolonical Channe 

Technological Dominant 
discontinuity design 

emerges 

Era of ferment 

New 
technological 
discontinuity 

Era of incremental change 

0 
In their model, technological change is characterizeû by the foliowing cyclical process: 



(1) the appearance of a technological discontinuity (defined as a dramatic 
increase in an artifaft's performance/price ratio), 

(2) an era of ferment in which many widely divergent designs are 
experimented with as actors place their bets on aud follow different 
research directions, 

(3) a second discontinuity at which point there is a crystaîlization or 
precipitation of dominant design with the acceptance and adoption of 
common standards, 

(4) an era of incrementai change where researchers ''fiddle with the 
details" of a given technology, then 

(5) the appearance of another technological discontinuity (Le. go to 1). 

In sucb a mdel, the process of substitution begins slowly during the era of ferment, then 

proceeds more quickly once the superiority of the new technology is established (Fisher 

and Ry, 1971) or a dominant design for the new technology emerges (Uttetôack & 

Akmathy, 1975). A number of authon have even suggested that substitution follows a 

classic logistics curve driven by a "diffusion" process of adoption of innovations, and 

have modeled diis fomaily (Rogers, 1982; Watemn, 1984). The rate of substitution in 

these models (say, for example, switching h m  product "Y" to product "X') depends 

upon the proportion of incumbent product ("Y") users already switched. In the kginning 

of the process of substitution, triggered by the arriva1 of a new product and its adoption 

by at least one customer, the subdtution rate is slow because, with few users, the new 

pduct's benefits are unclear and uncertain to those who have not yet switched. The 

substitution rate is slow at the end of the process as well, because there remain few 

potentiai switchers left. This is evident fiom the fonn of the most common model, the 

so-caüed "logistic function": 

F 1(1 - F) = exp (Kt) 

Hem, F is the fiaction of potentid market already switchcd, and K is a constant 

representing some inhemt motivation for substitution, acting as a detemünistic dtiviag 

force. It is related to the relative vaiues of "Y" and 'X" to customers (i.e. the knefits 



and costs of their use), switching costs, and customers' attitudinal propensity for 

switching which combined make up "the economicr of substitution1' (Porte, 1985). 

. Notice here how, again, as with the microeconomic models informing SCA research, the 

ongins of value - the benefits a d  costs associated with using products "X" or "Y", and 

of switching - are neatly sidestepped, assumed to exist objectively. These benefits and 

costs underpin and, indeed, are responsible for demand. Like that consmict, for 

researchers employing formai models, they just are. 

Consider the following table which displays the possible substitution scenarios if a new 

artifact "X" appears and is offered as a potential substitute for an incumbent artifact "Y". 

Table 1.23.2.2 - Potential Substitution Sctnarios 

ReliWe bcdiomance of cLiUcnntr ~roduct "Xm, 
witb ns-t to incumbent nroduct "Y" 

Relative ~ t i c e  of  
"X". with iusllcct 
to "Y" - 

Lower 

%etter Same Wome 

X substitutes for Y, 
if: i n c m  in price 
is cornpensatecl by 

inctease in 
pedoimance 

X substitutes for Y, 
iE decrease in price 

compensates for 
decrease in 

performance 
Y persists 

X substitutes for Y 

X substitutes foi- Y 

X substitutes for Y 

X & Y are 
equivalent; Y 

persists if non-zero 
switching costs 

Y persists Y persists 



An artifact's "performance/price ratio" with unspecified units or dimensionality can be 

reduced to a single unitless measure by conceiving of performance in unidimensional 

financial terms, or in other words, by attaching an economic value to it. Hence Porter 

(1 98S), working within a purely microeconomic framework, discusses substitution in 

terms of unitless "relative value/price" ratios or RVP. The terms are quite similar, but we 

prefer the former because it allows for a multi-dimensional operationalization of 

b'perfbmancey' in te-, perhaps qualitative, that are not merely financial. 

Everything else king equal, the rate of substitution of "X" for "Y' will increase with the 

following ratios: 

  ric ce of "Y') and Lperfonnance of "X") 
(price of 'X') (performance of "Yy') 

Stated in terms of Porter's RVP, the rate of substitution increases very sharply fiom O 

when the RVP maisure transitions h m  values less than 1 to values which are greater 

than 1. In other words, any and al1 events which affect the "peperformance" or "price" of 

either X or Y can afEct the process of substitution. 

Technology researchcrs who promote diffusion models of substitution tend to adopt a 

technologically deterministic stance, viewing reality as fding neatly and objectively into 

one ce11 or another in Table 1.2.3.2.2. In their models, there is no ambiguity - 
performance and price are objectively defineci and observeci by actors - and substitution 

proceeds at a rate which increaîes exponentially with the value/price gradient between 

"X' and "Y. 

On the other han& there is a stmm of theorizing about technological evolution that 

places more explanatory weight on processes of "social consûuction" (Berger & 

Luckmann, 1967) that would argue that, depending upon how it is constructeci (or de-&- 

reansüucted), "reality" may indeed be s h i M  h m  one ce11 to another (Mackenzie & 

Wajcman, 1985). This literature has developed almg with, and is compkmented by, 

studies h m  the sofiology of knowledge and science (see, for example, Kuhn, 1970; 

Wooigar, 198 1; Latour, 1987; Epstein, 19%). 



Of particular interest to the instances of substitution that motivate this study - thoss 

characterized by unintended and undesirable consequences of an artifact's use - important 

dimensions of pducts' performance may be ignored, unknown, uncertain or even 

contested. The purchase cost of a product may be transparent, but what about the "total 

costs" of its use? Even if one ignores the complications of "externaiities" (benefits and 

costs borne by others not party to the transaction), some b'costs" to usea may be bidden 

or lagged in tirne, appearing later as "problems" are identified and named as such. 

Ultimately, views of how well a product performs - the impacts, benefits, and costs of its 

w - are "constructed" and sibject to processes of argumentation and legitimation. 

Perceived performance depends upon which outcomes and consequences of a product's 

use are considered important and monitored: is cancer risk an outcome that should be 

weighed in evaluating a product? effects upon ecosystems? endocrine disniption? 

potentiai public relations problems? In other words, which goals, prefirences and 

evaluution criteria are to be employed when selecting and ushg a particular p d u c t  

technology over another one? 

But even if these goals and penonnance critena are certain, uncettainty or even 

ambiguity cm still result. Consider the case where carcinogenicity (oncogenicity) 

matters and this is uncontested It is still possible that there can be differing views or 

measures of the carcinogenicity of a product, perhaps because of different toxicologicai 

methodologies or even different hterpretati~ns of a common, shared data set. In other 

words, which beliefi are to be employed when selecting and using a particular product 

over another one? 

Clearly the ideational world of beliefs and values plays an important role in the process 

of substitution. We suggest that the "creation" and "destruction" of p d u c t  value may 

involve processes of argumentation, legitimation and the transformation of actors' 

conceptual models and goals. Though "cornpetence~.enhancing" and "cornpetence- 

destroying" technologicul discontinuities have k e n  the object of rrsearch in the strategy 



literaîure (Tushman & Anderson, 1986; Anderson & Tushrnan, 1990), their ideutional or 

ideological couterparts have not. I suspect that cognitive events, be they the appeanuice 

of new models in the minds of scientists or a reorderiag of consumer preferences based 

on the (emotional!) argumentation of environmentalists, can be just as "competence- 

enhancing" or b'competencedestroying'' as the sudden appearance of a new artifact in the 

material world. Our research will investigate and explore this possibility. 

To do so, 1 will draw upon some ment work by researchers investigating technological 

change who, rather than adopting a technologically deterrninistic stance, view 

technologid change as king simultaneous with institutional and ideational change. 

This "coevolutionary" view seeks to reconcile what have until recently k e n  competing 

views of technical change: technological deteminian and institutional detemiinism. 

Within this view, difficult-to-preûict processes of social construction and chance cm play 

important d e s  in the emergence and lock-in on a technological tmjectory (Arthur, 1989; 

Van de Ven & Ganid, 1993) 

in pdcular, I wish to employ a coevolutionary model first developed to explain events 

in the "ers of ferment" of a technological cycle, followhg the appearance of a 'iiew 

product class". This is the model of Gand & Rapp (1994). In their study of the 

development of cochlear implants for irnpmving hearing in the deaf, they documented the 

coevolution of researchers' beliefi or expectations about what was considered technically 

feasible and desirable with the physical technological uttifucts they created, and with the 

evaluation routines they employed to m u r e  how well their artifacts met their 

expectations. The model flowing hm that work is presented in Figure 1.2.3.2.2. 



Figure 1.2.3.2.2, - A Socio-Conaitive Mode1 of Technolonv Evolution 

EVALUATTON ROUTINES 
(testing standards and equipment) 

routines legitimize and 
cvaluation routincs select form 

routines shape kiefs 

artifacts dictate standards 

sk i f i s  cornpetencies result in 
escalation of cornmitment I 

BELIEFS / (technology ruceri  f a  
ARTIFACTS 

(fom and huiction) 
belicfs guide crcation of artifacts 

'ff, 

The work of Garud & Rappa (1994) focuseâ on events just subsequent to the appearance 

of a new technology: its entry into the marketplace, and the cornpetition during this 

period between radically different designs. Their work showed how, at a macro level, a 

pmcess of institutionalimtion occurs wherein a common set of beliefs about the 

technology and the evaluation routines useà to distinguish "better" artifacts h m  the rest 

becorne s h d  amongst researchers as the dominant design crystailized and became more 

widespnad. In addition, on a more micro level, they identified a process of 'binversion" 

wherein the evaluation routines used by individual researchers relliforced their existing 

beliefs; claims about artifacts that invoked other evaluation cntena were seen as less 

relevant and were perceiveci as noise rather than as information. 

1 believe that their model will be of much use in undetstanding our focal phenornena of 

substitution, but 1 will apply it (1) over longer time fimes a d  (2) across a wider set of 

actoa. Their model was developed by examining ody the era of ferment following the 

qpearance of a uew technology. They dernoiistraud how these three consûucts - 



artifacts, beliefs, and evaluation criteria - came to demonstrate munüil consistency as the 
@ dominant design emerged. 1 wish to examine and track the ruolution of these b e c  

coastnicts over the compfete technology cycle presented above. 

If one combines their mode1 with the work of Anderson and Tushman (1 990). it becomes 

clear that the latter isolate "artifacts" as the sole locus of "technologicai discontuiuities" 

and as the engine of their technology cycle. But 1 suspect that when it cornes to those 

substitution processes motivated by environmental and health problems, ideational and 

institutional discontinuities reflected in "beiiefs" and "evaluation mutines" may also be 

very important. 

Hence this research will explore the possible connections between these two well- 

accepted models of technologicaî change: cyclical and coevolutionary. 

1.2.3.3 Substitution and theories of interormnizational domains 

Finally, another literature that offers valuable insights into the focal phenomena of 

substitution, although it does not spccifically address it, is that on interorganizational 

relations, collaboration and the developrnent of problem domains (Emery & Trist, 1965; 

Trist, 1983; Hardy, 1994). Trist (1983) argues that one chatacteristic of modern complex 

societies is the emergence of sets or systems of problems, sometimes termed meta- 

problems, probl~rnatiques or messes. What characterizes these problems is that their 

cesolution is beyond the capacity of any one organization, necessitating 

inteiorganizationai interaction and perhaps collaboration at the domain level, where 

domains are defineâ as "finctionul social system which occupy u position in social 

spce  between the sociev as a whofe a d  the single organisation". Certainly the 

unintendeci and undesirable consequences of chemicai products have given rise to or 

becorne intimately associated with a number of "problem" amund which domains have 

âeveloped: cancer, owne holes, endocrine dismption, etc. And, fiequentiy, resolution of 



these "problems" involves our focal phenomeaa of substitution of one product for 

another. 

The importance of the ideas and cognitive events to the formation and maintenance of 

domains is highlighted in this literature. "It is important to realize that domains are 

cognitive as well as organizatiomf structures. Domains are based on ... acts of 

appreciation, ... a complex perceptual and conceptual process which meldî together 

judgments of reafity andjudgments of value " @ 273). 

This raises hdamental questions relating to those events pnor to and during the social 

construction of problem domains. The physical, chemical and biologicai consequences 

of controversial substances amund which problem domains are constnicted - and which 

cm lead ultimately to our focal phenornena of substitution - are "reai" and have an 

existence pnor to and independent h m  their perception by organizational actors: 

=ours grow, birds die, ozone molecules are reacted away. etc. So how does a "problem 

domain" become in the first place? How is it that a "problem" is recognized, 6amed and 

named as such? What events must occur for a focal probltmatique to corne into 

existence in the min& of problem domain participants? To capture their attention? Their 

imagination? Their hem? Their d e t s ?  Who participates in this process? What roles 

do they play? Who is excluded? Whose evaIuation routines and beliefi are invoked in 

this process? What if no consemual conceptualization or even language to express the 

problem can be found? Who is granted a "voice" in conversations and discourses 

relevant to the "probleml' and why? And what if the legitimacy of certain actors is 

contestai? Al1 of these interesthg questions are relevant to building a comprehensive 

mode1 of substitution. 

Let's juxtapose the constnict ofproblem domain with that of indusîry. 1 suggest hen that 

these two concepts are tightly linked: an "industryy' cm be considered as a particular kind 

of simple problem domain org- aroimd a 'broblem" that is defineci by a set of only 

two actors - manufa~nuer~ and customers. An industty is a hyper-otganized and 

uncontested "pmblem domain" as Trist (1983) and Gray (1985) define hem. When fimis 



and their customers interact to define and solve a problem through the design, 

m a n v f a c ~  and sale of a pmduçt or service, we cal1 this an "indusûy". If others, like 

NGOs, activists or politicians for instance, get involved and try to alter theù interactions - 
by demanding that a product design be changed or even that a particultir product be 

banned - we cail this a "problem domah". 

Are not certain types of "problems" appropriated by existhg industries? F h s ,  their 

customers and embedding regdatory agencies are continuously "pmblem-setting", 

"direction-setting" and "stmcturing" (Gray, 1985). They share a common 

conceptualization (Gray, 1985) and language (Gray, 1985) of the b'problems" they are 

ûying to collectively solve and for the most part these actors just get on with this task - 
without outside interference - through marketplace competition, innovation, technological 

change, al1 of which are captureci within traditional conceptions of strategy. Contestation 

occurs within these domains characterized by exchange, and the place of an individual 

nmi or pmduct CM rise or fall through intra-industry competition. But the activities 

within indusiries - domains characterized by exchanges - and what are considerad the 

legitimate assumptions, aims, concems and preoccupations of actors therein, and how 

they fit into the larger socio-economic system, are uncoatested 

1 suggest that what researchers label "problem domains" Iinked to environmental or 

health pmblems are attempts by "exrluded" actors and stakeholders to intempt and alter 

particuiar industry exchanges. They are attempts to intempt and alter conwrsattonr 

between customers and manufacturers about how to operationalize product pefionnance. 

They are attempts to enter into discussions relevant to the design of a product and to have 

theù concems, preoccupatiom and interests - theù piece of the "problem" as they see it - 
included in the caiculus of p d u c t  design decisions made by industrial actors. 

In other words, only after the efforts of "new entrants" into conversations about pmduct 

design did it becorne "nomai" to believe such things as: agricuiturai chernicals shouid be 

desigued so as not to cause an unacceptable risk of cancer; indusirial solvents should be 

designed so as to not cause an unacceptable risk of reproductive dyshnction in those 



handling them; automobile fwls should be designed so as to not be Mplicated in lead 

poisoning; refiigerants should be designed so as to not contribute to ozone holes; etc. 

Industries which were f'unctioning "nonnally" (or at least without incident) with a 

particular operatioiialization of product cbperfomance" suddenly become linked with or 

give rise to pdcular "problems" and the interorganizational domains constmcted around 

them. Attempts to resolve or cope with the problems follow, as the ideas and concem of 

a now wider set of actors are bmught to bear on the industry's products. In the Iimit, the 

molution of these pmblems c m  lead to the focal phenornena of substitution. 

This brings me to back to an important theoretical question for strategists that this 

research will explore: which societal conversations are important and relevant to the 

maintenance of which exchonges? Whose beliefs and values, whose mental models, 

whose c'taik"y and which discourses are relevant to the perceived efficiency, eficacy, 

legitimacy, acceptability - and ultimately, the substantive or utifiiy value - of products? 

This is a vety important but much negiected question for a discipline like strategy which 

purports to address how to "create" and 'cadd" value for fimi success. Certainly 

customers are important. and microcconomic moàels wisely focus on their cost-benefit 

calculus. But a complete answer, 1 believe, extends fat beyond this one set of actors, to 

include scientists and engîneers, regdatory agencies, citizens. and legislators as well as 

manufacturers of complementary produas, customers of customers, etc. It is clear kt, 

left talking amongst themselves, chernical manufacturers and their customers would 

certainly not formulate the same set of problem and issues related to a particular pmduct 

as those ad&& once 0th actors succeed at "coastnicting" a "problem domain" and 

inserting themselves into the pmcess of discussing and ~solving it. 

Recall the substances mentioned earlier in our presentation of what has motivated our 

research - DDT, PCBs, CFCs, tetra-ethyl lead, and methyl bromide. The value of these 

substances (i.e. pmducts) und of the patents, machinery. s W s  and expertise for 

pmduchg them (Le. resources), wouM appear to have been %reatively destmyed" 



through particular 'WC" by a number of different 'WersYY as much as it was through the 

particuiar "actions" of acton like industry rivals or the producers of substitute substances. 

This suggests that fïrm strategy may involve "pattemeâ ialk" as well as "pattemed 

action". A conception of fimis as participants in andor dependent upon particular 

discourses as well as exchanges will, I believe, be necessary to develop realistic and 

comprehensive models of "creative desûuction" in social systems and our focal 

phenomena of substitution. 

1.3 Conclusion 

This Chapter has described the practicai and theoreticai concems that have rnotivated the 

research presented in this dissertation. These were co~ected by a conceptual bridge 

built around the notion of substitution, which is the focal phenornena investigated in the 

study. A literature review presented and summarized theorizing about this focal 

phenomena within the discipline of strategy, identified some gaps, and throughout 

suggested important concepts and avenues for investigation to orient exploratory 

reseanh. 

This research seek to get beyond the shortcomings of cunent approaches outlined in this 

Chapter in a number of ways: 

(1) The threat of substitutes is an important but iittle-researched 
component of suscainable competitive advantage. Prior research on 
sustaiDabk competitive advanîage has tended to ûeat demand as 
exogenous and has focuscd on the dynamics of industry suppiy and the 
scmcity dimension of value. nie research presented in this dissertation 
investigates the dynamics of both mpply and demand and the utility 
dimension of value. 

(2) Substitution, in both the sustainable competitive dvantage and 
technology evolution literatwes, tends to k shdied in pinely economic 
terms; actors' actions aie assumed to be govemed by their objective 
wessment of the relative performc~ncdprice ratios of alternative attijiucts. 



The research presented in this dissertation investigates the possibility that 
product perlrmance is subjectively defned and historically contingent, 
arising out of processes of social c011struction and negotiation. 

(3) Wheieas much prior research on techaology evolution and substitution 
has been conducted around the notion of indusm and the institution of the 
market, the research presented in this dissertation investigates a wider set 
of actors, organizations and social institutions at the higher level of 
analysis of interorgunizationul domain. 

(4) Whereaç much prior research on technology evolution and substitution 
has focused attention squarely on the material realm of competing 
produes (or “technologies" or "artifacls'), the research presented in this 
dissertation investigates both the muterial and ideatiod reulms. 

(5) Whereas much prior research on technology evolution and substitution 
has a bias towards l o o b g  at the innovation process, commercialization 
and the entry into markets of new products, the research presented in this 
dissertation investigates old products and the processes involved in theù 
exit h m  markets. 

in the next Chapter, a methodology is outlimd for exploratory research which aims to 

contribute to builcihg a more comprehensive theory of substitution. 



2 Researeh Design and Methodology a 
2.1 Restarch Questions 

The most gened staternent of my research question is as follows: 

Substitution is the focal phenomena under investigation in this nsearch. A 

comprehensive mode1 of this process would describe not oniy uncontroversial instances 

of product substitution, but also those instances of substitution driven by environmentai 

and heaith problems. To explicitly capture these practical concerns, the research 

question can dso k expressed as follows: 

What U the PCOCCFS hy whkh pducLr enter the econoiny, enjoy 
comnw&d success, t k n  came to k vbaed as unaccepta&& damaging 
to the mvimnmrnt an#or h)wimn kecrclh, wbh likeù subsequent use 

The cest of  this Chapter describes the design and methodology of the theory-building 

research undertaken and presented in this dissertation 

23 A Singît Exploratory Case Study 

This research project examined pmcesses of substitution associated with the entry into 

and exit âom the economy o f a  chernical substmce which were linked to unintendcd and 

undesirable environmental and health consequences of its use. The research design was 

of the type ''single c m  SIU& with embeded (multipie) units of amljsis " (Yin, 1989, p 

23). 



"A case stwfy is an enipirical inquiry that: investigutes a contemporas, 
phenomena within its red-lfe context; when the boundmies beîween 
phenomena and context are not clearly evident; and in which multiple 
sources of evidence are used " 

(Yin, 1989, p 23)- 

" n e  caFe study is a research strategy which focuses on understanding the 
dynamics present within single settings " 

(Eisenhardt, 1989) 

Given that this research was aimed at theory-building and sought to m e r  questions of 

"how and why" related to a longitudinal change process, it was appmpriate to begin with 

an initial exploratory case study (Eisenhardt, 1989; Yin, 1989). 1 did indeed investigate 

the dynamics of a contemporary phenomena (the process of eliminating a controversial 

substance fbm the economy) for which the boundary between the phenomena and 

contcxt was not clear (this process was a complicated one involving the coevolution of 

industries, institutions and problem domairis) by drawing upon multiple sources of 

evidence (documents, archives, and inte~ews). The unit of analysis was "incidents of 

product substitution" and was multiple because the substance investigated exited different 

markets and jurisdictions at different times, at diffennt rates, and for different reasons. 

2.2.1 Purpose, BBef Drscr@tion, und Crirerib of Succcss 

In the absence of hypotheses to k tested, exploratory research should begin with a 

statement of its purpose and the cntena to k used to judge its success (Yin, 1989). 

At the outset of this research, two objectives were set. The first objective of the research 

was one of descriprion of processes of substitution. Hence, in this dissertation I 
1 documentai the eveats of the case, in a strucîured manner, capturing ' M a t  happened" 
, and %ho did or said what, when and why?" in everyday language. The second objective 

of the research was one of explamtion of processes of substitution. Hence, 1 then 
I 

compresseci the description, through a process of qualitative analysis, into a more 

1 nbstract, generalizabk language wcnpriwd d a  parsimonious set of constructs. 
I 



This case study employed a rtrategy of "direct resemch '* (Mintzberg, 1979, although it 

was conducted fiom a -perspective that is wider than that typically associated with that 

methodology. The reseaich is built around the history of a substance around which 

controversy amse due to unintended and undesirable environmental and health effects 

atûibuted to it. Rather than investigate one actor and their strategy (as did, for example, 

Mintzberg & Waters (1982), or Mintzberg & McHugh (1985)), 1 identified and 

investigated a "system of actors" whose activities and "strategies" were relevant to the 

process of mnoving the substance fiom the economy. 

1 wish to underlhe here that the focus was on this syatem of actoa and strategies, and 

NOT a single decision by a regdatory body, or customer, or Company. Decision-mahg 

figures prominently in this research, but was not its focus. This language of systems is 

helpful for restating the study's objectives: (1) to develop a usefbl description of the 

system, (2) to describe the system's dynamics, and (3) to Link system dynamics with 

outcornes. 

The criteria of success that 1 set for my characterinition of processes of substitution was 

agreement amongst the members of my dissertation cornmittee as to the pra~tical and 

theonticai contributions of my hdings. 

This case study focuses on a substance h m  the f d y  of agriculniral chernocals known 

as oiganochlorines which were introduced into economies - and hence also into 

ecosystems aad into humaii bodies - just subsequent to World War II. The most 

(i)famous of this class of substances is the insecticide dichlorodiphenyltrichloroethane 

(DDT) which, because of the comparative weaith of documentation available, was 

selected as the focal product for this shdy of substitution. 1 describe and explain 

processes of substitution in which this molecule was involved in both possible roles - as 



the incoming challenger product as well as the outgoing incumbent product (i.e. 1 

describe anâ explain both DDT's en@ into and exitfiom the euinomy). Geogiaphicaily, 

1 confine the case study to that area set by the borders of the United States. Temporally, 1 

track the fate of this molecde for more than a century¶ h m  its synthesis in 1874 until 

today, although the climax of our story cornes in 1972 when it was fomally banned in 

the United States. 

My choice converged on this case study because the history of this substance has "rare 

or unique" qualities that, besides M e r  justûying our "shgle case study" rexarch 

design (Yin, 1989), make it attractive fiom both a theoretical and practical perspective. It 

malres sense to choose cases such as extmne situations and polar types in which the 

process of interest is "transpurentfy observable" (Eisenhardt, 1989). Just as medical 

researcbers leam about "health" and the "normal" operation of the human body by 

sîudyhg disease and dysfbncîioa, it was anticipateû that a study of an extreme and 

pathological case of product substitution would be ceveahg of dimensions of more 

mundane "normal" substitution processes that are perhaps too subtle and hidden to have 

attracted researchers' attention. 

2.23 Tkeorclj;Caf J~~~tipcatiùn of Case SeIection 

The story of DDT stands out h m  those of other banned substances dong dimensions 

which are of paaicular theoretical importance, justifying the selection of this specific 

case as a result of "theoretical sampiing " (Yin, 1989; Eisenhardî, 1989). 

First, cases of banned agicultural chernicals - as contrasted with banned molecules with 

phemiaceutical or i n d d a l  uses for instance - are particuiarly cornplex, involving 

multiple and heterogeneous problem domains. These cases would therefore be expected 

to be especially nch for theory-building. indeai, one is stnrk by the sheer diwrsity of 

problt!matiques and bence diversiîy of reusow given for substituting pesticides. This 

diversity of problématiques, with the ensuhg diversity of relevant institutional, industn*aî 



and non-govemmental actors involved in these problem domains, enhanced the potential 
@ for compdwn of différent embedded uni& of anaiysis as well as the case's pofential for 

theory-building (Y in, 1989). 

Second, within the set of al1 agriculiural chemicals for which substitution has occumd 

due to unintendeci and undesirable consequences (> 200 molecules), the case of DDT Ui 

particular has "rure or unique " qualities, as attributed by actors in the industry and 

essociated problem domains. For example, as part of theu 100th a~iversary edition 

(1894 - 1994), the editors of the U.S. trade journal "Fami Chemicals" invited readers to 

nominate and vote on the "top 10 events, products, people and regulatiom which have 

had the greatest indwtry influence ", ( F m  Chemicals, 1994, p D 14). Our case study 

captures 2 of the top 10 events (the publication in 1962 of the book "Silent S p ~ g "  by 

Rachel Carson; the baMing of DDT in the United States in 1972). 1 of the top 10 

products (DDT), 2 of the top 10 people (Rachel Carson; William Ruckelshaus, the EPA 

administratot who benned DDT) and at least 4 of the top 10 regdations (the Federal 

Food, h g  and Cosrnetic Act (FFDCA) of 1938; the Delaney Clause amendecf to it in 

1958; the Federal insecticide, Fuagicide and Rodenticide Act (FIFRA) of 1947, which 

subsumed the k t i c i d e  Act of 1910; and the Environmental Protection Act of 1970 

giving rise to the Environmental Protection Agency (EPA)). 

Finaiiy, within the set of al1 a g r i c ~ ~  chernicals for which substitution has occuned 

due to unintendcd and undesirable consequences (> 200 molecules), DDT stands out 

additionally by the drarnatic extent of its fall h m  grace, as well as by the ongoing 

controversy it continues to sustain* Once hailed as "one of the greatest scientific 

discoveries of the fast decade " (West & Campbell, 1950) and leading to a Nobel prize for 

the discoverer of its insecticidal pmperties, DDT would later corne to be routinely 

described as a "persistent organk poI1utant" by even its most d e n t  supporters. 

Immediately after its entry into commerce, DDT becanre the top seilhg insecticide in îhe 

Uniteà States with usage climbing to almost 80,000,000 lbs. annually at its peak, dl of 

which was evennially substituted for. 



The story of DDT also stands out from those of other substances which have been 

substituted due to unintended and undesirable consequences for other, very practical 

reasons that make it attractive to investigators. 

Of much importance, its infamous status has greatly facilitateci data collection. For not 

only was the pmcess of substituthg DDT a very public one and "tra~~~purently 

observable" (Eisenhardt, 1989) for which written transcripts, archives and other 

documents are available, but reputable, scholarly histories dm exist. Also, these officia1 

records, many of which corne h m  hearing-like settings, record the voices of both the 

proponents and opponents of different views, which presented a unique opportunity for 

ensuring that a critical perspective was not lost. This is in the spirit of presuming a priori 

to case study research that "ail perspectives are valuable ", which is advocated by 

methodologists (Taylor & Bogdan, 1984). in addition, the ongoing nature of the debates 

sum>undiiig DDT - it is on a list of twelve substances which are currentiy the object of 

intergovemmental negotiations, spearheaded by the United Nations Enviromnent 

Program (UNEP), aimed at achieving an "International Legally Binding Instrument for 

hplementing International Action on Certain Persistent Organic Poliutants (POPs)" - 
meant that interviews with actors directly and currently involved in the problem domain 

were feasible. 

Finally, it was anticipateci that this specific case would pmve to be of particular practical 

value. One o f  the reasons to study the past is to avoid king condemned to repeat it. 

Many of the same institutional and industrial actors involved in the story of DDT and 

other organochlorines are cmntly  major players in debates over new agriculturai 

biotechnologies (agri-biotech). Indeed, bavhg becorne familiar with the history of DDT 

and chmieal-intensive agriculture in general, it is difticult not to be struck by the 

similarity of the discourse - both promotionai and criticai - cumntly smunding agri- 

biotech with that documentcd in the DDT story. Whether or not ûansgenic crops wili 

belp us to '@ed rhe world" as c l h  Monsanto's CE0 Robert Shapiro (Magrraa, 1997; 



Benson, Arax & Bmtein, 1997) or wbether "social problems aside. this new agrieulturaf 

bioteehnology is on much shaher scientijk grovnd than the Green Revolution ever war '' 

as claim certain biologists (see, for example, Ehmifeld, 1997), 1 make no claims of 

special knowledge. But, as a result of my anaiysis of the fascinating story of the rise then 

fa11 of DDT - the "atomic bomb of insecticides" - 1 do feel that 1 understand much better 

the underlying processes at work when technologies enter and exit the economy. 1 hope 

that readers have the same feeling when they finish reading this dissertation. 

23 Case Study Methoâ 

The direct research methodology (Mintzberg, 1979) informed the data collection and 

data analysis efforts. Following Mintzberg's prescriptions, this research: 

(a) began as purely descriptive as possible using real tems h m  the field; 

(b) relied on simple, inelegant metbodologies; 

(c) was inductive yet systernatic; 

(d) included "reality checks" that hdings were supported by anecdotal data h m  

the field before drawing conclusions; and 

(e) sought to synthesize and integrate diverse findings into an idealized model. 

This method has previously been used to 'kick strategy", patterns in the decisions and 

actions which make up the histories of orgmizations. These histories were presented in 

temis which highlighteâ important dimensions and variables known a prion and 

traditionally captureâ by the notion of "strategy". From these histories, relationships 

linking various strategy variables were induced and theory thus built (Mintzberg & 

Waters, 1982; Mintzberg & McHugh, 1985). 

My efForts were similar but M d  in that the unit of anaiysis was not a single actor but 

tather a system or set of actors. This set of actors mis comprised of individuais and 

organkations who were bmught togethet around DDT and 0 t h  pesticides and who 



hence comprised the pesticides "interorganizational domain". 1 defined the domain 

broaàly and in line with the review of the literature; it included actoa involved in both 

exchanges (who was manufacturing, selling, buying and using DDT?) and discourses 

(who was talkiag about DDT?) involving the focal pmduct. Thus 1 tracked both the 

actions and texts produced by actors involved in the history of DDT, focusing particularly 

of course on instances of our focal phenornena of substituîion. 

2.3.2 Data Collection 

One of the advantages of case study nsearch over other methodologies is the opportunity 

to use multiple sources and types of evidence to achieve triangulation (Yin, 1989). This 

was exploitcd in this research. Of the six possible sources of case study data listed by 

Yin (1989). this research drew upon four. The main sources of data were (1) archiva1 

recordF and (2) documentation. These were supplewnted by (3) interviews and five 

days of attenàance permitting (4) direct observation of meetings of the "United Nations 

Environment Program's Inter-govemental Negotiating Committee for an 

hternationally Legally Binding instrument for hplementing International Action on 

Certain Persistent ûrganic Pollutants (POPs)". 

Temporally, as pet the direct reseurch methodology, I kgan with more generai 

documentation, then s h W  to i n t e~ews  and archives later on. 

"We first spend a good deaf of îime reading wharever historieal 
-documents we can fi& in order to develop thorough chronologies of 
decisions in various strategy meas. We then switch to interviews toflll in 
the gaps in the decision chronologies und to probe Niro reasons for break 
in the patterns (i. e. /or strategic ciuinges)). " 

('mtzberg, 1979, p 106). 

Table 2.3.2.1 illustrates the data collection pmcess, while Table 2.3.2.2 lists interviewees. 

Given the historiai nature of this nsearch, opportunities for interviews were Illiiited but 

these were capitalized upon. I must say that one of the highlights of this research was 



having tea with Ms. Shirley Briggs, a longtirne fkiend of Rachel Carson, the author of 

Silent Spring. In addition, 1 did manage to wdr domi interviews with a numôer of 

actors important to the case study which had ken conducted by an historian and 

arc hived . 



Table 2.3.2.1 - Data Collection 

DOCUMENTATION: BACKGROUND & CONTEXT DATA 

To fàrniliarize myseif with the issues and the tcnninology ustd to discuss them. 
- entomology textbooks, pcst management textbooks, pest management hiandbooks 
- POPs negotiations briefing documents; POPs reports and position papers of NGOs, 
industry, and governmcnts 
- chemical industry trade jounials 
- agriculturai chernicals databases and bandbooks 

[ - descriptions of pesticide ngu1ations and othcr EPA documentation 1 

W C T  OBSERVATION 
United Nations Eavironmcat Program% Intergovcrnmentrl Negotirting 

Cornmittee for an Intemationally LAQIliy Binding Instrument 
for Impkmcnting International Action on Certain Petsirtent Orgaaic Pollutants 

@ht scuCon: Monhcel, 1199 6 29 - l99û 07 03) 

* To Wei. familiarizc mysclf with issues and terxninology. 
1 To establish contacts and to hcar furt-hand the arguments of  important acton. 1 

To famiiiaritt mysclf quickly with the case 
study (products, markas, actors, etc.). 
To build t&c fkst dratt of the "cvcnt history 

database". 
To exploit authors' fmotcs ,  endnotes and 

bibliographies in uncovcring relevant prhary 
SOUtCes. 

see Table 2.3.2.3 - Important Secoaby Sources 

To cornpletc & to triangulate the 
"cvcnt history daiabad. 
+ To rcad and to interpnt firsthand important 
archival tccords and various documents as they 
cvolved through the W. - scicntific articles and book (eatomology, 
wildli fc biology, ecology, medicine) 
- student tcxtbooks (cconomic entomohgy) - popular press articles (ex. New York Times, 
Timc, Newswalt, New Yorlrcr, Science, etc.) - books on DDT; CBS TV documentary on DDT - govemmcat nports, tmsdpts ûom public 
hcarings, spccchcs 

WONDARY DATA SOURCES; 
INTERVIEWS 

To biliarizc mysdf quicldy with the case 
snidy (ptoducts, msrkets, actors, etc.) 
descrii in the language of observers, 
analysts of the case. 

To build the fht draft of the "event history 
database*. 

see Table 2.3.2.2 - Interviewes 

PRIlClARY DATA SOlUtCESi 
INTERVCFWS 

To hcar and to captue casc study events, 
descn'bcd in the language of actors in the case. 

To understaaâ actors' auributions of 
imporrsiicc and significance to certain events. 



Table 2.3.2.2 - Interviewees 

Eleven hours of tape recordcd i n t e ~ k w s  recorded in 1971-72 (cach 30 - 90 minutes) with participants in 
the Wisconsin DDT harings of 196869, obtained h m  Archives Division of the State Historical Society 
of Wisconsin. interviewees werc intervicwed by histotian Thomas R Dunlap as part of his PhD. 
dissertation research, which was evennially tumcd into his 198 1 book. 

- R Keith Chapman, University of Wisconsin entomologist; witness for DDT 

- Francis B. Coon, analytical chcmist and Director of the Wisconsin Alumni Research Foudation 
(WARF) Labotatories Pesticide Analysis Section 

- ES. Fisher, entornologist and Coordinator of Pesticide Use Education a~ the University of 
Wisconsin; witacss for DDT 

- Joseph Hicke y, University of  Wisconsin wildli fe ccologist and expert on cggshell thinning; 
witness against DDT 

- Hugh 11th. University of Wisconsin botanist; witness against DDT 

- Orit Loucks, University of Wisconsin botan&; witness against DDT 

- Lome ûüo, housewifc & local activist agahst DDT who bmght the Environmental Defensc 
Fund (EDF) to Wisconsin 

- Maurice Van Susteren, Hearing Examiner of the Wisconsin Deparcment of N a m l  Rcsowces 

- Charles F. Wursttr, Jr., biochemistiecologist and CO-founder of the Environmental Defensc 
Fund; witncss against DDT 

- Victor J. Yannacone, Jr., lawycr and co-founder of the Envwnmcntai Defense Fund who called 
witncsscs against DDT and cross-cxamincd witnesses for DDT 



Table 2.3.2.2 (coatinued) - Interviewces a 
Fomal interviews undertaken by myself in 1998-99 (each 30 - 150 minutes) with prticipaats in the 
bbtoricrl Wor ongoing debates over DDT, orginochlariae p ~ t i d d e ~  and POh 

- Arnold Aspelin, Senior Economist at the Environmental Protection Agency; was the EPA 
economist who compiied a major 1975 document rcviewing thc EPA's decision to ban DDT; 
spcnt 5 days testifyiug at subsequcnt DDT heariags; is cumntly working on what will become an 
official EPA manuscript documenthg the history of pesticide usage in the United States. A@ 
our interview, 1 showed him my "event hatoty database", we exchanged idea and I went over my 
/indngs. At th& pin!, he teqnïsîtrd âhat I ad as prrr m b e r  for h b  m o n ~ ~ c d p ~  This 
unexpecîed rwersaI of ruks confiimed my own growing sense thut ! had achieved "saturation " 
in terms of &ta collection and anaiysis, ut which point I ~ n e d  my attention to writing. 

- Shirley Briggs, longtirne tiiend of Rachel Carson; rrcently rctircd as head of the Rachel Canon 
Council which she had helped found; author of Basic Gui& to Pesticicdes (1992). 

- Leonard Giancssi, Senior Research Associate, National Centre for Food & Agriculhital Policy; 
industry analyst; ha9 appcared frequently bcfon Congnss for industry and others as a neutral 
witncss; was refcmd to my by the Amencan Crop Protection Association (ACPA). 

- Ed Glass, rctired Professor of cntomology at Cornell University at the New York State 
agricultural e~pcriment station in Geneva, Ncw York and an expert on pest management in apple 
and pcar orchards; intirnatcly involved with DDT, espcially its introduction into then exit b m  
use aginst the codling moth in apple orcbards; cwmitly writing a 100 year history of thc Geneva 
state agiculnual experimmt station in Gcneva New York 

- George Larocca, Roduct Manager in the kgistnbtion Division (RD) of the Environmental 
Protection Agency; involved with oi'ganochlorines 

- Gordon Lloyd Vice Rcsident of Techical Affhirs, Canadian Cbcmical Produccn' Association 

- Bill Murtay, Senior Rojcct Manager in the Rcgulatory Affairs & Innovations Division of the 
Pest Managemcnt Regulatory Agency (PMRA) at Hcalth Canada 

- Karen Perry, Associate Director of the Environment & Health Rogram of Physicians for Social 
Responsibiiity; Chief Coordinator of the international POPs Elimination Netwolr (IPEN), an 
NGO wking global elhination of DDT. 

- David Pimentel, Corncll entomologist and nnowncd pest management expert; author of 
numemus books on pest management; m e m k  of seveml important and pmstigious cornmittees 
assembld by the U.S. govemment, including thosc that authoreâ the Mrak Report of 1969. 

- lim Roelofi. e w r t  on organoch1orinc pesticides at the EPA, a d  m i p h  of tbat organization's 
Silvcr Meâal for Suprior Performance 'Pr (orceIIence devefoping the technicd s q y m  doouiient 
a d  ccwtcIuding a negotiated settleme~ with indirr~y on the pesticide chior&ne. " 

- James Skaptasoii, Assistant to the Director of the Biopesticides and Pollution Prevention 
Division (BPPD) of tht EPA 

- Morag Simpson, Toxics Campsigner at Gmapcacc, Toronto 

- John T- Trumbie, Rofrssor m the ûcpmmcnt of Entomology, University of Califoinia; Chur of 
Mon F (Cmp & Ubn Pest Management) of the Entomological Society of Arncrîca 



Table 2.3.2.2 tcontinueà) - Interviewees 

Otben invohteâ in the pcsticMes and POP5 domrins with whom I had informal conversaîions, 
exchanges of ideas, or who answend specific questions about DDT and othcr PûPs in 1998-99. 

- Craig Boj kovac, World Wildlife Fund, Canada 

- Clifton Curtis, World Wildlife Fun4 United States 

- Suzanne Fortin, Projcct Manager, Regdatory A*, Pest Management Regdatory Agcncy, 
Health Canada 

- Mr. Thomas J. Gilding, Dinctor of Environmental Afiàirs in the Govenunent Anairs 
ûepartment o f  the American Crop Rotdon Association 

- Julia Langar, World Wildlife Fund, Canada 

- Bill Marshall, Rofessor of Food Science & Agriculnval Chetnhtry at McGill University 

- Monica Moore, Rogram Director at the Pesticide Aa*on Network at cheu North American 
Regional Center 

- James E. Throm, c m n t  ditor of Jowml of Economic Entomology; Research Leader, 
Biological R+serurch Unit USDA-ARS Grain Marketing and Production Research Center 

- Jack Weinberg, Senior Toxics Campaignct fiom Chicago; POPs Tcam Leader for Greenpeace 
International 



1 wish to say a few words here about secondary data, which played a very important mle 

in this rexarch. Welldocumented histories of the science ad technology of pesticides 

as well as histories of the relevant govemment policies and regdatory frameworks exist 

and are readily available and were drawn upon. In addition, the particular case of DDT 

has attracted the attention of historians and other scholars who have prepared books and 

articles. These too were drawn upon. To show my appreciation for the hard work of 

these authors, and to ensure complete transparency, they are listed in Table 2.3.2.3 - 
hportant Secondary Sources. Al1 sources are cited or refemced appropriateiy 

throughout this dissertation. 

These histories served primarily to help me (1) to reconstruct the series of events relevant 

to the life of DDT, and (2) to locate primary data sources by minhg authon' fornotes, 

endnotes and bibliographies. With recourse to primary data and having multiple 

secondary accounts, 1 was able to check and triangdate important 'Yacts". 1 also sought 

out the opinions of relevant experts as to the quality of various secondary &ta sources, as 

well as for their suggestions of additionai accounts 1 should get, be it by retrieving 

particular documents or by inte~ewing particular people. For exarnple, in my search for 

nspected and ûust~orthy sources, 1 began by contacthg the Entomological Society of 

America and the Journal of Economic Entomology, who directed me to a number of my 

interviewees. 1 also contacted government officiais as well as representatives of 

environmentalist NGûs. When checkhg and triangdating, efforts were made to ensure 

balance by accessing, where possible, both "pro-DDT" accouats and "anti-DDT" 

accounts of events. 

Wherever possible, recourse was made to original archives and documents. Ultimately, 

my -ch led me to collect, read and analyze a wide variety of scientific &cles and 

books, textbooks, govemrnent reptts, industry documentation, popular press articles, and 

popular books dealing with DDT and other pesticides through the years. 1 have 

accmulated a sizable DDT l i b q .  
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@ 1 did not - and do not - believe that case study research, even if it is exploratory and 

aimed at theory-building, cm be conducted in the absence of theoretical predisposition, 

as desirable as this may be. Given the potentially infinite supply of raw data available to 

case study researchers, the data collection pmcess itself can be seen as acnially a process 

of anticip~tory data reduction, even though "data reduction" is traditionally associated 

with the data adysis  phase of research (Miles & Huberman, 1984). Method01ogists 

have concluded that the up-hnt acknowledgement of theoretical predisposition oniy 

strrngthens the ultimate research. 

"A priori specification of co~ts~ructs can also help to shape the initial 
design of theov-building research. Although this Sype of specification is 
not common in theory-building studies to dute, it is valuable becawe it 
pennits remarchers to memye COI~S~UCIS more accututely. II these 
constructs prove important as the study progresses, then researchers have 
a firnor enpirical pouding for the emergettt fheory. '" 

(Eisenhardt, 1989) 

The concepts which orientai data collection were those identified in my review of the 

literatwe, and flow fiom my framllig of the research around the concept of suhtilulion 

which 1 viewed as a phenornena arising h m  compef&bn between different p d u c a  in 

various lll~rkets (embedded within particular regdatory heworks) ,  the outcomes of 

which are infiuenced by the &fiefs and evuiuat2on criteria of important actum, 

especially their notions of what constitutes desirable product prrfrmonce as well as 

undesirable pnrduct pmbfem. Therefore, as data was collected it was coded at a general 

level as being pertinent to these constructs. 

A couple of  specific tools were used to fecilitate and to o r g e  my data collection. As 

seconàary and primary data sources were king reviewed systematicdy, sigaincant 

bbevents'' were extracteâ and stored in an "event history database" (Van de ven & Poole, 

1990; Gand & Rappa, 1994) with a staadardized format. To give reackrs an idea of the 

level o f  detail and sorts of events contained therein, Table 2.3.2.4 g i n s  some examples of 

the ultimate contents of this database of more than 400 individuai records that q W r e  



some 60 pages to print. In additio~ the Reader's Guide to Periodical Literature, a 

bibliographie summary of the U.S. popular press, was reviewed systematicaily for the 

years 1935 - 1983 and titles of articles listed under the subjects "pesticides", 

"insecticidesy', and "DDT' - as well as ten other particular insecticidal substances, 

including products that DDT substituted for as it entered the economy as well as products 

that substituted for DDT as it exited the economy - were extracteci and organized into a 

"DDT discourse database" tbat contains some 1290 records. Table 2.3.2.5 gives the 

records for the periodical Business Week as examples. 



0 
Table 23.2.4 - Some Examble9 of Records in Event Historv Database 

DDT full-scale fiel 
use against typhus 

DDT was first used on a large s a l e  by Allied forces to 
artest a typhus epidemic in Naples in Oecernber of 1943 
and early 1944. It was hem that it earned its reputaüon as 
a 'miracle" insecücide. By the end of the epidernic, some 
3,000,WO individuals (local citkens and Allied troopsO had 
b e n  dusted one by one. A squirt gun forced DOT powder 
into subjects sleeves, waistband, collar pants' cuff, hair and 
hat, This technique SUBSTITUTED for a cumbersome 
system of baking subjects' clothes, shaving their heads and 
body hair and then painting the shaved areas with an 
ovicide. At peak opration, 72,000 people were dusted on 
one day. M became standard for British troops to Wear 
DDT-impregnated shirts. 

1945 

DDT m m e n â e d  
DY USOA for some 
mps. 

1 1960~Arizma DDT ban. 11 yr. morabfiurn for anricultural usus in Arizona 1 

Methoxychlor 
intmduced by Geigy 
and DuPont as 
Madate 

For the 1946 crop year, the USDA mornmended DDT 
rioting: no case of human poiming had bem bmught to 
the atbntbn of the Bureau of Entomobgy and Plant 
Quarantine; DDT's efbct on highrr animals was much less 
than aie in38CtjCides cumntly in use (amnicals and 
nicotine). Formukitions wem mmmended for home pests 
such as houseflies, Mbugs, ticks, ants, lice, Mas and 
mosquitoes. Other mixtures were racammended for shade 
ûws and sugar beet g r m  for s8eâ. Cabbage could be 
sprayed to control cabme caterpillars, but befom 30 days 
prior to sale of the mp. DDT was not rscommended for 
c6ml products or storecl grains b be used for food. Seed 
grains could be sprayad howsver and DDT was 
sutmquentiy a p p l ï  to the walls and wOOdWOck of storage 
areas. Instnicüons were aIw devebpeâ bt cotbn cmps. , 

Methoxychlor is a non-systernic contact and stomach 
insedicide inttaduced by Geigy and DuPont in 1945. 
Methoxychlor had simiiar, though slightly weaker, toxkities 
to a brosd range of inse& but it did no4 appear b 
accumulate in the body fat of animals or be excmteâ in the 
milk of dairy corn. Methoxychlor Iabr SUBSTITUTED for 
DDT in its use for fly control in dairy barns. 

L 

Subsequent to the seiielitr(ion of Rachel Caiwn's Silent 
Springl Pnrirknt Kennedy fields questions on DOT at a 
White House press conhmnce on Aug 29, 1962. he 
snswfed that yes, he haî arked the USDA and the PHs to 
take a cioser look at the bng terni side effects of its use. 

1962 Presiâent Kennedy 
eiûs questions on 
DDT at a White 
House press 
conference on Aug 
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2.3.3 Data Analysis 

Qualitative case study data d y s i s  includes the activities of (1) data reduction, (2) data 

display, and (3) conclusion drawing with verification (Miles & Hubeman, 1984). This 

third activity can be seen to include tasks related to shaping hypotheses and enfolding 

literature, suggested by Eisenbardt (1989) as king important to theory-building case 

study research. Each of these authors stresses the highly iterative nature of these t h e  

activities. 

My data analysis began during the data collection phase, which is appropriate for theory- 

building research: "Overlapping data analysis with d m  collection not only gives the 

reseurcher a head start NI analysis but, more importontiy, aallows researchers to take 

advanirage of fllexile data collection " (Eisenhardt, 1 989). Throughout the research, m y 

ideas and thoughts as to potential avenues for conceptualization of the case and aspects of 

it were recorded in a "field note database". 

1 used four main techniques to achieve data reduction and data display in our analysis: (1) 

the pmparation of chronologies and the display of important variables as a hction of 

the; (2) the preparation of tables; and (3) the preparation of material and information 

flow diagrums; and (4) selective cowtent analysis via coding of important data. The 

utilization of these techniques was quite standard (see Eisenhardt (1989) for an excellent 

discussion of "analyzing within-case data"), and none requires much comment hem, 

although 1 do wish to address their relative importance. 

&cause we sought to develop a mode1 of a piocess, it was naturai t b t  chronologies 

played an important d e  in our analysis. Chrowlogical display is at the heart of the 

direct research methodology (Minaberg & Waters, 1982; Muitzberg & McHugh, 1985). 

Tables were also important tools because this case study sought to draw together data 

h m  diverse sources haî is not usually found together. Thiwgh these, 1 harnessed the 

powet of juxtaposition. Since the ultimate goal was a pmess model, it was nanual that 



l flow diagnuns were important tools. My theoretical disposition led me to favow flow 

diagrams which higbiighted and conaasted materiai flows and information flows. Where 

did DDT go physically (material flows)? Then who subsequently talked about or 

produced howledge of this, and how (information flows)? And how did this information 

then feed back into subsequent material and information flows? Did it affect processes of 

substitution? These sorts of questions were asked and addressed in the analysis. Finally, 

1 have qualified the use of content analysis as "selective". This is because the volume of 

potential textual material upon which content analysis codd have been perfomed was 

enormous. Feasibility considerations necessitateci king highly selective of the use of this 

technique. 

In executing this research, the suggested techniques of methodologists for achieving 

validity and nliability were employed where feasible. Table 2.3.3.1 summarizes these. 



Table 2.3.3.1 - Consideratioas of Validitv and Reliabilitv 

Thmughout the design and implementation of this research methodology, steps have been taken 
to inciease or ensure bath reliability and validity. 

Achieving consûuct vrlMiîy rneans %stablishing correct oprathnal masures for the concepts 
bdng studiW"' Steps taken to ensure consûuct validity include: - use of mulüpk sources of evidenœ to achieve convergent vaIidity (Yin, 1989; Leonad- 

Barton, 1990) - iteraüve tabulation of evidenœ for each constnict (Eisenhatdî, 1989) 

Ensuring inîamil vrliûity means 'estabIishing a causal relsfbnship, whemby certain conditions 
am shown ta leed Co other c o n d h s ,  as dlstinguished tiom spun'wrs reletbnship". Steps taken 
to ensure the interna1 validity of findings indude: - use of tirneseries analysis and chmnobgks (Vin, 1989; Miles & Huberman, 1984) - s88rch for eviâence of the My" ôehind any posited relationships (Eisenhardt, 1989) - iteraüng the activity of conclusion drawing with verification (Yin, 1989; Eisenhardt, 1989) - demoncrtrating why rival hypothews and conclusions cannot be supported by the case 

study evidenœ (Yin, 1989) - compatison with am(licong I i i h r r e  dunng snfokting of litemtum (Eisenhardt. 1989) 

Enhancing extmmrl vrlMity or generalizability means %stablMing the damain to whCh 8 study's 
findritgs can be ge~)mIized". Steps taken to increase the generalizabili of findings include: - use of existing constnrcb from the lhatum to guide initial data collection and analysis 

(ü~ough none of these were guarantaed a place in any mitant thsory) - cornparison with confiming litmturis during enfolding of literakim (Eisenhardt, 1988) 

Achieving nlkbility rneans edemon~fmting thet the opemtiw, of the study, such as the data 
Cdlecnui proçeduums, can be repeateû with the same rrrsuîts: Steps taken to achiwe reliability 
inc tude: - maintenance of a case shidy data base with data iWf, a description of the procedures 

used to collect it, and cross-feferences from the data ta the final report (Yin, 1989) 
- inclusion of extensive field notes (or 'case study notes" using the tenns of Yin (1989)) in 
case study data base (Eisenhardt, 1989) 



As is the case with qualitative research, not al l  of this analysis was equally finiitfid, and 

false starts were common. On the other hand, some very promising but hely-grained 

analyses are still in progress, having proved more the-consuming than expected. In 

other words, this dissertation reports on particular completed work a d  fndings; my 

research on DDT, a story more fascinating than 1 could possibfy imagine at the outset, is 

ongoing. 

For the fiadings reported on in this dissertation, what can be considered "core" or 

"essentiai" data collection and analysis was completed as follows. 

(1) The "biography" of DDT was compiled, using the data collection 
methods outlined above. 

(2) From the story of DDT, different instances of substitution involving 
that molecuie then identifW. Substitution was defiacd using the 
definition introduced earlier - the supplanting of one product by another in 
a given market. Readers may k surprised to fkd out that not only did 
DDT have many "markets", but it was substituted for by different 
alternative "products" at different times thughout its history. These 
substitution events occurred for different rasons, were triggered through 
different processes, and involvcd different actors playing important d e s .  
So, for iristance, the story of DDT's entry, use, then exit due to 
substitution in the market npresented by cotton-growers difEers h m  that 
of the story of DDT's entry, use, then exit due to substitution in the 
markets repnsenteâ by dairy-fmers, by apple orchardists, by public 
heaith users, etc. 

(3) Through elementary coding, categorïes of different types of 
substitution events involving DDT were generated, and these were 
orgaiiized into a taxonomy of substitution processes. 

Enfolding hdiogs with the litetanire carne next, because "an essential/errwe of theory 

building is c o m ~ i s o n  of the emergent concepts, theory, or hvpotheses with the extant 

litetahue. This involves asking what is this similar to, whol dues it con~radict, and why. 

A k y  to this process is to consider a brwd range of literature. " (Eisenharàî, 1989, p 



544). So in order to anchor theoretically my empirical hdings, one more activity was 

cornpleted as follows. 

(4) The taxowmy of substitution processes was then liaked conceptually to a 
typology of substitution processes which can be denved h m  basic economic 
mdels of choice. 

It is these particular empirical results, M y  anchorcd and supported by a demonstration 

of their comections to existing theory, that are reported upoa in this dissertation. The 

dissertation concludes with a discussion of the broader implications of my fmdings. 



SECTION II 

Case Studiv and Finding 

This Section describes the case study and the hdings that form the backbone of this 
dissertation, recounting the history of DDT withui the wîder context of other insecticide 
products and the fiinction of insect coatrol in general. Constructing it was a daunting 
task, given the length of time it covers, the technical nature of many of the data sources 
drawn upon, as well as the sheer richness of the data. 

Hence, unavoidably, raw data and iafonnation has been filteteû, fiameci and organized in 
the pmcess of cornpressing the story of DDT into a single, manageable and readable 
chapter. k u g h o u t  this process, however, an important consideration has served as 
guide: the focal phenomena under investigation is that of substitution - "the process by 
which one product or service mpplants another in perjionning a particular ficnction or 
ficnctions for a buyer " (Porter, 1985, p 273). Certainly, this particular case study could 
sene as a window into al1 sorts of fascinahg phenomena of interest to organizational 
scholars, but as interesthg as other stories might be - for example: the birth and growth 
of the enWonmental movement in the Unitcd States; the singular impact of Rachel 
Carson's book SiIent S'ring on science. governent and industry; the history of ideas 
within the scientific disciplines of economic entomology. ewlogy and ecotoxicology; the 
cornpetitive d-CS of the spi-chernical industry; etc. - for nasons of space and 
purpose these m u t  play a supporthg d e .  In this dissertation 1 cestrict rnyself to just 
one: the entry and exit of DDT and other insecticide products into and h m  the web of 
g d s  and services chat is the ecowmy as îhey "mppIant another in prforming a 
partictlIarfinction or ficnctionr ". 

This firaming amund the concept of substiluIiion means that an effort has k e n  made to 
focus on and to present elements and events in the case study which are linked 
conceptudy to that phemmena. As per the review of the literatwe, substitution is 
viewed as a phenomena arising h m  CO-n b e m n  different produm in various 
mrrLcb embedded within particular reguldo~ fmllb~~~rAr, the outcomes of which are 
innuencd by the k l i f s  and emI&n cderl(o of important octom. especially their 
notions of what constitutes desirable p ~ u c t p r r f o r ~ n c e  as well as undesirable pduct  
pmbiem. 

The Section begins with an introduction to pesticides to clarify some of the terminology 
useû thughout the dissertafion, and this is followed by a brief presentation of the focal 
molecule, DDTy and its properiies. Next, the hct ion of inscct contiol in the econorny is 

a diseusscd. Alternative tcxhaologies for aceomphshing insect wntrol are then presented, 
and these are placed into a historical context of technological evolution, spanning the 



entk lifetime of DDT in the U.S. economy. Those processes of substitution involving 
DDT - as both the new challenger product entering the economy, and the old incumbent 
product exiting the economy - are identified, as are issues of product peiformance and 
product problems relevant to understanding these. This overview is meaut (a) to provide 
readen with a broad and generai understanding of events in the case study before 
presenting the detailed biography of DDT, as well as @) to firame the biography and to 
introduce concepts and language important to analyses. Then, the detailed case study is 
presented. It begins with a description of insect control in pre-WWII United States which 
establishes the context into which DDT and other otganochlorine insecticides were 
introduced and enthusiasticaily adopted. The specific events surroundhg the 
introduction of DDT into the domestic United States cconomy are then presented, as are 
events of the iater controversies in which the focal molecule was implicated (the plural 
here is significant, as will become clear later). Details of the reduction in use and 
eventuai exit of DDT h m  various markets - its substitution by alternative products, in 
other words - are also presented. 

Please note that, in order to avoid what was judged to be excessive repetition of case 
details in pnor drafts of this document, analysis of particular processes of substitution 
involving DDT appears along with the descriptions of these processes. in other words, in 
Chapters 4, 5, 6 and 7, case details are presented nrst in everyday laaguage then, 
periodically throughout the story of DDT's rise and fall, they an interpreted and 
tramîated into the conceptuai language I am advocating. This format, nsembling a 
running commentary, was judged acceptable given that the case is simdwiched between a 
compnhensive o v e ~ e w  that inttoduces the key concepts (Chapter 3) and a surnmary 
recap (Chapter 8) which anchors them nrmly in accepted theory. 

The scope of this research in both time and conceptuai space meam that this Section and 
the Chapters herein are not short. But, in an effort to facilitate and speed the d e r ' s  
ta& a few techniques have k e n  employed which sewe to structure the t ea  
hierarçhically: (1) difYerent sections, sub-section, sub-sub-sections, etc. of Chapters are 
clearly indicated with appropriate headings and numbering; (2) tables, figures, and text 
boxes are employed wherever possible; and (3) key poinb in my argumenb as weil as 
kcy portions of quoted works are indicated in bold. 



3 Case Study: Contert and Ovewiew of Fiadings 

3.1 Purpose and Outline 

This Chapter provides readers with technical and background information about the 

function of insect control and insecticides which facilitates later reading of the detailed 

case study. Understanding agricultural chernicals is not a straightforward exercise, even 

for agriculhiral specialists, as evidenced by this preface to the volume devoted to 

insecticides in the Advunced Series in Agriculturai Sciences (a volume that, 

unfortunately, did not exist when this research began!): 

"ln general, the expert is knowiedgeabie in his own area of science, but 
for most ugricuitwal scientists. students and teachers. it is a dflcult and 
time comming tprk to gain a generai understanding of the area of 
insecticides, which is under continuous dovelopment a d  progress. 
Taùing as un exumple the mode of action of methroidi. one will be 
inundated by scientijîc papers and reviews. and only a&r enormous effort 
will one be able to make the correct conclusions fiom the diwrse 
informatiota available. Ofd$-faoned insecticides which are, in many 
cases, no longer in use, are not rnentioned suflciently in modern 
textbooks, a d  older editionî are not aiways available. However. when 
fou& the reader muy be swamped by a mass of literature. " 

(Pcrry, Yamamoto, Ishaaya & Ferry, 1998, p Ur) 

The Chapter aiso presents an overview of how insect control technologies have evolved 

over tirne, in order to establish an appropriate context for recounting the full story of the 

rise and fdl of DDT a bit later. This oveMew is both pst and friture referential h m  the 

perspective of DDT. In other woràs, my biography of DDT will not k completely 

lkear; 1 reveal here some salient detaiis h m  the life of that molecule, fiamed and 

interpreted so as to foreshadow later anaiysis and arguments. 

Pre-anchoring the detailed story of DDT like this, (a) to an introduction of some of the 

technical rnattets relating to insecticides, (ô) to some details of both the pre-DDT and 

post-DDT history of k t  contmi, and (c) to the pdcular concepts and fiaming used to 
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express my findings, was judged necessary in order to equip readers with some basic 

information and to orient their attention. 

3.2 A Pesticide Primer 

Sornething that m u t  be done early in this dissertation is to distinguish a few tems that 

are similar but cannot, strictly spcaking, be used interchangeably. In addition, the 

scientific statu of certain tems must also k clarified, and a few technical distinctions 

made in order to delineate the boundaries of the case study and to facilitate its reading. 

Pesticides and insecticides are different thhgs, with the former king the more global or 

encompassing tenn. "Pesticides ore chernical substances used to kif1 or control pestsd 

Udortunately, even scientists admit that it is impossible to define "pests" scientifically. 

Al1 definitions are anthropocentnc and historidly contingent; they inevitably nflect 

human kliefs, values and even the state of technology or explicit economic cost-benefit 

calculations at a given point in time. Much like pemleum reserves h o m e  "mowces9' 

when the price of oil and the cost of extraction coincide such that it is economic to extract 

them, plants, h g i ,  mites, insects, and other organisms that man purposefully kills (see 

Table 3.2.1 for a summazy) becorne "pests" when they are judgcd undesirable and the 

costs of contmlling their populations fails below the costs avoided by purposefully killing 

them. 

' The qwcition is h m  77w Pestici. Book by Wuc (1994, p 4); this tcnbodr pvidcd mwh of the 
g c n d  i n f i o n  m pesticides nporred hembcre 
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T O  

Pesticide r l iu  Function hot-word derivation 
Kills mites 
Kills aîgae 
Kills or mpds birds 
Kills badsria 
Kilts fur@ 
Kills wuds 
KiICs insa& 
Kilts larme 
(usually moquito) 
Mills mites 
Kiils mails and alugs 
(may indude oystef8, 
dams, mussels) 
Mils nematoâm (Le. worms) 
~-vsges 
Kilh l i ~  (hûed, 
body, 
Kilb fi& 
Kilb prsdatom 
(coyol-* rnolly) 
Kilb 
Kiib tfws nd bru& 
Kilb d i m  
Kilk termites 

Gr. akarf, 'mite or tickW 
L- aba. 'seaw6sd' 
L. ads, 'bird" 
L becten'um; Gr. bekbwr, 'a staff 
l. hngus, Gr. -, 'mushroom' 
L. he&, 'an annual plant" 
L. insecîum, *ait or divMed into segmentsn 
L. lac 'mask or wil spirit" 

L nemeIioda: Gr. neme, "thread' 
L owm, 'eggD 
L p d s ,  ' lou~ '  

Chernicab c l w c d  u pcrticidea mot karing the -cide suffiix 

(1) Gr. i n d b  ûrœk d@; L indi- Iriin œigiiic 
(2) Tabk is hm Wut (1994, p 24). 



Hence it is ofkn said that a Pest is any organism in the wrong place at the wrong time: 

"It is dificult to find a satisfactoty defintion of pest, other than fo 
describe if as a plant or a n h i  living where man dors not w m t  il to 
l k  " 

('Mellanby, I W O ,  p 18) 

"Pests comprise cornpetitors of humans for resources, enenties, including 
those that transmit diseases, unà nuisance organisms. The pest stata of 
conipcritocs ir wuai& degned in terms of econumr'cs. TlCw thcy are 
considemd !O k prsLP when U ir economic tu control them This moy 
reject 60th rational and irrational criteria, such as cosmetic standart& 
for the appeatance of food Enenries and nuisance organisms may also be 
conttolled in response to rationuf and irrational criterio. Weed-fiee 
lmvnr und insect-fee recreation arem exempf~;rL the latter. " 

(Hill, 1990, p 5)  

The anthmpocentric, contingent and economic dimension to "pests" and hence 

"pesticides" is an important fature that is o h n  forgotten or left Mplicit in many 

discussions. But it is not a point lost on agiculturai chemical cornpanies thougb. "In 

nature, there is no m h  thing as a pst. But in human econorny, anything that comptes 

with mmr for his means of subsistence nray be co~idered a pest " explained the Director 

of DuPontts new Pest Control Research Section at the opening of a brand new "unfi-pest 

laboratory " in 1937~. Over tirne, as new and less expensive chernical products were 

devehped and deployed in more and more markets as pesticides, more and more species 

took on the status ofpest. 

"Insects" on the other hand is the label of a scientific category. It refers to organisms 

classeci in the group Insecta or H e x a m ,  within the phylum Arthmpoda, a luge 

category containing such diverse creatures as the lobster, the centipede, the scorpion, the 

spider and the mite. insects are distinguished h m  other arthn,pods by a body divided 



l into thm distinct regions: a head bearing one pair of antennae, a thorax with three pairs 

of legs and usually two pairs of wings, and an abdomen usually devoid of legs3. 

"Entomology" is the study of insects, and bbeconomic entomology" or "applied 

entomology" refea to the application of entomological knowledge to solve practical 

problems facing Man, such as the destruction of agricultural crops by insects or the 

spread of insect-borne diseases. One might conclude h m  these categories that the study 

of such pests as spiders and mites (which possess eight legs as adults) falls outside of 

economic entomology, but this is not so. 

"... in practice, the entomologist tackZes a number of problems which lie 
outside the strictiy academic defnition, and thus economic entomology not 
on& ernbraces the field of insect conirol, but also that of certain other 
crop and animal pesrs. " 

(West, Hardy & Ford, 195 1, p 7) 

Although it was also used as a rodenticide against rats, DDT's primary use was against 

insecîs and therefore the class of pesticides known as "insecticides" will be the main 

focus. in addition, 1 will adopt the convention of ecoaomic entomologists of including 

substances technically known as "acaracides" and "miticides" within this category. 

Hence in this document, unless othemise explicitly noted, "insecticide" will refer to any 

chernical substance used to influence, manage or control the populations of injurious 

species of insects, spiders, or mites. 

Some final clarifications that need to k made regacding insecticides have to do with 

"active ingredients", "technical mixtures, and "formulations". 

"FormuIution is the processing of u plesticidal compund by any method 
that will improve L properties of storage, hundling application, 
efectiveeness, or sufkîy. The term fimu~ution is lcsuuIly reserved fir 

' The tcxîbook tht providcd info11118tion on iaccnr is An Inhodiiction to the Sndj, of INQCCS (5th. cd.), 
Bomf et ai. (1981). 
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cornmerciai prepration prior to actual use and does not include the final 
dilution in application equipment. " 

W r e ,  1% p 27) 

Prior to formulation, insecticidal compounds are produced, stored and handled in their 

"technical" fom, which is a standaràized material produced and sold by original 

manufacturers of "active ingredients". Active hgredients are those particular chemical 

compounds that have pesticidal activity. in other words, they are the specific molecules 

with killing power. 

Though not entirely accurate, technical mixtures of active ingredients can be considered 

for the purpose of this document to be pure and composed of only the active ingredient. 

ui nality, the technical products emerging h m  the last stages of synthesis at chemical 

maauf8cturing plants are rarely pure at 1W?4 and ofien contain unxeacted raw materials 

and unwanted byproducts as con taminants. The consequences of this lack of purity are 

not insignificant. For exarnple, the insecticide dicofol has corne under criticism and 

received the attention of environmental agencies in govements not because of the 

properties of the dicofol molecuie itself. but because manufactured dicofol contains traces 

of DDT, an intemediate product in its manufhchÿe, as a contaminant. Another 

complication when it cornes to discussions of purity stems fiom isomers. These are 

chemical molecules made up h m  the same atoms but which are configured and placed 

diffmntly in space relative to each other. Technical DDT, for example, is actuaily a 

mixture of two distinct molecdes: the main component p,p'-DTT, dong with a much 

smaller percentage of a#-DDT, where the prefixes o (ortho) and p (para) signal the 

precir placement of individual atoms according to the nuances of organic chemistry 

nomenclature. Chemical isorners can have dramaticaiiy different properties and have 

been the source of confusion early on in the life of new insecticidal compounds. For 

example, it was evennially discovaed that only the gamma (y) isomer of the product 

hexachlorocyclohexane 0, making up l e s  than 15% of the technid mixture, has 

insecticidal pmpercies. Indeed, once isolated and purifie& the gamma isomer komes a 

d i n i t  insecticide with its own distinct identity, called lindane. So technical mixhirrs 

of active @dents are not actually pure, but they are substances with a known and 
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standardized chernical composition with respect to these possible complications of 

isomers and conîaminants. 

In the process of formulation, technical mixtures of active ingredients may be combined 

with "imrt ingredients" andlor "synergistsy'. The former are compounds which do not 

themselves have any pesticidal activity, but add to the value of formulated mixtures 

because of other properties. Most commoaly, their physical state facilitates the dispersal 

and delivery of active ingredients to pests, as with solvents, pmpeilants, surfactants, 

exnulsifiers, wetting agents, and diluents. The latter are compounds which do not have 

pesticidal activity on theu own but, when added to an active ingredient, îhey inmase its 

killing power. For example, the process of fomulation may include the addition of a 

compound that inhibits a pest's innate biochemical ability to detoxify a prirnary poison. 

The proliferation of distinct formulations from a smaller number of active ingredients 

complicates d y s i s  of the pesticide indusffy. For instance, in 1%5 there were more 

than 400 différent active hgredients in commercial use in the United States, and these 

had been formulated into some 60,000 different pesticide products (i.e. each with its own 

recipe and trade name) officially registered with the USDA? In 1980, affer the creation 

of the EnWonmental Protection Agency and tht elimination of a number of 

orgawchlorine substances h m  the econorny includhg DDT, about 500 ciiffernit active 

ingredients were king mixed into some 35,000 âiffermt pesticide fomiulations'. 

Table 3.2.2, Commoa Formulations of Pesticides. gives the reader an idea of the âivenity 

and complexity of what can be meant by 'bpesticide'y products. 

' eiodgett (1974, p 201) ' NRC (19ûû. p 4) 



0 Table 3.2.2 - Common Formulations of Pesticides 

Sprays (insedicides, herbicides, fungiciûes) 
Emulsifiabk comtmtes (also emul8iMs mœntrates) 
Water-miscibie liqui<h. wktimes r e ~ ~  to as lipu#s 
Wettah powdem 
Water-soluôle pwckm, ag., pre~achged, tank drupins, for qricultural and pst amtrol operator use. 
Gds, p m h g d  in water-dubk bagr, e-g. Buctril Gel 
Oil sduüons, e.g., barn and amai reaây-bu- sprays, and mosquito l a ~ a â e s  
SoluMe pdiets for Mer-hose attachments 
FlowaMe or sprayable suspmsims 
FlowaMe mkrosncepuilatsd s u s p e n ~ ,  e.~. ,  Pancap M, Dumban ME 



Given al1 these possible complications, it is imperative that 1 carehlly define the 

boudaries of the case study. 1 will be focushg on the "insecticide" category of 

pesticides, and, specifically, the singular "technical mkture" of a paiticular active 

ingredient rather than the numemus formulations which are prepared h m  it. So 

hencefocth in this document, unless otherwise explicitly noted, teferences to an 

insecticide product "X" (ex. "DDT') will refer to the technicd mixture of the active 

ingredient X', where "X" is a substance used to influence, manage or control the 

populations of injurious species of insects, spiders, or mites. 

FMly,  because the regdatory fnunework plays such a prominent role in the case study, 

it is important to note that in most state and federal laws, throughout most of this centuy 

pesticides wen legally classed as bbeconomic poisons", defïned as follows: 

" m e  term 'economic poison' meam (1) any substance or mikture of 
substances intended for preventing destmying, repelling or mitigating uny 
insects. rrodents. nematodes, fin@, weedF, and other fiwm of plant or 
animal li/e or virurps, except virrrses on or in living nuin or other animals, 
which the Secretmy shaII name opest, and (2) any substance or mixiwe of 
substances intended for use as a plant regulator, defiliant or desiccant. '" 

"The t e m  'insecticide ' means any substance or mkture of substances 
intended fw preventing, destmying repelling or miti ating any inrects 
which may be present in any environment whatsoever. '" f 

These tenns, pesticides and economic poisons, will be used interchangeably in this 

document. 

h m  FIFRA, Appmvcd Juae 25,1947 (6 1 Stat. 163) sr anicnded by the Nematocide, Plant Re&uiatot, 
Defolht, and iksiccuit Amendment of 1959 (73 Statc 286) as amendcd by the Act of March 29,1961 (75 
S m  42) and the Act o f  May 12,1964 @L. 88-305,78 Stat 190): t cp~tcd  in Bloom and Dcgier (1969, p 
63) 
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3 3  A DDT Primer 

3.3. The Tmtk about DDT: A Cuveut 

In this section 1 introduce DDT, perhaps the best known and most widely researched of 

al1 synthetic chemicals. To do so. 1 draw upon existing categorizations, characterizations 

and understandings of this rnolecufe. Although 1 do not believe tbat sources absolutely 

fke of bias exist, I have attempted to locate and present here details about DDT fiom 

sources that those in the pesticides domain regard as king as aeuûal as possible. 

in addition, it is important to note that the descriprive daim (Le. beliefs, or even "facts") 

summarizeà here have w t  always been the descriptive daims ernploycd by actors 

relevant to DDT's history. True, its chemical formula and physico-chexnical properties 

like molecular mas, boiling point, volatility. etc. have been bown since its first 

synthesis and have not changed over time. But other claims described here relating to 

DDT's toxicological effécts, ecological effects and environmental fate are aot so 

straightfomard. Some, Iike the c l a h  of a causal wnnection between DDT residues and 

egg-shell thinning in birds for instance, were unknown early in DDT's camr as an 

insecticide. They came into existence later, clashed publicly with competing rival claims 

(i.e. that DDT was not the cause of egg-shell thinning) and eveatually tnumphed in the 

sense that the contestation has more : ~ r  less ceased and these claims are the ones widely 

held. Still other claims, Iike thor asserting a causal comection ktween DDT and 

human cancer for instance, are contested to this very day. 

Because of this, it would be highly inappropriate for me to: (a) simply report these as the 

K'facts" or "Tmth" about DDT; (b) to extract or to report claims unattributed or out of 

context; and especially (c) to attwipt interpretation of complex scientüic data. instead, 1 

invoke Latour's (1987) "jkst rule of method" when studying science and technology, 

which says "sttdy science in action and not r e e  made science or technology: to do so, 

we either mriw be/ore the /OEs a d  machines are blacikboxed or we jblfow the 



controversies thut reopen them. '" As will become clear as readers progress through this 

document, this allows me to devslop a ûuly procm theory of substitution that wuires 

no appeals to a metananative nor the positing of teleological forces "pulling" social 

reaiity in any particular direction of "progress". So, for instance, daims that the 

economy actually generates eflcient outcornes, or the scientific method actually 

generates truth, or the U.S. political and judicial system actuaily generates justice with its 

d e c i s i o n - d g  on pesticides, are neither a prion assumptions, nor - here at least - 
concems of mine. 

3.3.2 Ba& InformutÈOn about DDT 

DDT is the much more wnvenient name given by an official in the British Ministry of 

Supply during WWII to the substance " 1.1,l -tnchloro-2,2-bis(4~hlomphenyl)ethane", 

also known as " 1, lt-(2,2J-eichloroethylidene)bis[4-chloroene]~y or 

bbdichlorodiphenyltti~~~~thane"8. The physical properties of the focal molecule are 

summarized in Table 3.3 .S. 1 . 



CAS Number: 

Muîecular Wetight: 

The physical appeamnc8 of the tadrnicai produd DDT is a waxy 
solid, although in its pute farm it m M 8 b  of cobrless crystals 
which am odourless or only slightîy frôgrant. 

c y d ~ x a ~  v.s., diorana VA., bonzene v.s., xyiene v.8.. 
tn'cMoroahylsris v.s., d ichbmthme v.s., acotone v.s., 
chlmfom v.s., diahyl eüw v.s., ethanol S. and rnahanol s. . 

Aithough it can be uniquely identified by chemists, engineers and others around the 

world by its Chemicai Abstract SeMce (CAS) registry number of 50-29-3, DDT does 

have many chernical and trade names. The most common synonyms and trade names for 

DDT are listed in Table 3.3.2.2. 



Chlomphenothme; p,p'-DDT; Benzens, 1,1'-(2,2,2-Mchbroethy1i&ne)bi~4-chlOr01; ala-8is(pchbropheny1)- 
b,b,bbichHane; p,p'-OicnloradiphenylMdiloroahem; Aawrwxtra; Agritan; ArlroOne; km; Azotox M- 
33; Basan supra; Boviâermol; Chiorphonothan; Chbrphenotoxum; Citox; Clofhotan; Cbfenotane; Dsovai; 

Deîox Oaoxan; Dibovin; Diaphane; Dodat; Dykol; DOT; Estmate: Ethane, 1 ,Ill-T richbro-2,2-bis@ 
chlomphmyl)-; Elhane, 1 ,1, 1 -tr#ib2,2=bis(4=chlorophenyl)-; ENf-1508; Gesafid; Gesaml; Ivoran; 
Mutoxan: Neociâ; Neoddd, Wi; Paradibroddum; Pentadilorin; Pentkidum; PEB1; Trichlorobis(4'- 

Chfompimyt)ahane; Zsrdane; l,1 -Bi~~nY1)-2,2,2-tridilorosaiane; Ill, l-Trich~2,2-bis@ 
diîomphenyi)aham; 1.1 ,l-Ttictiloro-2,2-~~(4,4'-dichbrodiphmyl)ethane; 2,2-Bi8@c)iloco9hYl)-ll 1,1- 
trichIomethane; 4,4'-Dichlorodipheriytbichloroaham: 1,l -Bb(Cch~nyf)-Z~2122trZchlorosaiane; DOT 

(cornmon name not uôopted by iSO); 1,1, ~ - t n ' c h l o ~ 2 - 2 - k ' a ( ~ y t ) e O i a n e ;  Anofex; 
Chbphmotane; DichlorodiphenytMchioroahane: Didigam; Didimac; Gmitoxf Guesarol; Gym: Ixode% 

Kopa; NaocMol; NCI-C0046$: Pentsch; Ppzsidan; Rubarn: Santobane; Tafida; Trichlomûb(4- 
chlorophisnyl)ethane; Zoidane; 1,1,1-Tn&(001-2,2-bi8(44loor fènyi)-ahaan; 7, t ,1 -Trichbr-2,2-bis(4-ch br- 
phenyi)-maiarr; 1 ,il f-T~km2,2-k's(pdilorop~Y1)ethe~) chlorophsnothanu; 1 ,II l-TrichW2,2di(4- 

chloroghsnyl)ahane: 1 ,l , l - T ~ 2 , 2 - ô i s ( 4 d o r o - f e n i ~ ~ ) ;  Chkrogheriothen; Chkro~ndoxum; 
Dsdsio; Oibovan; Diphunylbichbnmtham; €NT 1,506; Gesapon; Ga8arex; Gwsapon; Havwwxtm; Hildit; 
Micra ddt 75; Mutoxin: NA 2761; OMS 16; RSO; Rem waste number U061; Tech ddt: PmtWe; Mhkl; p,p 

The chernical formula of DDT is Ci&19Clr. DDT is a nonsystemic contact and stomach 

poison, h m  the organochlorine family, with a very brod spectrum of strong insecticidal 

activity (Le. it is highly toxic to many species of insects). The commercial product DDT 

contains a much smaller fiaction (< 30%) of the isomer l,l,l-rrichloro-2-(2- 

chioropheny1)-2-(4-chiomphenyl)ethane which, because of its own insecticidal action, is 

not removed from the technical mixture. At room temperature, the technical product is a 

waxy solid which is practically insoluble in water (i.e. it is "hydrophobic") but 

mderately soluble in petmleum oils and highly solvent in aromatic solvents (i.e. it is 

'?ipophilicY'). DDT cm be f o d a t e d  in seved dinerent fom: aemsols, dustable 

powders, emulsifiable concentrates, granules and wettable powders. With regards to 

formulation, it is compatible with many other pesticides, but incompatible with alkaline 

substances. 

in 1874, DDT was nrst synthesized by Othman Zeidlet, an Austrian chemist pursullig 

doctoral M e s  who was not trying to invent an insecticide but who was merely puRuing 

an interest in the chemktty. of mmatic hydrocarboris. It was Dr. Paul Mdier, a chemïst 

at the company Geigy (Switzerland) which was working on a major research project 
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initiated in 1932 and specifically aimed at developing a new moth-proofhg agent, who 

dirovered the insecticidal properties of DDT in 1939'. 

DDT was extensively used during WWII to protect both troops and civilisas h m  the 

spread of typhus, malaria and other vector-borne diseases. M e r  the War, it continued to 

be widely used in public health programmes, especially agairist populations of Anophefes 

mosquitoes, &ers of the Plasmodium parssites which cause malaria. Muller was 

awarded the Nobel prize in medicine in 1948 because of DDT's contribution to public 

healthl*. To this day, DDT is still used in numerous countncs for this insect control 

Large scale manufacture of DDT began in the United States in 1943 (with the Cincinnati 

Chernical Works at Nomood Ohio, a Company partially controlled by Geigy) and 

reached 10,000,000 Ibdyear in 1944 al1 allocated to the militaryL1. In 1945, DDT was 

released into the civiiian ecowmy where its usage soon outstripped that of the formerly- 

dominant arsenical insecticides (Le. compounds derived h m  arsenic). Compared with 

these older insecticides, DDT was comidered "rn~gic"*~; it killed insects more 

effectively than any other substance, was much less poisonous than arsenic, and was 

incredibly cheap to manufacture. DDT very quickly becamc the leading single 

insecticide in the United States in terms of quantities applied13. 

DDT was widely used on a large varkty of agriculhual crops, including Cotton, tobacco, 

corn, vegetables and b i t s  such as apples. in addition, DDT had many other 

applications: on the fam (example: against insects attacking livestock, applied directly to 

The most widely acceptecl rcount of DDT's introduction to tbe Allied oitions is th< of West & 
Campbell (1950); îhese authors wcrc among the eariicst British scientists io work with DDT. 
'O The Nok1 Lc*urr given by Mulla on 1949 12 1 1, translatcd h m  the German, is r e p d u c d  in The 
DDTStory by Mellanby (1992, p 97) 

Pnlriar (1982, p 13) 
l2 The adjcctivc "mgid' was wd frcquently m hi DDT. Sec DDT - K i f I l  ofKi1llas by Zimmerman 
& Levinc (1946), for example, In his Rtsidcotial addms to the 58th annwl meeting of tbc Amcrican 
Association of Ecomimic Eniomologists, cntillcd '*Achievements Md Pauibilitirn in Pest ijadicution ", 
Clay Lyk reiîcraîcd "me enlbmd@&! ha? kcsnw 8 w & d  in th! eyes of the unr'nitiated - Md in&ed 
~ o ~ o / i k 0 ~ h i e u e m e ~ s ~ e m l i ~ ~ e s ~ o f ~ k ~ * ( L y I e , l < Y 7 , p l )  



the animais or to the barns which housed them); in organized USDA insect "eradication" 

campaigns (example: against gypsy moths, Iapanese beetles); in the home (example: 

agairist flies, roaches and bedbugs); for gardens (example: against insects attacking 

ornamental plants); in forestry (example: aga& insects which defoliate trees); and in 

suburban neighbourhoods (example: against mosquitoes, bark beetles)14. 

Very soon after DDT was introduced into the ecoaomy, it became evident that it was 

king intmduced into ecosystems and into humans as ~ e 1 1 ~ ~ .  Three of DDT's properties - 
its persistence (i+. it does not readily break dom), its mobility (i.e. even though it is 

relatively involatile, small quantities nevertheless do evaporate and caa be transported by 

whd cumnts over great distances; similarly, even though it is hydrophobie, smail 

quantities nevertheless do dissolve in water and cm be transported by rivers and ocean 

currents over great distances) and its lipophilicity (i.e. it is readily dissolved in fats and 

oils, including those found in organisms) - meant that it began to appear in places far 

from where it was originally applied6. DDT and other persistent organochlorine 

pesticides were - and cm still be - mutinely found in human body fat and human breast 

rnilk, as weli as in the fat of other mamrnals, fish, and birds". Samples gathered in 1964 

even showed DDT in the mammals, fishes and birds of remote and once-pristine 

~ntarctica". 

The implications of such widespread contamination were unclear, controversial and 

âisputed. Ultimately, growing concems about the adverse ecologicai effects of DDT, 

especially its impact on wild birds at the top of food chahs, as well as controveaies as to 

" Pedciâc Situation (1 955-56; L 9STS8; 1 9594); abo Pesticide Handbook (1 965) 
" Sec West & Campbell (1950) for what wu a h d y  at that point a v y  long list of DDT applications. '' Evidence/concems that DDT accurnulatcd in animais' ht and could k cxcreted in mammalian milk 
existcd prior to the USDAss issuhg of the bulletin that r ~ c o m r n e ~ d  DDT for certain agriculniral uses; it 
is mentioncd therein (USDA bulletin, 1946 03 27). 
'' The ttstimony of Dr. Chades F. Wurstcr Ir. kforc the hearbg examiner of the Wisconsin DDT trial in 
îhe MI of 1968 is paiticularly good and to the point on tbtsc Ptoperties, Portions are rcproduccd in Henkin 
et al (1 97 1). 
" As an example of bw comtnoiiplicc DDT midues bave kww, considCr iht the 'lbc World Halib 
 on (WHO) currmtly o h  a web-based coune on "EPIDEMIOLOGY FOR DECISIûN- 
MAKINGn that bas a pncti*ce cxcrcisc calleâ "DDT AND BREAST MiLKn; visit hüpd/wwwWWWwho.int/peh- 
supctkpi-coune/lec l3 / ixhtrn  



its carcinogenicity and other endpoints of toxicological tests, led to severe restrictions 

a d o r  bans in -y devsloped countries. Banned in Swcden, the country that had 

awarded Muller his Nobel prize, as well as in Nomay in 1970, Canada severely ümited 

its uses also in that year'9. On June 14, 1972, DDT was banneci in the United States by 

the Adrninisbator of the Environmental Protection Agency, William D. Ruckelshaus, 

after a long and unprecedented hearing that was simultaneousiy highly technical and 

scientific md yet heated and emotional. Ruckelshaus based his decision on hdings of 

"persistence, transport, biomagn~jication, toxicologic~~l eflects und an absence of benefils 

of DDT in relation to the availabiliiy of effective and less environmentaliy harmfif 

substitutes 'a20. 

Today, the w of DDT has been banned in 34 countries and severely ~stricted in 34 

others2'. One of twelve substances cumntly targeted by the United Nations Environment 

Program (UNEP) which bas convened negotiations aizned at achieving an "Intemational 

Legally Binding Instrument for Implementing intemationai Action on Certain Persistent 

Organîc Poliutants (POPs)", DDT may soon h o m e  subject to a global ban? 

But DDT continws to muse passions. in Septemkr of 1999, 350 malaria experts, 

including three Nobel prize winners, signed an open letter of protest against just such a 

ban.= This pits them against other scientists, environmental groups and even health- 

oriented NGOs such as Physiciam for Social Responsibility, themselves winners of a 

Nok1 peace prize, who are calling for the global elimination of DDT~'. Struggles over 

DDT are proving to k as persistent as the molecule itself. 

" Gcoipe & Frear (1 966) 
l9 sec United Nations (1994, p 212); also visit hrtp.J/~~e.see.ontdul'u~fde~toxnet/pipddd " EPA (1975, p US) 
" Ritter, et 9 (1995) 

B a i d a  DDT, eight 0th organochloimc p e s t i c i  arc on ihc UNEP PûPs list: sldrin, chloidPac, 
dieldrin, cndrin, HCB, hepachlor, mirex, toxaphcnc. One industrial chcinicyl (PCBs) and two pollutant 
byprocfucts (dioxins, hvins) arc th othm. For infonnaion about the PûPs negotiatiocy mit 



3.3.3 The Rlsc und Fail ofDDT - A Quan&rin9ve Look 

By 1945, when DDT was released into the US. civilian economy, no less than 14 firms 

were ahady listed as primary producers by the USDA, and 16 were fonnulating the 

active inpdient DDT into ready-for-use insecticides2? Wartime circumstances meant 

that DDT did not slowly peneûate the market with a lone patent-holding manufacturer 

adding capacity as market share w m t e d ,  as one might expect of a challenger product 

competing with incumbents. For not ody was manufachiring capacity aiready in place, 

meaning that economies of scale and leaming had already been achieved, but this 

capacity was spread out over multiple fimis. Very uncharactenstically for the pesticide 

industry, DDT was brought to market without patent protection26; price cornpetition 

occurred immediately. 

Production of DDT rose dramatically afkr WWII, climbing to more than 1 10,000,000 lbs 

in 1952. It ultimately peaked in 1963 when 188,000,000 Ibs of DDT was produceâ, 

dihough it is important to note that 61% of production was king exportai by this tirne. 

Domestic usage of DDT peaked in the United States in 1959 when 79,000,000 lbs were 

sprayed or dusteâ onto fields of food, feed and fiber crops, swatches of forest, herds of 

livestock, as well as in barns, hospitals and suburban homes2'. 

DDT maintained its U.S. market dominance in ternis of quantities of active ingredient 

applied domestically until 1964, just subsequent - not coincidentally - to the publication 

of Rachel Carson's best-rllhg and contmversial book Silent sprind8. StiLl, in the 

period h m  1964 to 1966, only one other insecticide - toxaphene - was used in greater 

quantities, and only aldrin was applied on more fami crop acresz9. 

Physicians for Social Rerponsibility is at htpY/www.psr.org. The POPs Eliminstion Platform Statcment 
ofthe international PûPs Elimination Nctwork (IPEN) is at h#pJ/www.ipcn.org. 
* Pericins (1982, p 13) 

~cigy did mcive a royalty h m  DDT manu* (sec "New lobs for DDT' in Business Wmk, 
I Febniary 7,1948). 
, * Al1 proâuction ud usages figures arc h m  EPA (1 975, p 149). " Pesticide Situation (1955-56 1957-58; 1959d0); iIro Pesticide Handbook (1 965) 

USDA-ERS, Agr io i lW Economic Report no. 158 (197 1) , e  
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Table 3.3 -3.1 - The Rise and Fa11 of DDT, summarlles the quantitative history of DDT in 

the United States fiom its introduction until its ban in 1972. 

Table 3.3.3.1 - The Rise and Fa11 of DDT 



'0 3.34 AdMiund Ififormation about DDT 

To equip teaders with a sense of just which aspects of DDT are of relevance to the story 

of its rise then fall, 1 present here a couple of summaries of the toxicological and 

ecological effects of DDT. It is not necessary to read them completely - 1 highlight in 

bold those points which are of particular salience to this document - but readea may tind 

them quite interesting nonetheless. Tables 3.3.4.1 and 3.3.4.2 together contain the 

summary description of the molecule used by the United Nations Environment 

Programme's Intergovenimental Negotiating Cornmittee for an International Legally 

Binding Instrument for Implementing International Action on Certain Persistent Organic 

Pollutants (POPs). This summary description ha9 ken  parsed iato two portions, 

'7oxicologid and ecological effects" and "environmental fate", to facilitate cornparison 

with the contents of Tables 3.3.4.3, 3.3.4.4, and 3.3.4.5. Tbese latter tables present 

information found in the "pesticide information profiks" of the Extension Toxicology 

Network ("EXTOXNET"), an online Pesticide Information Project of the Cooperative 

Extension Offices of Comell University, Oregon State University, the University of 

Idaho, the University of California at Davis and the lnstitute for Environmental 

Toxicology, Michigan State University. 



Table 3.3.4.1 
DDT Asseasment Re~ort  of the Iatemitional Prossamme on Cbemical Safetv 

DDT has bccn widely uscd in large numbers of people who were spraycd directly in programs to 
combat typhus, and in tropical countries to combat malaria Dermal txposun to DDT has not 
betn associrteâ with ilin- or irritation in a nuniber of rtudks. Studics involving human 
voluntccrs who ingestcd DDT for up to 21 months did not result in any obscrved adverse effects. 
A non-sigoifkant incruse in mortrlity h m  liver and bilfrry cancer and a signiitcrnt 
increuc in mortrlity f o m  ctrebrovrsculir diseme bas k a  obstncd in workcrs involvtd in 
tbe production of DDT. Tben is some evidence to suggat tb i t  DDT may be suppmive to 
the immune system, possibly by depressing humoral immune rcsponscs. Perinaril 
administration of wwkly cstropcnic pesticides such u DDT produces estmgen-Ukt 
altentions of reproductive development, and there is also limited data that suggest a possibk 
associrtioa ôetwccn orginochlorincr, such as DDT and ib metabolite ODE, and risk of 
bimst cancer. 

DDT is aot bigbly rcutciy toxk to Iiboratory animais, with acute oral La50 virlues in the range 
of 100 mgkg body weight for rats to 1,770 mglkg for rabbits. In a six generation reproduction 
study in mice, no effect on fmility, gestation, viability, lactation or survival werc obscrvcd at a 
dictary level of 25 ppm . A leveI of 100 ppm produccd a slight nduction in lactation and survival 
in some generations, but not dl, and the effcct was not progressive. A level of 250 ppm proâuced 
clear adverse reproductive effects. In both these and other midies, no cvidence of teratogcakity 
bm ûeen obned.  IARC has concluded that whilt the= is inidquite evidence for the 
eircinogenkity of DDT in bumiu, there is sufficient evidence in expcrimental animals. iARC 
b u  c h i f i d  DDT as 8 pasribk bumra crrcinagen (Group 28). 

DDT b higbîy toxk to Ibb, with 96hour LC50 values in the range of 0.4 pg/L in shrirnp to 42 
pg/L in raiabow mut. It also affects fish bchaviour. Atlantic salmon e x p o d  to DDT as eggs 
-encd impairrd balance and dclayed appcatancc of nom1 behaviour pa#ems. DDT also 
afticcts temperature selaction in fish. 

DDT b rcutely toxk to birds wiîh acutc oral LD50 values in the range of 595 mglkg body 
weight in quail to 1,334 mgkg in phcasant, howevet it is bat known for its adverse effkcts on 
rtprodudion, apccully DDE, wbieh causes tgg sbell tbinnin# in birds with issoeiated 
signifkant adverse impact on reproductive su- Thcm is considerable variation in the 
sensitivity of bvd spccics to this cffcct, with birds of prey king the moa susccptibIe and showing 
extensive egg shell thinning in the wild. Amcrican kcstrels were fed day old cockerels injected 
with DDE. Rcsidues of DDE in the cggs comlated closcly witb the dictary DDE concentration 
and there was a linear rclationship bctwtcn &p of egg shell thinning and the logari*thm of the 
DDE midue in the egg. Data collccted in the field has confkncd this trend. DDT (in conjunction 
with other halagenatal ammatic hydrocarbam) has b e n  linked with ferninimion and altercd sex- 
ratios of Western Gull populations off the coast of southem Califomio, and Hening Gull 
populations in the Great Lakcs. 



Table 3.3.4.2 
DDT Assesment Reliort o f  the International Pro~ramme on Chemical Safetv 

Environmental Fate 

DDT and nlrtcd compounds a n  very penbtent in the environment, as much as 50% can 
remain in the soi1 10-15 ycan aftcf application. This penistence, tombined witb 8 hbh 
partition coellicknt (hg KOW * 4.S!M91) provMa tbe aecesmy coaditiaas for DDT to 
bioconccatnte in organbmr Bioconccnûation îàctors of 154,100 and 51,335 have been 
recordcd for fàthcad minnows and rainbow trout, nspectively. It bas h i  mggcsted tbat highcr 
accumulations of DDT at higher trophic lcvels in aquatic systems mults h m  a tcndcncy for 
organisms to accumulate more DDT d h d y  h m  the water, rather than by biornagnification. The 
chernical propertics of DDT (low water solubility. high stability and semi-volatility) favour its 
long range transport and DDT and its metabolites have been detccted in arctic air, watct and 
organisms. DDT bas a h  kca detected in virturlly III orginocbloriae monitoring progmms 
and b genenlly klkvd to k ubiquitous tbroughout the global environment. 

DDT and its metabolites bave k a  detected in food from al1 over the world and tbb route is 
litrtly the grtatut source of exposure for tbe genenl population. DDE was the second most 
fiitqucntly found midue (21%) in in a m  survey of domestic animal fàts and cggs in Ontario, 
Canada, with a maximum midue of 0.410 m@g. Residues in domestic animals, however, have 
dcclintd steadily over the past 20 years. In a survcy of Spanisb meat and m a t  products, 83% of 
lamb sarnples testeû containcd at Iccut one of the DDT metabolites invcstigated, with a mean level 
of 25 ppb. An average o f  76.25 ppb p,p'-DDE was dctccttcd in fwh samples h m  Egypt. DDT was 
the most common orgnnochiorine dctccted in faodstuffi in Victnrun with mcan miduc 
concmt&ons of 3.2 and 2.0 pg/g fàt in maa! and fih, mpcctively. The cstimatcd daily in& of 
DDT and its metabolites in Victniini was 19 pg/pcfson/&y* Average miducs detcctcd in meat and 
fish in India w n t  1.0 and 1.1 pg/g fbt IC3peclively. with an estimatcd daily intake of 48 
p%pcmn/&y fw DDT and its mccibolitcs. 

DDT hm riso k c m  detec!d in huma bmst milk. In a gmcral survcy of 16 sepamte 
compowids in the bnast rnilk of lactriring mothm in four tcmote villages in Papua, New Guinea, 
DDT was detccteâ in lW!! of samples (4 l), and was one of only two organochlorincs dttcctcd. 
DDT has also ben  dctected in tbc breast milk of Egyptian womcn, with an average total DDT 
dttccted of 57-59 ppb and an estimattd daily intake of total DDT for brcast fttding infànts of 6.90 
&kg body wcight /&y. Whilc lower than the acceptable daily intake of 20.0 pgkg body wcight 
recommended by the Joint FAO/WWO Meeting on Pesticide Residues (JMPR), ib continuing 

Ihr Inttmwbiul Rofmvnr an Ckmicrl Wcty (IPCS). cJtirblWKd in 1980, ir r joint progmmc of thrœ 
Coopcdq û r g m i i  M, UNEP md WHO, impkmcnting rctivitirs nlml IO chcmii d i c t y .  PCS is 
m i n ~ c o o i d ù u e d m d s c k n d M l y k r c d . ~ m m , ~  WHOùihtEncfuagAlcncyofthcIPCS. 
nKtwomiinrdcsoflPCSur:tocrublirhihc~cnaficbrrufœsrfiu~ofdwmicJIdto~~ 
RlianJ cqrbiliticr nb cqscitks fa dmnicd d l y .  IPCS rctr of ictivity includc: Evrlurtion of chanicai 
rUirrmhumnI#lihdchtmwiniiimcn~~fœEuilurkriot)laitdrndRUlrr;Rnmtionmd 
mwqpmt o f m k  orporunr rd dumicil -; Dcvclopimni of hc  humri r#ourccr q u i m i  in 
ihcibowurrs* 



Table 3.3.4.3 
DDT Information Profile of the Extension Toxicolonv Network 

Acutt Toricitv: 

DDT is modentdy to slightly tosk to studkd mrmmilhn specks via tbe oral route. 
Reportcd oral LDSOs range h m  1 13 to 800 mgkg in rats (82); 150-300 mgkg in micc (8); 300 
mg/kg in guinea pigs (2); 400 mglkg in rabbits (2) ; 500-750 mgkg in dogs (8) and grrater than 
1,000 mgkg in s h p  and goats (8). Toxicity will vary according to formulation (8). DDT is 
nadily absorbcd through the gastrointestinal tract, with inctcasal absorption in the pnscncc of 
fàts (2). One-time administration of DDT to rats  at doses of 50 mgkg kd to demascd thyroid 
fùnction and a single dose of 150 mgkg led to increased b l d  levels of livcr-proâuccâ enzymes 
and changes in the cellular chemistry in the central nmow systcm of monkcys (2). Single doses 
of 5û-160 mgilcg producd tremors in rats, and single doses of 160 mg/kg produccd hind leg 
paralysis in guinea pigs (2). Mice suffirecl convulsions foHowing a ont-time oral dose of 200 
mgkg. Single administrations of low doses to devcloping lO-day old mice are rcported to have 
causcd subtle effccts on theu neurological developrnent (2). DDT is sliqbtly to practicrlly non- 
toxic to tut  rnimrlr via tbe derml route, with reportcd dermal LDSOs of 2,5OM,OOO mgkg in 
femalc tats (8,2), 1000 in guinca pigs (2) and 300 in rabbits (2). ft is not readily absotkd through 
the skur unltss it is ia solution (2). It is thought that inhalation exposure to DDT wiil not muh in 
significant absorption through the lung alvtoli (tiny gaslexchange sacs) but rathcr that it is 
probably trappcd in mucous SCCfttions and swallowcd by exposcd individuals following the 
trachco=bronchial clcarauce of secrc t i~  by tbe cilia (2). Acutc effccts Iikely in humans due to 
low to moderate txposurr may includc nausea, dianbea, inrrcased liver eozymc activity, imtati'on 
(of îhc cyes, nose or thmat), distiakd gai& malaise and excitability; at higber doses, trcmors and 
convuisions arc possible (2.5)- While adults appcar to tolcratc moderate to hi@ ingestecl dosa of 
up to 280 mgkg, a case of htal poisoning was sccn in a child who i n g d  one ouacc of a 5% 
DDT:keros«~ solution (2). 



Table 3.3.43 lcontinued) 

Toxicolodcal Effects 

Cbronic Tor- 

DDT bru cruscd cbronic e!&& on the nenous system, liver, kidneys, and immune systtms 
in cxperimentd animais (2.3). Effkcts on the ncrvous system observeci in tcst animals hclude: 
trtmors in rats at doses of 1632 mg/kg/day over 26 wcek; trtmors in rnice at doses of 6.5- 
13mg/kg/day over 80- 140 weeks; changes in celtular chcrnistry in the centrai nervous system of 
rnonkeys at doses of 10 rngtkglday over 100 days, and loss of quilbrium in rnonkeys at dosa of 
50 rng/lc&/day for up to 6 moaths (2). Tbe main effect on the livcr scen in animal studics was 
ldM Iiver damge. ïhis cffect was seen in rats given 3.75 rng/kg/day over 36 weeks, rats 
exposai to 5 mgilcglday over 2 ycacs and dogs at doses of 80 mgkg/day over the course of 39 
months (2). In many cases lowef doses produced subtle changes in liver ceIl physiology, and in 
sorne cases higher doses produced more sevcre effects (2). In mice doses of 8.33 mglkg/day over 
28 days caused incrrased livcr weight and incrcascd liver enzyme activity (2). Livcr enzymes arc 
comrnonly involvecl in detoxification of fottign compounds, so it is unclear whcthct i n c d  
livcr enzyme activity in itsclf would cOIlStl*tute an adverse effect. In m e  species (monkcys and 
hamsters), doses as high as 8-20 rngkglday causcd no obscrved adverse effccts over exposurc 
periods as bng as 3.5-7 yum (2). KiQKy effects obaervcd in Mimal studiu include adrend gland 
hemorrhage in dogs at doses of 138.5 m%kg/day ovcr 10 days and &na1 gland damage at 50 
mgkg day ovef 150 days in dogs (2). Kidney damage was also secn in nits at doses of 10 
mg/k@y over 27 montbs (2). Imniunologîcal e f f i  obscned in tcst animals include: duccd 
a n t i i y  formation in mice following administration of 13 mg/kg/dry for 3-12 wceks and rcduccâ 
levels of immune cells in rats at doses of I mgkgldoy (2). No immune system e f f w  were 
obscrveâ in micc at doses of 6.5 mfigld9y for 3-12 wccks (2). ûosc lcveb at which eff~icts werc 
obsemd in test animais arc vcry much highet than those which may be typically cncountcrcd by 
humans (3). The most signifiant source of cxposun to Uidividuals in the Uniteâ States is 
occupational, occurring only to those who wok or workd in the production or formulation of 
DDT products for export (4). Anaiysis of U. S. market basket surveys showcd approximattly a 
30-fold demase in detcctcd levels of DDT and metabolites in foodsaiffj h m  1969-1934, and 
another thrccfold drop h m  1975-198 1, with a final estimatecl daily dose of appmximately 0.002 
mg/person/day (2). Based on a standard 70-kg penon, this mults in a daily intakt of 
appmximatcly 0.00003 mg/lc#day. Duc to die pcrsistcncc of DDT and its metabolites in the 
environment, vcry low ltvels may continue to be dctccted in fOOdStLlfi grown in some areas of 
prior w (2). It has k c n  s u g g d  that, dependhg on pa#mis of intcrnati-onal DDT use and irade, 
it is possible that dietary exposurc levels may acaially incrrasc ovcr time (2). P«sans eating fish 
contarninatcd with DDT or metabolites may a h  k cxposcd via bioaccumulation of the 
compound in fish (2). Evcn tùough cumnt dicîary levels are quite low, past and cumnt exposures 
may mult in mcasunblc body burdtns dw to its penistenct in rhe body (2). More inf~tmatl~on 
on the metabolhm and stongt of DDT and its metabolites in mammalh systcms is pmvidcd 
ôeiow (Fate in Humans and Animais). Adverse eff- on the liver, Wney and immune system 
due to DDT erpormre bave not becn demonammi in brmrns la rny of the studkr wbieb 
have k c n  cosducW to date (2). 



Table 3.3.43 (continueà) 
DDT Information ProTile of  the ~xiensioa Toxicolosw Network 

Tben & tvidtncc tbrt DDT causa reproductive effkcts in test raimals. No reproductive 
effccts w m  obsc~cd in rats at doscs of 38 mgiîcg/day aûministercd at days 15- 19 of gestation (2). 
In anohcr snidy in rats, o d  doscs of 7.5 mg/kg/day for 36 wceks rcsulted in sterility (2). In 
rabbits, doses of 1 ms/kg/day administed on gestation days 4-7 mlted  in decreased fctal 
weights and 10 mgk/day on days 7-9 of gestation rcsulted in incrrascd resotptions (2). In mice, 
doses of 1.67 mg/kg/day resulted in dccrcascd embryo implantation and imgulariucs in the tstnis 
cycle over 28 wcek (2). It b tbougbt tbrt mrny o f  tbae obstned e f k b  mry be the rwult of 
dirruptions in tbe endocrine (bormonri) systtm (2). Available epidcmiological evidence h m  
two studies does not indicate that reproductive cffects have o c c d  in humans as a rtsult of DDT 
cxposurc (2). No associations betwecn matemal blood leuels of DDT and miscarriage not 
prcrnatwe rupture of fctal membranes wem observcd in two scparatc studies (2,6, 7). One study 
diâ npoa r signilicrnt rsrochtion ktwees materaal DDT blood Icveb rad mhrr i rge,  bot 
tbe prestoet of otber orginochbriae cbemicrib (et, PCBs) in m t e m r l  b l d  wbicb mry 
bave rccounteâ for tbe e n k t  mrkt it importibk to rttribute tbe effet to DDT rad Cts 
meta bolites (8). 

Tbere b cvidrnce thrt DDT cruses t t r r tgenk tlllkts in test animrilr ru wdl. In mice, 
matemal doses of 26 mg/k@day DDT h m  gestation through lactation rrsulted in impaired 
! m g  perf'onnance in mazc tests (2)+ In a two-gcnerationnl study of rats, 10 mg/kg/day resultcâ 
in abnormal tail devefoprnent (2). Epidcmiological endcnce regardhg the occurrence of 
teratogenic cfEccts as a mult of DDT expure are unavztilabk (2). It seems unlikely tbrt 
teratqeaic enets will occur in bumias due to DDT rt likely exporum k v c k  

The eviâeacc for mutagenicity rad genotoxicity & coatradictory. (n only I out of 11 
mutagcnicity assays in variaus cc11 cultures and organisms did DDT show positive rcsults (2). 
Results of in vitro and in vivo genotoxicity assays for chromosomal abmations indicaicd th3t 
DDT wu pnotoxic in 8 out of 12 cases, and werldy gcmtoxic in I case (2). in humans, blood 
ceIl cultures of men occupationally exposed to DDT showed an inmasc in chromosomal damage. 
In a rparate study, signifiant incrrsser in chmmoromsl âamage werc rcporteâ in wotken who 
hed d'kt  and indirect occupational exposure to DDT (2). Thur it r p p u n  tbrt DDT miy  have 
tbe poteathl to muse genotoxk t f k î s  in bumias, but does not r p p r  to k stmngly 
iu ta#eak It is uirlear whctha these effc~u may occur at expwur kvelr Iikely to bc 
encountcrrd by most people* 



Table 3.3.4.3 (continueci) 
DDT Information Profile of the Extension Toxicolonv Network 

The evMence regardiag the crmingenicity o f  DDT is quivocal It has bcen show to cause 
increascd tumor production (mainly in the liver and h g )  in test anirnds such as rats, mice and 
hamsters in some studies but not in others (2) In rats, liver tumon were induccd in three separate 
studies at doses of 12.5 rn&/day over pctiods of 78 weeks to life, and thymid tumors wcrt 
induccd at doses of 85 mgniglday over 78 wtcks (2). in rnice, lifetimc doses of 0.4 mglkgtday 
resulted in lung tumon in the second genemtion and leukemia in the third gentration; livcr turnors 
wert induccd at oral doses of 0.26 mgkdday in two separate studies ovcr scvcraî gencrations, In 
hamsters, significant inchases in adrrnal @and tumors were sccn at doses of 83 mg/kg/day in 
fcmales (but not males) , and in males (but not fcmales) at doses of 40 mglkg/day (2). In othcr 
studies, however, no carcinogcnic activity was observed in rats at doses les than 25 mglkglday; 
no carcinogcnic activity was sccn in mice with at doses of 3-23 mgkgfday ovcr an unspccifitd 
perioâ, and in other hamster studics the= have bttn no indications of carcinogcnic cffccts (2). 
The ivrilrbk cpidemiologicrl cvidence rqprding DDT's carciaoqcnicity in bumrns, wben 
taken rs r wbok, does not suggat tbrt DDT riid ib metabolita a n  crrcinogeaic in bumras 
rt likely dose kvcb (2). In several epidemiological snidics, no significant associations w m  secn 
ktween DDT expure and disease, but in om othcr study, a weak association was obscrvtd (2, 
9). in this latter study, which found a significant associatbn W e e n  long-tcnii, high DDT 
exposures and pancreatic cancers in chernical worlicrs, there were questions raiscd as to the 
rcliability of the medical records of a large pmpodon of the cancer cases (2,9), 

Acute humrn expure  &ta rad animal studkr meal thrt DDT crn rflcct the ncnous 
systcm, Uver, kidney (2). IncrraJed tumor production in the livcr and lung has bcen observai U1 
tcst anhals (2)- An usochtioo witb pancrutic cancer wm sugg&ed in bumrns in one study 
(2, 9)- 

DDT is vcry slowly transfonncd in animal systcms (3). Initial degradatcs in mammalian systems 
arc 1,1dichloro-2,î-bis(p-dichlorodiphcnyl)tthyle (ODE) and 1,1-dichloro-2,2-bis@, 
ch1orophcnyl)cthane (DDD), which arc vcry d y  storcd in fatty tissues (2). Thcx compow1ds 
in tum are ultimatcly imdormcd into bis(dich1orodiphcnyl) a d c  acid @DA) via othcr 
metabolites at a vcry slow ratt (2). DDA, or corijugates of DDA, am d l y  exctctcd via the urine 
(2). Avrilibk &ta rom rarlysb of bumra bkod and f i t  thae srmpkr eolkctd in the 
mrly 197h sbowed detectabk kvd, in iII uniples, but r dowawrrd trend in the h b  over 
time (2). Later study of blood samplcs coll~~tcd in the latter half of the 1970s showcd chat bled 
levels wcrc drclining fiudicr, but DDT or metabolites w m  still scen in a vcry hi@ proportion of 
the samplcs (2). Levcls of DDT or metabolites may occur in fiitty tissues (cg. fat cells, the brain, 
etc.) at lcvels of up to several huMtrrd timei tbat seen in the blood (2)- DDT or wtrbolites miy 
rbo k dimimatcd via mother9s ailk by Iretrthg women (2)- 



Table 3.3.4.4 

Effccts on Bitds: 

DDT may bt  slightly toxic to pncticrilly non-toxic to birds. Reported dictary LDSOs range 
fiom p t c r  than 2,240 mgkg in mallarâ, 841 mgkg in Japancse quail and 1,334 mg/kg in 
phcasant (IO). ûthcr reportcd dictary LDSOs in such spccies as bobwhite quail, California quail, 
red-winged blackbirâ, cardinal, h o w  sparrow, bluc jay, sandhill m e  and clapper rail also 
indicate sligtit toxicity both in acute S&y trials and over longer p e n d  of up to 100 days (1 1). In 
birds, exposure to DDT occurs mainly through the food web thmugb predation on aquatic and/or 
temstrial specics having body burdens of DDT, such as fish, carthworms and othcr birds (1 1). 
Tbere bis ken mucb concena over cbmnk exposure of bird spcies to DDT and t f k t s  on 
reproduction, apecirlly eggsheii tbinniag and embryo dtatlw (1 1). The mcchanisms of 
cggshell thinning are not fiilly undcrstobd. It is thought that this may occur h m  the major 
metabolite, DDE, and h t  prtdator species of bis& am the most sensitive to these cffccts (1 1). 
Laboratory studies on bird reproduction have demonstratcd the potential of DDT and DDE to 
cause subtle e f f i  on courrship khavior, delays in pairing and egg laying and dtcreases in egg 
weight in ring dovcs and Bengalese finches (1 1). The implications of thcsc for long-tcnn survivai 
and npducti*on of wild bird species U unclcar. Then is evidence that synergism may k 
possible ktwem DDT's metabolites and organophosphate (cholhesterase-ùihbiting) pesticides 
to producc grtater toxicity to the nervous system and higbcr mortality (1 1). Aruclor 
(plychlorinated biphenyls, or PCBs) may mult in additive effccts on cggshell thinning (1 1). 

DDT is v e y  bmly toxic to miny rqaatk invtrttbnte species. Rcported %hout LCSOs in 
various aquatic invcrtcbmtes (e.g., stoneflics, midges, ct8yfisI1, sow bugs) range fiom 0.18 ug/L 
to 7 .O ugk. and 48-hour LCSOJ are 4.7 ug/L for daphnids and 15 ugfL for sco shrimp (1). Oihcr 
reportcd S h o w  LCSOs for various aquatic invertcbrate specics arc h m  1.8 ug/L to 54 ug/L (1 1). 
Early devclopmcntal stages arc more susceptible than adults to DDT's effccts (1 1). The 
reversibility of some effects, as well as the devclopment of some mistance, may bc possible in 
some aquatic inverkbrates (1). DDT b v t y  bigbly toxk to h b  specb u wcU. Reportcd 96- 
hour LCSOs are ltss than 10 ug/L in coho sahon (4.0 uglL), rainbow mut (8.7 u&), northcrn 
pikc (2.7 ug/L), black bullhead (4.2 II@), blucgill sunfwh (8.6 u&), largemouth boss (1.5 ug/L), 
and walleyt (2.9 u&) (1). The reportcd 96-hour LCSOs in hiliead minnow a d  channel catfish 
arc 21.5 ug/L and 12.2 u f l  respcctively (1). 0 t h ~  reportcd %-hout LCSOs in largemouth bass 
and guppy w m  1.5 ugL and 56 ug/L rcspcc<ively (1 1). Obscrved toxicity in coho and chinook 
salmon was pater in smaller fish than in larger (1 1). It is t c p d  îhat DDT levels of 1 n@ in 
Lake Michigan were sufficient to affect the hatching of coho salmon cggs (3). DDT rnay bc 
modcrately toxic to some amphbian spccies and larval stages an probably more susceptible than 
adults (10, 11). In addition to acute toric t ~ k t s ,  DDT mry biorccumuîate s ~ a i k n t l y  in 
fisb and other rquatk spcekr, iadiag to long-terni expoeun. Tbh -un mriniy tbrou#b 
uptake tmm sediment and witer into aqurtic h m  and frunr, rad a b  IbL (1 1). Fish uptakc 
of DDT h m  thc watcr will k sizc-âcpcadcnt with srnalier fish taking up mlz~tivcly more than 
large fish (1 1). A half-time for eluninotion of DDT h m  rainbow trout was estimated to be 160 
days (1 1). The rcported bioconcentration fmtor for DDT is 1,000 to 1,000,000 in vanvanous aquaîic 
spccics (12), and biooccumulation may occur in some species at very low tnvUonmentai 
conccnûations (1). Biorccumulitkn mry .bo mult  in expoaure to s p c k s  wbich prey on Ibb 
or other aqurtk orpobnir (es, birdr of prey). 



Eartbwoms are not susceptible to acute cffects of DDT and its metabolites at levels higher than 
those likely to bc found in the environment, but they may serve as an exposure source to species 
that fud on tbem (Li). DDT is non-toxk to bees; the reportcd topical LDSO for DDT in 
honeybees is 27 u g k c  ( 1  1). Labonitory studies indicate that bats may be affected by DDT 
rtlcascd h m  s tmd body fiit during long migratory periods (1 1). 



Table 3.3.4.5 
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DDT Information Profile of the Extension Tosicolorv Nehvork 
Environmental Fate 

DDT b very bighty persistent in the environment, with r reportcd haif life of between 2-15 
ymn (12, 13) and is immobile in most soils. Routes of loss and degradation include runoff, 
volatilization, photolysis and biodcgradation (acrobic and anacrobic) (2). These processes 
gencrally occur only very slowly. Bnskdown products in tbe soil environment arc DDE and 
DDD, whicb arc also highly persistent and have sirnilw chernical and physical propiries (1 1, 13). 
Duc to its cxtrtmely low solubility in water, DDT will bc rcîaintd to a grcatcr degm by soils and 
soi1 fiactions with higher proportions of soi1 organic rnatter (1 1). It may accumulate in the top soil 
layer in siiuations when heavy applidons arc (or were) made annually; e.g., for applcs (72). 
Generally DDT is tightly sorbcd by soil organic matter, but it (dong with its metabolites) has been 
detccted in many locations in soi1 and pundwatcr wherc it rnay be available to organisms (1 1, 
12). niis is probably due to its high pcnistencc; although it is immobile or only very slightly 
mobile, ovet very long pcriods of tirne it may bc able to eventually lcach into grounciwater, 
csptcially in soils with little soil oWc matter. Residucs at the surfhce of the soi1 arc much mort 
likely to be bmken down or othmvise dissipateci than those bdow several inches (3). Studies in 
Arizona have shown that volatilization losses may bc significant and rapid in soils with very low 
organic matter content ( d m  soils) and high Vradiancc of sunlight, with volatilization losses 
reportcd as high as SV!% in 5 months (14). In othcr soils (Hood River and Medfod) this rate may 
k as low as 17-1û% ovcr 5 ycars (14). Volatilization loss will vary with the amount of DDT 
applicd, proportion of soil orguiic maftcr, procimity to mil-air intcrfâce and the amount of 
sunlight (1 1). 

DDT mry mach surlice wrttir prinirriiy by ruaoff, rtmospberic trrmport, d M ,  or by 
direct ipplircition (eg* to control mosquit~bom malaria) (2). nie reportcd balf-life for DDT in 
the watcr environment is 56 days in lake watet and apptoximatcly 28 days in river watcr (12). The 
main pathways fot loss are volatilization, photodegradation, adsorption to watcr-borne particulam 
and sedimentation (2) Aquatic oqymisins, as noteci above, also reudily takt up and store DDT and 
its metabolites. Field and laboratory studics in the Unitcû Kingdom demonstmcd that very little 
brcakdown of DDT occurred in cstuary sediments over the course of 46 days (1 1). DDT b u  k n  
widely dctecteâ in rmbknt sahree wrter jrmpling in the United Statcs r t  r ueâiin kvel ot 
i ng(l (part per trillion) (2,s). 

DDT does not ap-r to k takm up or s t o d  by phnb ta 8 g r a t  esteit. It was not 
translocateâ into alMt8 or soybean plants, and only trace amounts of DDT or its metabolites wem 
obscrved in c m b ,  radishes and m i p s  al1 grown in DDT-tnatcd soils (1 1). Somc accumulation 
was rcported in grain, maizt and riceplants, but little aansIocation occumd md midues wem 
located prünarily in the mots (2). 



NOTES for Table 3.3.4.3. Table 33.4.4; & Table 3.3.4.5: 
DDT Information Profile of the Exttnaion Toxicolonv Network 

Tables are h m  Pesticide Information Profiles of "EXTOXNIET' (Extension Toxicology 
Network), an online Pesticide Information Ptoject of the Cooperative Extension Offices of Comell 
University, ûregon State University, the University of Idaho, the University of California at Davis 
and the Instiîute for Environmental Toxicology, Michigan State University. The primary files of 
this database arc maintaincd and archiveci at Oregon State University. See 
http~/ace,acc.orst,tddinfdext~m~t/pipd~hdex.h~l 

** Citcd works art as follows: 
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(1 1) World Hdrh ûqmiption (WHO). 1989. EnwonmCnhi haith Criteria û3, DDT d iu 13aivltivcs~vico~l~llul 
E&cu. WorldHalthCh#mizriarr,Grnevr 



Besides familiarizhg readers with the characteristics of DDT of devance to the story of 

its k and fall, the Tabla above alsa serve to undedine and foreshadow the importance 

of acts of interpretation and ultimately reconciliation of descriptive claims in the life and 

fate of the focal product. Compare the following matched claims, extracted h m  

different Tables above, and which flow fiom a common data set cornprised of aii the 

scientific literature on DDT: 

DDT muy be slightly toxic to practicallj non-toxic to bir&. 
(-0xNE-n 

There is some evidence to suggest th<rr DDT may be suppressive to the 
immune system. 

(IPcS) 

Ahterse eflects OR the liver, kidney und immune system due to DDT 
exposure have not been demonstmted in humans in any of the studies 
which have been conducted to date. 

(EXTOXNET) 

URC ha9 concluded that while there is inadoquoie evidence for the 
carcinogenicity of DDT in humans, there b suflcient evidence in 
experimentaï animals. L4RC hm classijied DDT as a possible human 
carcinogen (Group 2B). 

ms) 

The available epidemiological evidence regarding DDT's cmcinogenicity 
in humans, when t&n as a whole, does not suggest that DDT and its 
metabolites are carcimgenic in hwnaw at likely dose levels. 

(EXTOXNET) 



So what do you think? Does DDT have a harmhil effect on the immune system? 1s DDT 

toxic to biids? Does DDT cause cancer? For that last question, does it help to know the 

additional information that the United States Department of Heaith and Human S e ~ c e s  

has detemllned that "DDT may reasonably be anticipaied to be a human carcinogen " or 

that the EPA has ciassified DDT as a "probable human carcinogen "3*. 

And so what if al1 of the worst claims about DDT are me? What if it is acutely toxic to 

birds, does suppress the immune system, and does cause cancer? Many commerciaily 

produced substances have these properties. Moreover, unlilce other substances such as 

industrial chernicals for example, pesticides are specifically designed to k harmful to 

living things, are they not? Does its potential for hami mean that DDT should not be 

iwd  in agriculture? What about in public health where, because of its low cost and high 

toxicity to mosquitoes, the World Health ûrganization still considers DDT to be an 

"important, sometimes vital, " component of malaria control programs, a disease which 

results in up to 2.7 million deaths each year and is killing children, while you read this, at 

a rate of 4 per minute"? Compare the following matched clairns: 

"DDT should be banned giobally by no later than 2007 under the auspices 
of the internationai Comtention on POPs. " 

(World Wildlife Fun4 1998, p 44)" 

" While if is true that we don 't kiow every last ris& of using DDT, we know 
veiy well whut the risk of malmio is - and on balance malaria i s j b .  /ar 
more deadly than the worst that one could imagine about DDT. ... We are 
not in love with DDT. But the reality is that ifyou try to get rid of DDT 
without guuranteeing that money will be mailable for aiternatives, you 
will kill people. If Western countries l i k  the US. or U K  want the 
environmental beneft of a DDT ban, [et them p<ry/or it Afiica, Asia and 
South America have neither the technology nor money to research and 
implement aIternaIives to DDT. The rich counrries do. For them to 

30 Agency for Toxic Substances and DUuK Rcgistry (visit: www.atsdr.cdc.gov); a h  EPA's Office of 
Pesticide hgrams report on "Pdcidd Che~nicaIs Chusificd as Known, Roboblt a Poarible Human 
Carcinogcnsn (vWit: http3f~~~.epagov/oppoooO1i~IWindc~.htm). 
" Quotation is h m  press tcleasc "WHO ARGUES BALANCED PûSITiON ON DDT' rcleascd 1999 09 
10; Epidemiologial Sîaîbtics arc h m  the WHO (visit: hapJf~~~.who.intlctd(btmVnial~~tml). " World Wildlife Fund Ciods & U.S., 1998, Resdving the DDT Dilemmu: Prolecting Biodiversiîy d 
H w n  Heulth 
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advocate a DDT ban while holding tight the purse strings for those 
alternatives is obscene. " 

(Amir Attaran, Director, 'Ihe Malaria Pmject, September 1999)~~ 

Do the benefits of DDT outweigh its costs and risks? Are these benefits and risks 

distributcd faKly acmss actors? These difficult questions foreshadow the importance of 

acts of intepretation and ultimately reconciliafion of normative clainu in the life and 

fate of the focal product. 

indeed, the evidence presented in this dissertation will demonstrate how even what 

appear to be the rnost simple, basic and settled of questions c m  kcome sites of 

contestation with determining influence on the fate of a product. For example, that DDT 

is an insecticide (i.e. it is a substance whose fwiction it is to kill insects) that is wide- 

specmm (i.e. it is toxic to many insect species) and has a long residual action (Le. it is 

stable and persists in mil, water and sunlight, thenfore its killing power lasts a long tirne) 

are claims so uncontested tbat they may be considered b ~ t h s ' '  about DDT. But here 

again, so what? Imagine an alternative product competing wîth DDT, an insecticide that 

is equivaient on al1 other dimensions (icluding cost) to our focal molecule but which 

differs only on these two; it kills Bwer species of irisects than DDT and then because it 

breaks down more quickly it kills evenfewer numbers of insects pet species per unit of 

quantity applied. Which is the more effective insecticide, the one we would expect to 

score higher on perjonnnce? Or in other words, which product would you expect to 

substitute for the other: DDT for the alternative, or the alternative for DDT? 

The answer to this final question is "it depends". This dissertation explains why. 

3.4 Inrcct-Man Relations and the Function of Insect Control 

It is common to think of Man as the only species on this planet who codd k considered 

in the nianing for achieving world dominauce, but if this is lwked at dong various 

cited in îhc Globe and Mail, 1999 09 02 



measures of domination (see Table 3.4.1), it becomes apparent that those who argue that 

Man is in a close and nasty battie with insects to inhent the Earth may indeed have a 

point. 1 examine Insect-Man relations in this section. 

Table 3.4.1 - Insects & Man: A Stninnle for World Domination? 

1 %asec& are the domuiaut gronp ofanimaIs on the earth tod.y. * 

' longwity: - 1nmcts have l M  on the earîh (br about 350 million yearn, corn- to ku üran 2 million 
for Man. 

numbsm: 

diuecsity. 

- Populations can easiiy nurnbsr many millions to an acre. 

- fhers am m l  hundrsd t h w d  Memnt kinds of inse&, which id 3 tirnus as many as 
in the mst of the animal kingdom. 
- A typbI North American badcyard mey hava ovw a lm difbmnt in- varieües in 1. 
- lnssds have cdonized habitat8 inhospitaôb to oüwr s p c h .  

- -  -- r "IIISCCIS a n  the on& animah gbhg non a nul kîtk for supmnacy. * 1 

bodety: 

Insect-Man relations have a long and complicated history, and the fùnction of insect 

control is not a ment one in the evolution of human societies. Man has always k e n  

forced to engage with insects as he fkst gathered, then later actively managed, controlled 

and organizeâ the production of the nutrient-nch vegetable matter produced by plants 

converthg the s u ' s  eneigy into life itself'. Iwçt-Man relations are not simple. They 

comprise a mix of conflicnial cornpetition as well as symbiotic collaboration, ali of which 

taires place within cornplex, evolvhg ecosystems. 

- Bms, am, termites and other irwc!s lhre in organized sociaî systms that engage in 
acüvbs ruch as warfare with mpeüng colonies, davery, and euen âumstication of oüw 



It is appropriate to adopt here an economic perspective, as this is the perspective that has 

most significantly mediatecl Man's interactions with Insects this csatury, through the 

scientific discipline of economic entornology. It is economic thlliking and tenninology 

that pemeates the literature. hdeed, as mentioned above, the chexnical technologies that 

are the focus of this dissertation are legally known as economic poisons. 

Within that perspective, some insects and insect activities are clearly hamiful to Man and 

result directly in less, or losses of. human welfm or utility. These are commonly termed 

"injuriuus species"? From the aawyhg nuisance that mosquitoes, cockroaches or 

houseflies can cause individuals in their homes to the complete destruction of a year's 

worth of a community's agricultural hawest by a swann of locusts, the importance of 

different injurious species and the degree of damage they do varies greatly. 

The codling moth, responsible foc the infamous worm in the apple, the spnice budwonn, 

responsible for desûoying vast swatches of valuable forest, and the cotton bollworm, 

mponsible for reduced yields of cotton crops, are ùuee exarnples of signifiant k t  

p s t  species which hami Man thmugh their collective metabolism: as they eat, reproduce 

and increase their populations, they leave less f d ,  f& forests and fibre available for 

humans. This reduction in quantity and quality of resources can be direct and Unmediate 

- as when the insects eat the f i t  and foliage of plants that MM had intended for himself, 

Iike the codling moth - or it cm bb- indirect and take more t h e  - as when the insects' 

feeding activities, per se, are not hamiful but the consequences of thnving insect 

populations are. As an example of this latter case, some insecîs s m e  as vectors (Le. 

transmission vehicles) of diseases which attack plants or mes valued by man and which 

eventually kill them. Bark beetles carry the fungus rrsponsible for Dutch elm disease 

and, as they move about, can infect al1 elm trees in a aeighbourhood. m e r  insects may 

k deemed "injurious" because they serve as vectors of diseases of Livestock and poultry. 

Table 3.4.2 - Examples of Injurious S p i e s  of Insects Lists some hjurious species of 

concem to fmers, foresters and the public in the United States. 



Table 3.4.2 - Errrrn~les of Iniurious S~ecies of Iasects 

Ml inssvil 
bolhnom 
budmrrrn 
codling moth 
corn e a m  
uab liœ 
European bah beetle 
m w  
Ik8 ( V ~ ~ ~ O U S  s~&OS) 

mal  & grain mothr 
mites (various spmhs) 
mosquito 
spnrcs bu- (tortridd moth) 
tenniîes 
ticks 

dam- to iagrfaiîture (Cotton) 
damage to agriaciture (alton) 
damage to agriculture (toôacco) 
damage to agriculture (applerr) 
damage to agriculture (am) 
damage to humans (as parasites) 
vedor for plant diseam (Dutch dm disease) 
damage b fomîs (hadwmda) 
dam- b livestodt (cattle, sheep, goats, &ne, hl) 
damage b s t m d  foodstuffs (Ilour, grain) 
dama- to lhtodt  (cattle, ahsep, goats, swine, fowi) 
vector for human d b m  (malan'a) 
damage to forest8 (witwoods) 
damaga b human structures ( d e n  houws) 
Vddw for lhatodr dimaso (anapiamods ofcatüe) 

The economic dimension to pst definition begins to be revealed by Table 3.4.2: 

'birnprtant'' injurious species are those that are hannful to bbimportant'' crops. Avoidance 

of "losses due to insect damage" in agriculture is the main fiinction of insecticidal 

substances in the United States economy. The importance of this fiinction is quite high, 

has grown, and will continue to grow dong with agricultural productivity and output. 

n i e  stakes are quite high. More than 10,000 species of pest insects cause agricultural 

losses, with 600 among them senous enough to warrant systematic control measures each 

growing season3'. Applied entomology texts routinely cstimated cmp losses by insect 

damage at, conservatively, about 1 O% of crop productiod6. 

"The losses fo national economies resulting fiom insect damage are 
enormous and rarely comprehended; thus ... on a conservative baris of a 
IO per cent loss in total crop yield due to depredorions &y insects, ... not 

Y This disthion k i m n  "injurious" and "kneficialn invflr dUcs bom thc d a t  âays of entomlogy, 
and was wcll-entrcnched by the turn of the century. See Foisom (1914, p 325) for example. 
jS Mekaif (1972); a b  Sehmnt & Khuen (1 98 1) 
Y Fernaid & ShepIcd (1955); rlro West, Hardy & Ford (1951) 
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Iess than one-tenth of the human effort of the British Empire on basic 
industries such ax agriculture is dissipoled by our insect enemies." 

(West, Hardy & Ford, 1951, p 20) 

This figure is generally supportai by other sources, as evidenced by the summary 

contained in Table 3.4.3 - Summary of Crop Losses to insects 

Pend % Annual Loss 

Crop losses due to al1 pests (Le. fuiigus, dents, birds, womis, etc. in addition to insects) 

have ken  estimated to be about 3W, totding $30 billion annually by the early 1990s3'. 

In 1938, just prior to the introduction of DDT, crop losses due to k t  damage 

amounted to $1.6 billion muaily, a figure which had risen to $4 billion by 1955". The 

introduction of DDT and other synthetic organic chemicds into agriculture is widely 

c d t e d  with higher fann yields and inmead productivity in the agcîculhiral sectoa9. 

Other insects (dong with ticlcs and mites) serve as transmission vehicles - technically 

refend to as "vectors" - fot human diseases, as shown in Table 3.4.4 - Insects as Disease 

Vectors. Hence the hction of insect control is vital to programs of public heaith, 

especidly in tropical climates. Of note in this list are two serious diseases: (1) typhus, 

s p d  by lice, and (2) malaria, with the anopheles mosquito as its vector. The first wide 

sale field use of DDT was by Allied forces in World War II to halt the spread of a 



typhus epidemic in Naples, ltaly and this was credited with swing millions of livesJO. 

Soon der, DDT became the insecticide of choice in malaria eontrol, and to this day is 

credited with saving millions of lives. 

Currently, the World Health Organhtion still considers DDT to be an "important, 

sometimes vital, " component of malaria control programs, although it is committed to 

implementing its own "Action Plan for the Reduction of Reliance on DDT for Public 

Health Purposes", a plan it prexnted recently to the third meethg of the 

Intergovernmental Negotiating Cornmittee for an Intemtiod Legally Binding 

instrument for hplementing Intentational Action on Certain Persistent ûrganic 

Pollutants (POPs). Elimination of DDT fkom the global economy remains highly 

controversial. Malaria continues to put 40% of the world's population at risk, with an 

incidence rate of 300 - 500 million cases annually reailting in some 1.5 - 2.7 million 

deaths each year, with 1 million of these king to children under 5 years of age4'. 



Table 3.4.4 - Iasects. Ticks & Mites 8s Disease Vectors 

Diseue Vector 

Chogas' d h m  Asmuin bugs 

On the othcr band7 besides "Njurious species " the= are also many "benefcial species " 

of insects which, tbrough their activities, contribute directly or indirectly to Man's 

welfare. For example, bees are an Unportant mechanism in many regions of the world for 

the absolutely essential hction, h m  both an ecological and economic perspective, of 

pollination. Of interest to the story of technologid evolution in the field of insect 

control, the special status of bees as pollinators of important f i t  crops and as producers 

of honey means that the impact of a new insecticide on the population of this "kneficial 

species" is a very important evaluation criteria used to judge the merits of the new 

product; substances especidy toxic to ôees are less desirable. As another example of a 

kneficial species, considei that sük culture, made possible by silkworms, is still an 
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important economic activity, and goes back to Emperor Fu-hsi who lived at the beginning 

of the third millenium. M e r  spccies may be deemed "beneficial" because they are 

predators which help in conüolling the population of prey species which have been 

deemed "injurious", such as the vedalia beetie which controls cottony cushion d e ,  a 

serious problem for citnis fmers. 

One should note that, in general, the term " k c t  control" is reserved for describing only 

those purposeful human activities undertaken to affect or influence populations of 

injurious species of insects. Therefore, my review of the history of these technologies 

does not cover activities associated with managing beneficial species, like those of 

apicultunsts or siUi producers. This means that, despite a more balanced view in the 

scientific discipline of "entomoiogy" as a whole, k t - M a n  relations are typically 

lwked upon negatively within the narrower discipline of "economic entomology" which 

concems itself with "insect control". For economic entomologists, an "insect problem" is 

seen to exist a d  a genedy hostile attitude towards them prevails. lad& a discourse 

of b'war" and a language of conflict, battles, attacks, arsenals, weapons, etc. has clearly 

dominated in their intefpretation of Man's relationship with in~ects~~.  It still pervades 

conversations about k t  control to this &y, dthough this is slowly changing, partly as 

a result of events described in this case study. Table 3.4.5 - "War" Against the "(nsect 

Problem" gives some typical examples of this view, ordered chronologically and 

spanniag the entire time period discussed in this Chapter, h m  pre-DDT, to DDT, to 

pst-DDT insect control: 

For a binating dismiai ai the links kMcD war md inscct conml tccbiiology, rra Russell (19%). 



Table 3.4.5 - Anriinst the UInsect Pmblem" 

"The stru&e k îwem MM und Illsects h a n  long before the dawn of 
ch)Ui&tbn , kas continurd wfihouf cessation to the pcesent thne, and 
WU continue, no dou&, as long as the human race endum. ... We 
commonly ~hink of owselves as the lords mrd conquerers of mturel but the 
insects had thoroughly mastered the world and taken fiIl possession of it 
long be@e man began the attempt. ïîtey ha4 consequently, ail the 
udvantage of possession of the field when the contest began, and they 
huwe disputed every step of our imasion of their original domin so 
persistentij d so successfillly fhar we caN even yet scwcek) flatter 
ourseives that we gained ary very important advantrige over them. ... I/ 
t h q  wnt  our cropr dikcy SM he@ thenueIvex to thcm I/thcy w&h the 
b f d  of our dolllcslic anbuab, tkqy punsp ir out ofthe wins Mour conh 
and our ho- ut the& leisum and &fore our vrry ry& If thcy crkoaor 
to taûe up a&& wiïh us wv canna wholb k p  trkern out of the house 
wr U*c in We cannot even protecf o w  vety pers- Rom their annoying 
and pestife--row attackr1 and since the world began, we have yet 
exterminuted - we probabiy never shalf exterminate - so much as a single 
species. îR~ncy have, in fact, inflkîed p n  us for aga the most secbus 
wih wMout OUF Lvvn ûnowing it. " 

written in 191 5 by Dr. S. A. Forbcs, cntomologist; 
citcd in entomology tcxt by Mctcaif (1955, p xv), 

"The Iwect Menace (1931) " 

Titles of book authoted by Leland O. Howard, 
Hcad, USDA Division of Entomology, 1894 - 1927 (cxcept 1879-8 1). . 



Table 3.4.5 (continued) - UWaP Anainst the %sect Pmblemn 

" We fiel that never in the history of entomology hm a chemical been 
discovered that offers such promise to mankind fw relief fmm hU insect 
problem as DDT. " 

Report of the Special Cornmittee on DDT, with S.A. Rohwer as Chainnan, 
in Jour1~1 of Economic Entonology (1 945, p 144). 

"DDT is an Nisecticide. II kills "bugs" of all sorts. In fact it seems 
destined alreaày to t& a place as the bat weopon yet discovercd in 
mads ages-tong war wUh a hilherto unconqnerabk enemy, the insects 

It  ..* 
(Lcary et al, 1946, DDTmdîhe Illscc~Ptoblrm, p 1) 

"When a man is brought inro a court of law, we assume that he is 
innocent unless he is proved guilty. mis is a sensible attitude for it does 
give greater protection to innocent people, even though, unfirtunatek), it 
also p m i t s  many of ow gangsters and other public enemies to escape 
punishment for their crimes. Butl be this as it m q ,  when we deaf with 
insec&, the on& wke thhg to do U tu assume that t h 9  am gui@ unlcss 
thcy arc pmved innocenIr " 

(Zimmcrman & Levine, 1946, DDT: KUlcr of KUIm, p 1 & 29) 

- - - 

"Atomic Vermin Dcsmyer " 
DDT fonnulatcd product marketcd in 1946, h m  Fortune, lanuary 1946, p 149) 

"Thtougll the centurb ptopk have been plugued by i ~ e c &  and Lave 
dkd by the llljllhtts froni diseases carricd by them. Man is graduallly 
gaining mustery over thern, but the battle is long and expensive, the 
burden is too heavy for the poor in many parts of the world and we siill 
have rnuch to lemn about these agents of death. '" 

(F.C. Bishopp of  USDA-BEPQ & C.B. Philip of USPHS, in USDA (1952). 

"Since emly times, man hm waged a con!inuous WtIe to protect and 
mintain himelf and his food supplies in a fiercely cornpetitive 
environment. " 

i (Rioci, 1952, p 44, in the tradt j o d  Apr'cuIn~al Ckmicds) 



Table 3.4.5 kontinuedl - uWaP Anainst the %wct Problemn 

- - 

"Open Door to PIenty tells the story of man 's stmggleto contml soine of 
the hostile elements in the world arovnd us. These are the pes& which 
d ~ o y  our foods and our proper@ ond anack our Iealth. Research and 
education, the twin maimprings of humon progress, have been 
encouraged comistently by the National Agricultuml Chernicals 
Association to improve man 's mastev o w  thcsr p t s .  '" 

Lea S. Hitchner, Executive Secretary of the National A g x i c u l ~  Chernicals Association, 
in the introduction to "Open Door to Plenty" (1958), a pmmotional brochure 

publishcd in mponse to the public's gmwing suspicion of  pesticides. 

"Fact of the mutter is . . . without prodwts of modern chemistry, fiom the 
/eriiizers to pesticides, nature could mume i6 centurk-oId îyranny 
ouer maii! " 

( h m  a pamphlet tirlcd "The Day our Town Dicd", sbowing a howwifc d i a g  Silent 
Spring in a kitchen cornpletely ovcrrun with ii1SCC1S, publishd by the National 

Agricultural Chernicals Association just subsquent to the publication of Carson's book 
Show in Hayley (1983, p 36)) 

"Ncw Weapns in an Ancibat War " 
title of Chaptcr 2 in Whitten ( 1966) 

"They ~ s t i c i d e s ]  me used against creaturs wkose m g e s  h m  k e n  
recordcd sincc earlkt history. ... mey [insects] eut, steal or destroy a 
large shme of everything that nim grows or stores. " 

(P 19) 

"As I have pied to make plain, in onr gght agaimt Cornmuniun our 
agricultwe b pccrhaps onr gnattst llssct, Its scope embraces 00th 
national secutiîy and ~ t i o w l  health. ... We mwt not permit anyone or 
any group to suddle our sources of f o d  and fiber with the burden of the 
unkmwn. We mnst not mIrict our use of ow k t  wapns against 
insect-borne diseases. ... WC musi & mlj, wW new w4p01ts und new 
metho&; but in the meantirne we mwt mt give yl those we have* ... We 
ninst w aü Our known mapons, as wu spend müli011~ of doUats 
annu@ in our effom toj5nd new onn, i/we a n  to enable nun do keep 
that bqwttunt one step ahead in Lis eomtindmg contest wW becB and 
dIsease, with ptst and pcsffleacec. To this end we need public 
dersianding that we may continue to add to the pars of out liws, 
indeed. TICI T WE MA Y tlYEP m s  emphasis] . 

(p 214,216) 



Table 3.4.5 lcontinuedl - WaP Agains t the aInaect Problemw 

"Since the kginning of time man wvls ut the memies of the eIementk of 
the envuonment and the pcs& that aflicted Lis crops and h L  m o n .  
The rise of science in the lmt cenhvy began to provide a means by which 
man codd alter his environment, at least to a limited extentl and conîrol 
the pests that beset him. " 

Statemcnt of Virgil Ho Frccd, Chairman, Department of Agriculnual Chemistry, Oregon 
State University to DDT Hcaring Otlticer, Washington State Dcpartment of Agriculture in 
1969; reprintcd in "Sclectcd Statements fiom State of Washington DDT Hearings held in 
Seattle, October 14, 15, 16 1969, and Other Relateci Papcrs" compiled by Max Sobclman 

o f  Montrose Chemical Cornration 

"Since the dawn of civilMion, hecîs have been pluguing humun 
habih& as we see fiom the vivid descriplion0 of the plagues of insects 
recorded in ancient literature mch as the Bible. ... I n  or& to combat the 
sfinatbn, man h a  corne up with variow methods rangingfiom magic and 
quackery to alchemy. Notwithstunding fion the emly ages, rationai p î  
conbd uring crude chemical preparutions hos also been devised and put 
to useo 

(Perry et al, 1998, p xvii) 

"And what a period of transformation that jifv yeurs wer! Most 
findamentallly, it wwas an em in which h e c t  scou~ex endured since the 
daun of kktoy w m  bm~gh! W+U w&hh acceptabb 1Ullr'llr. But it wos 
also an era in which a bold - ya, courageons - i n d m  building on this 
astonishing accomplishment, cmquered many 0 t h ~  cropteducing pa& 
and opned the wipy !O an age of ugricu~~colpienty. '" 

Haylcy (1983, p 3), 
officia1 historias of  the National Agricultuml Chernicals Association 

"The specijic goal of insecticide reseorch is to discover, develop and 
understand new prducts and rnethodrjor the saje und efictive control of 
pests1 thereby maximking /ood production und public heaith, mere have 
been successes ami Golden Ages over the past six decades that met in 
each c m  the principal nee& ut the time. Clemly more scientijically 
citaIlenging and flnancially rewmding horizons remaiin. as insects 
predictably circumvent attempts fw conîrol and new pa(r OP outbnaks 01 
dbeme aguh tknaten kvmn w&ian. hasecticide research has led fo 
viclurccC in ma&? skuliirs~ts, but Ursec~lc mnvk UYI princ@ai 
c o ~ o c s f u r  a I M e d  food uudjbr  sq&." 

(Casida & Quistad, 1998, p 15) 
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American agriculture hm seen more change and advancement in the 
current century than in al1 of man 's history. Much of this advancement haî 
been the product of a vigorous growth in innovative technology 
encouruged and funded by 60th governmeni and private industry. To 
make the point,collsidrr the agricultun of our nabn b Colonial t h e s  
... The whole furin f i  )ad #O be inwlved In the butîle for survhal - 
continuing stmggle to scratch out enough food fion the land jwt for 
fhenselves and the& livestock ... During the gtowiwing s e a m ,  lkefomUy 
was in a co~t~~anf  baüle ugainst ctop p î s :  pulling or hoeing weedr Rom 
daylighr to dwA; Jailing at gradtoppers, picking o f  w o m ,  beetles, und 
other insects, destroying diseased plunts to h e p  disease fion spreading. 
Even so, pest infistations codd easiiy claim an entire crop. .. ..Thefiesh 
f i i ts  and vegetables they could hmvest were fur fiom the worm and pest- 
fiee quality of t* 's produce. 

For much of our country's existence, the famer had !O sttuggle j~ to 
produce enough food for himserfand his fumiiy, with sonw lep over for 
others. Throughout this centwy, h o w e ~ r ~  new technology hus spurred 
fmin productivity higher and higher. Tahy ,  on average, Our US. famer 
produces enough fd not only fi>r his family, but nearfy 130 others, 
including some 34 people abruad in exported products. 

None of this umazing growth in agricultural production could have been 
possible except for the highly effective reseurch and technology developed 
ut land grant universities and expriment stations a d  by private 
compnies in plant breeding machinery innovations, firtiiilitr and 
pesticide developrnents. These crop pesticides that American laborutories 
have helped develop are used to protect virtual& every crop thut farmers 
grow. lnscecIccUIçs pmtect crops frorn wmciow ihsecîk Fungcides 
guurd against plant diseuses. Herbiciids keep weed infistations fion 
robbing crops ofplant num'ents and water. In addition, we depend on 
m a ~ y  of t h  same p d u -  fo keep uur sckoob, mtaumnts, hospila& 
and homes f m  of diseasc~canying v e d n  and to make ow mrydày 
living inon en/oyaMe und pest-fie, as well. 

Remarks by Jay 3. Vmm, 
Rcsident, Amcrican Crop Protection Association, 

on '"Tcchnology and A ~ * c u l ~ u r c  - A Bounty of Food and F ~ k r "  
to Loudon County, VA high scbool studcnts, 1998 03 12. 

Set http'JIwww.acpa.org. 



It is interesthg and important to note that the activities of insects and insect species have 

historically had a significant social, cultural and even spintual dimension to them as well. 

In earlier societies, not only were ritual and religion engaged for pest control, but 

kquently insects were cast as central actors in important myths as ~ e l l ~ ~ .  To the 

Egyptians, the beeties were sacred and symbolized eternal lifeu. In Buddhisrn, the cicaàa 

has been treated as a symbol of resurrection. Five insects and a spider are mentioned in 

the Koran, and readers of the Bible will know that there are 120 references to insects and 

other arthropods in the King James version. Of the 10 plagues visited upon Egypt 

preceding the exodus, 3 were caused by insects: lice, flies and i ocus t~~~  

Since then, such and sirnilar plagues have commonly ken interpreted as the manifest 

s i p  of an angered God. In the United States, bountiful harvests were viewed as gifts 

h m  God meriting ceremonial giving of thanks each autumn, a ritual which endures to 

this day. As recently as the 18709, State Govemors in the U.S. were d e c l a ~ g  official 

days of payer and fasting in response to destructive outbreaks of insects known as 

hopperse. This is significant for understanding the reception of modern synthetic 

insecticides like DDT as mitacdous discoveries - "Wonder bug killers'*' and 'magic 

insect killers'". As the miracles of modem Science were applied to tame and to control 

Nature, Gd's d e  in insect contml diminished correspondingly. 

As did the d e  of wider Society. Historically, early agriculhual practices were highly 

ritualized, with the f'unction of insect control peiformed physically and deeply embedded 

in unquestioned farming mutines, cornmunity noms and ceremonies4? "Culnual 

control" (this term is explained in detail ôelow) of insects dominated. But kginnirig with 

the industrial Revolution and continuhg throug& the Green Revolution, as increasing 

'' Ordiah (1 976) 
44 Pr& (1962) 
4s From course notes for "Insccts & Human Society" (Entomology 2004, V i i a  Polytechnic institutc and 
Sirte University; d i t  hnp~/~~~.ento.aeddCOUI3CS/Undergtadu~W~p~~) 

Dunlrp (1981, p 19) " Seiadai (1946). writing in Le magazine. 
Zimmcrman & Lcniu (1946, p L7) in the caption ihey wmte to accompiny a photo of Paul Muller. 

49 Oldish (1 976) 
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commercialization, standardization, and mechanization were brought to fanning, this was 

less the case. "Chernical control" of insects came to dominate, as both Commerce and 

Science, with the explicit cooperation of Govemment, each contributed to whot Polanyi 

(1944) would describe as the "disemkdding" of economic h m  social ectivity in 

agriculture. 

Today, modem agriculture and the wider U.S. language and culture continue to reflect 

this mostiy conflictual history of Insect-Man relations. A perceptibly hostile aninide 

towards insects as the source of harm and nuisance pervades. For example, not only is it 

said of someone who is pestering another that hdshe is "bugging" them or king a 'bbug", 

but we have even institutionaiized a hi&-tech Information Age definition of that tenn: 

annoying computer glitches are routinely blamed on "bugs", with the "Millenium Bug" 

king perhaps the most famous and cunently topical. 

Table 3.4.6 - Important Insecticide Markets swnmarizes the various hctions of insect 

conml in society, which translate in a straighdorward manner into different insecticide 

ntarkcls. 



Table 3.4.6 - Imaortant Insecticide Markets 

Markets Functions of Insect Control 
Agriculture - protedkn of food, W and fibre w p s  h m  di- in- damage 

- protedion of food, W, and fibre cmps from plant diseam vecton - protection of Iivmtodr, fowî from dired i n W  damage 
- protection of Iivestock, fow( h m  animal dimase vedors 

Home & Garden 

Industry, Commercial & 
Govemment 

- protedion of pu& forets & lands from direct insact demage 
- protedion of puMk fomts & lands from plant, animal diseam vsdon 
- protedon of industrial, cnmmercial, public facirihies - protection of fabrics 
- pmtecüon of human structures 0.e. wmd preservatives) 
- protection of stored foodstuffs 

Public Health - protedon of humans from disease vectom 

(1) 'Mirrtras" rcpr#crit thc "Ecawimic Scgmmisw uscd by thc EPA (sec Asplin, LW), 
wich the dition of public huith. 
(2) "Fundans of k c t  Contrdw ortridcd h m  discwsion above. 

3.5 Tecbnology for Insect Contml: Altemativcs 

Having communicated to readers a better understanding of the huictions of  insect control 

in the economy, 1 continue in this section with a presentation of the three broad classes of 

insect contml mechanisms historically used to perfom those hctions, dong with a 

more tecent integrated approach which combines elements of each of themsO. 

3.5.1 Cullucul co~trob 

Culturai controls (sometimes n f e d  to as physical or mechanical controls) are those 

techniques and practices wherein tbe physical or mechanical activities of fannets and 

theù tools result in srnaller populations of injurious insect speciess'. Table 3.5.1.1 lists 

'O Th cbm angories of inseet coatrol arc dnwn bmm West et ai (195 1). û k  typologies do exut, but 
thcy diffm only sii@âly. d l y  this involver the suWivUiw one of these &ce io aair finbcr aDcgmi 
(for example, "cuutiurl" controis as 1 bave descriikd thcm arc som&a split iato "culturai" contml and 
Ypuarantinen~ocltroh. Tht contmts of Phentel (1991) gmarlly support the categorizations uscâ bae. 
" Sce SiiIer (199 1) for a brief summary ofcdturai conirolr. 
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examples of agricultural practices and activities that can be considered as cultural or 

physicd controls on insect populations. 

Table 3.5.1.1 Some Examples of Cultural Controls 

sanitatbn (destruction or utilkation of crop Muse, mguing of 
diseased plants, Mc.) 
tillage b destroy oveiwintering inse& 
fernoval of altemate ho- of pathogens & insech (weeding) 
rotation of crops to dimrage brriMup of insect populations 
timing of pianting to avoid hihdamage periods 
use of in8ac!-ftw and ~athogsn-ho sssds and bssdlings 
use ofmp c10ps 
pruning and defoliation 
isoiatkn frorn &ter  w p s  
rnanagmmt of Wer and fsrbilizem 

list is Qmn îhm Smith, ApOk d Bo(tnll(1976) 

Some of these activities are pimarily aimed at other purposes but nevertheless do a i k t  

insect populations. So, for exampie, the ploughing of fields cm destroy the habitat of soi1 

insects as well as expose hem to the predation activities of naniral predators, hence 

limiting their populations. ûr consider crop rotation, which effectively starves out insects 

in fields left fdlow, withholding fiom them the nutrition they need h m  host plants. 

Fanners can also manipulate the timing of crop plantings in order to avoid high pest 

incidence periods or to ensure that their plants are sufficiently developed at the time of 

infestations to withstand attack. In addition, faim and orchard sanitation activities such 

as the destruction of prunlligs and other unused plant matter by fue can reduce insects' 

available habitat and food sources so as to shrink their populations. And of couse 

another important but labour intensive cultural technique of insect control is the simple 

manual picking or removal of insects. 

A more coercive fom of culturai iasect conttol in society is possible as well, achieved 

through legal and regulatoty means. For example, it is common ptactice in most 

counûies to implement plant uquarantine'' laws, which apply to the importation of new 



plants to a region and are aimed at ensuring that vegetation does not carry on it injurious 

insect species or âiseases. 

Historically, pnor to the mid-1800's. cultural controls were the dominant '?echnology" 

used for the fiinction of insect control, which was highly embedded in social n o m  and 

agriculnual practices and activities. 

3.5.2 Chemkal Conmik 

Chemical controls are those techniques, practices and activities with which readea will 

be rnost familiar, as they have dominated the f'unction of insect control in this centuryS2. 

Indeed, the chemical control of insects has becorne alrnost synonymou with "insect 

control". Chemical control of k t  pest species involves the direct application of a 

substance which is todc and designeci to kill hem: an insecticide. in other words. It also 

includes the use of chemical substances which e t  insect populations without directly 

killing hem, such as attractants, rrpcllents and chemosterilaats, listeci above in Table 

3.2.2. 

Killing Uisects can be accomplished in different ways with a chemical substance. In 

general, insecticides cm be classed into two broad categories of poisons according to 

their "mode of action": "stomach poisons" and "contact poisons". The former are rneant 

to be ingestecl by the insect while th latter are absorbed through the insects' bodies. 

Another temi that cornes up oAen is "systemic". which is contrastai with "non-systemic" 

insecticides. A systemic insecticide is one which can be tramlocated by the plant being 

protected. That is, it becomes dissolveâ in the plant liquiâs and can be transported to 

other parts of the plant. In order to facilitate this, systemic insecticides tend to bave high 

water solubility. Systemic insecticides have two major advantages. First, treatment of 

ody a part of the plant, even the mots, cm mean that the whole surface of the plant 

becomes lethai to insects feediag on it. Second, it is possible for oaly insects acnially 



feeding on the plant to become poisoned while other potentiaily beneficial insects merely 

sheltering in the plants' leaves are spared (although predators of plant-eating specieî may 

be subject to poison passed on through their prey if the insecticide does not break down 

quickly). 

Besides their mode of action, substances used as chemical controls can also be divided 

hto three broad categones based upon their chemical makeup aud ozQin: (1) botanicals, 

(2) inorganic compounds and (3) organic compounds. 

3.5.2.1 Butanicals 

The first group of chemical controls, botanicais, are, as their name hints, derived fiom 

plants. The earliest chemical controls were nanirally occurring substances derived h m  

plants, so this group includes some of the oldest insecticidal compourids known to Man, 

like nicotine h m  the tobacco plant as well as pyrethrum and rotenone. Pyrethnun, 

prepared h m  the flowers of a type of chrysanthemum which grows in tropical climates, 

was the most widely used botanid insecticide histoncally and is known for its 

cemarkably rapid "knock-down" (which means that, once applied, it kills insects very 

quickly) as well as its bmad spactrum of activity (which means that it kills a wide variety 

of species of insects). Rotenone is an active ingredient for insecticides derived fiom the 

mot of the tropical plant Dems e1I:ptica. Merely grinding up the mot of that plant yields 

the substance "Dems". Not toxic to Man, it was often used against human lice. Other 

insecticidal botanicd compounds include sabadilla, ryania and limonene. Varying widely 

in theù acute toxicity to mammals, the biggest drawbacks of botanicals are that they lack 

photostability (which meam they decay rapidly in sunlight) and that they are expensive to 

exttact h m  plant tissues. 

3.5.2-2 Inornanics 

The second group of chemical controls is compriscd of inorganic substances, important 

among them, in tems of economic signincance, are those compounds containing arsenic 



and known as "arsenicals", including Paris Green, lead arsenate and calcium arsenate. 

Besides these, other inorganic substances whkh achieved commercial significance 

included: borax and bonc acid; bordeaux (the name of compounds fomed by reacting 

dilute solutions of copper suiphate with calcium hydroxide suspensions); flourinc 

compounds like cryolite; selenium compounds (which because of their toxicity to man 

and aaimals were not recornmended for use on crops intended for human or animal 

consumption); mercury compounds like mercuric chloride (HgCh) and mercurous 

chloride (HgCl), dong with elementai sulphur and other sdphur-based compounds. Of 

these, sdphur continues to be of importance today, especially within Integrated Pest 

Management ( a h  known as "PM, and described below) programs where its specificity 

towards mites and its fungicidal qualities are appreciated. The biggest drawback of 

inorganic chernical controls, especially the arsenicals, is their acute toxicity to mammals 

(including Man). Ingesting a relatively smdl dose of arsenic quickly brings on classic 

spptoms of poisonuig. 

3.5.2.3 Oraanics 

The third group of chernical contiols is comprisad of organic compounds, and it is here 

where the adjective "synthetic" applies in most cases. "Organic" chemistry is the 

chemistry of carbon, hence organk compounds are those containhg this eiement, which 

is the basis for life. The adjective "qnthetic" refers to chernicals that are man-made and 

that do not occur in abundance in nature. Early organic insecticides inchde: carbon 

disuiphide; p-dichlorobenzene; napthalene (used since the tum of this centwy to make 

moth balls); carbon teirachloride; ethylene dichloride; propylene dichloride; ethylene 

dibromide; methyl bromide; chloropicrin; dichloroethyl ether; thiocyanates; 

phenothiazine; azobeazene, and even hydrogen cyanide, a highly poisonous gas that was 

wd in the fumigation of citm mes. DDT is probably the most (in)famous organic 

compound used as an insecticide. It belongs to a family of substances known as 

organochiorines (OC), introduced into the economy just subsequent to WWII. Othet 

important famiîies of insecticides are the orgamphosphates (OP), the catbamates (Carb) 

and the synthetic pyreh ids  (SP). 



Also known as "the chlorinated insecticides", b'chlorinated hydrocarbons", "chlorinated 

organics", or "chiorinated synthetics", the organochlorhes (OCs) were the first synthetic 

organic chernicals to be bmught to market and to achieve widespread adoptions3. DDT is 

by far the most famous molecule within this product family. Al1 the substances in this 

family contain carbon, chlorine and hydrogen. Most are composed solely of these three 

elements, whiie a few are derivatives of such molecules but which contain the elements 

oxygen or sulphur bound into hctional groups cornmon in organic chemistry: aicohols, 

ethers, esters, ketones, etc. This family of Uwcticides can actually be divided into four 

distinct sub-families, each based on di fferent chemical s ynthesis routes and having 

different features to their chemical structure: (1) the DDT group; (2) the cyclodienes; (3) 

hexachlorocyclohexaiie; and (4) the polychioroterpenes. 

With the significant caveat that each molecule has its own specific properties and hence 

exceptions exist for almost al1 claims made at the product family level, a few 

generaiizations cm be made nonetheless as the o~aaochlorines as a family are 

characterized by common features. Most are toxic to maay insect species and hence are 

used for broad spectrum insect control. Most are both stomich and contact phi. 

Interestingiy, to this day the mode of action (is. how it kills) of DDT has "never been 

clearly worked out '? Many of these molecules are highly pemisteat which means that 

the y do not readity nor quickly biodegrade in either mil or sunlight once released into the 

environment. in addition, they are slow to metabolize once they enter orgaaisms. Most 

are hydmphobic, meaning that they are insolrbk in water, but lipophilic, meaning that 

they are readily soluble in fa& and oüi. They have celatively Ion rcute oral and 

dermal tosicitia to mammals, Uicluding Man. Along the various masures of c h i c  

toxicity - oncogenicity, teratogeaicity, mutagenicity, etc. - it is difficult and unwise to 

make general statements. The insecticidal qualities of DDT were discoverrd in 1939, and 

" in addition to West et al (1951). Wuc (lm), Casida & Q u W  (1998) and P a y  et d (1998), ot&r 
important sources of infiormation on organocbloriacs an: Broda 0974, Vol 1 & Vol iI), Braoh (1977), 
and C d y n  (1 99 1, Cbaptct 5). 

Ware (1994. p 42) 
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the median year of introduction of commercially significant organochlorine insecticides 

was 1947. 

3.5.2.3.l.l DDTgroup 

This group contains DDT and its analogues, including DDD, methoxychlor, and dicofol 

among others. Each of these molecules has a structure highly similar to DDT, reflecting 

the fact that they were discovered through ''local" search ûiggered by the discovery of 

DDT's insecticidai properties. DDD has merely one fewer chlorine atorn, while dicofol 

is an alcohol product obtained by substituthg just a single hydrogen atom on the DDT 

molecule which is its raw materiai. Insecticides in this group are, most of hem, broad 

spectnim stomech and contact poisons. Significantiy, as we will see, both DDT and 

DDD are much more persistent than either methoxychlor or dicofol. In addition, acute 

and chronic toxicities to marnmals vary. Those molecules in this group which resemble 

DDT in that they have two phenyl rings but which have sulphur as their ceneail atom are 

also known as the "organosulphurs". Of low toxicity to Ulsects, they are much better 

acaracides, king highly toxic to mites. They are usually ovicidal and are used for 

selective mite control. 

Also known as the "diene-organochloMes", this family includes polycyclic molecules 

fomed h m  the reactant hexachlorocyclopentadiene through either self-condensation or 

the Diels-Alder reaction. Commercially significant molecules in this family hclude 

al&, dieldrh, endrin, chlordme, heptachlor, endosulfan, chlordecone and rnirex. Most 

are broad-spectnim insecticides which, iike DDT, are highly persistent stomach and 

contact poisons and do not dissolve d i l y  in water but do dissolve in fats. Acute and 

chronic toxicities vary. Because of their stability, they make excellent soi1 insecticides 

and also provide for effective long term termite control. W d e n  sûuctures pmtected by 

these substances can retain their protection h m  termites for over forty yem. 

Also kmwn as knzenehexachloride (BK),  uiis substance is made by chlocinatiag 

benzene and is composed of several isomers. The gamma isorner, making up just a thy 
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fbction of the technical HCH mixture, is the only one with insecticidal qualities and 

these it has against a broad spectnun of pests through stomach and contact pisonous 

activity. When isolated to a state of 99% purity, the gamma isomer is  referred to as 

"lindane". The inert isomers of HCH are more persistent than lindane* which is less 

persistent than DDT or the cyclodienes, but still relatively persistent compared to other 

families of pesticides like the organophospbates. Lindane is bigûiy volatile but 

odourless, whereas technical grade HCH has the undesirable property of bearing a 

distinct musty odour and imparting a 'bint" or "off-flavour" to foods. 

3.5.2. 3.1.4 Polychloroterpenes: 

This family includcs ody two substances, toxaphene which is also known as 

"camphechlor", and strobane, with the former achieving rnuch more commercial 

signifiaince. Toxaphene is a mixture of more than 177 polychloniiated derivatives 

fonned h m  the chlorination of carnphene, a substance obtained fiom pine mes. It 

became the most w d  insecticide in United States history. It is both a stomach and 

contact insecticide with some acaraciâal action. Though persistent, it is more easily 

metaboüzed by bir& and rnammals. 

3 .S.2.3.2 Ormo~hos~hates: 

The organophosphate (OP) family of insecticides contains al1 those substances which 

contein the element phosphorous. They are dso known as "organic phosphates", 

"phosphotous insecticides", "phosphates", "phosphate insecticides", b'phosphorous 

esters" or bbphosphomus acid esters", and "nerve ga3 relatives", with this last term 

betraying a bit of the history of their development, which is in chernical warfare and 

genocidal research of WWII Gemany. OPs achieve their toxicity by inhibithg important 

enzymes of the nervous system, cholinesterases. 

The family as a whole can be divided into three sub-families, the names of which signal 

important aspects of thci. molecular composition to those fBmiliar with the nuances of 

orgmk chemisüy nomenclature: tûe aliphstic denvatives; the phenyl derîvatives; and the 



heterocylic derivatives. Before saying a few words about each of these sub-fmilies, we 

cm summarize those pmperties that, in general, characterize the orgamphosphate family. 

First, most have a broad spectrum of insecticidal activity, but are chemically unstable 

and hence not persistent. They decay rapidly in soii anci sunlight, especially compared 

to organochlorines. Second, although toxicity varies between molecules, in general they 

are more acutely toUc to mammab and other vertebratei, than organochlo~es. nie 

ingestion of small quantities causes inhibition of important cholinestemse enzymes of the 

aervous system, b ~ g i n g  on rapid twitching of muscles and evennially paraiysis. These 

toxic effects are u~lsufprisiag if one considers the ongins of these substances in nerve gas 

esearch. The earliest introduction of organophosphate molecules into the economy 

occurred just subsequent to WWII, with research continuing to yield commercially viable 

substances for many years following. The median entry year for major organophosphate 

insecticides was 1965. 

3.5.2.3- 2. I Aliphatic OP derivat ives 

This suô-family includes those insecticides which are simple phosphoric afid derivatives 

bearing short carbon chains. Tetraethylpyrophosphate (TEPP) was the first OP 

intduced into agriculture, in 1946 in the US., then soon after that came malathion 

which went on to becorne the most heavily used aliphatic OP. With a very low acute 

toxicity to mammals, this broad spectrum insecticide was also used extensively around 

the home. A aumber of the aliphatic OPs are soluble in water and hence plant juices, 

making them useful as systemic contmls against sucking insects, Besides malathion, 

some other important aliphatic OPs include dichlorvos, mevinphos, monocrotophos, and 

tnchlorfon, a chlorinated OP. 

3.5.2-3.2.2 Phenyl OP derivatives 

Phenyl OPs are phosphate-based molecules containing a benzene ring. in general they 

are more stable than aliphatic OPs, though much less persistent than OCs. By far, the 

two most fdliar and comrnonly used phenyl OPs are ethyl parathion and methyl 

parathion. The fht was introduced into agriculture in 1947 and is ais0 known as 



I "parathion" while the second, which always cades its prefix, was introduced in 1949. 

Both of these are contact and stomach poisons which are very acutely toxic to mammals. 

3.5.2.3.2.3 Heterocyclic OP derivatives 

The least utilized of the three sub-families, these are OPs which contain Mig stnictures 

for which at least one carbon atom has k e n  replaced by oxygen, nitrogen or sulphur. 

The first insecticide of this type to enter into the economy was diazinon, in 1952. Other 

important rnembers of this sub-famüy inchde: azinphosmeâhyl and cMorpyrifos. in 

gened, these molecules have longer lasting nsidues than either the aliphatic or phenyl 

derivatives. 

3.5.2.3.3 Carbarnates 

These insecticides are denvatives of carbamic acid which, like the OPs, achieve their 

toxicity by inhibithg the enzyme cholinestenw. First introduced in 1951, this tirst 

generation of carbamates (isolan, dimetan, pyramat, and pyrolan) were expensive and 

ineffective. The fht of this family to achieve significant success was carbaryl, 

introduced in 1956, and more of it has been used worldwide than all the other carbarnate 

insecticides combined. It has a broad s p t n m  of activity and a v e y  low oral and 

demal acute tosicity to maamab (with the notable exception of ddicarb, the most 

acutely toxic insecticide of commercial significance). M e r  important catbamates 

include: aldicarb, carbofunui and methornyl. Like the OPs, the carbamates are also much 

lem persistent than the organochio~es. The median entry year for major carbamates 

was 1969. 

3 .S.2.3.4 Svnthetic Pvretkuoiâs 

Also known as "pyrethroids", these molecules were developed to imitate the insecticidal 

effects of the naturai botanical insecticide ppthnun but to be much more stable in 
I 

i sunlight The m d a n  year of entry for pyltethcoids was 1979. Their history can be 
I 

divided into four generations, with the nrst generation containhg just one substance, 1 ailethin, introduced in 194% hast a synîhetic equivaient of one of the active 
123 



ingredients in pyrethnim, its synthesis was particularly complicated (an unheard of 22 

chemical ieactions) and hence expensive. The second generation included tetramcthrin, 

bioresmethrin, and bioallethrin but these too decomposed rapidly upon exposure to air 

and sunlight. It is with the thid generation that the desired combination of the properties 

of photostability and exceptionai insecticidal activity was achieved with fenvalenite and 

permethrin. The fourth generation, still king developed, combines those desired 

qualities of the third but requuing only one tenth the application rate to crops. The 

synthetic pyrethroids share the same mode of action as DDT, but are much l a s  

penbtent and have a higher seketivity in theu toxicities to insect species (Le. they tend 

to affect a more narrow spectrum of insect species once applied). Another important 

advantage of the s ynthetic p ycethroids over OPs and car b mate insecticides relates to 

theu incredibk inaecticidal activity. For instance, with the fourth generation, 

acceptable insect control cm be achieved through the application of just 0.01 lbs of active 

ingreàient per acre (even the third generation nquireâ just 0.1 Ibs), as compared to 

application nites of 1.0 to 2.0 Ibs of active ingreclient per acre for OCs, OPs and 

carbamates. These low application rates, combined with their h a d y  ve y low toricities 

to mammils, make the synthetic pyretbroids "mJy excitingD"'-' to contemporary 

economic entomologists. 

3.5.2.3.5 Other Conventional Organic Insecticides 

Besides those chemical families outlined above, a number of other distinct chernicd 

families of insecticides which are more ment in tenns of theh introduction into the 

economy andior which have never or not yet captured much market share and hence do 

not figumi prominently in the bistory of DDT include: fomüunadines (ex. 

chlordimefonn, dtraz);  thiacyanates (ex. lethane, thanite); dinitrophenols (ex. 

dinitrocresol (DNOC, htroduced in 1892) and dinoseb); organotins (ex. cyhexatin), and 

acylwas. The pmperties of this diverse set of molecules varies widely and cannot be 

collapsed into general statements, although it can k stated that none of these substances 

is without its own particular pmblems: chlotdimeform was rcmoved h m  the US market 



in 1976 because of its oncogenicity, for example, while the dinitrophenols are, in general, 

highly toxic to n d s .  

3.5.2.4 Non-conventional chemical conirols 

Into thîs class of substances cm be put a set of substances that have insecticidal 

properties and which were commercialized as insecticides, but which are produced 

primarily for other purposes. Uscd in the United States as far back as 1868, this category 

of substances includes: saaps, coal tar, creosotes, kerosene, crude petroleum, lubncating 

oil, and other petroleum oils. Besides having some insecticidal activity on theù own, 

they are often used in the formulation of conventional insecticidal compounds, like the 

botaaical pyrethnun or even DDT for exarnple, as "carriers" to facilitate delivery of these 

latter compounds to the desked target. Though, technically, thex are in fact organic 

chemicals with insect killing power, they have not traditionally been accounted for in that 

category of insecticidal substances. In t m n s  of physical volumes (i.e. annual sales in 

lbs.), these substances are still important today, but this is ironically due to their low 

toxicity to insects. The high phytotoxicity of these substances - their toxicity towards the 

plants they are supposed to protect - is another factor that has sevedy lunitecl their use. 

In ternis of their commercial value (Le. mual  sales in dollars), they pale in cornparison 

to the other classes of chemical conwls presented above which are known as 

"conventional" insecticides. 

3.5.2.5 Summury - Chernical Controls 

Table 3.5.2.5.1 contains a summary of some of the more important synthetic organic 

insecticidal chemicals inttoduceâ over the lifetime of DDT'~, indicating when they were 

patented andor put on the market and by whorns7. Table 3.5.2.5.2 summarizes the major 

This lid is not exahamive byany manr. but dom include the kniciüng substances h m  each 
chernical family. It aiso includcs ALL substances spccifidly mentimai in this d i s a t a t h  as 
SUBSTITUTES for DDT in lome market. 

All data is h m  Thomson's (lm) Agricuttwd CkmkaIs, Book 1 - Inrecticides, except fenvalcrate. 
HCH, and TEPP whcn hfmtion was missing. Sec Wan (1994) and Hunt ct ai (199 1). Whenever 
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differences between the different families of substances, already discussed above. The 

first Table demonstratcs the shift away fkom organochlorines over tirne, iowards 

organophosphates and carbarnates and then to synthetic pyrethroids more recently. Note 

that even though the synthetic pyretbids represent the newest family of insecticidal 

molecules, they have not yet risen to marketplace dominance. Indeed, since DDT, in 

gened it has been quite difncult for newer molecules to àisplace older incumbent 

products excepi due to some problem-dnven ban, as was the case for DDT. Even as late 

as 1998, one half of the top 20 insecticides from the standpoint of sales were 

organophosphates and one fifth were c~barnates~~. 

discrtpancies arosc ktween dam of discovcxy of insecticidal action, patent and füst use, the earliest was 



DDT (Geigy) 

mahoxyctiior (Gsigy) 
DDD (Rohm & Haas) 
chlordam ( V e W )  
lindane (Chevron) 

f EPP (I.G. FaMn) 
parathion (8ayer) 

aldrin (Shdl) 
dieîârin (SheII) 
heptachbr (Vdskol) 
toxaphene ( H e m b )  

endnn (JI Hyrnan) 

embsulf&n (Hoeçha) 

dicofol (Rohm & Haas) 

EPN (DuPont) 
malathion (Am. Cyan) 

aldkarb 
(Union Carbide) 

pmmthfin (NRC) 



Table 3.S.2,Sa2 - Proberties of Chernical Families of Omanic Insecticides 

(1) year of fîrst 
product: (first viable 

product for 
agriculnirc; first 
molecule was 

1949) 

(2) mtdian ytar of 
introduction: 

(3) fïrst product: DDT fenvalerate 
(1972; 1st viable) 

allethrin 
( 1  949, 1 st ever) 

TEPP 

aldrin, chiordane, 
DDD, dicofol, 

dieldrin, 
endosulfan 

HCH, hcptachlor, 
lindane 

rnethoxychtot, 
toxaphcnc 

chlorp yrifos, 
EPN, 

malaihion, 
methyl parathion, 

paraihion, 

Jdicarb, 
carbofiiran, 
methomy 1 

bioailethrin, 
permethin 

(4) othct products: 

(5) toxicity to insec&: 

(6) toxicity to 
rnammais: 

(7) relative dkty  
[ratio of (6)/(5)]: 

(8) average use rate: 

(9) some proâucts with 
systemic action? 

( 10) spcctrum of 
activity: 

(1 1) pcrsistcnt? 

(4 j wric (1994) 
(5) fi#n Ellb (lm; Lü50 in mfig (8vuagc for 4 diffèrent hcct spceks) 
(6) 6#n E l l k  (1977); Lü50 in m g  (m) 
(7) fioni E l l h  (1977) 
(8) 6um Clrida & QWud (1998); in #ive inqcdh#ktmc 
(9) fmm EUba (1977) It Wire (1994) 
(10) fmm Cm& & Q u a  (1998) 
(1 1) aOm Werr (1991) 



3.5.3 Biological Conhols 

Biological controls are those techniques, practices and activities involving the "natural" 

restraint placed on the increase in insect populations by biotic factors such as predaton 

and parasites59. Table 3.5.3.1 lists examples of practices and activities that result in the 

biological control of insect of insect popuiations. 

Table 3.5.3.1 - Some Examriles of Bioloaical Controb 

Farmers cm attempt to control the populations of uijurious species of insects by 

introducing bacteriai and fimgal diseases of insects or by introducing predators and 

parasites. For example, famiers producing organically-grown foods who shun chernical 

controls have long relied upon a bactena known as Bt (buciilus thwingiensis) which they 

introduce into agro-ecosystems to manage pest populations. Predator insect populations 

cm be artificially increased through systematic breeding or the implementation of 

hibernation programs, for example. The introduction of foreign or exotic species into an 

ecosystem is also an option, particulariy if the pest species is itself an exotic species that 

is controlled by that predator in its natural environment. 

Biological contmls have been used against insects in a systematic way at least since the 

1700s. Larger predators, such as birds and cettain beetles, were the first to be appreciated 

as naturai contml agents and as a nsuit became subject to local transfers to curb insect 

" For an introduction to bioIogical conads, sec Volume If of Pimentcl (1991). 
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outbreaks. International transport of predators is believed to have begun prior to 1800 as 

well. But it was not until the late 1800s and early 1900s that applied biological controls 

were implemented with significant success. California served, and continues to serve, as 

the centre for biological control nsearch in the United States. It was the= at the turn of 

the centwy that tecbniques of mass culture of predacious insect species and their periodic 

colonization in the field were developed. 

But aithough they have been researched scientificaily for a long the ,  biologicai controls 

have remained. for the most part, in the periphery of insect control research and 

unimplemented in the field for much of this century. 

" Through the late 1940s into the 1960s chemical contrui of inrect pests 
with persistent organic insecticides was so spectucular and successfil that 
the biologicai control approach received little support. In fact, it ras 
consideredparse except fur afiw reseorch centers. " 

(Hagen & Fra= 1973, p 435) 

Biological controls were considered by the rnajority of mainsueam economic 

entomologists to be inherently iderior to chemical controls because they could not be 

used to achieve what was considered by them to be the ultimate goal of insect control, 

eradication, 

"It should be emphasired, however, that because the relation of the insect 
p s t  to its enemies is always in the nature of a balance, whether it be 
favourable tu rho one or the other, there can be no question of compieeie 
eliminution ofpests by this method [biological controls]. " 

(West, Hardy & Ford, 195 1, p 25) 

Entornologists favouring biological over chemical controls recall king ridiculed as a 

" lunatic jiinge " within their disciplinea. However, with the identification, discussion 

and resolution of various problems linked to the chemical control of insects, which are 

presented in this thesis, biological control has corne to occupy a much more prominent 

Doutt & Smith (197 1, p 5 )  



position in the portfolio of insect control methods in use6'. Within the discipline of 

econornic entomology, it was proponents of biological controls who came to be some of 

the most vocal critics of DDT and the dominance of the "magic bullet" paradigm of 

chemical controls embmced and promoted by "nonle heu&"" and "squirt-gun 

entomologists '". More recentl y, the implementation of integrated Pest Management 

(PM) has contributed substantially to an increased emphasis on biological controis. 

3.54 Integrated Pest Management 

Lntegrated Pest Management (PM)", sometimes (but decreasingly) referred to as 

"integrated control", is often defined as follows: 

"a pest management system that, in the context of the associated 
environment and population àynamics of the pst species, utilizes ail 
suitable techniques and metho& in an as compatible o manner as possible 
and maintains the pest population ut levels below those causing economic 
injury. " 

(FAO, 1975) 

PM, in other words, combines and integrates cultural, biologicai and chemicai controls 

into a single insect control approach: 

"PM is a decision support systern for the selection und use of pest 
control tactics, singly or harrnoniously coordimted into a mucrgement 
strategy, based on cosr/benefir unaiyses that t a k  into account the interests 
of and impacts on producers, socieîy and the environment. " 

(Kogan, 1998, p 249) 

Largely as a result of the problems of relying solely on chemical insect control methods, 

with these king brought to light by society's experience with DDT and described later in 

61 It mcrits almost a cornpletc volume (Il) in Phentel's (cd) CRC Handbook of Pm Mimugement in 
AgricuIture ( 1 99 l ). 
" This rem huned up more han once. Currently it cm k found at the home page of Comell University, 
Department of Entomology, New York State Agricultural Station in Geneva, NY, in their profile of 
Professot Ed Glass (who was actively involved in the promotion of IPM and was noc a "noale head"). " This tem is used in Henkin et al (197 1. p 5) to describe an entomologist who sppeared at the Wisconsin 
DDT Trial as a sttong supporter of DDT. It undoubtedly has earlier ongins. 
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this Chapter, PM - an acronyrn unknown to the entomological and agriculhiral 

communities 35 years ago - has become the dominant paradigm for insect control today. 

IPM differs significantly h m  the linear, "magic bulier" approach of chemical controls 

in ternis of its conception of both the means and ends of insect control. With respect to 

the former, PM applies knowledge founded on systemic thinking and ecological models, 

d e r  than simple considerations of molecules' toxicity to various injwious insect 

species. Chemicai controls remain a very important part of IPM, but they are applied 

more selectively and much less liberaily. With respect to the ends of insect control, not 

only does IPM reject the goals of "eradication" and even '%ontrol" of insect populations 

for the humbler objective of 'inanagement", it also incorporates objectives other than 

those solely of fmers, as evidenced by the reference to society and the environment in 

the definition above. 

It is important to note that IPM did not appear out of nowhere. Rather, it incorporates 

and embodies concepts and practices long promoted by entomologists who questioned 

the dominant paradigm of chemical control of insects, and who favoured instead 

biological controls and the application of ecosystem modeb to agriculture. These 

"dissident" entomologists were largely marginalized in their discipline during the period 

when DDT was the dominant insect control technology and, as we will see later in this 

Chapter, actively fought against the use of DDT and other organochlorine insecticides. 

Not coincidentally, at about the sarne tirne as the nnal fate of DDT was king hotly 

contesteci at hearings in 1972 in Washington which ultimately resulted in its ban in the 

United States, IPM began to receive special Cunding from the U.S. Congress with the 

creation and implementation of the "Federal IPM Thrust" as the program came to be 

called6'. In addition, the tise of iPM also coincided with the transfer of responsibility for 

pesticide regdation fiorn the farxn-oriented USDA to the then newly formed 

environment-oriented EPA. 

61 For introductions to IPM, see Bum, Coaker & Jepson (eds.; 1988); Dent (1995); and Kogan (1998) 
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[PM continues to be popular. In September of 1993, the Clinton Administration declared 

that the implementation of PM practices on 75% of the nation's crop acres by the year 

2000 was a national goal66. Although PM is most widely implemented for the hc t ion  

of insect control in agriculture, it is notable that similar programs such as Integrated 

Vector Management (IVM) and Integrated Disease Management (DM) are currentl y 

king aggressively promoted for insect control activities nlated to public health, 

especially for malaria campaigns, and that this is motivated to a large extent by a desire 

to speed the exit of DDT from the global economy6'. 

3.6 Technology for Insect Control: Evolution 

In this section 1 pmsent how insect control technologies have evolved over tirne, in order 

to establish an appropriate context for recounting the Full story of the rise and faIl of DDT 

a bit later. The context I establish here is boch past and fllture referential from the 

perspective of DDT, anchoring the story of that molecule within a particulas pre-DDT 

and pst-DDT history. ln other words, my biography of DDT will not be completely 

linear. Rather 1 reveal, here. salient details fiom the life of that molecule that facilitate 

the early introduction of analysis and arguments, in order to fiame and focus readers' 

attention. 

3 . 1  Technolqy Ems and Subsîitutio~~ PIocesses 

As has k e n  hinted at in the discussion above, the development and deployment of 

various technologies for achieving control of insect populations occuned at different 

points in time. And despite overlaps in the timing of developments at the individual 

product level w i t h  the chernical families (i.e. not al1 OCs were discovered before the 

6J Kogan ([Wû, p 251) 
" Kogan (1 998, p 253) 
15' See ihe World Wildlife FundTs (1998) report Resoiving the DDT DiIemma, for instance. 
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first OP; not ail OPs were discovered before the first carbarnate; etc.), the major 

insecticide categories can 'e, relatively neatly, ordered chmnologically according to their 

appearance in the econorny. 

Doing so yields identifiable periods in which different insect control technologies were 

dominant in agriculture, displayed in Table 3.6.1.1 - Evolution of Technology for Insect 

Control. These distinct "eras" are well accepted among insecticide scientists, 

manufacturers, users as well as histonans, aithough precise beginning and end dates Vary 

slightly by author according to their interest and the coarseness of grain by which they 

measure tirne? Because the emphasis is on insecticide produc& and processes of 

substirutio~~, 1 demarcate eras using dates of discovery of molecules' insecticidal 

properties, where possible. 

61 See, for example: West, Hardy & Ford ( 1 95 1); Fronk ( 1962); Jones (1 973); Ordish (1 976); Perkins 
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Table 3.6.1.1 - Evolution of Tecbnolom for Insect Control 

Trigger Insect Control Technolol~y Era 

(1) prhw to 1867, an older era of cultural controls, where farmers 
carried out their own insect control activities by physical and 
mechanical means embedded in farrning noms (somc witers m e r  
segment this era by distinguishhg between (a) insect control prior to 
Baconism and the rise of the scientific method in the eighteenth 
century, and (b) increasingly science-informed insect control fiom 
Bacon to 1867) ; 

Pa& Green, thefirst arsrnical(1867) 

(2) 1867 - 1939, a transitional era of early chemical controls, spumd 
on by the commercialization, specialization, scientificization and 
mechanization of famling, as fmers began contracthg with fms 
who supplied substances dorninated by botunicah and inorganics, 
especially the arsenicals, and when "chemical control" became aimost 
synonyrnous with "insect control"; 

DDT, the fimt organocblorine (1 939) 

(3) 1939 - 1962, a second era of chernicil controis, but with this one 
focused on syntketic orgunic chemistry and characterized by intense 
R&D activities and highly successful innovation that resuited in, dong 
with the rire of DDT, a proliferation of other organochlo~es, 
organophosphates, carbarnates and eariy synthetic pyrethroid products; 

Süent Spring (1 962) 

(4) 1962 - present, the post-Silent Spring era of IPM in which 
chemical controls are stiil very important, but they are used within a 
context of the maloriution of cultural and biological control 
mtthodr. Just as the rise of DDT syrnbolizes the previous era, the fall 
of DDT and its ban in the United States symbolize this one. 

Just as the discovery of the insecticidal properties and subsequent marketing of the 

arsenicals triggered the transition fiom (1) to (2) in 1867, the discovery of the insecticidal 

properties of DDT in 1 939 triggered that from (2) to (3). As presented in table 3.6.1.1, the 

135 



rise of DDT and the process of substitution of DDT for the incumbent arsenicals is 

pivotal to the history of insect control technology. 

But the onset of era (4), on the other hand, is more complicated. That the transition fiom 

(3) to (4) has occumd, users, manufacturen and historians of insect control technologies 

agree. And although it does coincide with the fa11 of DDT, this transition c m o t  be 

accounted for by the sudden invention and commercialization of a new insecticidal 

technoiogy in the fom of a particular substance or molecule. Rather, IPM represents 

more of a concepnial and philosophic innovation. It combines and synthesizes elements 

nom the various long available insect control technologies - cultural, biological and 

chemical - with more ecological and systemic thinking about the means of insect control 

as well as a reconcepnialization of its goals. In addition, PM does not preclude chernical 

control, the use of which remains quite significant Ui ternis of both physical volume and 

dollar value. 

As a result, the precise timing of the transition tiom (3) to (4) is blumd even in 

cetrospect. Although it is relatively straightforward to look back and to pinpoint the 

precise dates of such events as a particulat molecule's first synthesis, fmt demonstration 

of insecticidal properties, first experimental field use, fm registration and commercial 

sale - as well as the precise date of any subsequent ban on the product - the gewsis and 

demise of ideas are much tougher to nail down with precision. For example, historians of 

entomology trace the intellectual mots of PM to a time long before that concept was 

enunciated as such6'. As early as 1939, some scientists were writing and presenting 

papes that made "Recomrnendarions /or a more discriminating tue of i~tsecticides"'~, 

with the IPM precursory concepts of "integruted connol" and "ps t  nianagemenf " 

appearing first in 1952 and 1961 respectively7'. "lntegrated pesr popuiation 

management was fm used in 1967", with the shortened expression and acronym 

appeariCng in 1972. This, not coincidentally, was the same year that DDT was b a ~ e d  in 

" Sce Kogan (1998); Pe<kuio (1982). " Hoskna (L939), citcd in Kogan (1998) " Michelbacher & Bacon (1 952); Geier (1% 1 ), ûoth citcd in Kogan (1 998) 



the United States and only a few years aîter the EPA took over responsibility for 

pesticide regdation from the USDA. 

Despite the multiple and arnbigwus mots of the most recent era, the vast majority of 

official and unofficial historical accounts of insect control technology encountered d u h g  

this cesearch do give much credit for both the transition h m  (3) to (4) and the demise of 

DDT to Rachel Carson and her book Silent ~ ~ r i n ~ ' ~ ,  a moving exposition and critique of 

the problems of rel ying soiel y on c hemical technologies for insect control. 

"Present apprwches to P M  are to optimize, not eliminate, cherniculs. 
Rachel Carson set in motion a philosophy to use all tools in controlling 
pests, Hot to rely exclusively on chemical~~ " 

(Marco, Hollingworth, & Durham, 1987, p 198) 

" Unquestionubly, the impression cuwed by the publication of Silent 
Spring accelerated acceptance of the integruted controI concept. '" 

(Kogan, 1998, p 245) 

Consider the following titles of books conccmed with pesticides ancilor pesticides policy, 

past, present and hture, and the way they have penodicized history: 

Be@e Silent Spring 
(Wharton, 1974) 

Since Silent Spring 
(Graham, 1970) 

Silent Spring Revisited 
(Marco, Hollingworth & Durham, 1987) 

The Recurring Silent Spring 
(Hynes, 1989) 

Beyond Silent Spring: 
Integruted Pest Management & Chernicul Safety 

(van Emden & Peakall, 1996) 

Insecticide users also view Carson's book as pivotal. in 1994, readers of the trade 

publication Fam Cherniculs voted on the "Top Ten events, products people, und 

regufations which have had the greutest indwtry influence" for its special 100th 

" Smith & van den Bosch (1967). cited in Kogan (1998) 
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anniversary edition. Given that DDT ranked amongst the top ten products, it is perhaps 

unsurprising that (a) the publication of Silent Spring by (b) Rachel Carson and (c) the 

ba~ ing  of DDT by (d) William Ruckelshaus each appeared in the lists of most 

significant events and people74. 

Ruckelshaus, the Administrator of the EPA who ultirnately banned DDT, explicitly paid 

tribute to Carson in his 1972 decision, writing: 

"Public concern over the widespreud use of pesticides wes stirred by 
Rachel Carson 's book; "Silent SpringpPl and a natural outgrowth was the 
investigation of this popular and widely sprayed chernical. " 

(Ruckelshaus, 1972) 

C e M y  within the pesticides industry itself, as well as in politics and govemment, the 

publication of Silent Spring signified the dawn of a new era: 

"[ln 19621 The NACA headquurters was moved fo more prestigious 
quarters in The Madison Building and the associated began new efforts to 
impress Congressional leaders, especailly those in the agricultural field, 
with the importance and safty of pesticides. J w  in rime, becme the 
industv wm ahut  to enter the cru of Silent Spring, aH era which in 
rnany ways is still with us. " 

Hayley ( 1983, p 35) 
official historian o f  the National Agricultural Chernicals Association 

" Writing about Silent Spruig is o humbling experience for an elected 
oflcial, because Rachel Carson 's landmark book oflem undeniuble proof 
thut the power of un idea can be fur greuter than the power of politiciens. 

"And except for a fw scattered entries in large& inaccessible scientijc 
journais, there war virtuali'y no public dialogue about the growing. 
invisible dangers of DDT and other pesticides. Süent Spring came as o 
cry in the wildrness, O deepiy felt, thorough@ nseurcked and brüliantrj, 
wrinm argument that changed the course of history. Without this book 

Carson (1962); reprintcd numemus times. including a 1994 edition chat L drew upon. 
" Agrimiturai Chemicds, September 1994, p P l 4  
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the environmental movement might have been long delayed or never have 
developed ut al1 . . . 

"Rachel Carson 's influence reaches beyond the specijc concerns in Silent 
Spring She broughr us back to a jhdamental ideo lost to an amazing 
degree in modern civiIization: the interconnection of human beings and 
the natural environment. Thh bwk was o s h u ~  of light that for the fiut 
time ülumin~ted what iF aqguab@ the most important h u e  of our em. 
In Silent Spring S flnol pages, Carson described the choice before us in 
term of Robert Frost's famous poem about the road "less tmveled". 
Others have token that road;/ew hmte taken the world along with them. as 
Carson did Her wwk, the truth she brought to light, the science und 
reseurck sikr inspired, stand not on& as powcr/ul u~gments f o ~  limaing 
pesticida but as powerful proof of the d~@erence that one indlvidwal con 
make. " 

(Al Gore, Vice Presidcnt of the United States of Arnerica, 
writing in the Iniroduction to a 1 994 cdition of Silent Spring) 

It is d e  to say that the publication of Carson's Silent Spring is almost universally viewed 

by scientists, govemment oficials, pesticide producers and pesticide usea as a nuning 

point in the history of insect control technology. This is drarnatically underlined in Table 

3.6.1.2 - Agricubd Entomology in an Evolutionary Context which is an actual 

summary of events with evolutionary significance in the history of agriculturai 

entomology, extracted h m  an edited volume entitled Histoty of Enlomology that was CO- 

published by none other than the Entomological Society of Arnerica in 1973: 



Table 3.6.1.2 - Anricultural Entomolo~v in an Evolutioaarv Coatext 

SigniTicant event Years ago (fmml972) Date 
Fimt land plants 4 0 0 ~  1 o6 
Fimt insects 3 5 0 ~  t o6 
Fint angiospenns 100~10~ 
First hominids 15Xlo6 

Fint Homo sepiens 
Fist records of insects in human society 
Baginnings of agricuîtum 

First mord of insedicides 
Fint desaiplions of in- msts 
Burgeoning of descriptions 
DDT and ôqinning of inssdicide era 
Radid Carson's Silent Sphg 

12,000 B.C. 
8000 B.C. 

2500 B.C. 
1500 B.C. 
18th, 19th centuries 
1939 
1962 

One entomological expert even divides the history of man's relations with "The Comtant 

Pest" into just two "epochs": BC (Befon Carson) and AC (AAer  ano on)'^. 

The fate of DDT was tightly linked to this turning point. As the dominant and best 

known insect control technology at the time of Carson's writing, it fi@ng prominently 

in her book. A simple anal ysis of the index at the back of Silent Spring shows DDT to be 

by far the most referenced active ingredient. Al1 the other significant organochlorines are 

there as well - chlordme, dielch,  endrin, heptachlor, etc. - while only two 

organophosphates are mentioned specifically, malathion and parathion. 

"Silent Spring is, essen~iuily, a book a h u t  organochIorine pesticides. " 
(van Emden & Pcakall, 1996, p 17) 

"Rachel Carson> Silent Spring led to banning DDT and other 
pesticides. ' " 

(US. EPA, Wistory Office, "Pesticides and Public Health", 
http~l~~~.epgov/history/publications/formativc6~~) 



Although it was not f o d l y  banned until 1972, a Ml 10 years after Silent Spring, the 

use volumes of DDT declined dramatically in the wake of its publication and the 

problems of pesticides it publicized. On the other han& it is important to note that, 

specifically because of some of the problems Carson described and the ideas she was 

promoting, DDT had already begun to be substituted in certain markets prior to her book. 

But, undoubtedly, its publication accelerated its exit fiom the economy. Men the US. 

govemment finaîly formally banned it, DDT had but ody one remaining signifiant crop 

use, on Cotton, having been substituted by alternative substances in other markets already. 

Al1 in d l ,  when it cornes to characterizhg the evolution of insect control technology, it is 

impossible to ignore the appeanuice and rise of DDT, when DDT substituted for the 

arsenicals in the economy. in addition, it is dificult to disentangle the publication of 

Silent Spring, the problems of pesticides ii publicized, the popuiarization and 

institutionalization of the concept of IPM, and the faU of DDT, when DDT was 

substituted for by other compounds in the econorny. So the story researched and told 

here, of the rise and fa11 of DDT - the story of those processes of substitution in which 

DDT figured prominently as either the supplanting alternative or the supplanted 

incumbent product - is sirnuitaneously the story of the evolution of insect control 

technology. 

3.6 2 Substitution Triggering Events 

Pnor to Silent Sprhg, new-era-triggering events were simultaneously substitution- 

triggering events and were standard 4'technological discontinuities", as that term is 

understood in the organizational literature. Paris Green, the fim arsenical, and DDT, the 

first organochiorine, were new material technologies (i.e. molecules) with si gni ficantl y 
i higher performance relative to their costs when compared with incurnbmt products at the 
I 

time they were "inventeâ" (or "discovered') and cornmercialized. 
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But how did a mere book so dramatically affect the technological trajectory of insect 

control? Through the reaim of ideas. 

Cornposed of powerful, precise and poetic prose penned by an award-wi~ing science 

writer, Silent Spring explaincd the numerous problems and dangers associated with DDT 

and other pesticides in general. The book, meticulously documented with over 50 pages 

of endnotes, became a bestseller ahost  hstantly and triggered a massive public reaction 

dong with a fiurry of activity by bureaucrats, politicians and scientists. Covering an 

incredible range of scientific material (entomology, wildlife biology, ecology, as well as 

various disciplines within medicine) it pulled togethei 'Tacts" that - once assembleci, 

organized, jwtaposed and interpreted in her manner - indicted industry, science and 

government, especially the USDA. Counter to a common misconception, Miss Carson 

did not cal1 for an end to al1 pesticide use; she did challenge the accepted wisdom for 

ac hieving insect control : 

"The chemical pesticides are a bright new toy. They sornetimes work in a 
spectucular wuy, giving those who wield them a giddy sense of power over 
nature. and as for the failures und the long-range undesirable effects, 
these are dismissed us the baseless imaginings of pessimists. 
Disregarding the whole record of contamination and death, we continue 
to spray. and to spray indiscriminately. We procecd as i/there were no 
aiternative, even though t h m  are alternatiws, such ar biological 
controls and selective spraying. which has been effective in many places. 
As Dr. C.J. Briejer, a D ~ u h  sfientist of rare understanding, has put if, 
'We are wafking in nature M e  a# elepIIiunt in the chino cabine& ' " 

( h m  "A Reporter at Large - Silent Spnng t", 
by Rachel Carson, Jwie 16, 1962, 

The New Yorker, 35-99) 

uMy co~tention is not that moderate chemical contmk should never k 
wed under any circumtances but, rather, tkat we rnmt reduce th& use 
to a niinimunt und m a t  as ropidly as possible d d o p  and stremgthem 
biologlcol conttok I contend that we have put poisonous and 
biologically potent chemicals indiscriminately into the han& of persons 
who are lorgelj or wholly ignorant of the harm they can do. There is still 
a very limited cnuareness of the nature of the threat. This is an era of 
specialists. each of whom sees his own problem and is unaware of or 



indirerent to the larger fiame into which it fits. It is also an era 
dominated by industry, in which the right to make money, ut whatever cost 
tu others, iis sefdom chdenged We s M l  have no relief fiom this 
poisoning 4 the environnent until our oflcials h m  the courage and 
integriîy to declare thut the public welfare is more important than dollars, 
und to enforce this point of view in the face of al1 pressures and al1 
protests, even fiom the public itsel/: On those occasions when the public, 
confionted with some obviour evidence of the dantaghg results of 
pesticide applications have ventured to quesiion the use of pisonous 
chemicals, it hm been fed littIe trunquillizing pills of hulf mth. We 
urgentl'y need to put an end to these false assuronces. 1 ir the public thut 
is k i n g  mked to assume the rhks that the insect contmIIers cuiculate* 
The public must decide whether it whkes to continue on the pnsent 
road, aond it ean do so on& when if is in full possssion of the facts. In 
the wordr of the French biologist Jean Rostand, "The obligation to endure 
gives us the right to know. " 

(fiom "A Reporter at Large - Silent Spring III", 
by Rachel Carson, 

lune 30, 1962, The New Yorker, 33-67) 

Explaining to her readers the problems inherent to chernical intensive agriculture, like 

k c t  resistance and the death of beneficial insect species when sprayhg against a 

particul target injurious species, Miss Carson challenged the accepted view of the 

e#iciency of DDT and other pesticides. Collating and synthesizing a myriad of scientific 

studies of h m  done to man and the environment., Miss Carson challenged the accepted 

tmth about DDT and other pesticides. Pointing to nsks borne by innocent citizens - 
ignorant of, and fa. fiom, pesticide decision-making - Miss Carson challenged the justice 

of continued and unclianged usage of DDT and other pesticides. And throughout Silent 

Spring, as hihigighted above, she argued for the widcr adoption of d e r  and more 

ecologically sound substihita, Iike biological controls. 

Although it took some time to become fully apparent, Miss Carson successfully 

transfonned the fimction and technology of insect control. She did so, not immediately, 

and not by her own actions really, but rather by reorienting the actions of  others in the 

pesticide domain - policy-makea, NGOs, scientists, manufacturers and users. Miss 

Carson redefined, r e h e d  and certainiy reprioritized the problems on the agendas of 

those actors who 1 in this thesis cal1 insecticide "artifact-maken" (industry: buildea and 

promoters of particular technological artifacts or '%ools"), fact-makea (scientists: 
143 



conceptors and promoters of panicular beliefs), and rule-makers (politicians, NGOs, 

govemment, concemed citizens ad others in the public arena: conceptors and promoters 

of particular values and preferences for outcornes). 

These sets of actors can d l ,  for simplicity's sake, be viewed as bbproblem-solvers", and 

what happened next can be seen as them searching for solutions to what they, prodded by 

Miss Carson, perceived to be problematic. Within science, more and more 'Yacts" about 

DDT (and other insecticides) got made, few of which helped that molecule's reputation. 

The scientific discipline of "environmental health" came hto its own, as did 

bbecotoxicology", two fields in which it is difficult to imagine bbfact-making" about DDT 

that could be kneficial from chernical manufacturers' perspective. The monopoly of 

economic entomologists on pesticide discourse in science quickly eroded. In the public 

domain, citizens, NGOs and allied politicians attempted to have their values invoked 

during insect control decision-making and to remake the d e s  and regulations governing 

pesticide use. The monopoly on pesticide discourse in politics, once f i d y  held by the 

USDA and allied politiciam h m  f m  States who dominated agriculhital cornmittees, 

was also eroded. And in commerce, nsearch monies shnink because as more conflicting 

evaluation criteria fiom a larger and more diverse set of stakeholders began to be applied 

to the screening of molecules, the pmbability of R&D success diminished. Those h d s  

remaining wen allocated to discovering molecules with drarnatically different 

performance properties than DDT, the now so discredited but one-time "ideal 

insecticide " ". 

New physicd technologies aise out of processes of problem-driven search that can be 

characterized in tems of both quantity (ex. How many resources are being allocated to 

R&D? How urgent is the artifact-making project?) and quality (ex. in the incredibly 

large space of al1 possible technological artifacts, in which particular technological 

neighbourhood are fims conducting RBrD? From where are they starting, in which 

direction, and how local is their search? Given the locus and direction of search, do its 



results promise to be cornpetence-enhancing or competencedestroying for incumbents?). 

If necessity is the mother of invention, then imagination is the father and resources are 

also required CO nourish the process. 

As it is with ideas. 

Efforts to bring new facts and new rules into existence can also be charactetized in ternis 

of quantity and quality. With Silent Spring, Miss Carson captuml the ottenhn and 

stirred the imagination of scientists, politicians, NGOs and citizens. She imparted a sense 

of necessity to those with the intellecnial, political and financial resources to make new 

facts and new niles applicable to DDT and other insecticides. As will be show in the 

case study, in the scientific arena, once widely-accepted Tniths about DDT were 

successfuily contested. Old "facts" melted away as beliefs counter to them became 

widespread and "crystallized" or "hardened" into new "facts". In the public arena, the 

Justice of the continued usage of DDT was successfully contested by those seeking to 

assert their rights over those of insecticide manufacturea and usen. Old "rules" and 

regdations disappeared as the promoters of particular values and rights successfully 

institutionalid their preferences into new d e s .  

The focal process of substitution resulted; DDT left the US. domestic economy. In a 

world of new beliefs (or, more stmngly, "facts") and values (or, more strongly, "rules"), 

the continued use of this insecticidal "tool" could no longer be justified. The 

"arguments" that were complementary and necessary for the 'bartifact" DDT had 

disappeared. in other words, Rachel Carson's Silent Spnng triggered fact-making 

activity in the scientific arena and rule-making activity in the public arena that can only 

be described as "corn petence-destm ying" fiorn the perspective of the manufacturea of 

DDT and other organochlorine insecticides. These facts and niles that got made devaiued 

producers' resources and competences - theù patents, specialized plant and equipment, 

and expertise in chlorine chemistry, for example. In addition, new "facts" and new 'hiles 

cm trigger substitution processes as well, and this is demonstrated in this dissertation. 



By changing the hajectory and fbeling the puce of fact-making and de-making, Rachel 

Carson succeeded ultimately in altemg the trajectory and Pace of artifact-making as well. 

The rate and direction of search for new technologies for the fiinction of insect control 

were both significantly altered. Innovation in the insecticide industry slowed, and the 

chemical insect controls introduced subsequent to Silent Spn'ing arnid the rise of IPM 

differed dramatically fiom DDT in tems of their properties. Indeed, today molecules are 

routinely rejected in insecticide R&D if they are "persistent", a quality of DDT 

considered b'ideal" by the discoverer of DDT's insecticidai action. 

In other words, a technological trajectory was drarnatically changed through the power of 

ideas. 

3.7 Tecbnology for Insect Control: uPtdormmcew, uProblems", and 'Properties 

of an Ideal Insecticide" 

Rachel Carson dramatically changed the technological trajectory of insect control, 

through the power of ideas. But ideas about whaî, specifically? 

Many argue, quite convincingly, that hers was a voice that ushered in a new philosophical 

era, one informed by ecology and environmentalism. The image of Man that had guided 

science fot much of this century - outside of, apart hm, and able to dominate Nature - 
would fiom that point on be seriously challenged by a view that saw Man as inside and 

very much a part of Nature. I believe that these arguments have much merit, but they 

deal with themes too grand for this document. 

For the purposes of this dissertation, the analysis and interpretation of Silent Spring 

m a i n s  a bit more mundane; it is anchored and guided by the goal of adequately 

explaining the process of substitution of insect contml technologies. From this 

perspective, the important ideas in Rachel Carson's book were her descripiive and 

normative claims as to the consequences of using different insect control technologies. 
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Rachel Carson problematized, in a very public way, both the ends and means of the 

fwiction of insect control. 

Rachel Carson's Silent Spring challenged existing descriptive claims as to the reality of 

particular outcomes of using pesticides, as well as existing normative clallns as to the 

desimbility of particular outcomes of using pesticides. Miss Carson raised some very 

tough questions. What were afl the consequences - impacts, benetits, costs, ~skr, etc. - 
of pesticide use? What constitutes acceptabie pesticide p4r/rmupnce? What constiiutes 

an unacceptable pesticide problem? And nom whose perspective should these questions 

be asked? Who should be involved in answering such questions? By doing so, Miss 

Carson forced those traâitionally included in the pesticides domain, and those who had 

until then been excluded fiom that domain, to reopen, to converse with each other about, 

and ultimately to settle hdamentd questions about both the ends and rneans of insect 

control: (a) what are and what should be the cnteria dong which insect control 

technologies are evaluated; (b) what is and what should be considered 

desirablefacceptable or widesirable/unacceptable outcomes on these dimensions; and (c) 

how do individual products and their substitutes actually measure up? 

In other words, Silent Spring triggered conversations that led ultimately to changed 

perceptions of reality as if is, drawing attention to particular consequences of insecticide 

use that had largely been ignore& and also to changed perceptions of reality as it should 

be, transfonning the very definition of those insecticide properties considered to be 

"ideal". 

3.7'. 1 Insecticide Pe@iimtance and Roblemr 

Decision-making about "the insect problem" is far fiom sîmple, especially in agriculture. 

Different crops have their own idiosyncratic needs, and many need to be protected 

against more than one insect species, each with theù own particular requirements. So, for 

example: control of Uwct pests of food crops is different fiom control of insect pests of 
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I le crops grown for feed or fibre; control of soi1 insects is different fiom control of plant- 
! 
I dwelling insects; control of sucking insects is different fiom control of chewing insects; 
i 

control of species whose larvae are injurious is different fiom control of species whose 
1 

adults are injurious; and so on. Moreover, cornparisons of competing insecticides are 

complicated by the fact that, besides theu varying toxicities to different ïnsect species, 

diEerent insecticides are typically applied at different rates of active ingredient pet acre, 

according to different spraying schedule fiequencies, and in different formulations. This 

means thai, aithough an insecticide may appear to be lower cost in tems of its purchase 

price per pound, if more of it must be applied to achieve insect control on a given 

acreage, or if it must be applied more often, or if it must be mixed with other costly 

substances to facilitate spraying, its total cost may be greater than alternatives. 

But besides the obvious criteria of toxicity to targeted injurious species and cost, 

insecticides are evaluated by talcing many other factors into consideration. Some of these 

have corne up in the discussion so far, but they ment king summarized here again. 

Table 3.7.1.1 lists different reusons given for wrs' preference for one insecticidal 

substance over another that have been extracted h m  case study data, clustered and 

synthesized into a few general categories7'. Two basic and unsurprising dimensions 

emerge from this analysis - emcacy and dety.  Both of these have always been desirable 

properties but, as indicated in the Table (and as will be presented in detail in later 

Chapters), the ways that these concepts have been operationalized have changed greatly 

over time. Statements like "DDT is effective" and "DDT is de" ,  quite simply, have had 

different meanings at digerent points in time. 

I * Simple content analysis on Brwks (1974, vol I & If) & Ware (1994, Chapter 4). Normativ&valuative 
claims d e  about any insecticide (not just DDT) were extracted, fiom which the "property" in question 
was identifieci along with what was considerrd desirable for that properîy. This was done v a y  early in the 
rcseatch, and the nsuIts were generally confirrned by later data gathering efforts, including interviews. 
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Dimonaion 

1) formulatbn can8Montlonr - physico-chernical characteristics reievant for 
formulation (volatility, melting point, soiubility in 
water, solubility in oils, etc.) 

- mode of acîion 
(contact vs. stomach poison) 

- mode of action 
(systemic vs. nonsystemic) 

- compatibilitylsynergism with other insecticide 
acüve ingredients 

- synergism with inert ingradients of 
formulations 

2) offaet8 on pkntn - phytotoxicity , acute Uor chronic 

- residues left on food 

3) MocW on im- 
- toxicity to target insect s p i e s  

- toxicity to beneficial insect species 

- spedrum of acüvity 
(wide vs. nanow) 

- residual effect 1 penistence 
(high vs. low) 

- quick "knock-down* e k t  

depends upon specific insecücrop 
combination 

depends upon specific insecücmp 
combination 

depends upon specific insectlcrop 
combination 

typically desirable 

ty picall y desira ble 

a h y s  undesirable 

ahivays undesirable 

ahnays desirable, 
BUT PROBLEMS of RESISTANCE mean 
mat this property is not a 'consbnf as was 
assumed earîier this century 

ahmys undesirable, 
BUT operationalized earlier this century to 
tefl8ct a pmupat ion  with 'honey W s * ;  
the list of beneficial insects has gmwn since, 
as an ecosystemic view has been adopted, 
due to PROBLEMS of SECONDARY PESTS 
and RESURGENCE 

wideibroad spectnim control was once 
strongly desirable BUT is now much less 
desirable (see PROBLEMS in point above) 

persisterice was once strongly desirable, 
BUT is now strongly undesirable as it 
extends in both time and space any 
PROBLEMS of SAFETY to HUMANS as well 
as to FISH, BIRDS, & WlLDLlFE 

typically desirable 



Ta blt 3.7.1.1 kontinued) - Dimensions of Insecticide uPerîormancen 

Dimonaion €vduaUon 

S A m X  
1) ufety of formulation & application, to 
humrn u u n  
- absence of problerns of acute toxicity to 
humans 

2) rafaty of ipplkrllori, to fhh, biida, & 
wildliïm - absence of probiems of acute toxicity to fish, 
birds, 8 wildlife 

3) ufoty of mMu- on tood, to humrns - absence of problerns of acute & chronic 
toxicity to humans 

4) rdaty of miduo8 in environment, to fkh, 
birch, wildlb and humna - absence of problerns of chronic toxicity to 
fish, birds, wildlife, and humans; no probiem of 
'bioaccumulation"; and an understood and 
accounted for 'environmental fate" 

always desirable, 
BUT the regulation mandating safety of 
insedicides M e n  used as dimcted" was 
established only in 1947 (FIFRA) with its 
requirement to register all insecücides and 
their labels 

always desirable, 
BUT fish and bird kills due to acute toxicity 
weie generally tolerated until Silent Spnilg 

- USDl received mandate to research effecft 
of insecticides on wildlife only in 1958, but 
with no regulatory powen 

a h y s  desirable, 
BUT the regulation fomalizing the setting of 
kgal maximum tolerance levek was 
established only in 1 954 (Miller amendment) 

ahmys desirable, 
BUT essentblly ignored until Silent Spnng 

- degradation studies (Le. penistence of 
insedicides in soil) first required for 
registration of new molecules only in 1965 

- monitoring of environment for riesidues 
routinized only in 1967 when Pesticides 
Monitoring Journal established (USDA, 
H M ,  USDI) 

*NO= Whcn I say that cflccts wcrc %lemdu or 'ignorrd. 1 am rrfcrring to and -ng Lhe 
entire pesticides domain in gmcrol; cmrinly k r c  wrc rcton - somc inside and somc outside tk donuin - 
who did not iolemtc/ignoic ihat cffccis. hW, it was only thrwgh rhcir aciiviiics rhu the domiin bccamc 
uuufamicd 



As can be seen in the Table, many of those feahues which make up insecticide 

"performance" (as in "performance/price ratio'l, introduced in the review of the literature) 

are not desired hctionality, per se, but refer to the avoidance or minimization of certain 

insecticide "dysfiinctionalities" or "problems". Solving the " k t  problem" often led to 

new "insecticide problems"78. Table 3.7.1.2 lists problems associated with insecticide 

use extracted fi0111 case study data, clustered and synthesized into a few general 

categoties". 

This expression was mutinely used. See for example Knipling's (1953) bbThe Grester Hazard - Insects or 
Insecticides" in J o d  ofEconomic Enromoiop, 46,3, p 1 ; also Rudd's (1 959) "Pesticides the REAL 
Perir' in The Nation, Nov. 28, p 399; also Moore's (1967) "A Synopsis of the Pesticide Problem" in 
A&mced Ecologicai Reserrch, 4, p75- 
" Simple content analysis on two sources: (1) Unit4 Nations' Comolidated Lat of P r d r w  W h a v  
Col~ptrmpion dt/w W e  Have k e n  Bunned, With&awn, Severn& Restricred or Not Appmed by 
Governments (1994) for regdators' perspective; and (2) Brooks (1974, vol 1 & II) for users' perspective. 
instances of exit of pesticides h m  markets were cxtracted and the stated rcasons givcn for these were 
idcntitlcd and related to "problems". This was done very early in the research, and the mults were 
generally confvmed by later data gathering enorts, including interviews, although a few additional 
"pmbkms" were addcd subsequently. Names and explanaiions for the pmblems w n e  refined by refaing 
to textbooks of toxicology (Chengelis, Holson & Gad, 1995) and pest management (Pimentel, 1991). 
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Table 3.7.1.2 Insecticide "Problemsn 

PROBLEMS RELATE0 TO EFFICACY 

This proMem refers to the development over time through 
evolution, in an insect s p i e s ,  of an ability to tolerate doses of 
inacides which would prove lethai ta the majonty of individuals 
in a *nomal" population. Repeated exposure to insecticides 
'selects" for hardy individuals who, with their peen dead, 
reproâuce easily to becorne a larger portion of the population. 
DDT resistance was documented as early as 1 946. 

This problem occun when the use of an insecticide kills the 
targeted prirnary insect species as desired, but in so doing it 
raises the status of what was once considerd a secondary or 
"nuisance" species to full pest status. This is especially aie case 
if the insedicide is not toxic to the nuisance species but is toxic to 
its predaton, parasites and cornpetiton. If this occuts, the 
unatfected species' population increases, filling the biobgical void 
left by the killing power of the insecticide. DDT led to problerns of 
secondary pests. 

This problerns occun not because different species are 
diffeientially affected by the adve ingiedients' killing power but 
rather because the targeted pest species is able to rebuild its 
population faster than its predators, parasites and cornpetitors 
and hence quicûly refills the biological void. In other words, 
famiers' initial pest infestation problerns retum quickly and with 
more sevetity. This is also called "flareback", and was a 
problem associated with DDT. 

- oral (swallowing) 
- demal (through skin) - inhalation (breathed in) 

- oncogenicity 
- teratogenicity 

- reproductive effects 

Health efkcts (Irritation, organ dysfunction or even death) 
msulting h m  a single exposure, of short duration, to a chemical. 

Healtti effects resulting h m  exposure to chernicals (usually in 
the diet) over a large portion of an organism's lifeüme. - ability of a chemical to cause cancer 
- ability of chemical to cause effects in aie fatus following 
exposure to the matemal system during major periods of organ 
developmen t 
- ability of a chemical to effect such things as estrous cycles, 
rnating behaviour, as weil as number, weight, suwival and growvi 
of ofhpring over multiple generaüons 



Effects that involve changes to the genetic matenal in œlls. 
Changes in reproductive cells (i.e. egg, sperm) can retard fetal 
cfevelopmenl or lead to congenital abnomalities Mile changes to 
somatic cells can lead to cancer. 

1 )  rcut, toxictty bath to nontarget organisms immediately fotlowing spraying. 
Oramatic and obviously connected to inacide spraying 
because they occur immediately, "fish killsn and 'dead robins on 
suburban lawns" were tM, such problerns of DDT that received 
wide attention. 

'It is possible for DDT to w i p  out an entire specks of bird without 
Ming even one indivUuaIa explained Dr. Charles Wurster Jr., 
testifying at aie Wisconsin DT hearings, by having reproductive 
eff- analogous to those in humans. Chemicals can intempt 
reproductive processes via a number of mechanisms, but the 
m a t  celebrated with respect to DDT was its causal connecüori to 
eggshell aiinning in birds (especially the peregrine fakon) such 
that parent birds crushed the eggs when they nested. 

3) ecœymtem dhcb Disnipüons to the populations of certain species within an 
ecosystern can perturb the entire system and affect its 
'ecosystern health". 

This is not a problem per se but does tend to multiply in time and 
space the toxicological eîfects of chemicals. 

2) biorccumulrtion This pblem, also called 'bioconcentration' occun when 
molecules are soluble in fats and oils and not easily metabolized 
by organisms. Residues dissolve, are stored in, and over time 
concentrate in an organism's fat tissue. When that organism is 
preyed upori and eaten by something higher up the food chain, 
the predator takes up and stores al1 the bioaccumulated material. 
See Figure 3.7.1.1 for a yraphical illustration. 

OTHER PROBLEMS 

1) conUmininî8 Sometimes it is not the adive ingredient which is responsibk for 
human and non-human safety problerns, but contaminants. 
These are usually unreacted reactants (ex. DDT found in diwfol) 
and unwanted byproducts (ex dioxins) of chernical synthesis. 

2) rmguktoy and tmda Sometimes products exited markets (a) in order to a c h h  
probkm regulatory homogeneity within a trading block, or (b) in order for a 

crop exporüng country to be able to mwt the pesticide toletance 
requirements of cmp importing countries- 



Fimre 3.7.1.1 - The Problem of Bioaccumulrition 

The conœntration of DDT was magnified approximately 10 million times 
in the food chain of Long Island Sound. 

concentration 
has increased 
1 O million times 

DDT in zoophirlâon 
0.04 pgm 



To illustrate how the notion of insecticide safety vis a vis humans has evolved, consider 

Tables 3.7.1.3 and 3.7.1.4. The former shows the minimum information requirements (in 

ternis of specific studies) for registration of new insecticides, while the latter shows the 

tests that were required of manufacturers in order to establish maximum tolerance levels 

for residues. These Tables also show how both the time and the cost of bhging new 

insecticides to market has increased dong with the shifting definition and 

operationalization of safety. 

Table 3.7.1.3 - Human Safetv Evalurtion: Minimum Rcnistration Reauirements 

Subacute inhalation 

30-90 dey, nt 90 dry, n t  90 dey, nt 

90 day, dog 90 dry, dog 

2 ysrr, n t  2 par ,  nt 

Aarts toxiaty 

Subac@ demal 

Subacub inhalation 

Cwt figwcs ulrm from Sîatcmcnt of R E. N;wgclc, Manqcr. Agriculnual Ikpmmcnf 'Che Dow Chcmical 
Company, kforc nit Hom Cornmilue on Agriculturr, Mmh 8,1971. 
** Taôlc is sdipcrd fmm ihu of Blodgctt (1974. p 248) 



Table 3.7.1.4 - Tests Reauired for Establishin~ Toleranccs 

Tests Date C ~ r t  Thne 
Establishüd (esth'nitsd tmpliatbn 

dolîars) (monlh8) 

1. Toxicology - Acuta (rat and non-dant) 1954 5OOo 1 

- Subrcute (rat and dog) 1954 %,O00 6 

- Chronic, 2 p a r  
(rot and dog) 

2. Ruprodudion (rat) 1960 35,060 20 

Tabk is dqtrd h m  ihit o C B l a i ~  (1974. p 247) 

Notice also that "safety", over time, came to refer to different constituencies some not 

even human. Earliest d e t y  concems arose when arsenicals were first introduced and 

these were concems for farmers and pesticide applicators, although no formal legislation 

related to their safety was implemented until 1947. Then, the problem that pesticide 

residues could pose for consumers emerged as a public issue near the turn of the century 

(see Chapter 4), but it was not until 1954 when the FDA was granted rneanhgful 

authority to legislate maximum tolerance levels (see Chapter 5). The safety of 

insecticides to fish, birds and wildlijie emerged as a public issue in the late 1950s, but it 

was only in the 1960s after the publication of Silent Spring that data began to be gatheted 

systematically on the effects of insecticidal molecules on fish, birds and wildlife using 

stanâardized tests, as summarized in Table 3 -7.1 S. This information proved critical to 

the substitution of DDT (see Chapter 6). 
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Critarion Date Establisheâ Cost lima 
(eutimated Implication 

194762 63-70 71-73 dolkn) 

Fhh (2 -1, X 600.800 L e u  thrn 1 month 

Birds (2 spcim), 
Acuîa Oral LOS 

Shulated Fkld TaaUng, 
Birds and Ilrlrmmsîs 

Spsdsl Testing 
(1) Fmlâ monitoring of 

dibcts on wi#liCb 
populations 

(b) Aquitk ecosystems 
(Irbontory) 

1,000 

1,000 

Highly variabk 
(b îhan 

6,000) 

80011,200 

Highly variabk 

Lens îhan 1 y8ar 

Highly variabk 

Gmatbr Vlan 
10,000 

Unknown 

Lsu thrn 1 ye8r 
612 moritns 

As the notion of safety expanded to cover a longer pMod of time and a wider set of 

potential victims, what became known as the "environmental fate" of insecticidal 

molecules emerged as a concem. It becarne obligatory for f m s  seeking to register new 

molecules to undertake even more studies and tests to determine just where al1 the tons of 

active ingredients that they were hoping would be applied in insecticide markets would 

ultimately end up. Table 3.7.1.6 summariws just the basic tests that were required of 

manufacturers seeking to register prducts over the years, in addition to the tests of 

human safety summarized in Table 3.7.1.3. 

0 



Table 3,7.1,6 - Basic Tests Reauired for Pesticides Rcnistration 

Tesb Date Cost T i  
EstablisW (mtimatod Implication 

dollars) 

1. Chemlcrl and Physial 1947 5,ooO.15,000 
Prqmrtks (sudi or solubMy, 
vapor pmrsun, W h  point) 

2. DagmdationShidbr $100,000 - 250.000 - Penistenca (soil) 1965 (for ihgmdaiion, 6-24 montht - Penirtenœ (water and 1970 Mobiîii, Re8idw. & b thin 1 par  
rsdhmnt) Miaobkbgkal al1 - Photochmfeîl 1970 cambimd) 2 6  month8 

Les8 than 6 montht 
Lesr than 3 months 

2-6 rnonthr 
2-6 rnonthr 
2 4  morithr 
6-9 months 

5. Mlctobiûbgicrl Studb 1970 Lesa Vian 3 months 

* NOTE: Much of the dri. gcncrotcd by thex tests is utilizcd in snidics o f  human, fish, and wildlifc sdkty. 
** Table is liom Blodgrn (1974, p 246) 

That what constitutes acceptable "performance" of an insecticide has changed is 

evidenced by Table 3.5.2.5.2 - Properties of Chernical Families of Organic Insecticides, 

presented above. Notice the di fferences between the " truly exciting " synthe tic 

p yrethroids and the "persiste~t organic pollufa~t " organochlorines: 

(1) Average use rates (pounds of active ingredient per hectare necessary to 
achieve control) are much, much lower, reflecting concems about al1 the pmblems 
assoçiated with insecticide use. 

(2) Relative safety ratios (toxicity to mamrnals/toxicity to insects) are much 
higher, refiecting concems about problems of acute toxicity. The abandonment of 
organochîo~es for otganophosphates actually Uicreased acute toxîcity problems 
back towards those of the days of the arsenicals. 

(3) Wide spectrum control is a less desired feature, reflecting the ecosystemic 
pnnciples ernbodied by P M .  

(4) Persistence is no longer a valued featwe, reflecting concems about 
bioaccumulation. 



3.1.2 Performance and ProbIems of Insecticides: Evoivhg Definitions and 

Measuremen& 

As noted above, the outcomes of insecticide use labeled as undesirable "problems" and 

desirable "performance" have chauged dramatically over the. Another good way to 

illustrate this, before we get into the details of the case study, is simply to juxtapose the 

actual words of two of the most significant actors in the biography of DDT, Paul Muller 

of Geigy who discovered its insecticidal properties in 1939 and William D. Ruckelshaus 

of the EPA who banned it in the United States in 1972. These particular texts of theirs 

are especially precise about desirable and undesirable properties of insecticides. 

Table 3 J.2.l contains selections fiom the 1972 "fimdings" of Ruckelshaus about DDT, 

extracted fiom his Opinion and Order of the Administrutor. Table 3.7.2.2 contains 

extracts fiom the speech given by Muller upon accepting his Nobel pnze in 1948. 



Table 3.7.2.1 - Selected Findinm fmm Ruckelshaus' Decision to Ban DDT 
(June 14, 1972) - 

1) DDT a n  penist in suil for yern and avsn decadm. 
2) DDT w n  p n b t  in aqurtk wsyrtsmr. 
3) Bacause of penhbnœ, DDT k su- to transport from sites of applkatkn. 

a) DDT a n  ba tnmpoited by dnR dunng mrirl applicaüon. 
b) DDT a n  vrpourke fiom cmp and rdb. 
c) DDT can ba attadwâ to eroding wil partich. 

4) DDT ir 8 contaminant of W h  waters, e8tuarkr, and the open m a n  and it i8 d i ib l t  to prevent DDT from rsoching 
aquatic ama and toOognphy adjacent and mote Irom the site of application. 

1) DDT is conwntmted in o r g i n h  and t m n s ~ ~  tnmugh food wsbr- 
a) DDT ir conœntr8ted in and tnnsbrred through torrestfial invsrteômtes, mrmmak, amphibi8nr, 
rispiikr and birds. 
b) DDT a n  bs conœntntsd and tnnstbrrod in frsshwster and marine pknkton, insecCs, molluau, othr 
inin-, and Ibh. 

2) The 8ccumukUon in the food chah and crap midues rsrullr in human -sure. 
3) Human bdngs store DOT. 

v 
1) DDT Macta phytoplrnkton speckr compoailkn and the nituml bibnce in quatic syrtm, 
2) DDT Eb M a l  to mrny bnekial rgricuitunl inseûs. 
3) DDT u n  have Mrl and subbOial e f k b  on useful aquatic fmhwater inmrtebntas, induding rrthropods rnâ 
moilura. 
4) DDT ir W C  to fbh. 
5)  W T  a n  iClbd the mproducth sucœas of (kh. 
6) DDT a n  have 8 vrrioty of subktnrl phyaiokgicrl and bhrvkunl  u f k b  on firh. 
7) birds cm mobib  bîhrl amountr d DDT miâwr. 
8) DDT a n  au80 thinning of ôifd aggshlb and thus impair m p r o d u ~  sucesu. 
9) DDT ir r pdenUII humrn crrcinogen. 

a) ExpeMnrnts indicatm that MIT awer tumoun in llôontoy rnimrb. 
b) Tham b somm indicrtkn of mtmtarb of t m u n  itbibutsd to exposufe of anirnab to DDT in the Irbontory. 
C) fbapomibb mntiats bdkM tumour indudion in mica is a vatid mming of poasiMa catanogenic propsrtkr. 
d) Thore rn no &quata ne~ativa expwimentil stuôim in other mrmmrlkn spcbs. 
e) Thare ir no adequrts epüemiokgieil dltr on the crrcinogenicity of DDT, nor is it likely thrt it cm k 
obtriiwd. 

I f) Not all chmicab show the sane tumourigank prupefües in labontory tests on animrlr. 

Sourcc: Environmtnirl Pmtcaicm Agmcy (1972), C'olIdpted DDT Hearings - Opinion ami Omkr of rht 
Aclnhi~llcrtw* iwwd Jw 14, 1972; printcd in rhc Ftdcnl Rcgitrr* vol. 37, no. 131, July 7,1972, ppL3369 - 
13376 



WMn, in about 1935 and on behaîf of my Company, J.R Gdgy AG. in €Wei, I begrn to ludy th Wid of 
in-, and in particukr Vime i m  of hpoilim to rigriaihun, the rituaüon koksd dmpemte 
inâaad. Almrdy an immense mount of lhmtum slmted on th8 subjed and a fiood of patents haâ bean taken 
out. Yet of the many patanted pmücidm m m  pnàieilly nom on the mailrot and my own invastigatkr# 
showbd Mat t h y  wsm not ampanbb with knomi  in^^ such a8 ttte ansnataa. pyrethrum or rotenonm. 

(2) MO# onwt d toxic rdkn. 

(3) U(Os or no mammrlkn or pknt toiticity. 

(4) No iffitant dMd and no, or oirly a hi* odour (in 8ny urs not an unphamnt one). 

(5) The nw d action shoulâ ba sr wide as pouibb, and cmmr as many Mnmpods as pomibb. 

(6) Long, persistent d o n ,  Le. good chmlcol stability 

*Fint of al, a s u b b n œ  had to be found with grnater oontod iru4dk#al pmpait#r and thir was o6viousîy not 
scr easy ... 
Wter Vis fniitku testing of hunâreds of various subrtanosr I m u  adml t h l  it wss not easy to d b v e r  a 
good wnlid in- .-. 
mit cornpund [MITJ ..- now showd 8 strong inmctkWl contact action such as I had to data nevsr ob8ewad 
in any suktrnœ, My fiy tago wir to toxk a h r  a short pefiod that man afbr vey Hiorough dsrninq d the 
cage. untnateâ flios, on touching th mlb. Ibn to the h r .  I cauld a n y  m my triris only r b r  ûiinthbg the 
cage, having it thoroughly deanad and &t kaving A for on@ month in the opon ait ... 



'Later the material was tested on other inaeâs suth as aphidt, gnats (Cubx) and fnirNy eockthafsn, Colondo 
htks ,  etc. In al1 cases t h  mw cmpound odsd, aithough 1 olbn kilbd 0nly in 8 matter of houn or d ip .  
This Q abo the nason why biofoglsts m m  not very inlsldatod in the sub8!ance: pymtJInun and mîenone had 
sccustomsd t h m  to mped vsry mp# knodcâown and they did not understond Viat long midual Idhnt)r h r  
outweighed the slow toxic piocsu. ... 

OOT 1,3,4, 5,6,7 

'DDT i n s d c ü m  hava now h n  introduwd in10 al1 possbb fk#s of ins8ct control, for instanœ in hygisne, 
textib pmtadbn, s t o w  and phnt pmtectbn. ... 

' 1  am gntsful and glrd (nrt 1 have bssn psrmiltsd to lay a first loundalkn stone in thb putzling and apprnnüy 
endhm domain." 

Juxtaposed with Ruckelshaus' decision to ban DDT, the Nobel Lecnue delivered by 

Muller in 1948, and especially his elaboration of what would constitute an "ideal" 

insecticide and how DDT mesures up, is smking. Very different evaluation criteria and 

beliefs were invoked by each. 

Consider their beliefs about the safety of DDT to humans: Muller found "little or no 

mammolian toxiciiy" while Ruckelshaus found that "DDT is a poten~id human 

carcinogen " and that it "causes tumours in labwatory animah. ." As will be 

demonstrated, each was operationalizing the criteria of safety in a different manner. At 

the t h e  of DDT's introduction, a product's safety refereed to an absence of acute toxicily 

and it was not until later that c h i c  /oxici@ concems significantly af5ected the 

evaluation of pesticides. Or consider the evaluation criteria that each ernployed. 

Certainiy, Ruckelshaus used more dimensions to evduate DDT; the d e t y  of DDT with 

respect to bu& ultùnately of determining importance since DDT's causal comection to 

eggshell thinning led to its ban in the US., was not even on Muller's k t .  As will be 

demonstrated it was only through the relentless efforts of concemed individuals and 
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organizations that this and other environmental cnteria evenhially became standard for 

evaluating pesticides. Note dso that even when they invoked the same evaluation 

criteria, they had very different ideas about what constituted desirable performance. Of 

perticular significance, the persistence of DDT, considered one of its greatest strengths 

when the substance was introduced, is now one of its greatest weaknesses. 

Indeed, the major points to be made in this dissertation can be summarized and 

foreshadowed with reference to Muller's Nobel Lecture. Mer sening the stage and 

establishing the context for DDT's entry into the economy in Chapter 4, the Chapters 

which follow provide a detailed description of the rise and fa11 of DDT, drawing attention 

to instances of substitution which 1 categorize as belonging to one of three "ideal types". 

Each of these can be related back to Muller's characterization, in his list of insecticide 

properties (1) through (7), of an ideal insecticide: 

In Chapter 5, 1 describe the nse of DDT. 1 focus on its enthusiastic 
acceptance into many different markets in the economy and how it 
substituted for the incumbent arsenicai and botanical products. As Muller 
explains above in his speech outlining what guided his search for better 
tools for insect control, thir procesa of substitution occured becaum 
DDT was perceivtd to have: (1) g c r t  iiisect toricity; (3) little or  no 
mammalian or plant toxicity; (4) no irritant effwt and no, or only a 
faint, odour; (5) a v e y  broad nage o f  action, covering many iosect 
specics; (6) long, penhtent action; and (7) a Ion price. Some 
insecticide users, homeowners for example who liked to see their 
insecticide working before their eyes, did have reservations about DDT 
and its poor performance on Muller's criteria (2), npid omet of toxic 
action. The "knockdown" potential of DDT - it demonstrated its eficacy 
by killing insects only aAer a few hours - was indeed low, but this was 
easily overcome by mixing DDT with a substance with quick knockdown 
like pynthrum. But in the vast majonty of markets, DDT's measures on 
al1 the other important dimensions far outweighed this shortcoming such 
that, h m  the perspective of actors in the pesticide domain at that time, 
DDT was the insecticide closest to "ideal". Its performance/price ratio - 
notice Muller's criteria (7) - was highest amongst available products, 
making it the insecticidal tool scoMg best on the test of efficiency. 
Hence, its appearance on the choice menus of actoa triggered the decline 
of the incumbent products as usea switched to the newly-available 
alternative. In other words, as a result of the work of Muller and his Tinn 
Geigy aimed at bringing new insecticidal tools into existence, the toob 



chaaged and one supplanted another. This is an example of what 1 cal1 
substitution as a consquence of  tool-making. 

in Chapter 6,1 describe the f d  of DDT. 1 focus on the series of events 
leading up to and culminating in DDT's final exit fiom the economy. 
Readers will see how, over the and due to the efforts of actors formerly 
outside of the pesticide domain ("new entrants" so to speak), the 
desirability of certain of the characteristics of DDT - its persistence in 
particular - would be successfully chailenged. Events in the pesticide 
domain led to a complete reversa1 of positions as to the dcsirabiiity of 
Mulier's criteria (6). By the end of the 1960s. to be labelled "persistent" 
was the beginning of the end for an insecticide. Combined with their 
toxicological propertieq this quality of persistence made it unlikely that 
insecticideal substances could k used without idiinging upon the rights 
of others to a safe and healthy environment. Thus these tools failed the 
test of justice. Persistent pesticides like DDT were banned, forcing 
insecticide wrs to switch to long-available alternatives. In other words, 
as a result of the work of concerned citizens, Nûûs, certain policicians and 
other govemment officiais aimed at bringing new regdations into 
existence, the rulu ehangeà and one product supplanted another. This is 
an example of what 1 cal1 substitution as a consequence of  ruk-making. 

Finaily, in Chapter 7, 1 descnbe other instances where DDT was 
substituted by alternative products which occured before its ultimate ban 
and in a rnanner different fiom those substitutions outlined in Chapters 5 
and 6. Note the connection between those two: in Chapter 5, the 
evaluation criteria against which products are measured are given and the 
trigger for substitution is the appeanuice of a new insecticidal product 
which changes the choice menu confronting users; in Chapter 6, the 
products available to users' and on their choice menus are given and it is  a 
change to the evaiuation cnteria invoked which triggers substitution. in 
Chapter 7, a third processs of substitution is described where neither 
products nor evaluation criteria change; what triggers and drives 
substitution are changes to actors' perceptions of how available products 
score dong the given criteria Readea will see that, over tirne, due to the 
problem of insecticide nsistance, the daim thit  DDT met Muller's 
criteria (1) came to be fahificd niat DDT had "great insect toxicity" 
was no longer tme for certain iasect control markets, making DDT far 
fiom "ideai" and causing actors to switch to long-available alternatives. In 
other words, as a result of the work of scientists ahed at bringing 
knowledge into existence, the facts cbaogcd and one product supplanted 
another. This is an example of Mat 1 cal1 substitution as a coasquence 
of fact-making. 



4 Pre-DDT: The Rise of Chernical Controls 

4.1 Introduction 

Cuiturai control of insects was by far the dominant technology for accomplishing the 

function of insect control in the United States prior to the mid-1800's, a tirne generally 

acknowledged as the d a m  of the era of chemical controlsl. Nevertheless, a handfbl of 

substances, rnostly botruiicais, were in use eadier. Take nicotine for example. As early 

the 1700's the smoke fiom heated tobacco was blown by fannets onto infested plants to 

kill insects, or water in which tobacco leaves had been allowed to soak was sprayed by 

them ont0 f i t  trees2 

Indeed, although it may corne as a surprise to many who conceive of insect control only 

in ternis of modem synthetic chemical compounds, the use of pesticide-like substances 

can actually be traced back far into Man's history. One of the earliest records of a 

substance king used as a pesticide is amibuted to Homer, the Greek pe t ,  who described 

in 1000 BC the burning of sulphur to fumigate homes. It is also klieved that as early as 

900 AD the Chinese were using arsenic to control garden insects3. 

But "not until the mid-nineteenth century were pests controlled to any degree o/success 

with chenicals. " writes one author4 in a value judgement probably reflecting today's 

standards of "success " but nonetheless dtawing attention to the significant technological 

changes which twk place at about that time and which were accompanied by very 

significant changes in social organization, includhg the emergence of: a new industry 

(insecticides); a new scientific discipline (economic entomology); new government 

agencies and regulations (the Bureau of Entomology within the USDA, and the 

Insecticide Act of 19 10); and new problmi domains (residues). The coevolution of these 

~ ' West el a1 (1951); Ware (1994) 
West et al (1951, p 48); Ware (1994, p 58) 

! 
ware (1994. P 4) 
' ware (1994, p 11) 



three spheres of society with the problem domain and with insect control technology is 

presented here. 

4.2 Sohiog the Insect Probkm: The Rhe of Arsenicals 

It is not surprishg that events in the United States have corne to have such significant 

idluence upon the practice of insect control around the world. This may very well have 

been the case even if that country did not have the economic and military power that it 

has historicaily enjoyed, for the agriculturd interests in the US faced very serious and 

particuiar insect challenges that s p d  them to be creative5. Necessity iq after all, the 

mother of invention. 

In opening up and settiing the continental United States, as more and more immigrants 

moved West, much ecological dimption occurmi and this strained agriculniral activity. 

Some of this is linked to problems inherent in the opening up of new fiontien and settîing 

of new lands. M e r  stresses on agriculture are directly related to both the quanti& and 

quality of facming practiced in the United States. 

Settiing new lands is risky, h m  the point of view of insect-Man relations, because alien 

species are routinely introduced into ecosystems, hitching rides on wagons or in stored 

grains, for example. Without nanual predators, their populations can increase quickly to 

levels of economic significance. The populations of local insect species can also become 

problematic if the plants that communities chwse as "crops" happen to k those that 

allow them to feed and flourish. More dense tmspoctation links between regions and 

communities increased these invasion and infestation risks. Generally, in quantitative 

ternis, as agicultural production increases, so does demand for the hction of insect 

control. Inevitabiy, as the scope and scale of agricultural production in the United States 

niir discussion ha9 bencfited grcatly frwi the following w o k :  Sheparâ (1951); Morton (1971); Ioms 



grew, more and more investment became at risk of insect damage so more and more 

became at stake every growing season when it came to iasect control. 

But the qualitative nature of U.S. agriculture also increased demand for the fuaction of 

insect control. Mechanization and the commercialization of farming m e r  increased 

what was at d e  each growing season: more capital had to be serviced with reniras and 

larger loans had to be npaid. Dowmtream customers, themselves becoming increasingly 

industrialized, demanded predictable quiintities of produce of a predictable quaiity. The 

naturai rhythm of nature had to be damped and f m s  came to be nui more and more like 

machines, where controi was paramount. Even today, preferentid access to bank loans 

and cmp insurance cm be made contingent upon using pesticides to minimize risks. 

Also, very important in terms of increasing demand for k t  control, commetcialized 

agriculture combined with increased f m  and regional specialUation dnunaticaily 

simplified ecosystems. Suddenly, vast continuous and well-maintained tracts of food and 

habitat were available for insect species. in simplified monoculture-based farming, 

infestations are more difficult to contain spatially. Simplified agro-ecosystems are less 

resilient and much more vulnerable to what ocherwise be minor fluctuations in pest 

populations, as these pemirbances or stresses on the system can become amplified across 

vast spatial sales. 

These changes set the stage for innovation in accompiishing the huiction of insect 

control. Enter the inorganics. 

"The real history of chemical control began in the midde nineteenth 
century when anrious furmers in the United States were faced with the 
inwsion of the Colorado beetle (Leptinotarsu decemlineata) into 
cultivated potato [an& and took the unprecedented srep of appîjing 
arsenical poisons ont0 crops which were destined for human 
commption; the ursenicals proved effective as a beetle control while the 
prophesizeù human mortali@ did not occur, and /iom that time omvards 
the development of control by insecticides h m  made steaà) progress. 
With the reali~<irion that insect attack could be suppressed ut feast below 
the level of economic importance. came the needfor the close study of the 
living insect in the field und toduy upplied entomology is a science in 
which the entomologist and chemist beur equuf responsibili@ " 

(West, Hardy & Ford, 195 1, p 25) 



The botanical pyrethnim was introduced into the United States in 1858, but it is a 

compound denved from arxnic, Paris Green (copper aceto-arsenite), which is credited 

with becoming the first insecticide in "widespread use" in the United States. Mixed with 

ashes or mineral oil, it was UUtially used against the Colorado potato beetle. 

Experimenting against insects with this mated, a dye, seem odd but it was not 

much of a conceptuai leap - it was common knowledge among fmer s  and the general 

pubiic that arsenic was a deadly poison. Faced with a particularly severe and potentidly 

costly infestation, fanners had little to lose by experimenting with this substance. Soon 

d e r  this initial success in 1867, the use of Paris Green spread to other crops and pests. 

Other substances were also applied to crops and experimented with to test their 

insecticidal value. Historical accounts of entornology list almost 40 different pesticidal 

materials (mostly insecticides, but a few fungicides, nematicides and herbicides as weli) 

introâuced and used as chemical controls between 1867 and the kginning of WWI? 

Compared with culturai controls - like the use of widely-spaced mws of plants, the 

periodic flooding of fields, or the rernoval and destruction of plants after hawesting, al1 of 

wbich aim at limiting insect populations by disrupting their reproduction, food supply 

and vectors of migration - chernical controls give immediate and visible results. 

Along wîth Paris Green, which never reached usage levels of more than 5 million pounds 

annually7, two other arsenicals that came to dominate the insecticide market in pre-DDT 

America were lead afsenate and calcium amenate. The first actually cefers to two 

different preparations, acid lead arsenate and basic lead arsenate, both of which are white 

powders with the desirable property of king less likely to bum plants than other 

atsenicals. The potential of an insecticide to damage or kill plants is known as its 

"phytotoxicity". Low phytotoxicity, like that of lead arsenate, is desirable. 



First used in Massachusetts in 1892 against the Gypsy Moth, lead arsehate came to be 

widely used, especially in apple orchards8. By 1934, w of lead arsenate had risen to 

about 40 million pounds per y e d .  The other important arsenical, calcium arsenate, was 

first used experimentally in 1907, and is actuaily a mixture of several calcium arsenates. 

This materiai came to be extensively used, especially on cotton, with around 30 million 

pounds king used annuaily as of 1934". Other arsenicals of less importance were 

derived h m  sodium, and still others fiom zinc. The success of the arsenicals - they were 

convenient, gave immediate obvious resuits, and replaced the-consumùig labour- 

intensive cultural controls - meant that chemical conrtols becarne almost synonymous 

witâ insect control. 

" Thoy [arsenical insecticides] were, in fâct, responsibfe for the initiation 
of large-scale insecticide applicationr eventually leading to the intensive 
use offngicides and herbicides in modem agricufture. '" 

(W=, 194&p71) 

As these directiy-acting and convenient chemical controls becarne widespread and 

institutionalized, once standard practices, such as sanitation activities (i.e. disposal of 

crop residues a d o r  infected fniit) and crop rotation, became less common. 

"The success of the uorsenicds stimuIuted the chenticai conhoi of pests ut 
the cost of the considerutrion of other methods. '" 

(Ordish, 1 976, p 1 79) 

So pnor to the introduction of DDT, botanicals and inorganic compounds were the 

dominant conventional chemical insect control technologies in use, especially in 

agriculture, which accounted for about 56% of the $12.4 million, $ 27.7 million, and 

$33.2 million in total insecticide production in each of 1 93 1, 1 93 5 and 1 937 respective1 y, 

with the balance king for the household market. In agiculture, the leading arsenical, 

lead arsenate, on its own accounted for 29% of the total in 193 1,27% in 1935, and 3 W  

in 1937, while calcium arsenate represented IO%, 15%, and 10%. 

' Shcpard (1951, p 18) 
Roadc (1935). cited in Pefins (1 978) 



Table 4.2.1 - Arsenicab Dominant in Anriculture in Pm-DDT United Statu 

Production 

Chernical Control 1931 1935 1937 

Lead Arsenate: 

?4 of Tohl  Aaicultural Insecticide Market IS buis) 

Chernical Control 1931 1935 1937 

Calcium Arsenate: 

Lead Arsenate: 1 29 27 1 30 1 

63,291,440 Ibs 

$ 5,540,885 

37,974,03 8 Ibs 

S 3,674,422 

26,128,620 Ibs 

S 1,279,789 

(1) Fi- uc dculiicd ücmn dru in "Chcmicd Facts ud F i p r u "  (IWO), publâshcd by the Muiufrauing 
Chmiru Assaciriion. 
(2) Exporir w c n  m Emrll pcrccriw of pmdudiai ii Lhb lime, w, p d w t i o c i  volumes rpgroximirc da 
volun#. 
(3) qrcihnim wrs acanmiEd for r " ~ h o t d  insecticik" dunng rhis phod, SI ha ken cxcludcd h m  h c  
Table. In 1937,7.100,682 Ibs wirh a v a l u  of fX02 1.75 1 wm produccd. 

52,145,85 1 Ibs 

$4,173,462 

Calcium Arsenate: 

It is not by accident that we have mentioned apples and cotton in our account of the rise 

43,295,354 ibs 

$2,322,394 

of arsenicals. Prior to the introduction of DDT, insecticide use was confineci to low 

37,001,959 ibs 

$ 1,879,253 

, 
10 

acreage, high vdue field crops Iike cotton or tobacco or hops, h i t  orchards like those of 

apples, and glasshouse produce". For instance, in 194 1 over 50% of lead arsenate used 

15 

was applied to apple orchardsi2. For high acreage, low value field crops, like corn or 

10 

soybeans for example, ûeatment with an insecticide was sirnply too expensive. 



a 4 3  Chemical controh and industrial organization 

With the commercialization and specialization of agriculture came opporhmities for 

comrnercialization and specialization of the hc t ion  of Uwct conml. In essence, the 

"boundary of the f d '  was redefined such that the function of insect control came to be 

performed through increased reliance upon chernicals produced by others rather than 

upon cultural controls implemented by f m e r s  themselves. At fmt fmers purchased 

active ingredients to be fomulated and applied by themselves, but later these activities 

came to be performed by others and a whole industry in its own ri& Whereas 

agricultural and crop protection activities used to be tightly embedded in other 

agricultural practices on the f m ,  they gradually came to be p e r f o d  by different 

specialized actors. 

New industries were bom. Inorganic anci organic chernical manufacturers produced 

active ingredients, while fornulators and applicators increasingly took on the jobs of 

final formulation and subsequent spraying or dusting of crops. Specialization led to 

economies of d e ,  making insecticide products even more fiordable. For example, 

caicium arsenate, which had but one producer in 1918 when only 50,000 Ibs per year 

were king usedL3 was king manufachued at a rate of 10,000,000 lbs annually by 20 

producers in 1 92014, a rate which had quadnipled by 1935 l5 and which ultirnately peaked 

in 1942 when 84 million pounds were produced'6. 

New complementary technologies appeared for application, and spraying equipment got 

more sophisticated. The first use of an airplane for spreading an insecticide occurred in 

1921 and records indicate that, by 1927, at least one Company had formed specifically to 

dust conon". With production worth more than S 36 million of active ingredients18 

'' Dunhp (1981. p 30) 
" Dunlap (MOI, p 30) 
Is Shepard (195 1. p 23) 
l6 Sheparâ (195 1, p 23) 
l7 Dunlap (1981, p 30) 
" Manu faturing Chemists' Association Chemicaf Fmrs & Figures (1 940. p 08) 
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which was fomulated into applicable pesticides with a retail value of more than $70 

million in 193719, the sector had grown to an appreciable size by WWII. 

As the insecticide industry grew and h s  therein began to rccognize themselves as such, 

efforts were made to organize the sector. The industry association is currentiy called the 

American Cmp Protection Association (ACPA), and it was formerly known as the 

National Agricultural Chemicais Association (NACA), with this most tecent name 

change coming in the 1990's. The predecessor to NACA was created in 1924 and was 

called the Agricdturai Insecticides and Fungicides Manufacturers' Association (AIFMA). 

Its stated purpose was "to stabilise the indtatry through the development of wider 

markets for agricultural insecticides and ficngicides, to conduct a campign of public 

education in the beneflts of proper use of these products. to develop more economical 

more eflcient meam of production, und to foster closer cooperation between producers 

and dealers. " according to official NACA histodO. This entity, ineffective due to a lack 

of resources, merged with the larger and stronger Manufacturing Chemists Association 

(cMA)*' in 1932 to become the CMA's "Insecticide Cornmittee", but hopes of a 

dedicated lobbying tool for insecticide manufacn~ers remained. In 1933, an 

organizationai meeting was held which led to the creation of a new organization, in 1934, 

located in New York City, and called the Agricultural Insecticide and Fungicide 

Association (MF). With many members h m  the CMA continuing their involvement, 

AIF was stronger and more attractive to potentid members than AIFMA, and it 

increased its membership fiom 14 to 23 companies in its fmt year of operationu. 

By 1942, membership had reached 45 companies which represented 85% of the US 

production of insecticides and fungicidesu. in 1949, the organization changed its name 

to the National Agricultural Chemicais Association and moved its offices to Washington, 

19 Manufacturing Chemists' Association Chernical Facts & Figtrres (1 940, p 60); See Hitchner (1952, p 
452) as well for a sirnilar estirnate. 
Ui Hayley (1983, p 10) 
'' This organization was renamed the Chernical Manufacturers' Association (CMA) in 1979. See Hayky 
(1983, p 11). " Hayley (1983. p 12) 

Hayley (1983, p 17) 



DC. This name change and physical relocation reflected both the growing importance of 

regdatory and government issues as well as the broadening spectrum of available crop 

protection products and activities, as membership was extended beyond manufacturers to 

focmulators, remixers and suppliers of diluents, clays, and siirfactant~~~. By 1950, NACA 

had 121 members who manufactured 85% of basic pesticide chernicals used in the United 

States. The industry as a whole was producing 1 billion pounds of active ingredients 

annually, valued at $146 million by this point in thez. 

4.4 Chernical controls and the organiution of science and government 

Along with this process of commercial development and the rise to dominance of 

chernical methods of insect control were parallel developments in the organization and 

priorities of those concemed with insects in bth government and science. indeed, it is 

very difficult to separate govermnent and science when recounting the history of the rise 

of chernical insect controls in the United States, for 'I4merica ispre-eniinently the home 

of the science [econornic entomology]" and "the history of the science is Iargely the 

histoty ojrhe Stute and Governrnent entomologists I''~. 

The year 1862 was an important one. in that year, President Abraham Lincoln signed the 

law establishing the Department of Agriculture (USDA), which would come to have 

jurisdiction over the majority of regdations conceming pesticides through most of this 

centwy, and he also approved the Momll Land-Grant College ~ c t ~ ' .  This Act 

established State agricultural colleges and univeaiiies, in every state, which would come 

to work very closely with the State experimentaî stations and extension services. These 

latter were govemment units which "helped the Arnerican furmer adapt scient@ 

ahances to his own circumtances" through highly localized applied research and a 

steady flow of communications providing education to fanners as well as concrete 

24 Hayley (1983, p 24) 
Hayley (1983, p 24) 

ai Foloom (19 14, p 332) 
USDA (L%3) 



recommendations for action2'. Among the sciences, chemistry was viewed as vital to 

agricultural interests, as evidenced in this report by Isaac Newton, at that time the 

Commissioner of Agriculture: 

"The jield open for chemical science was never so great as the present 
time. Chemishy being indeed the li/e and sou1 of an intelligent, rational 
agriculture, the governments of Europe - Germany tuking the lead - 
impressed with this unquestionuble fact, have established experimentd 
stations, consisting of an experimental garden and complete analytic 
kuboratory. 7Re chemist, provided with assistants, institutes on the spot 
such original experiments, und tests such theoretical problems in 
referme tu agricuIture as seem nosi proIi/ic of benefit to the farming 
community and the world ut large. ... Thus every one may gradually be 
prepored to receive and proft by the rich stores of science open to every 
intelligent farmer. '? 

(Commissionet's Report, 1865, p 7) 

A steady Stream of hd ing  supported these new institutions. The Hatch Experiment 

Station Act of 1887 provided Federal grants to States for agriculniral experimentation, 

much of which involved the use of novel substances against particularly significant 

pests29. Officia1 recommendations about insecticide use - which substance, in which 

quantities, at which time, against which pest for which crop - that flowed fiom these 

stations carried much weight with fmers .  

At the USDA, the Division of Entomology was established in 1863 From 1878 until 

1894 (except 1 879-8 1 ), it w u  headed until his retirement by Charles V. Riley. From that 

point, until 1927, the division, which achieved full Bureau stahis in 1904, was led by 

Leland O. ~oward.". By 1914, the Bureau of Entomology employed no fewer than 600 

people3*. The organizatioaal structure of the new Bureau of Entomology reflected its 

practicai orientation: work was organized around important insects to specific crops. The 

individuals leading and working in this government unit played centrai roles in the 



establishment of economic entomology as a profession and branch of science. Largely 

through their initiative, "economic entomology" came to have a defmed public mission 

recognized by its practitionen and the public, with its own standards, tralliing, and entry 

requirements33. 

"This chapter ruisects in Relation to Man"] would be incomplete without 
some mention of the progress of economic entomology in this country, 
especiolly since America is pre-eminently the home of the science. The 
hisros, of the science is large& h e  hisfory of îhe Smie clad Governmeni 
entomologists .. . " 

(FolSom, 19 14, p 332) 

nirough the USDA periodical Inïect Life, it was suggested that a professional 

organization of government entomologists be formed. Howard, working with James 

Fletcher, a Dominion of Canada entomologist, hammered out the constitution of a new 

organization which limited its membership to those working in gavemment or at 

agricultural research stations, a policy quickly dropped but which nevertheless ensured 

that the priorities of govemment entomologists dominated. An organization meeting was 

held at a convention of the Amencan Association for the Advancement of Science, and 

from that the "Association of Onicial Economic Entomologists" was bom, which by 

1893 had become the "Amencan Association of Economic Entomologists" (AAEE) to 

reflect the change towards a more open membership policy. It was headed initially by 

Howard's predecessor at the USDA Division of Entomology, Riley, and its proceedings 

were published at first in the USDA's Imect Li/e and then later in other official USDA 

bulletins. This continued until 1908, when the first issue of the Journal of Economic 

Entomology appeared. This scientific peer-reviewed journal continues to be one of the 

leading journais of applied entomology today. 

This professionalization of economic entomology was accompanied by an increase in its 

size and grratet specialuation. Whereas the earlier entrants to the entomological 

I profession had been interested in insects, nature and ecology, later generations of 

33 This point, and ihose in the two paragraphs following it, are fiom material in: Folsom (19 14. Chapter 
XII(); Whorton (1974, Part 1); Dunlap (198 1, Chapter 1) 
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economic entomologists M e d  at land-grant colleges became more Iike technicians in 

that they demonstrated a preoccupation with achieving direct and immediate results - 
dead insects - through chernical controls. Consider the poem in Figure 4.4.1, a "pean to 

poison 'J34, which appeared in a 1906 volume of the periodical EntomoIogical News. 

Fipure 4.4.1 - A Paean to Poison 

Spray, farmers, spray with care, 
Spruy the appfe, peach and peur; 

Spray for scab, and spray fir blight, 
Spray, O sproy. und do it righl. 

Spray the scale that 's hiding there, 
Give the insects ail a share; 

Let your jruit be smooth and bright, 
Spray, O spray, and do it right. 

Spray your grapes, spray t h  well, 
Muke j h t  class whut you 've to sell, 

The very besr is none too go04 
You can have if, ifyou would 

Spray your roses, for the hg,  
Spray the fat potato bug; 

Spray your conlaloupes, spray them thin, 
You mustfight ifyou would win. 

Spray for blight, and sproyir rot. 
Take good care of what you 've got; 

Spray, farmers, spray wiih care, 
Spruy, O spray the buglers there. 

( 1) P w h &  EG.. 1906, "Spray, O Spray", En1011)dogicuf News, 17.256 



This even becarne cause for concern arnongst certain leaders who feared that th& 

discipline was becoming little more than applied chemistry, as noted in a retirement 

speech of the outgoing AAEE president in 1924: 

"The use of insecticides h m  led to a side issue that hm assumed enormous 
proportions. Many of the later entomologists even before thoroughly 
stu&ing the lfe of the insect begin experimentittg with insecticides for the 
control of the insect in question. It is not well for the entomologist to [ose 
sight ofthe insect. " 

(Ruggles, 1924, "Pionee~g in Entomology" speech; cited in Dunlap, 198 1, p 36) 

Back in govemment, the Division of Chemistry, established in 1862, also achieved hl1 

Bureau status, becoming the Bureau of Chemistry on July 1, 1901~'. Research on 

insecticides was given p a t e r  recognition when an insecticide and Fungicide laboratory 

was established by special order of the Secretary of Agriculture in 1908. It was data fiom 

this laboratory, along with that from the Bureau of Entomology, that was u x d  in the 

approval of the Insecticide and Fungicide Act of 19 10 (sometimes referred to as only the 

Insecticide ~ c t ) ' ~ .  Later, this laboratory perfocmed much of the analytical work on 

insecticide samples. The laboratory symbolized, in a very concrete way, the progressive 

commitment of the Bureau of Entomology and of economic entomologists in general to 

chernical controls. The visible, immediate results of economic poisons made them ideal 

for satisfjing f m e n  with particular insect problems, an outcome necessary to justify 

continuation of theù work and fùnding. 

"By 1916, the metamorphosis of the Bureau of Entomology into a new 
scientifk ugency wm virtuaffy cornplete, and it was proving its worth so 
regulorly thut its position in government was not only secure but taken for 
granted " 

(Duprcc, 1957, p 159). 

The Insecticide Act was an important piece of legislation designed to protect farmers, not 

fiom toxic substances, ironically, but fiom non-toxic ones. It pmhibited the interstate 

shipment for sale of any adulterated or rnisbranâed insecticide or fungicide (rodenticides 



were aâded only in 1947, and nematicides, plant regdators, defoliants, and desiccants in 

1959). and it was enforced by the Insecticide and Fungicide Board, fmt appointed Dec. 

22,19 10. The Act was aimed at sternming some of the h u d  that had begun to take place 

as the number of insecticide manufacturers increased and incidents of farmers buying 

useless substances with littie insect killing power proliferated. It acted as a pst-market 

control; if h u d  was wealed, products were removed h m  commerce. It was also 

intended to avoid a hgmented regdatory environment for economic poisons across the 

United States, coming just d'ter individual states began reguiating these substances 

thernselves outside of any framework obliging or even encouraging harmony and 

unifomity: New York (1898); Oregon and Texas (1899); California, Louisiana, and 

Washington (1901)~'. Given its thnist and intent, the law was put under the 

administration of the USDA. 

In 191 2, the Plant Quarantine Act was passed, a piece of federal legislation, promoted by 

Howard, that regulated the importation of foreign plant materials. The Act created the 

Federal Horticulhiral Board and was designed to supplement a collection of varying state 

laws3! Ultimately, the administration of these quarantine regdations was combined with 

other Bureau of Entomology activities in 1934, and the new agency became known as the 

Bureau of Entomology and Plant Quarantine (BEPQ)~~.  

Econornic entomologists saw their work as vital and sensed the growing dependence 

(though they did not use this term) of farmers on chernical controls. 

"To mitigate the tremendous damage done by imects, the individicol 
cultivator U; almosf helpless wahout expert advice, und the immense 
agricultural interests of this country h m  necessitated the development of 
the economic entomologists, the value of whose services is universally 
upprcciated by the intelligent. " 

(Folsom, 19 14, p 329) 

'' pesticide ~ k d b o o k  - Entorna (1 972, p 71) '' USDA (1963) 



A very tight systern of cooperation between industry, science and government had 

emerged to serve these "almost helpless " farmers. 

4.5 Chemical contrals and a new problem: residiia 

Chemical controls came dong with theu own new problem: residuesJO. The application 

of chernical substances to plants in order to protect them meant that there was the 

possibility that traces of the toxin would remain upon food that reached consumen or 

upon feed that reached livestock. The safety of each had to be assured. 

As arsenicals became increasingly popular, govemment entomologists reassured famiers 

and the public that they were safe4'. Lead arsenate, the leading insecticide and 

intensively applied especially by apple growers, was of particular concem: both lead and 

arsenic are poisons. The insecticides quickly weathered O& entomologists argued, and 

the rninuteness of any arnounts of poison that Mght remain on fhit and vegetables was 

stressed. Cornparisons were drawn between the "amount of residue" and the "amount 

necessary to produce illness or deawd2, thus placing the criteria of acute toxicity front 

and centre in discussions of the residue problem. 

In 1906, Congress passed the Food and Dmgs Act and placed responsibility for this new 

legislation within that Department that concemed itself most with food: the USDA. It 

was also where one of the biggest champions of the bill, Harvey Wiley, worked; he was 

chief of the Bureau of ~hemistry'~. This meant that the USDA, with responsibilities 

towards both agricu1tura.l production and now public heaith would eventually fud itself 

in a situation of conflict of interest, and public policy towads pesticide residues was 

developed within this context of conflicting priorities. Charged with keeping food 

'~adulterated", the Bureau of Chemistry established informai tolerance levels for 

39 USDA (1963) 
* This discussion has knefited greatly Bwn the following works: Whorton (1971); Whorton (1974) 



insecticidal compounds it felt were dangerous. Following the lead of a British Royal 

Commission, with Britain king an export market for U.S. apples, these maximum levels 

of residue were set at levels "liable to be dangerous" and which were also "capble of 

exclusion, with relative ease, by the careful manujaturer "". In other words, tolerable 

levels of insecticide residues were determined not by considerations of what was safi 

only, but dso by what was achievable. 

'Weretofore, the Secretary of Agriculture. in recognition of the n e e h  of 
the fiuit industry and appreciating that a drostic enforcernent of the 0.0 I 
grain tolerance [l grain/pound = 143 ppm] would resulf in disaster !O the 
industry, has assumed the risk of stultjflng himsev befire the ccnsuming 
public by obsewing un informal tolerance considerubiy more liberal t h n  
is just fled by the physialogical fucts. '" 

(W.G. Campbell of thc Bureau of Chcmisîry, in speech givcn in 1927; 
cited in Whorton, 197 1, p 236) 

In addition, technically, these levels had no legal standing; they were administrative 

guidelines to food inspectors to direct them to seize food with residues that exceeded 

them. This meant thai, in the case of a seizure challenged by growers, the Bureau would 

be fomd to demonstrate the wisdom of these levels to a jury of laypeople. Given the 

state of toxicological knowledge at the time - to this day, it is a field of much contestation 

and few ceriainties - it was repeatedly mistrated in its efforts to convince such juries that 

so minute quantities of substances could be so har~nfù1~~. 

This system continued until 1925 when, &er a British chemist traced incidents of 

poisoning to arsenic-sprayed apples imported fiom the United States, the Bureau of 

Chemistry was forced to act. It implemented a certification program whereby it checked 

shipments of apples bound for England and initiated washing of the apples if residues 

exceeded the idormal tolerance level they had set4! But this situation was unsustainable 

political1 y: a maximum acceptable level for exported produce but none for domesticall y 

consumed food. In 1927, a conference of toxicologicai and physiological chemists was 

" USDA (1963; see also Whorton (1974, p 99) 



called with Dr. Reid Hunt of Harvard University serving as chairman (it was called the 

Hunt ~ommittee)~'. Concemed also about chronic as well as acute poisoning pmblems, 

in part because the chronic toxicity of lead was receiving scientific attention at that tirne, 

the cornmittee recommended that more research be undertaken and recommended 

specific tolerances for both lead and arsenic. The long tenn effects of these substances 

concemed the toxicologists who wrote urgently in their report: 

"The contrees consider it to be a mutter officndumenfui economic as well 
as social and health importance to the food industry, . . .. that reseurches k 
pushed vigoumusly through the resowces of the Government in order to 
discover a substitute for lead amnate as un insecticide andfingicide /or 
fiuits and vegetables. " 

(Hunt Commission report, 1927; cited h Whonon, 1974, p 2 12) 

Theu suggestions were too ambitious for the USDA which preferred instead to set a 

tolerance for arsenic higher than the suggested one, and none at al1 for lead. Not until 

1933 was the recommended tolerance for lead implemented and enforcedi8. The USDA 

was once again focusing on what was achievable. Testing for lead residues was slow and 

dificult at the time so it might have held up shipments and, in general, they wanted 

tolerances that industry could achieve without radically changing its washing and 

handling practices and hence its econornics. They consistently pointed to the absence of 

cases of acute poisoning that could be scientifically traced to residues on fhit or 

vegetables. Nevertheless, the arsenic tolerance was loweled bit by bit over a five year 

period, and it did evennially reach that used in the UK, which was known as the "world 

tolerance". niroughout this pend, public awareness of the tolerance issue was minimal; 

the USDA knew that any controveny rnight hurt the interests of h i t  and vegetable 

farmers, and the discussions were occurring in little-read scientific journais, medical 

reports and govenunent documents. 

" Whorton (1971) 
" Whonon (1974, p 155) 
" Whorton (197 1 ) 



The arsenic and lead tolemces set by the Bureau of Chemisûy, which had kcome the 

new Food, Dmg and Insecticide Administration in 192P, were consistently fought by 

industry and it was not until the Amencan Medical Association took a position that 

pesticide residues might become a serious health hazard in 1935, reiterated in 1937, that 

the situation began to change. The publication of the book 100. ûûû, 000 Guinea Pigs by 

Arthur Kallett and F.J. Schlink in 1933 (it was ultimately reprinted more than 30 tirnes 

subsequently) was also infiuential. Sensationdistic, it has been described as the Uncie 

Tom's Cabin of the consumer movement, detaiiing as it did allegedly hamiful foods, 

drugs and cosmetic products and calling, speci ficall y, for consumers to organize 

themselvessO. But only in 1 938, with the passage of amenciments to the Food and Drug 

Act, did the new Food and Drug Administration finally get the right to set once and for 

ail maximum tolerance levels for residues. but only after a long series of  public hearings. 

in the process of developing this amendment, growers successfully negotiated the right to 

appeal the FDA's tolerances to U.S. circuit courtss1. 

But in order to set defendable tolerances, the FDA would need evidence of hazards or 

threats to safety, the gathering of which would not be easy, at least if those who viewed 

themselves as protectors of farmers' intemts, like Congressman Clarence Cannon of 

Missouri, could help it. M e r  becoming chairman of the agicultural appropriations 

subcommittee in 1937, he enswd that the next appropriations act contained a clause 

stating "that no part of the fin& appropràuted by this act shall be wed /or Iuboratory 

imestigations to determine the possible harmfirf eflects on human beings of spray 

insecticides on b i t s  and vegetables. lP j2 .  Thus it fell to yet another agency, the Public 

Health Service, to produce data needed to understand the nsks of pesticide residues. At 

the time, this agency was working with a critena of safety developed around notions of 

acute, and not chronic, toxicity and had undertaken studies arnong populations exposed to 

49 USDA ( 1963) 
Whocton (1 974, p 190) " ~unlap(l981, 51) 
U.S. Statutes at Large, v 50. p 396; cited in Whorton (1974, p 230) 
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pesticides looking for classic symptoms of lead and arsenic poisoning, which it fouad, 

unsurprisingl y, to be rare? 

The USDA's confiict of intetest (protecting the public by policing residues, yet promoting 

agricultutal and farmers' interests) was remedied fuially in July of 1940, when the FDA 

was transferred to the Federal Security Administration, the predecessor of the Department 

of Health, Education and Welfare (HEM")". 

4.6 The search for n m  chemkal controis: fmm inorynic to synthetic organic 

chtmicab 

Table 4.6.1 - Early Chcmical insect Controls shows the history of introduction of various 

chernical controls in the United States prior to W W I .  It clearly demonstrates the shift 

over time away from botanicals and inorganics, towards synthetic organic molecules. 



Borinicllr 

nicotine (1 773) 
pymthrum (1 858) 

Paris Green (1 867) 

London purple (1878) 
limsulphur (1 860) 
Borâeaurt mixture (1 883) 

calcium ansnate (1 907) 
zinc ansnite (191 2) 

selenium compounds (1 925) 
cryoiite (1 929) 

hydrogen cyanide (1 877) 

napthalene (t 882) 

DNOC (1892) 

ethylsne dichloride (1 927) 
ethylene ordde (1 927) 
alkyl phthalates (1 929) 
n-butyl carbitol thiocyanate 
(1 929) 
rnethyt bmmide (1932) 
pentachbrophenol(l~36) 
DDT (1939) 
HCH (1942) 
000 (1944) 
methoxychlor (1 944) 
chlordam (1 945) 
lindane (1 945) 

sdiiptcd h m  Warc, 1994. Tiblc 1-9, ad Thomson (1994) 

Note that although in 1945, the tirne of DDT's entry into the civilian economy, the most 

widely produced and used insecticides were still the inorganic arsenicals, industry's 

research efforts, on the other hand, had been directed at organic molecules for some time. 

The shift towards organic chemistry as the hunting ground for insecticidal molecules 

meant that very well-huided, very well-organized, and systematic R&D efforts of 

industrial chemists became focused on the "insect problem", and the possibüity of 

finding solutions to it that avoided the "residue problem". These research efforts were, 

for the most part, orchestrated inside large chernical finns where cornpetencies and 

184 



expertise in organic chemistry nsided like Geigy and DuPont for example. Here, the 

application of these cornpetencies resulted in the creation of an incredible number (tens 

of thousands) of aew synthetic molecules that h s  hoped would be usefbi and 

patentable for something: 

"lndustry had muny compounds of u n h w n  biological octivity but lacked 
methodî to recognize which mes  were of interest. Screens were 
developed jor several easily reared pest species to find insecticidal 
compoundr. and the bioiogical lesr merhodr were stondrrdjzed for precise 
determination of structural changes on activiîy, which allowed 
optirnizution of potency and usefil properties. Tho system of synthessis and 
screening became well established and opened a new era or rapid 
advunces that led to the current balance of insecticides. '" 

(Casida & Quistad, 1998, p 3) 

Active search for inorganic compounds with insect killing power did take place, but the 

serious and systematic insecticide M D  push came fiorn those with an interest in organic 

molecules. There were a number of reasons for this. First, the chemistry of the carbon 

atom is unique, with almost endless opportunhies for the synthesis and preparation of 

new molecules with potential commercial value and eligible for patent protection. 

Second, the feedstocks (i.e. raw materiais) for preparing organic molecules, at fmt coal 

then later petroleum, were readily available in industrial quantities, facilitating quick 

scale-up in the production of molecules found to have commercial significance. Third, it 

was within the pdcular indusaial, scientific and regulatory contexts described above 

that research and development of new insecticides twk place: desirable insecticide 

perfirmunce was understd to refer to insect killing power at a low co#t, while the 

undesirable insecticide prublems that preoccupied researchers were those of miducs and 

their potential acute toxicity to humus. On this latter point, it was felt that "The 

prospects ofjinding insecticides of low toxiciw to man are rnuch better in the organic 

than in the inorganic field" as stated a USDA chemist in 1935~'. 

" Roark (1935). citcd in Perkhs (1 9'18) 



That the pmblem of acute toxicity to humans oriented research and developrnent efforts 

is confirmed in the preface to the thYd edition of an introductory text on Applied 

Entomology : 

"The last ten years have seen great advonces in our howledge of insects 
and how to control them. ... and the problems of spray residues has led to a 
seorch for new chenicals to use agaimt them /j~ests]. ... Otganic 
ckmistty hm k e n  apiored to yuire an exlent & the kope of /uidig 
insecticides not dangerous ta man and the discoves, of many poisonous 
guses h a  been made a basis for their use against insects. AAogether over 
50 new materials have been tested as insecticides and a number of 
promising ones have been found ... 

(Fcrnald, 1935, p vii) 

Ultimately, this intensification of R&D efforts focusing on organic chemistry heralded 

the dami of a new era, with the discovery of the insecticidal propaties of DDT. 



5 The Rise of DDT: Substitution as a Consequence of Tooi-Making 

5.1 Introduction 

In this Chapter, 1 describe the rise of DDT, h m  its first synthesis in Europe, to its entry 

into the United States economy and its enthusiastic adoption by fmers and other 

insecticide users, to its dominant position as the most widely applied insecticide in the 

United States, an honour it maintained until the 1960s. The processes of substitution in 

which DDT was involved during this phase of its life are described and arialyzed. in 

various markets, DDT substituted for such controls as calcium arsenate, lead arsenate, 

biological and cultural insect controls because of its demonstrated superior 

perforrnance/pnce ratio. Simply put, DDT better solved users' hsect control ''pmblems". 

It killed more numbers of a widor spectrum of insect species for a longer the,  was less 

poisonous to hurnans than arsenic, and was much lem costly to bot. 

I argue that these instances of substitution are relatively pure examples of the phenornena 

which 1 term substitution as a consequeme of "tool-making " (or, equivalently "artifact- 

making"), a process whose d-c is dominated by activities in the commetcial or 

industrial arena of society. Substitution as a result of this mechanism is relatively well- 

understood in the business strategy and economics literature, as compared to the other 

types of substitution desctibed in this document. The story recounted hem, although it is 

intriping and has its own twists and tums, can be distilled to one which is very familiar: 

commercial markets in which particular incumbent products (Le. the arsenicals) are 

dominant in terms of market share are contested by new competing products (i.e. DDT) 

h m  h s  who had previously undertaken M D  specifically to discover or bring them 

into the world and to these markets. Actors (Le. firms) attempt to understand and to 

satisfjt demand for pducts and technologies with particul ar hctionalities (i.e. which 

deliver certain outcornes or levels of performance) at the lowest pnce possible. In the 

artifact-making arena, actors (agrichemical fùms in the case of DDT) search for, develop 

or "make" products and technologies with potential for becoming adopted, then they 



bring these to organized structures of exchange (Le. to 'bmarkets'y) where they 

demonstrate their superiority in ternis of perfomüuice/price ratio. The fate and status of 

fims is closely linked to that of the products they propose and promote. In this process, 

new d a c t s  substitute for older incumbent ones. The monopoly or quasi-monopoly of 

incumbent tools is chailenged and contested, essentially, with appeals to and 

demonstrations of the challenger tools' ''Efïlciency? 

in other wor&, this Chapter describes instances where products, insecticidal moiecules in 

this case, were outcompeted through what many wodd cal1 "normal" marketplace 

cornpetition, subsequent to the appearance of new alternative products (i.e. DDT). Both 

customers (Le. famiers) and gatekeeping regdators (Le. USDA, FDA) of these 

insecticidal products - although each had their own distinct view of what constituted 

acceptable and superior performance - were satisfieâ with the new substances. DDT, the 

new challenger product, reached and surpassed the performance level of incumbent 

products when evaluated by the "evaluation constituencies" who used the decision niles 

and criteria in place at the time. 

Stated in ternis of the concepnial language we are advocating, the dominance of 

incurnbent b'ttools" was overturned subsequent to the appearance of a challenger twl, 

through the application of existing decision 'kulesY' and without falsifying any "facts" as 

they stood at the time. New facts about the safety and efficacy of DDT did get made, and 

were certainly important in insecticide users' decisions, but these did not falsi& users' 

beliefs about incumbent products. They were complements to rather than substitutes for 

the existing set of facts. Contestation continued until the use of DDT was so 

commonplace and widespread, one could say that it had become imtitutionalized; DDT 

and other organochlorines became the "dominant design" for chernical insect control 

technology. 



a 5.2 DDT - A N m  Insect Control Tool from Problem-Solving Search 

DDT, whose basic properties an described in Chapter 3, was fmt synthesized in 1874 by 

Othman Zeidler, an Ausrrian chemist pursuing doctoral studies who was not trying to 

invent an insecticide but who mis menly following his interest in the chemistry of 

aromatic hydrocarbonsl. It was Dt. Paul Muller, a chemist at Geigy (Switzerland) who 

was working on a major research project initiated in 1932 and specifically aimed at 

developing a new moth-proofing agent, who discovered the insecticidal properties of 

DDT in 193g2. 

It had k e n  noticed that a Geigy dye molecule (Eriochrome Cyanine R) had structurai 

similarities to IO Farbenindustrie's new moth-prmfing agent known as Eulan New, and 

hence might be a promising starting point for new molecules toxic to insects3. Both these 

molecules have structurai similarities to DDT, and eventually, among many other similar 

molecules, DDT was tested for its insecticidal properties. 

This is a common way in which new useful chemical products are invcnted or 

discovered. Different chemical '4stnrtures" (configurations of atoms on a molecule 

known as "groups") participate in particular chemical reactions with relatively specific 

structures on other molecules. These structures are refened to as ''fhctional groups" as 

it is as if particular configurations of atoms have "functions". The "functionality" of 

these groups means that they also tend to correlate with various chemical properties as 

well, such as solubility in water, solubility in oil, etc. If researchers are searching for a 

molecule with particular pioperties (for example, reseatchers may be concemed with 

"water solubility", if it is foreseen that water will be the delivery mechanism for getting 

the insecticide fiom user to insect) and which will participate in pariicular chemical 

reactions (for example, researchea may be attempting to find a molecule that will 

' This discussion has knefited greatly h m  the following works: West & Catnpkll(1950); Brooks (1974, 
vol 1); ferkins (1978); Dwilap (198 1); Mellanby (1992). 

West & Campbell (1950. p 2) 
West & Campbell (1950. p 12) 
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interfere with or inhibit a specific biochemical reaction in insects' nervous systems), then, 

if they feel they have a good understanding of the relevant chemical structure-fùnction 

relationships, they can limit their search to molecules with a particular structure. This 

appmach, highly sophisticated nowadays, is known as "rationai design". The other way 

to fmd new useful chemical products is one of brute force and numbers wherein a large 

number, often thousands, of substances of known chemical structure and composition but 

unknown function are tested or scmned against important evaluation criteria. A 

sophisticated derivative of ihis technique is known today as "combinatorial chemistry". 

In the past it was common that any new molecules synthesized in a chemicai company 

would be, as part of company policy, routed to the appropriate laboratory to be tested for 

insect toxicity. 

in the paiticular Geigy project leading to DDT, the desired qualities researchen sought in 

a molecule were: stability in light, good larvicidal activity as a stomach poison, and water 

solubility. They tested over 6,000 chemicals, including DDT, and finally settled on Mitin 

FF. Having poor water solubility, DDT was disqualified as a moth-proofmg agent being 

sought, but researchers were also aware of the nced for a lipophilic (i.e. soluble in oils 

and fats) contact poison for agricultural use4. 

The wide range of DDT's insecticidal properties was quickly established and a Swiss 

patent application was made early in 1940'. Muller prepared various formulations - 
solutions, emdsions and dust - at 5 and 10% active ingredient, and completed successful 

agricultural tests against a senes of injurious species of insects: the raspbeny beetle, 

apple blossom weevil, apple sawfly, cabbage moth, cabbage flea beetle, carrot fly, and 

the Colorado potato beetle. In tenns of public health, DDT was tested against howflies, 

cockroaches and mosquitoes. Other nsearchea won tested it against body lice and fieas, 

and quickly established the link between DDT and the control of diseases like typhus. 



Geigy, in collaboration with the Red Cross, field tested DDT in the Balkans in 1942, and 

DDT was adopted by the Swiss anny beginning in 1943~. In parallel to this testing of 

insecticidal activity, study of the Gesarol and Neocid mixtures at the pharmacologicai 

laboratones of Bade yielded no evidence of hazard to man or other warm-blooded 

species7. DDT did undergo significant toxicological testing during its development, 

although not all of this testing occurred prior to its k t  incorporation into various insect 

control activities8. It is important to note that the notion of product safety that oriented 

and pided this testing was one associated with iow acute oral and dermal toxicity to 

mammals. DDT could be handled by fmworkea - mixed, applied and generaily 

splashed about - safely. Even eating it in small quantities did not bring on serious effects, 

and this stunt was known to be used by economic entomologists in their classrooms, and 

then later by DDT proponents attempting to dernonstrate its safety. Experience with the 

highly poisonous arsenicals in agriculture had focused attention on this particular 

interpretation and operationalkation of insecticide safety. 

DDT's physical and chernical properties were such that it quickly became incorporated 

into a number of products available in Switzerland aimed at different insect control 

pioblems. I.R Geigy inwduced the first DDT formulations in 1942 under the traùe 

marks GesarolQ and GesaponûB (ultimately used in the United States and continental 

Europe), or Guesarol@ and GuesaponûB (used in England), for use in agriculture, but 

DDT-containing substances M-1850 and M-1859 were marketed as early as 1941. 

Neocid@ was made available for public hygiene (Le. for body lice), and in 1943 Tnx@ 

powders, sprays and emulsions codd be acquired to protect fabrics fkom Uisect attack. 

Gesafid@ was developed for control of insects harmful to ornamental plants, and a liquid 

emulsion, Geigy-33, was produced to treat the walls of warehouses, sheds and silos used 

to store grains. As a wood preservative, DDT was incorporated into Bosana to kill 

insects, a product that also contained a huigicidal active ingredient to counter dry rot! 

I Maoser (1944). cited in West & Campbell (1950, p 3) 
' Brooks (1974, p 11) 
' Sec Chapter IV in West & Campbell (1950) entitled TariE Man$fftations. 



It was 1941 when the Amencan subsidiary of Geigy learned of DDT and its successfid 

use against an outbreak of Colorado beetle in Switzerland. But this information was less 

significant to them than one might expect, apparently because lead arsenate was king 

successfidly used in the US against that Meanwhile, the Arnerican military 

obtained samples of Neocid and the USDA isolated its active ingreâient, DDT, at its 

labonitories in Beltsville, Maryland and Orlando,  lorid da". Under different and more 

urgent pressures, the military and the USDA quickly came to realize the potential 

importance of this new substance. Its effectiveness as a iice powder and its safety were 

quickly established. 

"Our chief worry wos 'can the chernicul be ured safly on man?' the Food 
and Drug Administration was attempting to determine the a m e r  to this 
question A@r several months of intensive study, they concluded that in 
dw form DDT war entirel'y safe to use. By May, 1943, DDT was 
recommended to the armed services as a sufe and effective lorcse 
powder. " 

(Knipling, 1948)- 

By the end of 1944, extensive testing of DDT against a long iist of injurious insect 

species had been completed, uses established, and DDT products fomiulated by 

American researchers, including oil sprays for the control of flies, mosquitoes and 

bedbugs; a DDT larvicide spray for mosquitoes; DDT-irnpregnated clothing; and DDT 

aerosols for mosquito conml in industrial plants12. 

Across the ocean, DDT was brought to the attention of the British subsidiary of Geigy at 

a time almost perfectly designed to ensure that it caught their attention: substitutes for 

natural pyrethnim and derris, the nipply channels of which had been upset by the war, 

were needed to control the vectors of malaria and typhus. 1 prPsent here a few details 

from the situation in the UK, a W W  ally of the United States at this time, because 

"There war the closest cooperation throughout between the British and American 

~ Set Bmoks (1974) for an excellent bistory oforganochlorine molecules and their eady <nide names. 
'O Bmoks (1 974, p 1 1) 
" Pci(rino (1978) 
I2 Perkorr (1 978) 



scientists. and development wentfonvard rapidly dong parailel lines. "13. In Britain, an 
@ Insecticide Panel of Experts led by Sir lan Heilbron had even been established aftei 

Japan's entry in the war had cut off supplies of these h m  the British and Dutch East 

indies just as Britain and other Allied countries were deploying troops in areas where 

disease-carrying insects were cornmon". Early in 1943, ihe efficacy of DDT against lice 

was c o n h e d  and its manufacture became "a national priority of the highest order" 

says a Bntish entomologist who was involved with DDT during that period's: 

"Plans were made to ensure the most emt ive  use of the existing 
insecticides to proleci ow troops, and though things would probably have 
been better than during the 1911 - 1918 war, the situation was far fiom 
satisfactory. Then DDT arrived on the scene. We on the Entomology 
Cornmittee obtained the jirst infornation. We were sworn to secrecy and 
this secrecy was maintained almost unfil the eed of the war. ... The whde 
force of the Minise of Production was mobilked to -dite the 
manufacture of the new insecticide " 

(Mellanby, 1992, p 18). 

The need to overcome technical challenges related to production and formulation as well 

as toxicologicai testing resulted in the widespread and "unprecedented "16 involvement of 

scientists and technologists. 

5.3 The Müitary's uMagic" Insect Killer 

DDT was first used on a large scale by Allied forces to arrest a typhus epidemic in 

Naples, Italy, in December of 1943 and into 1944". It was here that it earned its 

reputation as a "niiracIe "Is insecticide. By the end of  the epidemic, some 3,000,000 

individuals, both local citizens and Allied troops, had been dusted one by one. A squirt 

'' Wigglenworth ( 1  949, writing in the A W i c  Monthly. 
l' Melianby (1 992, p 19) 

Mellanby (1992, p 18) 
l6 Brooks (1974, p LI) 
" Bntish Govemment press release. 1944 08 02, npruiicd in West & Campbell (1 950, p 7) 
l' United Kingdom Medical Smices' official History of the Second World War, cited in Mellanby (1992, p 
23) addresses the reputation of DDT as a "wonder &ug" and the "afmost mirucuiow powers ' ascribed to 
it, 



gun forced DDT powder, most of it coming fkom the United States, into subjects' sleeves, 

waistband, collar pants' CS, hair and hat Note that this technique substituted for a 

complicated system of baking people's clothes, shaving them al1 over and applying an 

ovicidd9. At peak operation, 72,000 people were dusted on one da#! Later it kcame 

standard for many Allied tmops to Wear DDT-impregnated shirts 

In addition, the first prophylactic use of DDT also occurred during WWII, in 1944 in 

Dakar, West Afnca where a successful campaign against ileas, vectoa for the bubonic 

plague, took place. Concemecl about malm'a in certain theatres of war, like at 

Guadalcanal and other Pacific islands, Ailied troops also began the practice of spraying 

regions with DDT before they landed? 

As military experience with DDT accurnulated, news of this "mirocle", "magic ", and 

"wonder" product began to leak out These unofficiai reports were evenhrally confimed 

by offcial govemment statements which read like glowing product endorsements, 

reassuring the public that indu*, science and govemment were cwrdinating their 

activities to ensure "a steadyjlow of this ire-scnting compound " Besides public health, 

the potential of DDT in agricultural and household uses was also explicitly adâressed, as 

evidenced by these extracts of a press release issued on August 2, 1944 by the British 

Goverment which came with the title "Synthetic inrecticide which stopped a Typhus 

Epidemic ", portions of which are contained (with my emphasis) in Figure 5.3.1 : 

" Dunlap (198 1, p 62) 
" British Goverment pms celeare, 1944 08 02, n p ~ t e d  in West & Campbell (1950, p 7) 
" Mellanby (1992, p 22) 

1 94 



Finure 5.3.1 - "A Svntbetic Insecticide which S t o ~ ~ e d  a Tv~hus Enidemicm 

'tn the U n W  Kingdom and the U.S.A., big mrnuhauring pmjocîs rrs in tmin aird r 8- ibw d thk linirvlng 
campaund €8 naw mumd. In tha Uniteâ Kiirgbom al1 produdion W unûer the dime! conbol of the Min&try of Supgîy, 
which hm almrdy sat up a numbw of hdo- for tln purpose and Mich ha8 gm8üy sitnplifiod the la& of groâuctkn by 
pooling the üeu and experionœ of rll the ~~ mrnufiehinn. Al the output il at prrwnt mmatd for S m h  
uns ."  

Not long thereafier, British Prime Minister Winston Churchill also tmmpeted the virtues 

of "the excellent DDTpowder " against "insects of al1 kinds, fiom lice to mosquitoes and 

bock again ", stating that it had "been fdly experimented with and found to yield 

asionishing resufts '". 

This officiai enthusiasm mirrored the enthusiasm of those scientists working with DDT. 

They had aiready begun to envision and discuss the vast potential of DDT against 

agricultural pests, as recalled by one of the first entomologists to be involved with DDT: 



"DDT appeared to be the ideul insecticide, very toxic to most pst imects 
and relutively harmless to mon. It retained its toxicityfor a considerable 
period. so repeated applications were not required t could be made in 
the factory in unlirnited quantifies, and it was cheap to produce. " 

(Mellanby, 1992, p t) 

"The reaction of those concerned with the new insecticide was one of 
euphoria We seemd to have the perfect w e a p  a g a i ~ t  har~ful  
imects, and one which was harmliss to man and his Iivestock. II  was so 
potent thut entomologists thmghl that they would soon be out of a job. it 
certainly revoIu~ionized the whole field of insect control, und made many 
peuple think that most pests would soon be permanently wipd out. it 
made the ideo of actualiy totally eliminating dangerous pests, like some of 
the mosquitoes which carried malaria, and the Colorado potato beetle, 
j h n  whole continents seem praclicable. We thought thut the whole 
literature of agricuitwal and medicai entomology would have to be 
rewrittea I myself scrapped. be/oe publication, the text of a book on 
econornic entomology on which I had been workingjbr several years, as if 
seemed to be large& out of date because of the use of DDT. " 

(Mellanby, 1992, p 37) 

U.S. govemment officiais and economic entomologists, many of them working in 

govemment or tightly affiliated with it through the land-grant universities' experimental 

agriculture stations were equally enthusiastic. In December of 1944, a Special 

Cornmittee on DDT of the Amencan Association of Economic Entomologists, which was 

chairrd by Sievert A. Rohwer of the BEPQ in the USDA, issued a statement on the 

promise of DDT in agriculture and household use as well as public health, from a 

m d n g  of the Entomological Society of  Amenca and the Amencan Association of 

Economic Entomology in New York. It began, as most discussions of DDT by economic 

entomologists did at that t h e ,  by underlinhg the historic nature of this hsect control 

technology : 

" We fiel that ncvcr in the &tory of entomology hm a chernical k e n  
discowred rhat offers such promise to inankind fot relieffcom his insect 
pmbfems as DDT. There are Iimitation und qual~~cutions, however. 

Fmm a radio bmadcast of 1944 09 28, transcribed in West & Campbell (1950, p 1 1). 



Subject to these, this pmntjse cowrs thtee cklC/fieI&: public kedtk, 
househdd conrjori and agricuIture. As public health we include contrd 
of the insects which curry diseases which have scourged humanity, such as 
malaria, typhus and yellow fiver. Howehold cornfort is tuken to cover 
mch things as fies, Jeas, bedbugs und mosquitoes. Agriculture includes 
not only farms, gardens and orch~~ds, but forests, Iivestock and poulhy. '" 

(Report of the Special Cornmittee on DDT, with S.A. Rohwcr as Chaimian, 
in Journal of fionomic Entomology, 1945, v38, p 144) 

Belief in the superiority of DDT over incumbent insecticides was spreading quickly in 

science and govemment. Propelled by endorsemenu h m  authorities, this belief was 

also spreading arnongst the general public. DDT's superiority was established by 

pointing to its insecticidal eficacy, its safety - interpreted in ternis of acute toxicity - and 

its low cost, with this laiter attribute due in part to the long residual killing effect that 

users couid achieve because of the molecule's incredible persistence and chemical 

stabiliîy. 

So even before it became available for civilian use, talk of DDT, most of it positive, was 

everywhere. Be?ween May, 1944 and October 1945, one ncws clipping service compiled 

a list of 20,762 items on DDT w hich were "mostly wildly enthusiastic ''23- "The publicity 

given DDT might well be envied by any Hollywwd movie star. " j4  recalled one food 

Company official. 

Without doubt, the coincidence of DDT's discovery with WWIl certainly contnbuted to 

the enthusiasm and speed with which this new chemical was received. For not only were 

the short supplies of older botanical insecticides placing substitution fiont and centre in 

insecticide users' minds, but the war substantially increased overall demand in the public 

health market. Prior to WWII, it was a generaily accepted tnith that more people died in 

war due to diseases such as typhus rather than due to bullet wounds or bombs, and 

official wartime prak for DDT reiterated this. By surnmarizing the death tolls due to 

disease in previous wars, govemment officiais suggested that DDT had saved literally 

millions of lives and explicitly raised the possibility that it could save millions more in 

'I Fortune (lanuaiy 1946, p 149) 



public health uses around the worldZ. Its performance in the extraordinary conditions of 

a world war helped DDT to achieve the status of a hero. Eventually, use of this molecule 

in the more mundane setting of niral America would become routine in the local but 

never-ending war against insects. 

5.4 The "Atomic Vermin Destroyer* entera the Civilian Economy: Tension between 

Caution and Continued Enthusiwm 

initial production of DDT was allocated almost exclusivel y to military uses. Onl y limited 

supplies were sent to researchers at expriment stations. Initial agricultural experirnental 

work was done during growing season of 1943, with results published in the February 

issue of the Journal of Economic Entonology in 1944~~ .  

During the period of 1943 - 1944, the USDA tested the effects of DDT on 170 different 

insect species, contrasting its eficacy with the incurnbent chernical control agents in use 

against those pests in order to classify DDT as "more effective", "equally effective" and 

"Wjthout effect". The fm of these categories easily containecl the longest list of insect 

pests27. In the fa11 of 1944, the WPB inforrned the DDT Producers lndustry Advisory 

Cornmittee that DDT could not be recommended for use on crops because important 

questions remained to be resolved related to specific concentrations of DDT to be used 

and residue die$'. Despite their enthusiasm, scientists were still king cautious, 

devoting time and resources to gathering more information about DDT. In 1944, a memo 

to researchea at experimental stations came from BEPQ entitled "Information on DDT 

and Suggestimfor Experimentui Workfor Agricultural Purposes "2Q that stressed this: 

'' Britten (1950). cited in Dunlap (198 1, p 6 1) 
British Govenunent press rclease, 1944 08 02, nprinted in West & Campbell (1950, p 7) 
~erkins (1978) " Bmoks (1974, p 28) 

* Peikuis (1978) 
cited in Perku, (1978) 



" When the lack of definite ioformation on the agricultural use of DDT is 
considered, both as to ifs eflciency agaimt inrects underfield conditions 
and as to its effect on plants and plant growths, it is evident that even if 
the material were available for use against crop insect pests it could not 
be recommended ut this time. " 

nie sorts of questions still unanswered, under investigation and subject to debate arnong 

economic entornologists were also described in the statement issued fiom the 1944 New 

York meeting of their professional associations, mentioned above: 

"In agriculture, it [DDT] is pronising against a wide variety of 
destructive pests. These include most potato insects, many orchard and 
vineyurd pests, numerou vegetuble insects, as well as the chief inseci 
enemies of vital& important seed crops. lt appears to be eflective against 
the pin& bollworm and outstanding against the Japnese beetle, two of our 
worst imported pests. It promises ais0 a more practicaf control of the 
pests which ravage thourands of square miles offirest, and againsi many 
of those which harass livestock 

"DDT will not kill ail the important insect pests. 1 wül kg1 many 
beneficiaiol insec& which a n  allies of mankind against the destructive 
spocies. Becul~i~e of i6 toxica to a wide wrkiy of insects, its iaee-scak 
use migkt create pwblems which do not now exLr~r To illustrate, it is a 
stiperior insecticide for control of codling morh on apples, but in some 
sections at least wr'll kill certain natural enemies and thm release ofher 
insects whiclt mqy then becorne major problems. 

"The research reports emphasize that we have not had time to develop 
entirely satisfactory mMures and dosages of DDT insecticides, nor the 
methods and timing of application jor may possible uses. Modern 
agricultural pest control ofien requires mixing several materials in 
combination treatments, and we h o w  little of DDT's comporibility with 
many of these others. Researches thw far were made with a materiai 
which was produced under pressure for rnilitav needr, and which is not 
necessarily the best firm for agricuIture. 

"WC do not know enough about effecis on plants, animah and soiik 
While most plants were not harmed by DDT insecticides in the experiment, 
injury to squash, corn, tomatoes, und possibly b i t  trees was reportecl 
DDT is foxic to mimal life when large amounts are t&n intemaliy or 
absorbed through the skin fiom oil solutions. but r e m s  indicated u 
remonable inargin of safery. In the light of our present knowledge, heavy 
deposits on edible p t s  or plants should be avoided R e p m  slow 



deflnite tarici@ to cold-bfooded a n i d  Ife including f l h  and frogs. 
There hus not been time to learn the possible cumulative effects on soils. 

"Mon and large~1scaIe qerimenfafion Lc needed Enough DDT for 
such research in 1945 should be provided. '" 

So in addition to identifjhg the supenority of DDT over incumbent products dong what 

were at the time primary dimensions of eficacy (i.e. toxicity to insect species) and safety 

(acute orai and dermal toxicity to humans), scientists were also identifying and debathg 

potential problems of DDT as well. 

What is interesting about the communications of scientists during this period of intense 

research is that, although questions were in short time answercd, issues closed and 

concems allayed, many of these exact same questions, issues and concems would corne 

to reappear and be reopened years later. kliefs about eficacy and safety would be 

successfully reshallenged and re-contested, issues re-opened and questions pushcd back 

onto the research agendas as b6problems" of DDT appeared, were identified and labeled as 

such. These were frequently propelled by dissident nsearchers who had never bought 

into what had become orthodoxy for the majority in their field, like those economic 

entomologists who favoured biological over chernical controls. For instance, consider 

DDT's efficacy as an insecticide. The 1944 statement above points to DDT's wide 

spectrum of activity and how DDT can "kill certain naturol enemies and thus release 

other imects which muy then become major problems. ". Concerns that the solution of 

one insect problem couid create an even bigger insect problem, which stem from an 

ecosystemic and ecological view of insect control rather than a "rnagic bullet" 

perspective, were marginalized (dong with the proponents of biological controls who 

promoted hem) in the years imrnediately following DDT's enthusiastic acceptance into 

the economy. They reappeared however, were taken more seriously, and ultimately 

caused DDT to be substituted for in certain markets. This "secondary pests" problem 

which lowered the overail eficacy of DDT and caused it to be supplanted by alternatives 

is described in Cbpter 7. 



in Febniary of 1945 came the announcement by the War Production Board (WPB) that 

DDT would be available in limited amounts to encourage commercial development of 

 insecticide^^^. in other words, experimenters fiom indushy could obtain it without 

authorization fiom WPB. The USDA continued to commuaicate its enthusiasm, but was 

not yet prepared to recomrnend DDT, as noted in the popular press: 

"The US. Department of Agriculture, summing up two years of intensive, 
nutionwide testing, iast fortnight reprted: (1) DDT rE unquestioningly 
the most promiring insecticide mer developed; but (2') it ir not yet safe 
for general use. " 

(The, Apnl 16, 1945, pp. 9 1 - 92) 

Finally, in August of 1945 came the revoking of WPB's control over supplies of DDT 

which meant that the substance becarne available for commerce3', although the 

regdations applicable to al1 economic poisons would still apply. M o s t  immediately, it 

entered the civilian economy where in linle time fonnuIations containhg DDT, with 

names such as "Atomic Vermin ~ e s t r o ~ e r  J'32, began to appear. DDT was ernbraced for a 

wide variety of agn*cultural and non-agricultural uses, including public health, where 

wartime success was followed up by ambitious disease eradication efforts around the 

globe. DDT quickly became ubiquitous in use. At lest three cornplete books were 

published in 1946 devoted to this single molecule, two targeted at the general public. 

The book of West & Campbell, DDT: me Synthetic Insecticide, was a scholarl y effort 

published in 1946 with an expanded second edition, DDT & Newer Persistent 

Insecticides, appearing in 1950. In this second edition, besides inserting short chaptea 

which presented benzene hexachloride (BHC, which is also called 

hexachiorocyclohexane or H C H ' ~  chlordane, toxaphene and a few other substances, 

they aiso added more than 1400 additional academic citations for just the three years 

'O Pericins (1978) " Pericins (1978) 
* Fortune (January 1 946, p 149) 
a Wace (1994, p 44) 



1945 - 1948 to those they already had. The book was published in Britain, but drew 

extensively upon U.S. scientific literature and govenunent documents. 

A review of its contents gives one an idea of the multitude of uses for DDT that were 

king researched and quickly becoming reality. Consider that, after presenting the 

history of DDTs development, this 632 page book then featured complete chaptea, 

meticulously referenced to the scientific literature, with titles as they appear in Table 

5.4.1, which dso iists specific products containing DDT. 

Table 5.4.1 - DDT Use Becornes Ubiciuitous 

"DDT & Newer PersrStent Insecticides" - Chaoter Titles 

(V) DDT in paints and rnisceltaneous materials - paints, vamishes, wax polishes, linoleurn, rubber 

(VI) DOT in textiles and papr 
- clothing, hats, bedding, oildoth, food cuvers, fumiture fabnc, carpets, nigs, jute 
sacking for storage of fiour and grains, finished paper, wallpaper, inSBCf-prwf 
paper bags containing food produc& 

(Vil) DDT against hurnan lice - imptegnatetâ undeiwear, powden and dus& for use against head lice, body lice 
and crab lice 

(lx) DOT against mosquitoes 
- dusts, oil mixtures, impregnated sawdust, sprays 

(X) DDT against houtehold pests - dusts, sprays, aerosok for use against some 16 different insects, including 
houseflies, ants, carpet beetles, bedbugs 

(XI) DDT against other pests affecting man and animals 
- soaps, sprays, dus& dips for use against some 37 different insects, mostly flies 
(black flies, hom fiies, midge nies, deer flies, etc.), ticks, and lice (chicken lice, 
dog lice, goat lice, home lice, cattle lice, etc.) 

(XII) DOT against plant pests. 
- dusts, sprays, emulsions, solutions 

lut chap-, cidd&h# w&~llunl WU, WU dhe lonm rnd 
m h m c o  lio mon thrn ISO dMbmt inuct spech. 



The other two books, published in the United States and less scholarly, were aimed at the 

general public. Their titles are revealing of just how DDT was framed at that t h e  by its 

promoters: DDT & the Insect Problem, and DDT: Killer of Killers. k c t s  were a 

"problem", if not the Ml-fledged b'killers" they had been during the war, and DDT solved 

that problem. 

The fmt, mitten by two joumalists and a Chicago epidemiologist, was "only the first 

irwtaihnent of the story of DDT, but its pubIication ut this t h e  seems necessury becrtllsr 

of the tremendous interest in the subject " and was prepared "with the needs of the user in 

mind"? In chapters such as "Man's Heaith and Cornfort", "Agriculture", and "Forest, 

Shade, and Fruit Trees", it reported on the research to date, explained which specific 

formulations could be used against which pests, and included helpfùl photos illustrating 

application techniques. The second, wri tten by two Professors of chernical engineering, 

also explained which formulations should be used when, and it too included photos. Both 

works employ the discourse of war. For example, Zimmerman dé Levine's first and fiflh 

chapters were titled "Man's Mortal Enemies" and "Conmon Inrect Enemies". This sort 

of talk was characteristic of descriptions of Man-Insect relations by almost everyone 

concemed with insect control at that t h e  (with the exception of the minonty of economic 

entomologists who favoured biological controls). It pemeated these books and other 

presentations of DDT aimed at the lay public: 

"DDT is an insecticide. It kills "bugs" of al1 sorts. In fact it seems 
destined alreaàj to take a place as the best welcpon yet dbcovered in 
man's uges-long war with a Litherîo unconquerable enemy, the insects. " 

(Leary et al, 1946, p 1) 

"The struggk ktween mm and i~~secîs began long be/oe the d m  of 
civilirrtion, has continued without cessation to the present tirne and will 
continue. no doubt. as long as the human race endures. " 

( h m  an entomology textbook by Metcalf & Flint, 1932, cited in Leary et al, 1946, p 1) 

" ... the development of DDT was the greatest contribution to the jkld of 
insecticfdes since that day in 1969 when man first began to use poisons in 

Y Leary et a1 (1946, p vi) 



his fight aguiint his eternal memies - the ememim thatfly, thut crawl, and 
that hop; und yet are su small that it cS Lard for us to believe thut sorne 
day thty may, y we weaken our guard, inherit the eurth. " 

(Zmcrman & Levine, 1946, p 146) 

" With such a product [DDT] to stimulate additional research, mankind 
Las new wellpons promising eventud f~eedom jFom disease-bearing 
insects such as lice, Jeas, flies, mosquitoes, and ticks; fiom household 
pests such as moths, cockroaches and bedbugs; andfiom the insects which 
fieguently ki1l crops, orcharth and shde trees. " 

(Business Wetk, Novcrnber 25, 1944, p 67) 

By the end of 1945, the U.S. public was "hunpyfir DDT"~', said Fortune magazine. 

This same article also stated with confidence, that there had been substantial progress in 

answering questions, resolving issues and addressing concems about the molecule: 

"A startling amount of information hm been uncovered about DDT in 
three years by /edorol. state, and private ogencies. Certain aspects 
remain unsettled, but out of the initial confwion a conside~able M y  of 
fact hm emewed " 

(Fortune, January, 1946), 

Such was the promise of DDT, that it was even tried, incredibly in retrospect, against 

polio: 

"A scientflic expedition headed by Yale's Dr. John R. Paul spruyed DDT 
on the polio-ridden ciîy of Rockjiord 111 (147 cases, 17 deoths since July I 
[reported on Aug 27, 1 9451). to find out whether killing ail the flics would 
prevent the spread of infantile parctiysis. ." 

(Tirne, Aug 27,1945) 

The photographs contained in these books and in the popular press of the time are 

revealing of just how common DDT was becoming, showing it behg applied liberally in 

the home and on the f m ,  not to mention entire communities. In the home, DDT was 

applied to rooms via aerosol; to kds; to floors and rugs; to curtains; under the si* on 

xreen doors; inside garbage cans; an even d k t l y  to the family dog. On the fam, DDT 



was applied of course to crops, but in addition, directly onto pigs. sheep, cattle, and fowl. 

It was sprayed ont0 public kaches by large trucks and ont0 suburbs by small airplanes. 

Advertisements, an important element in the creation of a market for D D T ~ ~ ,  kgan to 

appear soon after its reiease into civilian use, and not ody in farming or niral 

publications, but in the mainman publications targeted at a general urban public as 

well. One by the Penn-Salt Company appeared in Time magazine in 1947 and featured a 

sketch of a housewife, a cow, a dog, a chicken, an apple md a potato, al1 dancing together 

and singing "DDT is goodfor me-e-e ! @ @?' 

But not al1 talk of DDT was positive. The January, 1946 article in Fortune did describe 

the "circulation of anti-DDT talk", saying "there hm been a lot of that ", but also 

concludeâ that it was "mostly unfounded in fuct. " But what was this "unti-DDT talk "? 

During these early years the public was made at least partially aware of some of the 

scientific questions unanswered, issues unresolved, and concerns unallayed with respect 

to DDT. Although the major@ of DDT's press was positive, the general public was 

audience to a small but unofficial debate about DDT's potential problems as weli as its 

potential benefits. This is interesting because a number of these problems, descnbed in 

subsequent Chapters, reappear in the domain later as real concrete pmblems that 

ultimately lead to the substitution of DDT: its toxicity to beneficial species; its 

persistence; and its acute toxicity to birds, fish and wildlife, for example. So even upon 

its entry into the economy, DDT the war-heroic "Killer of Killers" was aiso regularly 

referred to as a "two-edged sword ", as captured in Table 5.4.2. 



Table 5.4.2 - DDT: A Two-Edned Sword? 

"The more entomologists stu& DDT, the new wonder insecticide, the 
more convinced they are that if may be a twolsdged sword that Larms as 
welî as hebs. '" 

(Timc, April16, 1945, pp. 9 1 - 92) 

"Ii ir obvious eirough that DDT is a twu-edged sword. We can see how 
seriousiy if may irpset the balance locally htween insect enemies and 
fiienuk" 

(Atlantic Monthly, 1945, 176, 107-1 13) 

"On May 23, 1915, the hen shone warmly on a large oak forest near the 
village of Moscow, Pennsylvania. Bird cdls ond songs rang through the 
woodland os the birds flew about fidirtg hungry young ones. But the 
/orest will ill; its Ieaves were covered with millions of devouring gypsy- 
moth caterpilkars. Though birds ate vast numbers of the caterpillars and 
carrkd them to their newly hatched young, the horde was beyond their 
con~ol ,  

"Early the next morning, an airplane droned over the /orest, dropping a 
fine spray of DDT in an oil solution ut the rate offive poundr an acre. 
The effect w u  instantaneous. The destructive caterpillars, caught in the 
deodly rain, died by the thousands. On Mq 25, the sun crrose on o forest 
of greut silence-the silence of total death. Not a bird cal1 brok the 
ominous quiet. 

"nie symptoms of poisoning were always the same: the bir& were first 
barely able to jly, arising afew/eer with a weak motion of the wings, then 
W i n g  back to the ground. As the poison overcame them, they staggered 
pitched finvard and die4 fluttering their wings violently. During the 
eight days that folowed, ut least 4,000 birdr succumbed They had k e n  
sacrifced tu a practicul experiment to see how much DDT birdr could 
withstand 

"This test urowes more than compassion/or the birds. There is the cold 
sign~fmance of chill wind in the pote~~tiaIpowrr of DDT. Bir& along 
with beneficial insects and weather, ore a steaày nvb on the destructive 
insects which threaten to comme al1 of man's green food supplies. Ifwe 
removed the birds and hg@@ ircsects from large meas of the earth. we 
might soon know a great famine. . .. 

(The New Repub jic, March 25,1946,4 15-4 16) 
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Table 5.4.2 kontinued - DDT: A TwolEdned Sworâ? 

"DDT's greatest defict for use of out-of4oors is its non-selective killing 
power. Ewn in experienced han&# ib rur may be likened tofiring a  
broadkide ut a t h r o ~ g  of people in which we huve both enemics and 
fciend. ... 

Unfortunate&, DDT and the new and powecful BririSh insecticide, 666 
[HCH], are hoo-cdged swonlp. ... 

In a recent test, rats were kiiied &y feedhg thern ntifkfiom goals receiving 
smafl daify doses of DDT. Scientists conducting the experiment are 
worried thor cou's milk might become irnpregnated wfih DDT i/dairy 
cattfe are allowed to graze on areas sprayed or dusted with the 
insecticide. 

(The New Republic, March 25, 1946.4 154  16) 

There were womes about its widespread use, as noted by the New Yorker on May 26, 

1945 just after WPB announced the release of limited amounts of DDT for civilian use: 

"An amateur nuturafist we know, who is currently skipper ofa  fanding 
barge in the South Pac~jic, wrote us a letter a few weeb ago describing 
the effect of DDT, the deadly military insecticide sprayed fion airplones 
before invasionr. 'Ir Mls every insect' he i n f m e d  W. The Lod knowr 
what'k going to happen if thq  sturt d g  it ptomiscuowrj, in the 
States! " 

(The New Yorker, May 26, 1945, p 18) 

ïhis same New Yorker article goes on to quote the former president of the Entomological 

Society of America, Edwin Teale, who expressed serious concerns about DDT's effect on 

non-target insect species. Similarly, the National Audubon Society was also "dejnitely 

alarmed over the possibilities of DDT" suggesting îhat it might "conceivably eliminate 

afl i n sec tdng  birh  " by kiiiing their food supply . 



In their attempts to compete with DDT, manufactures of incumbent products did not 

hesitate to draw upon DDT's potential problems. They pointed to and underlined them in 

their communications, attempting to exploit the conhision and absence of what they felt 

were solid facts about DDT, although their opinion as to what constituted and what were 

the bYacts" differed fkom those of others. 

"There h m  been speculation and. in udvertisements of some 
manufucturers of old-time insecticides (who seem to fecr that DDT will hit 
them as hard as if does imect life), a definite charge thut the new formula 
will 'under certain circuinsiances' act us a poison The fuct is that, while 
DDT h a  definte toxic properties, it is probably less t a i e  fo humans thon 
many standard insecticides. " 

(Fortune, January 1946) 

Opinion was lining up behind DDT, specifically because it was not burdened by what had 

been a "problem" of the incumbent products (i.e. arsenicals), their acute toxicity. 

According to the evaluation criteria and rules govemhg insecticide choice of the time, 

DDT had superior performance. Those with concerns about wildlife and birds were 

largely ignored because they were not considered to be what 1 cal1 a "legitimate product 

evaluation constituency"; their values and preferences were inelevant for product design 

decisions. 

And so DDT was officially sanctioned for agticultural use by the USDA in a bulletin 

ismed on March 27, 1 ~ 6 ~ ' ,  extracts of which are prescnted in Table 5.4.3. It addressed 

the safety issue explicitly, drawing attention to DDT's low acute toxicity, contrasting it 

with the dominant incumbent products in use at that time, the anenicals. 

" USDA bulletin 576-46-Zrev., nprinted in West & Campbell (1950, p 208) 



Table 5.4.3 - The USDA Cautiouslv Recommends DDT 

"Fw mcomfmnd&ns hava bwn mada to date, and these are ibr only œrlsin insacû W n  the 
pmaicol and safa usa of DOT hm ômn âaterminsd for them. T h  Bureau of Ent#nology and Ptrnt 
Quamntii~. the agency rœponsibb for the original m r r c h  in the U n W  States and much of the 
devebpmntrl wok on thb in-, hm nd appmved the geri.nl use d ûôt aœpt in !ho 
instanœs given bebw. 

"Rsgarding th pouiôb toxic efkb of DDT on man and animrh, the Bunru said: (1) No a s e  of 
pobonlng mulüng fr#n th use of DDT itw# in an inmet amtrol operation ha8 buen calbd to the 
alîanüon of üureru omdrb. (2) T h  a(lbdt of MIT on higher animrk a n  markedly bss îhan î h l  of 
many in- such as nicotine and th amnicab. (3) Tho use of DDT pawdsn and witsr- 
d i i r s i b b  DDT materhl on Vie dtin b without any i W n g  o f k t  or other il1 isruih. DDT, homuer, 
in oil solutions or m u b k m  b isadily rbwrbad through the &in of man and inimrb. Panons using 
it in thh fomi an uqod to bb -1 pfecauîbns to rvdd mpeateâ or proloqpâ a@owas to th@ 
mrtsrkl in oii solutbm. (4) No MIT hrs @MI b8n  found by Bureau ~ i s b  !O be absofbd and 
dapmitsd in hivas, stsmt, mêa, or t u k n  of pdrto plrnb tdbwing üm bsrtmont of tho piants wilh 
DOT i-. 

The pment mommndad uaes of th& inisdicids mada by th Bureau of Entomdogy and Plant 
Quamntine a n  as I b b :  

' H o ~ h o l d  Inseas. For homdlkr, staôbiibs, morquiloss, h s ,  mchm, kdbugs, r i ,  rnts, t#u 
and oümr ifmds rirnoyhig to mon and animrb in h o w ,  barns and other buiidings: Ou- of 10 par 
cent DDT in bk or pytophyib: Sumnsbns or Emubions of 2142 per crnt DDT dispnsibk powôen 
in water; solutions of 5 permit DDT in kamene or fwl oil. 

"T)rb inssdidds kidr rll in its amsdhrsnam for the control for mort of tham imed pests. Oil 
solutions am urualty used inaiûe houam -te white of DDT pawâar may ôe objrdknabh. 
Dusîs, susponskm or mubions are u8ad in ahor plues. 

'Urtder no circmmUnœs shou# oii rdutbnr be applbd to animrk. 00T dus& or wrterdkpenibb 
su~ns ions  shou# be used. 

%mroîs a n  not mcmmnded for applying insdcidrl midue8 on surfrœa for killing insects such 
as  roi^, Wbugs, and antr thrt mry 1-r came in contact with them. Aerorob contiining 3 
par cent DDT and a suitabk m u n t  of puiifkd pyisthnwn extract are valuabk as s p ~ a  rpplicrtio~s 
for killing household insecl8 such as Il&$, rendllbr, morquitoes and moîhs wbn they am in tha 
wno m. 
' I n W  Pest8 of Fomt and Shada Tram. For dofolkting insac& such as gypy moth, elrn kaf beeüe, 
at i ipr  atwpilkr, locust kd miner, bomrood baf mimr, canlurwom, uwllies, rvergrwn brgmrm, 
tent catapiikr, and &on: Emubions, om pound of DDT, one quart of soivent (Xybne) and om or 
one and onshaif ou- of an mubirying -nt. For dilutkri to r 0.1 pet cent mubh, add 100 
grlkns of watar. AOQly with a hrnd knrpmck or powsr sprayor. The surfaces of t)# barn shouiâ be 
wtld unül the spray miterial bagins to nin. 

VegataW and Truck Crop Inmcb. For mbb8ga wterpillsn: Oust of 3 pet œnt DDT in talc or 
pymphyiiite. 20 pounâs per am. NO DDT shouid be a@pliod for 36 dry, before üte a b g e  it to k 
r W y  for mrikst 

'For Lygus bugs on sugrr bots grown for seeâ: Oust of 5 per csnt DDT in pyrophyîlii, or talc, 30 
pounds ger am.  applid at the thne the plants are in full bloom. 



'Inseûm A W n g  Cemal and Forage C m .  For stomd m d  inwcb: Duit of 3 per cent DDT in 
pyraphyîîii, or talc, thomughly mixsd mui the d, one-haIf ounce ddmt Co on8 burhel of sed, or, 
3 per œnt DDT in rnagmium which b abo a mpelbnt, opplid ln the sama manmr. Not 
riscommcmdad Ibr stomd grains or œrerl m u c b  to be u$ad loi food. 

'For insects m n g  aîomd grains and œmal pmducb in grain Mns, mnhouaas and milb: Spmyr 
cuntaining 5 per œnt or ku of MIT in isfirwd, âaoôoriud l u m m  or in mter suapensbm or 
mubions applkd on th. mlb and woodwork at a rab of nat mon thin one gallon of spray per 
1,000 squim feet Avoid contamination of graina or food prodW. 

'For m v i l  (bruchid) in haiy vetch grown for d: Oust of 3 per œnt DOT in lik or pyroghylb, 25 
poundr pet m. o m  rpplimtion an won as fint p a b  min to appaar. Liwdodt shoulâ n d  ûe 
pertumd in du- Ik#s during the m i i d o r  of thu m m n  after ha- u n k u  sûaw and ctiaiV 
ha- bwn bu- by pwhing. 

'Cotton Inaeûs. For mon fba hoppet and oümr rudring inmcb: Du t  of 5 per csnt DDT in at bost 
75 percent sulphur, 12 to 15 pounds pet am, nrsskly ifilervatr untll liea h o ~ ~ e m  are under control. 

'For bolîworn: Duat of 5 per wnt DDT, 15 to 20 pounds psr m. two or mors applications at M a y  
inîenrab. 

Even here we fmd evidence of caution. Citing residue concems, DDT received the 

"yellow light " for the vast majority of food crops, including apples, the h i t  attacked by 

the codling moth mentioned in the last paragraph. Cotton, eaten by nobody except the 

insects, got the "green fight ". Residues remaineci a concem: 

"Ekperimenters have been reluctant to recommend DDT insecticides for 
use in agriculliue, where the major quuntity of insecticides have always 
been ured, for there the host is an important considerution. No accepted 
method for removul of spray or d m  residues of this insecticide fiom crops 
for consumption of human beings and other animais hm been worked 
out. " 

(Agricultural Chemicais, lanuary 1947, p 63) 

Note that although the USDA hesitated to recommend DDT on many food crops because 

of residue concems, it had no legal powers at this point to stop or to prevent DDT's use 

anyw here. 



The residue issue was a particularly dificult one for the FDA, which had been wrestlhg 

with it as DDT's fame and reputation grew. Given DDT's prominence, the FDA was in 

an unenviable position. Awareness and demand were aheady stoked, yet the iack of a 

clear case agahst DDT on the issue of hazard to humans meant that the FDA bad no legal 

bais for holding DDT off the matket, not to mention the political h m  such a move 

might bring to the agency. It could set provisionai tolerances for residues on food, but 

binding tolerance levels could only be established and enforced after a long senes of 

hearings. 

nie FDA knew by 1944 that there was evidence that DDT accumulated in animal fat and 

could also be found in marnmals' mik, but the implications of uiis were unclear. The 

acute toxicity of DDT was low, but chronic toxicity data was sparse. Indeed, two years 

after DDT was released for civilian use, the FDA's own Committee on Medical Research 

as well as the Amencan Medical Association's Council on Food and Nutrition expressed 

concem over the lack of information about possible hazards to humans of chronic 

exposure to DDT. The latter identified an "appallling lack of fuc~ul data conceming the 

effect cf t k s e  substances when ingested with food ", and went on to assert that "The 

chronic toxicity to min of most ofthe newer insecficides is entirely unexplored $139. ~1 

1946 the FDA set provisional tolerance levels for residues of DDT on h i t  at 7 ppm, the 

same as that for the lead residues fkom lead arsenate, the substance for which DDT was 

substituting on most M t  cmps. Citing its importance to infants, it set a "zero tolerance" 

level for DDT in milk40. nie FDA was not acting symbolically, just for the sake of 

acting; it had concerns. As early as 1944, its own researchers had reported on rat feeding 

studies that showed that at 800 ppm DDT in their diet, one half of the animals died after 

only two weeks. At lower levels of DDT and fed for the full 50 weeks of study, "ne~ow 

symptlonî " and "a slighr effect on growth " were observed and the study concluded tbat 

more research was requiredw4 ' 

l9 AMA-CM, "Heahh Ham& o f  Pesticides", J U ,  1 37, August 23. 1948,1603 
* Fedcral Security Administration, Foad & h g  Administration, Annual Reporf ofrk FDA. 1946. 
Govenunent Printing Ofice, Washington, DC, p 6 
" Drake et ai, 1944, "Summaty of Toxicological Sîudies of the Insecticide DDT", Chica i  and 
Engieering News, vol 22, no 17(Septernber 10), p 1503 
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But in general, toxicological methodologies that extrapolated h m  animal studies in 

order to estimate chronic toxicity risks to humans wem inconclusive. They did not indict 

DDT, but neither did they clearly demonstrate DDT's safety. On the other hand, 

methodologies for determinhg chronic toxicity that drew upon samples h m  

overexposed populations were interpreted as supporting the claim that DDT was safe: 

"One may turn to the experience of those wko krindle DDT In 
manufacture und in nse. These are men who mako and handle the raw 
material, at the rate of tom per week Others have produced concentrates 
(20 to 30 percent) in considerable quantity, or impregnared very large 
numbers of shirts Rom sohtions; such men Wear protective clothing. 
There are nlso entomologists who have handled and distributed DDTfor a 
period of neatly iwo yeam (and longer on the Continent) in many forrns. 
as solutions, emulsions, dusts and so forth. Tons of dusi (5 to 1 O percent) 
have been distributed under clothes and some rhowunds of men have 
worn impregnated shirts. In addition a s m d  number of factory han&, 
aflw conriderable expusare, have been carefilly watched by physicians, 
whose examination has included biochemical work on blood, the function 
of the liver, andso forth. 

"In al1 this varie4 practical experience on humun beings, some ofthem 
ignorant and careless me, no harmiful symptoms of any sort have k e n  
recorded in any single case. My coriclusion, giwn wifhout reserve and in 
si111;9le worrls, is ihut DDT vrcd us an insecticide ir quite safe. '' 

(Buxton, P.A., 1945, "The use of the ntw insecticide DDT in relation to the problcms of 
tropical medicine", Transactions of the Royal Society of Tropical Medicine & Hygicne, 

38 (51,367) 

This methodological conflict would reappear - often - in the story of DDT. The work of 

Dr. Wayland J. Hayes, himself an advocate of the latter methodology while he researched 

DDT during his t h e  with the Public Health Service, would corne to form the backbone 

of the sakty argument offered by DDT supporters. in his view, DDT posed no hazard to 

human heaith; DDT was safe. 

DDT dissenters were ultirnately unsuccessful. Its use in the US. was legitimated &y (a) 

the provisional tolenince levels for residues set by the FDA and (b) recornmendations 

explicitiy calling for its use that were issued to fanners by USDA tesearchers and other 



officiais at the experimentai stations and extension services. And if this was not enough, 

further adding to and reinforcing DDT's already great fame and reputation, in 1948 it was 

announced in Stockholm ihat Paul Muller of the Geigy Company, discoverer of the 

insecticidai properties of DDT, would be the next recipient of the Nobel Pnze of 

Physiology and Medicine for his contribution to public health. 

DDT was quickly and enthusiastically adopted into the U.S. civilian economy. 

5.5 Claims of Efficacy and Safety Dominate: DDT Substitutes for Incumbeat 

lnsect Controb because of  its Superior Performance 

The entry of DDT into the U.S. civilian economy was drarnatic, as declining m i m e  

demand was easily replaced by pent-up peacetirne demand that had been stoked by al1 the 

publicity. Supply and maaufacturing capacity was not a problem, as by the end of 1945 

"many repulable insecticide, chernical, and drug corporations are in or going into 

production [of DDT] with reasonable certainty of making substantiuf profis. '". 
Chernical plants and facilities were already in place, and experience with DDT had been 

built up throughout the war. Spraying equipment and airplanes, surplus fiom the war, 

were or quickly became available. In 1945, domestic sales of DDT more than tripled (in 

volume) those in 1944, at just over 3 1 million pounds of active ingredient, worth $17 

million. During 1946, more than 43 million pounds were sold and by 1950 annual sales 

were more than double this. Figures for 1951-52 indicate that totai U.S. production of 

DDT had increased by a factor of 10 since 1944. Sales of DDT alone reached just shy of 

$40 million in 195 1". 

The adoption of DDT for use against agricultural pest insect species was dnven by its 

supenor performance dong evaluation criteria that mattered to growers: it killed insects, 

dramaticdy increasing the yields of numerous crops; it could be applied safely; and it 



was cheap, as a single application resulted in a long residual killing effect. On this last 

point, DDT's persistence (although this term was not cornmon at the time) Business Week 

wrote in 1944 that "the qualiîy that sets DDT apart fiom other insecticides is what 

chemists cul1 its residuul effect. "" 

I examine here the adoption and enthusiastic acceptance by fanners of DDT for spraying 

in cotton fields and apple orchsrds. These "markets" for DDT were selected because 

they were the two biggest markets for insecticides at the time of DDT's entry into the 

economy. Additionally, 1 describe the enûy of DDT into three other markets: by growers 

of cimis crops; by dairy farmers; and by municipalities for use against the bark beetles 

which serve as vectors of Dutch Elrn disease. In subsequent Chapters, as 1 descrik and 

analyze the process of adopting substitutes for DDT, the exit of DDT from each of these 

same five markets is presented. 

Cotton is especially vulnerable to k t  pests, and cotton ha9 always been at the top of 

the list of crops to which the most agricultural sales of insecticides have been made. 

"Cotton is a plant that nature seems to have designed speciflcuïfy to 
attract insects. lt h a  green sucmfent lemes, many large, open jlowers, 
nectaries on every le# und flower, and u oust amount of @if. ... The 
digrence between a proft and a loss on any given acre of cotfon ofien 
depends entirely on whether the insects are controlled. " 

(Rahwater, for the USDA, 1952, p 497 & p 500) 

in the yean prior to DDT, nicotine was used against the cotton aphid, and lead arsenate 

dust had been used since 1908 against the cotton leafworm and other insects, but "never 

proved entirely satisfactory " against the bol1 weevil or bollwonn. indeed, until 19 16, the 

emphasis remained with culturai controls for the function of insect control on cotton. At 

that point, calcium arsenate was discovered to be highly effective against certain cotton 

Roduction and saks figures are h m  the CMA's Chernical Facts & Fi's (1 946, 1950) wwhich became 
the Chernical S'atktics Hudbmk as o f  its fourth edition (1 955). 
" Section VI "War on Bugs" in iir Report to Executives. Bwiness Week? 1944 1 1 25, p 66 
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pests and it became a 'proved insecticide aguinst the bol1 weevil, bollworm and cotton 

leafiuorm '". The era of  chemical controls had corne to cotton: 

"For the next three decades, [subsequent to 19161 ... research on the 
control cfcotton iwects war lurgely devoted to developing dusts and d m  
maures and methods of applying them. It was demonsirated during this 
period that insect pests of cotton could be economicali'y controlled und 
thot cotton production could be made profitable even under conditions of 
heavy uttack " 

(Rainwater, for USDA, 1952, p 198) 

Cotton, economically one of the most important crops in the United States, especially in 

southem States, was one of the first for which the USDA began testing the efficacy of 

DDT against pests during WWII. DDT was found to be effective against the bollworm, 

the pink bollworm, plant bugs and thrips, recommended for use, and quickly adopted. 

Against the first two species listed, both pre-use and pst-use evaluation of DDT was 

overwhelmingly positive: 

"Insecticidal conirol of the pink bollworm wm never successful on afield 
scale un til the developrnent of DDT. " 

(Cul& White, for USDA, 1952, p 510) 

"DDT is the most effective chernical so fur usedfor the bollworm. DDT 
dues not control the boll weevif, the cotton leufiorm. or the cotton aphid, 
however. Because one or more of them o/ten occlrr in damaging numbers 
at the tinte the bollworms occicr, it is desirable to use an insecticide that 
will kill two or more insects ut once. A dust mixture containing 3 percent 
of the gamma isomer of benzene hexachloride, 5 percent of DDT. und 40 
percent of s u & ,  commonly called 3-5-10, wos developed in 1946 /or 
cotton insects. It is one of the best ail-purpose insecticides /or use on 
cotton imects. " 

(Ewing, for USDA, 1952, p 5 13) 

As indicated in the quotation, because it did not control the boll weevil, DDT was often 

mixed with other substances for application to cotton fields. Besides knzene 

hexachloride (also known as hexachlorocyclohexane or HCH), listed above, these also 

" RWiwater (1 952). miting for the USDA. 



included other orgawchlorines such as toxaphene and chiordane. Pink bollworm control 

up to levels of 70% was achieved by applying DDT at weekly intervals during the pend 

when cotton is susceptible to pink bollworm attack. After the introduction of DDT and 

other organochlorines, net retums for every dollar spent on insecticides were fkequently 

between $20 and ~ 2 8 ~ ~ .  Average annual cotton yields pet acre jumped 75% nom the 

1930s to the 1950s, with much of the credit going to "highly effective insecticides ... 
Niiroduced afer World War II that controlled many cotton insects for which there waî 

little or no control previously", dong with herbicides and changed agriculnual 

With respect to apples, the yellow light of 1946 did not stop orchardists, who, facing 

increasingly difficult problems, began applying DDT that year. The light soon tumed to 

green however, with the USDA and extension entomologists recommending its use 

against the codling 1110th. This iasect, which in its larvae stage is the infamous wom in 

the apple, was by fat the insect pest species of most concem to apple growers: 

"As recently as 1944, apple growers throughout the United States j k e d  
thor the codiing moth wouldput hem out of business. ... 

Losses due to the codling moth reached aiarrning proportions during the 
1930's and 1940'9. Fbrtunate indeed wm the grower who could hold them 
down to 10 or 20 percent of his crop. Much larger losses were not 
unumaI. Despite the use of stronger spray mixîures and more fiequent 
und heavier applications, control became more and more difcult. The 
harder the orchmdists fiught the codling moth, the harder it w m  to 
control and the greater the idjury it caused. The codling moth was so al/- 
important that other pests received but scant attention. Thut was the 
situation when DDT w w  introduced to a discouraged industrry. 

(USDA cntomologist, Howard Baker, for the USDA, 1952, p 562) 

The spray mixtures refened to in the above quotation are of lead arsenate. This substance 

was widely adopted amongst apple growers just prior to the nini of the cenniry and, up to 

* Rainwater (l952), writing for the USDA. 
" Wamn et a1 (1998. p 755) 



the anivd of DDT, was the primary insecticide used in commercial apple production. 

For lead arsenate manufacturers, apples provided theù main market4'. 

But the continued use of lead arsenate was cornplicating and making more expensive 

famiers' operations. The codling moth was becoming resistant to lead arsenate 

applications, f m e a  were spraying more of it, and this was leading to significant residue 

problems. It even got to the point, at least in the northeastern States, that apples had to k 

washed in an acid solution before king sent to market to remove the lead arsenate 

residues. Obviously, both these things (more insecticide plus extra washing) increased 

growers' costs. And prior to DDT, "there wasn't a next best option", as lead arsenate 

was "pretty much the universal pesticide fir orchar& '@? Calcium arsenate and Paris 

Green were less efkctive and more phytotoxic. As one entomologist put it, the arsenicals 

"were fur fiom ideal and fiding fast '@'O. DDT was received by apple orchardists as an 

incredible solution to their growing problem: 

"First tested by a /ew growers on a large scale in 1945, DDT becane 
generally available to the indwtry in 1946. It promptly proved its worth 
in checking the codling rnoth and soon displaced Iead arsenate or other 
materials in most spray programs. Time fy, thorough applications of I or 
2 poundî of a 50% DDT wettable powder per 100 gallons of spray in an 
average of three to six cover sprays, depending on the region, brought the 
codling moth under control. Growers who had become accustomed to 
fosses of 15% or more of their crop me now dissatisfled with lusses 4 
more than 1 or 2 percent. Many have losses of less than I percent. " 

(USDA entomologist, Howard Baker, for the USDA, 1952, p 562) 

Apple growers were enthusiastic about DDT because it solved a multi-dimensional 

problem confionthg them: it controlled the codling moths; it was not phytotoxic; it did 

not lead to residue problems; and it presented no h d s  for applicatoa nor anlliials. Ail 

in dl, "DDT was the answer to a great needfir apple growers "." 

Shepherd (1951, p 18) 
49 G l a s  interview 

Glas interview 
G l a s  interview 



5.53 ci'trus 

Phor to the arrivai of DDT, cimis growers were not important usen of insecticida. 

Indeed, it was on citnis crops that biological controls had achieved one of their greatest 

success, when vedalia beeties (also hown as lady beetles or ladybirds) were introduced 

into California groves in the late 1800sS2. These beneficial insects controlled the 

"cottony cushion scale" Icerya purchusi. 

But citm thrips remained a problem for the plants, and mosquitoes were a nuisance for 

grove workers. DDT was famous for its effectiveness against mosquitoes, and during 

WWII testing it was demonstnited to be quite toxic against citnis thrips. So by 1945 it 

was king enthusiastically applied by citnis growerss3. 

" U p n  my return a/lr this work in the south of California, the fume of 
DDT had spread. It was fuund to be a rather effective control for the 
citrw thrips in the Ce~tral Valley of California, and it was 
enthusiasticaliy applied in 1945. " 

(De Bach, 1969, cittd in Henkin et al, 197 1, p 130). 

As DDT was behg introduced into agricdture, it was not just applied O field crops. It 

soon came to be w d  in formulations applied directiy to livestock and fowl, as well as 

those applied to the barns they lived in. The w of DDT in and around dairy barns grew 

quickly. Anyone who has ever visited a dairy barn can attest to the seeming 

omnipresmce of flies. Arsenicals were too toxic for this use, and while botanicds were 

safe enough, they were expensive. 

Dairy barns represent a market for DDT that was heavily promoted. Consider these 

extracts h m  the books written about DDT: 

Hagen & Franz (1 97 3) 
Hagen & Franz (1 973) 



"Contented Cows: ... Insects attack us; but they also attack other animals. 
Ordinarily this wouki not interest w in the least, but where the cow is 
concerned we do take a personal interest. Our interest, of course. is 
entirely selfsh. n e  mere fact t h  cows might suferfiomjly bites is not, 
in itself; suicient reason for us to killflies that attack the cows. But we 
get milk f om cows, and - ut least so we h m  been told - a cow must be 
contented ifshe is to give large quantities o f  wholesome milk ... In thefiw 
yeors since DDT first became mailable, thousands of duiry barns have 
been treated with no damage to the livestock but with a great inprovernent 
in Bossy 's life and with more milk for the jàmer. Reports indicate that 
COMT pestered wifh f ies giw 3 to 8% less ntilk than their 11'-fiee sistem . . . 
A 5% DDT-kerosene spray, a 5% emulsion or a 2.5% dispersion of 
wettable powder (approximate 2 poun& of 50% wettable powder to 5 
gallons of water) are al1 satisfuctory for application to barns ... For direct 
upplication to the unimais. the oil solution, of course, shouki not be use4 
but either emulsion of the dispersion of wettable powder con be applied 
without harm to the animals ... When applying the spray, purticular 
attention should be paid to the belly, rump, and back ... An alternative 
method of applying DDT O animals is by means of a dip .. " 

(Zimrneman & Levinc, 1956, p 109) 

"A heavy DDT spray - 5 per cent solution or suspension - sprayed on 
walls and partitions clears barns and other buildings& the protection of 
diary and other cattle, us successfiZl'y as if clears human habitations. This 
residual spray, used ut the standard 1 gai. per 1,000 sq. fi.. is the best 
technic for using DDT. In the North Dakota report quoted above, a 1 O per 
cent dwt was/ound only pr t ly  eflective agaimtflies in livestock barns, so 
that it became necessary to resort to jly spraying ut milking time. " 

(Lcary et al, 1946, p 95) 

The aâvertisement by Pem-Salt Company in Time magazine in 1947 that depicted a 

housewife, a cow, a dog, a chicken, an apple and a potato, al1 dancing together and 

singing "DDT is good for me-e-e! " specifically addressed dairy barns: 

"box-Out for Dairies - Up to 20% more rnilk. more butter, more cheese. 
test prove greater milk productio~ when daky CO ws are prorectedfiom the 
annoyance of many insects with DDT insecticides like Knox-Out Stock and 
Barn Spray. '" 

(Time, June 30,1947) 

With production gains like those mentioned in the above quoîations at stake, dairy 

fanners quickiy became important users and purchasers of large quantities of DDT. 
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S.s.5 Dutck Elm Discase Vectur Control 

Another market, opened later than those in agriculture, was the spraying of DDT against 

Dutch e h  disease. This disease is caused by a fungus that is spread by bark beetles 

which are therefore known as the disease "vvector". The fact that this disease attacked 

predominantly ornamental elm trees located in parks and dong streets where adults and 

children were to be found meant that treatments with anenicals were never practical". 

Cultural insect contml methods, like the removal of dead or dying trees, were the 

alternative most oAen employed. But the arrivai of DDT gave government scientists and 

municipalities worried about their elrns hope that the disease might be overcome. 

DDT was found to be toxic to these beetles as early as 1947 when the Bureau of 

Entomology and Plant Quarantine began an experimental spray Smn, the 

BEPQ was recommending DDT against Dutch elm disease, and communities were 

adopting it. Official Dutch elm disease spraying programs were launched as early as 

1949. By 1964, the equivalent of  over two million acres had been sprayed with DDT* 

mostly dispersed with large volumes of water and with doses ranging fiom 2.5 to over 17 

pounds of active ingredient per tree". 

5.6 Substitution as a Consqueice of TooCMakiig 

The entry of DDT into the five different markets just discussed is an example of what 1 

cal1 in this thesis "substitution as a consequence of tool-making" (or artifact-making). 

nie critical dynamic that triggers and drives this type of substitution occurs largely in the 

commercial or indusrrial arena of society. It is a prucess that is relatively well- 

understood in the business strategy and economics literature, as compared to the other 

types of substitution desctikd later in this document. The stories are familiar, especially 

for Cotton and apples where DDT clearly displaced an identifiable cornpethg product (as 

" huilap (1981, p 79) 
'5~un~ap(1981,p8~) 
'6  Rudd (1964, p 33) 



opposed to a systent of activities and techniques which was the case with the 

displacement of biological and cultural contmls by DDT). Al1 cases represent instances 

of what might be temed "normal" marketplace cornpetition by R&D-intensive fimis. 

Fimis searched for and discovered a product whose measured performance was higher 

than that of the incumbent products dong the evaluation critena of relevance to - and 

attended to by - domain actors at that tirne. DDT was adopted based on its superior 

perfomance/price ratio: it helped f m e n  and other users to achieve higher insect control 

at a lower cost than what they were previousiy using. hcumbent controls, iike the 

arsenicals, were no longer the best insect control choice. In effect, the "Eficiency" of the 

incumbent insect controls was successfully challenged by those f m s  promoting and 

selling DDT. 

1 wish to draw readers' attention to three key points which characterize this type of 

substitution process: 

(1) First, these substitutions were triggered and àriven by the appeanuice of DDT 

in the commercial marketplace, an artifact which reached and surpassed the 

performance of incumbent products. Had DDT not appeared, the incumbent 

insect controls would not have changed. Each had its problems and shortcomings 

which set the stage for DDT, but it was the arrival of DDT which triggered the 

substitutions. 

(2) Second, the evaluation criteria and decision d e s  employed by actoa in the 

pesticide domain to define what constituted superior insecticide ''performance" at 

the tirne of DDT's entry into the economy were longstanding ones. This is 

Unportant because, as we will present in Chapter 6, later this definirion of 

performnce came to be contested and this was critical to substitution events and 

the exit of DDT from certain markets through a process 1 term ''substitution as a 

conxquence of nile-making't. But at the tirne of DDT's amival, the evaluation 

criteria used to evaluate DDT were stable: efficacy (operationalized as high 



toxicity to a wide specûum of insects, with long residual action) and safety 

(operationalized as low acute toxicity to humans). 

(3) Third and finally, there was no uncertahty, ambiguity or controversy as to the 

performance level of  the incumbents; when compared to DDT, the arsenicals were 

undebatedly less toxic to insects and more toxic to humans. This is important 

because, as 1 will present in Chapter 7, the measured performance of DDT did 

come to be contested later and this was criticai to substitution events and the exit 

of DDT from certain markets through a process 1 term "substitution as a 

consequence of fact-making". Stated in terms of the conceptual language 1 am 

advocating, the dominance of incumbent ''tools" was overtumed subsequent to the 

appearance of a challenger tool, through the application of existing decision 

'hiles" and without falsifying any 'Tacts" as they stood at the time. New 

information about the effcacy and safety of DDT was generated, and was 

certainly important in insecticide wrs' and regdators' decisions, but it did not 

falsify users' beliefs about incumbent products. This information was 

commensurable with existing beliefs. These new facts about DDT were 

complementary additions to - rather than substitutes for - the existing set of facts. 

Specitically, in the tool- or artifact-making arena, actors (agrichemical firms in the case 

of DDT) searched for, developed or ''made" products (Le. DDT) which they believed had 

potentid for k ing adopted, then brought these to organued structures of exchange (i.e. 

to "markets") where they demonstrated their superionty in terms of perfomce/price 

ratio. DDT resulted from systematic and smictured problem-solving search inside a 

private commercial fim that was guided by clear idea of what was being sought. Muller 

detailed this neatly in his Nobel Lecture when he described an "ideai" agricultural 

insecticide. Muller and Geigy set out to 'make" a ''ttool" with particular characteristics 

and properties. Once discovered, this new artifact or tool, DDT, was brought to market 

where it was demonstrated that it "outperfomed" the incumbent insect conirol techniques 

- some chernical, some cultural, some biologicai - dong the evduation criteria in place 

and pmxcupying actors at the tirne. 
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The term "outperfomed" is a good one becaw it explicitly makes the comection to a 

product's "performance" or "perfocmance/pnce ratio". The quasi-monopolistic 

dominance of incumbent artifacts was challenged and successfully contested with appeals 

to and demonstrations of the aew tool's "Efficiency": cotton crop yields wouid increase; 

dairy cattle milk production would uicrease; apple losses would be reduced; etc. The 

actors who promoted the new tool understd and satisfied the demand for products with 

a particular functioaaiity (i.e. tmls which when used produce certain outcornes) at the 

lowest price possible. Note that in such contests, the fate of the promoters of a particular 

tool is closely linked to that of the tool. In other words, it is dificult to separate the fate 

of h s  fiom the fate of the products they are selling. Through this process, new artifacts 

substitute for older incumbent ones. 

Consider the cases of cotton and apples, where the substitution was "pure" in the sense of 

a product rcplacing a product (rather than a system of activities as with biological or 

culturai insect connol). DDT substituted for calcium and lead arsenate because it 

outperfomied those molecules. Both customers (Le. f w e n )  and the institutionai 

gatekeepen (i.e. the regdatory bodies; FDA & USDA), although each had their own 

distinct view of what constinited acceptable and superior performance, were ultimately 

satisfied with the new substances. DDT had dramatically higher eflcacy and safity as 

those ternis were understood and operationalized at that time, and was less costf'y in 

addition. 

In the literature on technological evolution, a new artifact which represents a major 

breakthrough in terms of performance, as DDT certainly did for insect control, is termed 

a '?echnological discontinuity". Such discontinuities are typically followed by an "era of 

ferment'' wherein many variations on this new theme are tried and expenmented with 

until use patterns crystallize mund one. As a particular design becomes more and more 

widespread, it ôecomes imtitutionalized into the "dominant design". This was precisely 

the case with DDT; its discovery and commercial success led to an explosion of RBrD 

activity as agrichemical fms poured ever-increasing arnounts of resowces into a search 

223 



for insecticidal organic chemicals, much of it "local search" amongst other chlonnated 

hydrocarbon molecules as well as the organophosphates just subsequmt to WWII. But 

until its substitution - in different markets for different reasons and through different 

processes, described in subsequent Chapters - DDT and the other organochio~es was 

certainly the "dominant design" for insecticidal molecules, remaining at the top of the list 

of insecticides until the mid 1960s. 

5.7 The Rise of DDT and Other Synthetic O y n i c  Chemical Controlr 

5.7.1 Froni DDT Io ûtker OrgorocMorines and Newer Synîhetic Organic Substmces 

Stones similar to the ones recounted above can be told for most ocher comrnercially 

significant agricu1tura.i crop in the United States, including major ones like tobacco and 

corn, as well as a host of more minor crops like beans, potatoes, peanuts, cabbage, 

cauliflower, brussel sprouts, sweet peppea, pimentos, onions, and garlic to name just a 

few. DDT came to be used almost everywhere: 

"The specmm of insecticidal activiîy shown by DDT is remarkably broad 
and it is fur easier to disms the pests which are not controlled 
satisfactorily ~hun 10 discurs the whole range of DDT's practical 
opplicatiuns ". 

(Brooks, 1974, vol 1, p 28) 

That DDT "revolutionized" insect control in agriculture is still achowledged today by 

entomologists and agricultural scientists: 

"ln the agricul~urui field the c h i c a l  control of phyrophageous insects 
wus revolutionized by the appearance of DDT. " 

(Perry et al, 1998, p 32) 

Led by DDT, synthetic organic insecticides quickly displaced inorganics and botanicals 



and a number of these early substances continue to fïnd uses in iosect coatrol today. But 

the phpical and dollar volumes transacted are very small compared to those of synthetic 

organic molecules like DDT, other organochlorines and the organophosphates. As early 

as 1948, lead arsenate production had declined 73% fiom its 1944 peak levelss7. 

Sirnilarly, calcium arsenate production had declined 69% h m  its 1942 peak levels by 

that same year?a It can safcly be said that organic chemical controls substituted for the 

inorganics and botanicds in the p e n d  just subsequent to WWII. 

Throughout the 1940's, the success of DDT "provided a tremendous worldwide stimulus 

to insecticide research and a greut deal of structural analogues were made in a very 

short time A number of compounds with insecticidal properties were uncovered. 

Typically, activity against one species would not guarantee activity against another 

species, and so while some molecules outkilled DDT against certain insects, none 

outpefiormed it against a broad spectrum of insect species. 

A glance at the molecular structures of other chernicals in the DDT family of substances 

detailed in Chapter 3 provides an excellent illustration of the role of "local search" in 

technological progress. Many of these molecules are identicai to DDT except for a few 

changed atoms or bctionai groups. Many, many DDT analogues were experimented 

with. Indeed, the 1950 book by West and Campbell summarizes the insecticidal 

properties of more than 100 molecules derived fiom DDT's basic structure. 

As was presented in the introduction to various chemical families in Chapter 3, the years 

immediately following WWII were good ones for the agricultural chemical industry, 

filled with nurnerous discoverîes of molecules with insecticidal properties wananting 

commercialization. Many new active ingredients were innoduced between 1945 and 

1955, mostly organochlorines (including: DDT, DDD, methoxychlor, dicofol, aldrin, 

dieldria, endrin, chlordane, heptachlor, and toxaphene), but also the first 

Cakulations of % reductiono were made with figures fiom Shepherd (1% 1, p 22). 
" Calculations of % reductions were d e  with figures h m  Shepherd (1% 1, p 23). " Brooks (1974. p 14) 
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organophosphates as well (including tetraethylpyrophosphate or TEPP, ethyl parathion, 

methyl parathion, and malathion). Al1 of these substances became major insecticides 

enjoying much commercial success. The first carbamates (isolan, pyramat, pyrolan) and 

pyrethroids (allethnn) were invented during this period, but their moderate to low 

effectiveness combined with the high cost of their synthesis meant that they were quickly 

abandoned. The first major carbarnate insecticide to enjoy commercial success did not 

corne until 1956 (carbaryl) and, among the synthetic pyrethroids, it was not until 1972 

when a molecule nom that family (fenvalerate) achieved commercial success against 

agricultural pests. 

DDT heralded a new era in the agricultural chernicals industry, which grew dnimatically, 

"by leaps and b ~ u n & " ~ ~  over the decades following WWU, according to NACA's 

officiai historian, and evidenced by a consideration of its irnpressive statistics. In just a 

few years following WWII, pesticide sales climbed quickly to reach $146 million by 

1950~'. The volume of pesticide active ingredients applied in the United States increased 

by more than 6 times in the paiod fiorn 1934 to 1979~~. On a per capita basis, this 

represented an increase fiom 1 4  lbs per U.S. citizen to 5 lbslciti~en~~. By 1997, 975 

million pounds of active ingredients worth $1 1.9 billion were used in the United States, 

with 129 million lbs of these king insecticides and miticides with a value of more than $ 

3.5 billionw. Worldwide pesticide sales surpassed $3 1 billion in 1996~~.  

As briefly explained earlier, the success of pesticide products fùeled demand for more of 

them. As more and more pests came under control and crop yields rose, so did fmers' 

expectations as well as the incentives they had to M e r  protect their higher yielding 

crop acreage. Once the original "insect problem" was dealt with, industry, agricultural 

scientists and famiers m e d  theu attention to other "pests ". Whereas in the first half of 

this centuq the agricultural chemicai industry was basicaily just the insecticide industry, 

- -- -- 

a Haytey (1983, p 21) 
Haytey (1983, p 24) 
Aspelin (1999, Ch. 4, p 4). Calculations are for "convcntional" pesticides. 

" Aspelin (1999. Ch. 4, p 6). Calculations are for bbconventionaI" pesticides. 
" Aspelin (1999, Ch 3, p 9 & 14). 
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soon hgicides and herbicides came to play a much bigger role. Indeed, herbicide sales 

began to top those of insecticides after 1965, and over time the place and importance of 

insecticidal compounds in the industry and within the product portfolios of the dominant 

larger finns declined. The herbicide market is currently just over four times that of 

insecticides in tems of volume sales but not quite double in tems of dollar sales." 

Insecticidal molecules are more valuable on a per pound basis. 

A number of factors conmbutcd to the incredibie growth enjoyed by insecticide 

producers after the introduction of DDT. Clearly, the dramatic improvements in 

performance of the synthetic organic compounds over the arsenicals and botanicals 

helped them to achieve temarkable penetration of the markets existing at the time. In 

addition, many of the new insecticidal chernicais were complementary. For instance, 

DDT was often combined with a bit of pyrethrum in household fomulations becairse of 

the latter's quick "knockdown" action, giving housewives quick visible evidence that, 

yes, the flies were dead. Ineffective against the bol1 weevil, bollwonn-killing DDT was 

combined with toxaphene or dieldrin by cotton growers who sought formulations with 

killing power across the total spectnim of cotton insect pests. in addition, the properties 

of these new molecules permitted expansion into new markets and uses. This was fbeled 

and facilitated by the developrnent and adoption of both new attitudes and new 

cornplementary technologies. Insects, once a common or at least unremarkable fature in 

homes, suddenly became intolerable and housewives a m ~ d  themselves with an 

impressive arsenal of "bug bombs", sprays and dusts. In agriculture, aerial spraying took 

off. Perfected and comrnercialized in the early 19209, this application technique was not 

used extensively on crops other than cotton until after W W I  because of its cos4 but 

"DDT changed thut situationfd7. By 1952, more than 5,000 airplanes were equipped for 

aerial spraying of insecticides, and more than 500,000 hours were king flown a ~ u a l l y  

" A p w :  World Cmp RMcftion News, 1997 07 1 1 
' Aspelin (1999, Ch. 4 & p 6). " Yuill et al. for the USDA (1952, p 252) 
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be pest-control aircraft6', much of this made possible by DDT, a substance with 

properties ideal for this application, at least as seen by employees of the USDA: 

"Sme day it may be said that the air age in insect control arrived with 
the discovery of the unusuol values of DDT during the Second World 
War, " 

(Yuill et al, 1952, p 252) 

Besides agriculturai crops. the combination of new insect killing chernical technologies 

with new application technologies meant also that new forestry uses of insecticides - 
mostly DDT throughout the 1950s - were also identified as king "economic". Vast 

swatches of trees could be sprayed to protect them fiorn injurious species like the spruce 

budwom or the tussock moth. In 1947, the Forest Pest Control Act was passed and 

approved by Congress. It authorized the cooperation of the federal government with 

States or even private interests against forest insect pest species, recognizing a "need" for 

control of forest irisects and diseases. Chernical controls substituted for cultural insect 

controls in forestry. 

5.7.2 Erudicatiom becornes the Goal, and Biologicai Controls become MatginaIized 

The new synthetic organic insecticides xemingly opened up a vast universe of 

possibilities for more and more insect control. Economic entomologists and the USDA 

began to speculate optimistically, and very publicly, about what was viewed at the tirne 

as an attainable and desirable ideal: eradication of k e c t  species: 

" We h o w  fhat insects have mrvived ... and that they are endowed wifh 
marvelous mechanisms by which they should be able to survive fir many 
more years. ... Yet Igive an unqualifedyes to the question %an insects be 
eradicated?'". It b possible tu w@e out destructive insec& und desirable 
to do so. " 

(Lyle, 1952, p 197) 



DDT changed the goals of those working and researching insect control from m e n  

control and contaiment to complete eradication. In the presidential address to the 58th 

annual meeting of the Amencan Association of Economic Entomologists, entitled 

'*Achievements and Possibilities in Pest Eradication", Clay Lyle summarized the 

situation and laid down the following challenge: 

''The Cecent progress in the deveiopment of mew insecticides and insect 
npelIents hm not 6 e e ~  equaled in dl Mstoty. . . . 

"The improvement in methodr of application of insecticides merits no less 
priaise. ... 

"Sufice it to say that ut no previous time in history have the achievements 
of entomologists, working in collaborution with chemists and engineers, 
been of such universal value as to make in so short a tinte the name of an 
insecticide[DDT] a common word in every household however humble or 
remote. The entornologist Las becorne a wiurd in the cyn of the 
uninitiated - and indeed sorm of the ackièvements seem liWe shorî of 
magiç 

"U, i l ing  evidence of this rise of the entmnologist in popular favour is 
shown in increused expenditwes /or pest control. mese increuses in most 
cases are fir beyond those justfled by rising prices and upparently 
indicote a willingness to follow the leadership 4 entomologists in 
attacking problems which have long needed attention. 

" Wirh al1 of this scientifc progress and with the world believing in o w  
ability to accomplish greut things, should we not consider whether Our 
pst-war pluns in entornology - local, national and international - are os 
comprehensive and as challenging as this fiourable situation justifies? 
1s not this un auspiciou time for entomoIogistx to launch determined 
campoigns for the romplete extermination of some of the p u ~ s  which 
have pIagued ma# through the ages? ... 
"ln conclusion, may 1 plnd for your serious co~~sideration of the 
p ~ p s u h  for eradication of these age-dd pcsts. Let us not be satisfied 
with anyihing less thon a pst-wur program which will challenge the 
imagination of the world ... Unless we can enlist the aid of farmers' 
organizations, public health agencies, schools, chambers of commerce, the 
press, civic clubs, ciîy and country oflciafs, fegisators and members of 
Congress, we shull not succeed [at eradication]. Mrry I urge thut you read 
the article in The Amencan Scientistfor Januuty 1946 entitled "Scientists 



Should Knock at the Door of Politics' by M.L. Cook. We mua deveiop 
pol&kal knowhow tu secm fun& and cooperation in exectiting our 
pIuns. ... In the wordr of Daniel Hudron Bunham, let us 'Make no litîle 
plans. They have no magic to stir men's M d '  " 

(Lyle, 1947, p 1 & 8) 

The last few lines are telling. Those doing science - making facts as 1 put it - were far 

h m  naive about the need to "enlist" or "enr011"~~ supporters and to build coalitions. 

Entornologists - especially those at the USDA - picked up the challenge, and by the mid 

1950s, had secwd b d s  for large scale spraying programs aimed at eradication. Insects 

targeted by the USDA in such campaigns included the gypsy moth, the Meditenanean 

fhit fly, the Khapra beetle, the gypsy moth, the bark beetle vector of Dutch e h  disease, 

and the fm ant. These programs required incredible volumes of insecticides to be 

applied via indiscriminate spraying over massive areas including populated suburbs and 

recreational lakes. 

Al1 of these new uses and markets for insecticides, combined with the contingent and 

economic status of pests, meant that as DDT, its organochiorine relatives and other new 

synthetic insecticides entered and penetrated deeper into the economy, fiequently they 

wcre not competing with old products and hence did not have to "steal" market s k .  A 

substantial market was king "cmited", not "conteste&' away fiom incumbent products. 

And as more products became available, more and more insects becarne "pests". Once- 

tolerated insect damage suddenly become intolerable. This avoidance of head-to-head 

cornpetition during the entry of DDT into many parts of the economy is significant 

because it meant that no industrial actors had an obvious interest to contest or resist this 

technologicai change. No actors from the commercial arena were available to fom a 

coalition with the dissident actors fiom the scientific arena, mostly economic 

entomologists favouring biological controls as well as a few suburban dwellen who 

objected to the periodic rains of milky white DDT solution coming dowu fiom the skies. 



DDT and synthetic organic chemicai controls soon crowded out alternatives, not ody in 

the marketplace, but in science as welf. Those favouring biological controls were 

increasingly marginalized within their discipline, even '30 long ridiculed by the 

dominating chemical control proponents as a lunaticfiinge of econonzic entomologists "'O 

by the arrivai and success of DDT. The research priorities within science shifted dong 

with the boom in research within the chemical industry. This is illustnited in Table 

Table 5.7.2.1 - Patterns in Aadied Entomolonical Rmearch 

Pattema in rpplieâ eatomologkrl marich ovar r prriod of U yarn, 
a8 ntkctd In Joumrl of Economic Entomology 

Papers (percent) 1927-1 970 

Generai biology 45 40 27 28 13 13 23 16 20 22 
Insecticides 44 46 58 60 76 79 64 62 42 43 
Biological control 3 7 6 8 4 3 7 8 9 6 
Other measures 8 7 8 3 7 4 6 14 29 29 

* Table is fiom Joncs (1973, p 326) 

In the Journal of Economic Entomology, the percent of papers addressing the generai 

biology a n d h  biologicai control of insects fell by one half while that devoted to the 

testing of insecticides and other aspects of chemical controls rose by aimost a third. 

Economic entomology came to resemble even more applied chemistry as "pesticide 

pupers cleorfy dominated the contents of the journa/. "". Writing in their "History of 

Biological Contd",  entomologists have noted the same: 

Note chat "enlist" is Lyle's own tenn, fiom the quotation; it obviously has a meaning sirnilar to Chat of 
"enroii" as that tenn is used by Latour (1987). 
" ~ o u n  & Smith (1971, p 5) " Jones (1 973. p 326) 
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"Through the lute 1940s and into the 1960s chernical control of insect 
pesrs with persistent organic insecticides was so spectaalur and 
successfil that the biologicaI conml approach received little support. In 
fact, it tas consideted passe except for a jew research centers. 
EntornoIogrCul research, in general, u h  sufered a setbock for it war 
thought thut little had to be known about the ecology or biology of insects 
to bring about insect reduction with the new chemicals. " 

(Hagen & Franz, 1973, p 435) 

By the way, the increase in papers on "other measures" in the later years in the Table 

re flects papers "concerned w ith the consequences of pesticide use (resistunce. residues, 

wildl* effects) rather than the connol meesures themselves "", which 1 address in my 

discwion of the fa11 of DDT, yet to corne. 

S. 3 The New Era uf Synthetic Oqamic Chentical ContoLr Tri&gers Regufatory 

Change 

Besides science and industry, DDT and its huge success also had an impact on the 

regdatory regime in the pesticide domain. In response to the growing number of new 

synthetic chemicals flooding ont0 the market, many of them quite acutely toxic to man 

and marnmals especially among the organophosphates, the Federal Insecticide, Fungicide 

and Rodenticide Act (FIFRA) replaced the 1910 insecticide AC? As its name suggest, 

its rope  of coverage of economic poisons was wider than the Act it replaced, expanding 

to cover denticides as well as herbicides. Like the Act it replaced, it was admllllstered 

by the USDA. For the k t  time, it required registration of pesticides with that 

Department. FIFRA 's purpose was to "regulate the marketing of economic poisons and 

devices by means of a registration and labeling procedure which requires producers to 

present evidence of the safity of these producis when used as directed and their 

Jones (1973. p 326) 
" This discussion hm knefited geatly h m  the following works: Bloom & Degln(l%9); Blodgm 
(1974); NAS (1980); Dunlap (1981); NRC (1987): Briggs (1992); Wargo (1996) 
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effectivenessfor the purpose stated on the label. "". It prohibited shipment in interstate 

commerce of adulterated, misbranded or unregistered products. 

It should be noted that FIFRA did not assert federal authority over state registrations, but 

was meant to supplement intrastate registration procedures. But following FIFRA's 

adoption at the Federai level, the Council of State Governments adopted and published 

registration d e s  biwd on FIFRA as "Suggested State Legislation", and many States 

enacted similar legislation requiring registration and labeiing as a prerequisite to their 

lawful introduction hto intrastate commerce. So although, technically, a myciad of laws 

apply to pesticides in the United States, for al1 intents and purposes the legislation of 

reference is FIFRA. 

FIFRA made no provisions for, and containcd no niles governing, the actual use of 

pesticides. It was essentially a labeling law: pesticides were to be safe and effective 

when used according to the labels appearing on them, which had to be registered with the 

USDA". The "safety" referred to here was that of pesticide applicatoa and farmers. To 

apply for a registration, manufacturrrs were obligated to funiish "a cornplore copy ofthe 

labeling uccompnying the economic poison and a sfatement of ail daims to be made@ 

it, including the directions /or use." Claims about effectiveness and safety were 

reviewed and could be challenged. A full description of tests made and their results had 

to be furnished as well "ifrequested by the Secretury of Agriculture. ' j7*  

FIFRA applied to individual formulations and not just the technical mixtures registered 

by the manufactwers of active ingredients. This meant that upon its enactment it created 

a huge amount of work, as d l  existing pesticide products had to be registered and USDA 

employees were warned in a memo at the time, "ifyou're not processing 50 applications 

o duy, yyou're hoking cri them too closely. "" Such an attitude made sense, given the 

provisions of a controvenial section of FIFRA which created a loophole by which 

" Pesticide handbook ( 1974, P 9) - .  - " Briggs (1992) 
" FIFRA (1 947). r e p ~ t e d  in B loom & Degler (1 969) 



manufacturers could easily obtain a "registration under protest" which permitted 

marketing, pending the outcome of a full investigation, of any substance refwd by the 

USDA. In other words, if an application for registration was originally denied, or if an 

existing registration was cancelled, the pesticide continued to be sold. Arnbiguity over 

what constituted a full investigation meant, essentially, that any pesticide that became 

embroiled in controversy leA the economy only if it was voluntarily withdrawn by the 

manufacturer. The USDA shouldered the burden of proof of a substance's lack of safety 

or eficacy until this loophole was closed and the burden of proof reversed in 1964, in the 

wake of the publication of Rachel Carson's Silent Spring. Prior to thaf few hiIl 

investigations were initiated7*. 

NACA supported FIFRA and its requirement for product registration as a mechanism for 

clarnping down on ineffcctive products which proliferated dong with the anay of 

increasingly dificult and technicd choices available to users. They wanted a ' 'jëded 

stamp of opproval"79 on their products; that arsenic was toxic fanners knew, but 

suddenly they were confionted with a bewildering array of Uwct control products with 

awkward chernical names. The Iegislation generated little confiict and linle public 

notice. Upon its passage on lune 26, 1947, the New York Times ran only a small 

Associated Press item on page 26 entitled "New Law fo Color Poisons" reflecting 

FIFRA's stipulation that economic poisons be coloured to "lessen the chances of 

housewives putting bug kiIIer imtead of baking powder into their biscuits "? That such 

major regdatory refonn received such little attention is a reflection of the public's and 

others' (lack of) concems at that time; they had confidence in goverment, in science and 

in the marvelous stream of new technologies resulting from WWII research that were 

king bmught to market; '%technical" issues were left for experts to discuss arnongst 

themselves. Pesticide registration was viewed by al1 as a mere administrative matter. 

anonymous EPA employec who hm seen the memo 
Bladgett (1 974, p 220) 

'P Bos0 (1987, p 54) 
'O New York Times, 1947 06 26 



It was not until the 1950s that an official public debate took place over how the new 

synthetic insecticides affiected the safety of anyone other than famien. This occurred at 

the hearings before the House Select Cornmittee to investigate the Use of Chernicals in 

Food Products, with James J. Delaney of New York as Chahan. Looking into ail of the 

issues surrounding the growing use of synthetic chemicals dong the chah of activities 

involved in supplying and delivering food fiom famers to final consumen, with respect 

to pesticides the committee was " ... authorid and directed to conduct a f i I I  and 

cornpiete invesrigution and study of ... the nature. extent and eflec~r ofthe use of pesticides 

and imecticides with respect to food and foodproducts, particuIariy the eflect of such use 

ofpesticides and insecticides upon the heaith and wevare of the consumer by remon of 

toxic residues remaining on such food andfiodproducts as a result of such use. " " 

The centrai problem at issue was, as before, residues. Along with consumen* groups, the 

food processing industry wanted to settie the many questions surrounding tolerances. 

With more and more insecticides and other agricultural chemicals king w d  on more 

and more crops, manufactwers of canned foods were finding it almost impossible to 

secure uncontaminated raw materials. without detectable quantities of residue. Firms 

making baby f d s  were especially concemed, and had begun to implernent costly 

residue detection and meanuement routines in response to the near impossibility of 

finding residue-ke produce'2. With questions of safety unsenled, the uncertainty over 

what would be acceptable and even legal was dificult to resolve. 

The committee heard from xientists (food and nutrition xientists, medical authorities, 

biochemists, etc.) indu- (chernical companies, food companies, growers, canners, etc.), 

govemrnent (USDA, FDA, PHS) and others concerned about public health. NACA came 

out against any changes to the cunent mies, which readers will mal1 allowed the FDA to 

set enfiorceable tolerances that others wished to contest only after extended and costly 

hearings at which zhe FDA effectively bore the burden of proof of a substance's hazard. 

" HearQs before the House Select Cornmittee to lnvestigate the Use of Chernids in Food Roduu. 
House of Representatives 8 t st Coiigress, second session (195 1, p 1) 

Dunlap (198 1. p 68) 
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The cunent set of d e s ,  NACA claimed, was sufficient for pmtecting the public interest, 

as evidenced by these excerpts h m  the testimony of its executive secretary, Lea S. 

Hitchner: 

"î3i.r association and members of the chernical industry are vitally 
interested in the health of the public. ... 

"Eristing legislation makes possible cidequate protection of the public: 
We want to emphasize that pesticides are not sold wirhout legisiative 
control. I h o w  of no other industry which has to comply with more laws 
and regdations in order to sel1 its products. ... 

" We are convinced thut no new legislation is necessary in order to protect 
the public heaith. If; on the other han4 the committee is of the opinion 
that there is need for facilitating the enforcement of the present laws and 
regtrlations and encouraging original research and development of new 
products, then consideration might be given to the simpI1;1Fcation of the 
present residue derance procedure to m a k  it more rapid. less expensive 
and more realistic. " 

In the process of making and defending this strong asseriion about the appropriateness of 

existing d e s ,  NACA was forced to disagree with other important and credible groups, 

including the Amencan Medical Association. After king read a statement issued by that 

organization's Council on Foods and Nutrition, which concluded that "essential 

information is underdeveloped for maty of the econontic poisons now in use ", the 

following exchange8' twk place: 

Hitchner: 

I disagree with that statement. 

Committee Chief Counsel: 

You disagree with the American Medical Association? 

Hitchner: 

I do und I think the cornmittee h a  definiteiy changed its position [...] 

Hearuigs before the House Sckct Committee to lnvcstigate the Use O€ Chernicals in Food Roducts, 
House of Rcpresentatives 8 1 st Congress, second session (1 95 1, p 367) 
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Committee Chief Counsel: 

Hme they issued a supplemental statement changing their viewpoint? 

Hitc hner : 

No; Ido not know; I have not seen one. 

Comrnittee Chief Counsel : 

Wy do you not ask them to? 

Hitchner: 

Well, we are cooperating with them. They have a cornmittee on pesticides. 

We think it is very sound They ore directing their efforts to educating the 

ductors in country towns on how to treat cases of poisoning due to these 

agriculturol chemicals. We think they have a definite place and are part 

of the sound education of the public in the use of these materials. 

Cornmittee Chief Counsel: 

I reput, Mr. Hitchner. that as of January 1, 1950, the American Medical 

Association said that much essential information is underdevelopd for 

many of the economic poisons in use. 

Hitcbner: 

I would l ik  to ask them on what basic chernical that information is not 

developed G. .] 
Committee Chief Counsel: 

Whal is your academic background, Mir. Hitchner? 

Hitc hner: 

[...] I quit both and went into business. 

Committee Chief Counsel: 

You didn't graduate? 

Hitchner: 

I did not. 

Committee Chief Counsel: 

You are not a chemist? 

Hitchner: 

No. 



Cornmittee Chief Counsel: 

You are not a scientist? 

Hitchner: 

No. 

Hitchner was discoverhg the hard way that credentials and reputations mattered. NACA 

and others at these hearings was making claims and assertions that they hoped wouid be 

accepted and adopted to guide policy and action. This e x c h g e  is reproduced here 

because it is one of the earliest and clearest indicaton of the need for particular resources 

that would corne to take on incredible vdue later in the life of DDT: discursive 

legitimacy and credibility on particular issues. indeed, one of the easiest ways of 

winning at "discursive struggle" is to dismiss the claim by discrediting the source andlor 

theK right to voice. This strategy was ofien employed by actors at this and later hearings. 

Actodtalkers sought to untangle and address "business", "scientific" and "government" I 

''pliticai" issues as separate, distinct and requiring of the expertise that only they or their 

allies could provide. Consider the emotional testimony of Mr. Samuel Fraser, Secretary 

of the international Apple Association which was representing the interests of apple 

growen, who had perticularly unkind wordsU for the FDA and its "experts": 

'Y have recid the stutement made by Lea S. Hitchner, . . . 

"lfthe door of progress is to be slammed shut und bolted by l m ,  whut is 
the value O ffirther research?. ... 

"The place of an expert is as a witness. The witness iF not competent to 
pass ou or udminbter a 6wi11ess p r o b h  The wurk of detemtinufiion of 
the facts in such technical ptoblems as confmnt us in this field skould 
never test in an admnistmtive agency. . .. 

"Fwe open up the field of plant growth es this bill [proposed legislation 
presented to the cornmittee that would give the FDA more authority for 
estabiishing and policing residue tolerances] with the hebjection of the 
producer to findings of so-called "experts" on whose word seiwRF and 

Y Hearings kfore the House Select Cornmittee to lnvestigate the Use of Chemicab in Food Products, 
House of Representatives 8 1 st Congtess, second session (1% 1, p 668) 
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condemnation proceedings may be applied of the fiuits and vegetables 
held until they rot pending determinations we are entering so vast a Jeld 
that it staggers the comprehension. 

"This is not legisfation. This is a gab for power which is to be secured 
under the whip of hysteriu. . . . 

''Fruib and vegetables cannot k shackled in this wtunner. 

The complexities and interdisciplinary nature of pesticide issues meant that issues of 

discursive legitimacy and credibility wouid corne up over and over again. They also 

meant that building a successful argument for or against an insecticide would require a 

coalition. 

At this set of hearings, those wbo supported the d e s  as they were included pesticide 

manufacturers, famiers, agricultural scientists and USDA officials. Scientists and 

officials fiom the FDA, including its Commissioner Paul Dunbar and Dr Arnold Lehman, 

Director of its Division of Pharmacology, felt that more research into chronic toxicity 

was needed and that more controls over the introduction and use of pesticides were 

justified: 

"lfiel that no new chenticai or no chernical that is subject to any question 
as to sufity shoufd be empfoyed until its possible injurious effect, 60th on 
an mute and on a long-time chronic bais, has been shown to be 
nonexistent. In other wordr. any c h i c a l  that is proposedfor use ought 
to be proved in advonce ofdisnibution in afoodproduct to be utterly and 
comp fetely without the possibiliry of human injury" 

(Dunbar at Hearings, 195 1, p 36) 

In addition, the prospect of undertaking many long and expensive hearings to establish 

tolerances was not a pleasant one for the FDA. At the time of the hearings it was 

estimated that 125 active ingredients had already been mixed into Mme 22,000 

commercially available forxnulati~ns~~'. 

These nurnkrs are h m  the Hean'ngs. Wargo (1996. p 72) puts the estimate at 30.000 pducts by 1951. 



The identification of DDT residues in the fat of Arnencans who were not occupationally 

exposed to that insecticide at the time of the hearing served as a symbol undedining the 

FDAfs claim that there was growing cause for concem. in 1950, the fat of an average 

Amencan was made up of 5.3 ppm DDT, a figure which rose to 15.6 pprn by 1955." 

What would become an even more powefil symbol also emerged at tbis the;  breast 

miik samples fiom U.S. women showed 0.13 ppm DDT in 195 1 ." 

In addition to the public discussion of human fat tissue, the subject of DDT came up in 

other matters as well. It was unavoidable redly. Given that substance's fame, reptation 

and widespread use, it was frequently used to make examiners' questions about 

insecticides less abstract and more concrete, or to illustrate a point. Dr. Wayland J. 

Hayes Ir., a toxicologist at the Public Health SeMce. which used DDT against disease 

vectors inciuding malaria in the US. south, presented what he believed was strong 

evidence of the saf'ety of DDT at any residue levels that rnight result fiom normal 

agicultural activiv He drew his conclusions fiom midies of overexposed populations, 

including workea at chernical plants and ''volunteers" that he had recmited at prisons. 

The endpoints of his studies were the classicd symptoms of illness and poisoning used in 

clinicai medicine: pathological changes to major organs resulting in bodily dysfiuiction, 

disease a d o r  death. Biochemicai and enzymatic effects - whether DDT and other 

insecticides had the potentid to disnipt physiological and biochemical processes - were 

not examined. Hayes' testimony and rnethodology would evennially corne to fonn the 

backbone of the pro-DDT arguments on safety and absence of hazards to human healtha8. 

Ultimately, new regdations did emerge h m  the hearings, despite NACA's aggressive 

defense of the status quo. NACA did not achieve its objective of no changes to the niles, 

but it did succeed in getting a more streamlined tolerance-setting process. A member of 

the cornmittee, Arthur L. Miller of Nebraska, used the cornmittee's 1952 

recomendations to develop a bill that became known as the Miller Amendment to the 

' Wargo (1 996, p 168) " Wargo (1996, p 169) 
%a Dunlap (1981, p 70) has informed most of  this paragraph. 
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Food, Dnig and Cosmetic Act (section 408) when it was passed in July of 1954. The 

Miller Amendment provided that any raw agriculniral cornmodity could be condemned as 

adulteratcd if it containexi any pesticidal chemical whose saf'ety had not k e n  cleami or if 

residue levels found thereon exceeded the tolerances set by the Secretary of Health, 

Education and Welfare (i.e. the FDA). Manufacturers of active ingredients were obliged 

to subm*t to the FDA, dong with their request for a tolerance to be established, data on: 

the chemical identity of the substance; amounts, fkquency and timing of its application 

to specific crops; expected residue levels if applied as per label instructions; its toxicity to 

laboratory animais, as measured in standardized tests spelled out in detail; the tolerance 

level they recommended and were seeking. Residue data was to be developed using the 

most sensitive analytical method available which, at that t h e ,  meant in the range of 

ppm8g. 

FIFRA and the Miller Amendment to the FDCA supplemented each other and were 

interrelated by law and in practical application. So although FIFRA had no specific 

provisions relating to the contamination of food, once the Miller Amendment was passed, 

the USDA, in administering the Act, would not register any insecticide for use on food 

crops unless (a) the FDA had set a tolerance or (b) it had k e n  demonstrated, by the 

manufacturer, that no residues would result from use as per the substance's label. This 

latter case resulted in a "no residue" registration. Conversely, the FDA typically refused 

to grant tolerances until an application for ngiseation had been filed with the USDA, 

which would certify to the FDA that the chemical was effective on the crop in question 

and that the tolerance proposed represented was not infîated above a Iower arnount 

attainable through reasonable agriculturai practices. With the Miller Amendment, the 

FDA also obtained the authority to set a "zero tolerance" for a chernical on certain foods 

if the scientific data did not justify a greater one*. 

'9 Biodgett (1974) 
See uRepon of the Pesticide Residues Cornmittee" by NAS-NRC (1965) for a clearpcescntation ofthese 

tcnns - "no residue" and "zero tolerance" - and the pmblems they created for m e r s  and ngulaton alike. 
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The burden of proof of new substances' absence of hazard to consumers due to residues - 
and hence the requirement to organize and undertake particular toxicological studies - 
had been shified to manufactums. But (1) if manufacturers' claims of "no residue" were 

accepted by the USDA this meant that the FDA was not even involved in the registration 

of new substances; (2) the possibility of 'protest regisüations" still existed under FIFRA; 

and (3) the question of what to do with substances a l d y  in commerce remained. 

NACA had more success with another major outcome from the cornmittee's hearîngs: the 

"Delaney Clause" in the Williams bill of 1958 modikng the FFDCA (section 409) 

which regulates additives in processed foods which are added "intentionally" or 

"incidentally". This clause, promoted by the cornmittee's chairman, James J. Delaney of 

New York, was accepted only after much debate and manipulation of its language. It 

basically States that no matecial capable of causing cancer under any conditions may be 

added to foods in any quantity. NACA congratulated itself on having pesticides excluded 

fiom the definition of an "additive": 

"One of the major distinctions established in this work [NACA's "bmad 
educatiod efforts on the residues issue"] wm the sepurution of pesticides 
jiom fiod additives. mis became especialiy important with the 1958 
passage of the Delaney Amendment to the Federal Food Drug and 
Cosmetic Act. The amendment (which through diligent NACA work didn't 
apply to pesticide residues in or on agriaIturul commodities) stutes thclr 
'no additive shall be deemed to be safe f i t  is found to induce cancer when 
ingested by man w animal, or if it is found, t@er tests which are 
appropriate for the evuluation of the srfity o / /od  additives, to induce 
cancer in man or animal. " 

(Hayley, otlicial NACA historian, 1983, p 30) 

niat more stringent mies aimed at limiting carcinogenic risk to consumers applied to 

pmcessed as opposed to raw foods - the "Delaney ~aradox"~' - was a reality that all 

actors in the pesticide domain lived with for the next few decades. And NACA's initial 

success did not go uncontested. Attempts were made to link the pesticides to the Delaney 

Clause were indeed made, and it was eventually mled that that pesticides wbich 

'' NRC (1987) 



concentrated or aceumulated during the processing of food would be treated as additives 

under this la@. 

Though residues were the major one receiving public attention at this time, other 

"insecticide problemsy' were beguining to be identifie4 fiamed and discussed. The 

widespread adoption of DDT (and other synthetic insecticides), an incredibly successful 

tool for solving the "insect problem", was leading to cenain outcornes that actors were 

increasingly inclined to label as b*problems": 

(a) DDT's acute toxicity to birds, fish and wildlife (which led to certain instances 
of substitution described in Chapter 6); 

(b) DDT's chronic toxicity to birds, fish and wildlife, as well as the multiplication 
and extension of these hazacds in space and time due DDT's persistence, transport 
and bioaccumulation (which led to certain instances of substitution discussed in 
Chapter 6); and 

(c) DDT's aggravation - rather than resolution - of inxct problems due to the 
phenornena of secondary pests, resurgence and insect resistance (which led to 
certain instances of substitution discussed in Chapter 7). 

Discussion of these problems was heating up, aibeit in obscure and unpublicized 

scientific joumals and govemment reports. 

But this changed. 

NRC (1 987) 



6 The FaU of DDT O: Substitution as a Consequence of Rule-Making 

in this Chapter, 1 describe the fa11 of DDT, fiom some of the earliest successful critiques 

(recall. there were earlier umuccesssful critiques of DDT upon its entry into the economy) 

up until its final days of use. in some ways, its fdl began at the same t h e  as its rise - if 
not before - because of DDT's particular physical, chernical and toxicological properties. 

But these were not enough in and of themselves. No, the fa11 of DDT was not 

preordained nor determined in any strong sense of those ternis, as will be demomtrated 

by descnbing and analyzing those processes of substitution in which DDT was involved 

as the incumbent exiting product, replaced by other organochlorines such as 

methoxychlor or organophosphates such as methyl parathion and EPN. The substitution 

of DDT came about only a e r  much stniggfe over what constituted acceptable and 

desirable outcornes fiom insecticide use. Simply put, what counted as superior 

insecticide perfmance came to be redefined in a way that was highly unfavourable fiom 

the perspective of DDT manufacturea. This occurred only after new entrants to the 

pesticides domain succeeded in having their interests included in the calculus of Uwct 

control evaluation and decision-making. 

1 argw that these instances of substitution are relatively pure examples of the phenornena 

which 1 terni substitution as a consequertce of "rule-making", a process whose dynamic 

is dominated by activities in the public or political arena of society. Substitution as a 

result of this mechanism is less well-understood in the business strategy and economics 

literanire, and the story is less familiar. in instances of this type of substitution, what 

prompts the disappearance of a product h m  the economy is not the sudden appearance 

of an obviously superior alternative. Rather, one product replaces another in perfoming 

a particular fiinction in the economy primarily because the evaluation critena, values and 

decision rules used to evaluate and to compare products have changed. In the limit, new 

decision d e s  can explicitly preclude use of pariicular substance, as with the case of 



product bans. In other words, substitution of one artifact for another follows and is 

ûiggered by the substitution of one d e  for another. The fate and status of mors is 

closely linked to the d e s  they propose and promote. ui the rule-making arena, actors 

(Le. politicians, NGOs, the public, and others in the case of DDT) search for and "rnake" 

normative claims (i.e. "ought" statements as to what should be the outcornes of the 

accornplishment of a particular fllnctionality in society), alternative decision logics and 

arguments with a potential for becoming adopted, then bring these to organized arenas of 

communication (i.e. discourses) where they attempt to demonstrate their superiority. In 

this process, the rnonopoly or quasi-rnonopoly of incumbent d e s ,  noms and values are 

chaiienged and contested, essentially, with appeals to and demonstrations of d e s t  

uRightnessw or "Justice". 

1 demonstrate how, in the case study, the "Justice" of DDT - once widely accepted 

normative assertions and claims as to the absence of violations of rights in or due to its 

use - was successfùlly contested. Through a process of discursive struggle, undertaken in 

this case largely within the structures and orgmizations of government and law, new 

d e s  substituted for older incumbent ones. Stated in terms of the conceptual language we 

are advocathg, the dominance of incumbent "rules" was overtunied subsequent to the 

appearance of competing d e s  employing different andfor differently weighted 

evaluation criteria to k applied in insect control decision-making. In the examples 

discussed hem, the array of alternative artifacts (i.e. active ingredients available for use) 

on actors' choice menus remains constant, as do actors' expectation (Le. beliefs) about the 

outcomcs of using the various proâucts. But the decision d e s  invoked by actors to 

select among various proâucts corne to be changed as novel evaluation logics are 

adopted, triggering substitution. Analogous to the institutionalization of &facts and the 

emergence of dominant designs in the physical world, as a competing value judgment or 

normative logic becomes more and more widespread, it becomes institiuionalized and 

when contestation ceases it has become a "nile" and part of the dominant paradigm. 



6.2 An Unsuccssful ChaUeage ta the Wghtness" of DDT 

nie first challenge to the Rightness of the use of DDT occurred in reaction to a vast 

USDA eradication spraying campaign on Long Island in New York, and it was 

unsuccessful'. No substitution resulted, but 1 feel it is appropriate nevertheless to begin 

this Chapter by recounting this early episode hem for a couple of reasons. First, it 

illustrates that substitution is driven by ongoing srniggles; the absence of substitution of 

incumbent products (i.e. ongoing steady demand for products) does not necessarily mean 

that their place in the economy is unchallenged. Contestation may be o c c d g  in the 

background, just unsuccessfully. Note that this is also tnie of ''nomiai'' processes of 

substitution driven by outcomes of contests over tools; many products are brought to 

market which do not succeed in making a dent in the dominance of incumbents, while 

even more are abandoned earlier in the "search" or R&D phase of tool-making, but its 

just that these are rarely researched. Second, although new decision d e s  or replations 

afTecting DDT were not made in the Long Island lawsuit, the efforts by actors to bring 

such new and more restrictive d e s  into existence did catch the attention of DDT 

opponents and pmponents alike, influencing subsequent behaviour and outcomes in the 

domain: 

"The decision in what has corne to be known as the "DDT Trial" fmoured 
the government agencies, but the issue was much larger than could be 
settled in a single court action. In any case, the public airing of the fac& 
resuîted in rnuch wider awanncar of the kaza-, &th known und 
puien!iaf, of large-scale chernical conrrol program. The government 
agencirs inwlved mte made acntely aware of the hahetto large& sifen! 
opposition, and have now refrenched to consider rnodipcatio~ts of their 
progrums. " 

(Rudd, 1959b, p 496) 

The suit spuned other citizens and organized conservation groups to become more 

vigilant and active in their anti-spraying activities, taking their own municipal and state 

govemments to task or al1 the way to court when spraying decisions were made. The 

publicity also helped the Department of the interior to lobby successfùily for the passage 



of the Pesticide Research Act which was the first formai allocation of federal h d s  to a 

1958 budget envelope specifically devoted to research on the effects of pesticides on fish, 

birds and mammals2. 

On the other side, arnong those who supported spraying, the USDA came to anticipate 

public resistance and this contributed to their evennial abandoning of their optimistic goal 

of insect species eradication and theit scaling back of massive spraying programs. Also 

becoming aware of increasingly organized resistance to agricuitural chemicais, in 1958 

NACA felt it necessary to publish its public relations booklet Open Door To Plenty, a 

lengthy effort (more than 60 pages), which was "written for the consumer, to explain to 

the general public the faca about pesticides and their use" and which was reprinted 

seven times in only two years to fil1 the large volume of requests for information h m  a 

public beginning to becorne concerned about agricultural chemicals3. It told "the story of 

man's stmggle to control sorne of the hostile elements in the world around us, ... pests 

which destroy our fbods und Our property, and attack our health ", but ignored mention 

of any problems linking pesticides and wildlife, even concluding a section devoted to that 

topic by claiming that "when properly use4 pesticides become tools for improving 

wiIdIi/é 'J. But despite NACA's efforts to downplay the growing opposition, denying 

even a basis for it - "There is never any real conjlct of interests when al1 groups are 

seekîng the sarne objectives - un adequate and safi food nrpply, protection of health and 

propertyfiom p s t  dumage, und safity in the use of pesticide chernicals "' - the evidence 

presented here suggests that the confiict was very mai and that it was over which values 

would be used in insect control decision-making and become institutionalized into 

"rules" to be followed. 

' Accounrs of this case a n  be found in: Con (1958); Rudd (1959a); Rudd (1959b); Rudd (1964); Dunlap 
(1981); Bosso (1987); Lear (1997). Rachel Carson also mentions it (1%2, p 159)- 
* Bldgett (1974, p 210) ' Haylcy (1 983, p 30) 
' NACA (1958, p i) 
NACA (1958, p 51) 
NACA (1958, p 52) 



In 1956, with a stated goal of eradication, the USDA undertook a vast spraying carnpaign 

against the gypsy moth that included the treatxnent of, besicles public lands, large areas of 

private familand and suburbs on Long Island and mainland New York state. Aerial 

spraying of DDT formulated with fuel oil took place, leaving an oily scum on private and 

public property alike that people cared about and attended to: cars, swimming pools, 

houses and yards, as well as pashues and lakes7. Not only did fish and birds die as a 

result, but there were also cases of contaminated and hence unsellable mik and orgaaic 

vegetables. Numerous complaints were made, prompting Govemor Haniman to 

cornplain to the Secretary of ~griculture*. 

Some citizens went W e r  than complaints. In an attempt to stop the second year of 

spraying, on May 8, 1957, Robert Cushman Murphy, a well-known omithologist (who 

also maintained a fkiendly professional conespondence with Rachel Carson), and other 

prominent residents of Long Island filed suit in federal district court against the Secretary 

of Agriculture, Ezra Taft Beason, the area supervisor of the Pen Control Branch of 

Agricultud Research Service within the USDA, and the Agricdtural CoMnissioner of 

the State of New York, seeking an injunction that would restrain these defendants from 

continuing with the spraying program, claiming that it might impair citizens' health and 

endanger their lives. in addition, they believed they had a constitutional right as property 

owners to keep theu land as they wished, free fiom DDT, likening its spraying to 

governent trespmsg. The injunction was denied and spraying went ahead, again coating 

pmperty, killing birds, and causing people to reflect upon its appropnateness and upon 

the values behhd it. One joumalist, writing in The Nation, described "the pesticide that 

came to dinner " as follows: 

"The fact that the moth was 'light and scuttered' on Long Island's two 
outer counties, Nassau and Suflolik, did not deflect the government's 
mighty rage. It sprayed them too, instead of the fëw localiries where the 
m o t h  were lightly entrenched It sprayed wcish-lines, children's 

' Sec Con's (1958) "The Pesticide Tbt Carne to Dimer" and Waller's (1958) for vivid descriptions ofthe 
cffects of the eradication campaigns' aeriai spraying. 
' huilap(l981. p87) 

COR (1958, p 3 16) 
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playgrounds, und baby cawiages fiom planes ofien flying as low as 200 
fiet. This is a relutively congested suburban oreci dotted with poultry and 
vegetable @rms and well-tended estates. nie ovenvhelming m u s  of 
sprayed acreage had no gypsy moths whatever. Vengeance was visited 
alike upon the just and the unjust. " 

(Cort, 1958, p 3 16) 

The case was not heard until Febniary of 1958, when it failed, but only afkr 

accurnulating 1400 pages of testimony fiom 50 witnesseslO. The judge found that a 

prognun promising such significant benefits to the community codd not be stopped on 

the grounds of nuisance and that the case presented against DDT based on its impact on 

human health and the environment was insufEcient". This ruling came to take on more 

significance nearly a decade later when the Environmental Defense Fund, aware of the 

legal dynamics of this case fought on the grounds that DDT constituted a public nuisance, 

made an explicitly stated point of not litigating on this particular legal terrain, and 

asserted instead that DDT spraying violated other even more hindamental rights 

(discussed later in this chaPter)l2. 

At the hearing, the cases presented by both sides were basicaily those presented a few 

years earlier before the Delaney ~ommittee'~. On human health, the Public Health 

Service's Dr. Wayland Hayes' fmdings h m  studies of overexposed hurnan populations 

(workers in DDT manufacturing plants, and "volunteet" research subjects recruited fiom 

prison populations) were not seriously chailenged. The testimony of Dr. Malcolm 

Hargreaves, a hematologist whose research investigated the links between DDT and 

blood diseases, was found to be ovedy specuiative. This was also the case with the 

testimony of Murphy who, besides describing the immediate impact of DDT spraying, 

aâdressed the potential for long term systemic damage to local ecosystems and the 

economic activity that depended on them. DDT and spraying program supporters 

conceded that mi- of DDT could pose a danger to wildlife, but asserted that when 

properly applied, bird and animal casuaities were minimal and that DDT was safe for 

'O Rudd (1 964, p 29) 
l' Dunlap (1 98 1. p 89); a b  Rudd (1964, p 29) 
l2 Yannacone interview 
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wildlife. The case went al1 the way to the Supreme Court where it was ultimately 

rejected, although Justice William O. Douglas wrote a dissenting opinion14. 

6.3 A Conteat of Values Triggereâ InitiaUy by Dead Robins on Suburban Lawms 

Other citizens began to question the widespread spraying of DDT in the gypsy moth 

eradication carnpaign, explicitly fkaming their protests in the laquage of values and even 

rights. Speaking at the 53rd Annuai Convention of the National Audubon Society, 

November 1 1, 1957 in New York City, Mrs. Wihelmine Waller descrikd the effects of 

preventive - and not eradicative, she stressed - spniying on her family's f m  property and 

her objections in the following terms: 

"Death carne to many form O/ wildlYe on our farm as a direct resuit of 
the spmyingm ... We found during the period offion, 48 hours to a month 
aper the spraying, the foilowing dead birdr: two goldmches. one 
Baltimore oriole, and five starlings, and in addition, three obvious& sick 
pheasants. .... Now to summarue the damage on our own property: our 
milk and postures were contaminated - our spinach crop ruined und our 
peonies spoiled - Our horses were dangerouPly fiightened by low jlying 
planes - ourjhh and pond life and nany valuable predorory and purasitic 
insects killed, and our wild birds definiteh affected But our chagrin and 
sorrow goes much deeper than this visible damage. First, MW question the 
right of the US. Depurîment of Agriculture to cary out a program the 
fur-reaching rcsuîks of which an still an unknow~ factorm ... Second. we 
strongly object to the manner in which the program was carried out. ... I 
have aiways been proud of being an Americun - proud of the fieedom of 
thought and action so large& responsible for this country's greatness. But 
since the blanùet spraying of persond property last spring, and the 
manner in which the US. Department of Agriculture carried out the spray 
program, I have been just a liîîle les provd oJthk country, ... " 

(Waller, 1958, p 70) 

In the meantirne, other massive spray efforts were king undertaken against mosquitoes, 

fire ants, Iapanese beetles, spmce budwoms and the bark beetles which sptead Dutch 
- -- 

" This pampaph has b m  condensed h m  Dunlap (198 1, p 88) 
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elm disease. This spraying activity also resulted often in high bird and wildlife mortality; 

fish suffered as well h m  these eradication efforts and fiom agricdniral uses of DDT. 

The term "fish kill" nfea  to instances characterized by the sudden death of large 

numbers of fish in a body of water, and is a standard one in the pesticide domain: 

"Fish kills resufting fiom DDT use huve been docmented on numerous 
occasions. For example, dead and dyingjish have been observed when 
heavy ruinfalls/ollowed applicution ofDDT to Mississippi cottonfieldî. " 

(EPA, t 975, p 4 t ) 

1 do not have the space here to detail and discuss al1 instances of acute bird, fish and 

wildife mortality linked to the use of DDT and other pesticides, or even those that 

generated some sort of public reaction; the literature is volumous". 1 will instead focus 

here on one particular problem for the focal product DDT in one particular market. 1 will 

focus on bird mortality which resulted immediateiy following and directly as a result of 

spraying to control Dutch e h  disease to illustrate how different values came to dominate 

in insect control decision-making in this market and eventually led to the substitution of 

DDT by methoxychlor for this particular purpose. But readers should keep in rnind the 

wider controveay and debate over the impact of DDT on ail life forms, including 

humans, which fomed the context within which smiggles over particular uses, like that 

for Dutch e h  disease control, took place. Also, the impact of Rachel Carson's Silent 

Spring was felt way beyond the Dutch e h  disease market for insecticides, but 1 present 

this author and her book in this section to facilitate the chronological recounting of the 

story* 

The spraying of DDT against Dutch e h  disease, spread by its insect vector of bark 

beetles, took place throughout much of the Eastern and Midwest United states16. The 

fact that this disease attacked predominantly ornamental elm trees located in parks and 

- 

'' Lear (1 997, p 3 19) 
" For a comprehensive review of the impact of DDT and other pesticides, ue Pimentel's (1971) report 
prepared for the hident's OtEce of Science and Technology entitled &ufugicaf E f l é ~ s  of Pesticiih on 
Nontarget Species. 
l6 This discussion of Dutch elni disase  spraying has ûenefited greatly fiorn: Rudd (1964); Dunlap (198 1). 
Rachel Carson also discusses it (1962, p 114). 
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dong streets where adults and children were to be found meant that treatments with 

arsenicals were never practical". But the arrival of DDT gave governent scientists and 

municipalities woded about their elrns hop that the disease might be overcome. As 

early as 1947 the Bureau of Entomology and Plant Quarantine of the USDA began 

experimental spray programs in Princeton, New lersey18. Dead birds and cornplaints of 

residents resulted, but these were dismissed by oficials as unimportant and spraying 

programs proliferated, becoming especially aggressive in the mid 1950s. By 1964, over 

two million acres had ken  sprayed with DDT, mostiy dispened with large volumes of 

water and with doses ranging fiom 2.5 to over 17 pounds of active ingredient per tree19. 

It was at that point, in the mid to late 1950s, that voices of protest., expressed locaily for 

the most part, grew noticeably louder, motivated by the immediate avian mortality cauxd 

by the spraying. Upon observing, f h t  hand, buds already dead or in the process of dying 

with violent tremors (this neurological effect was called the "DDT jitters"), not al1 

citizens accepted the calculus of officiais that had weighed the lives of the trees against 

the lives of the birds and found the public interest to be with the former. 

Accounts of the effects of spraying on birds and wildlife, and the debate over hem, 

began to appear in public discourse, at town hall meetings and in the popular press: 

"Ground-feeding birds, purtimlarly robins, have seriouîly deciined in severaf States 

w k e  efm trees have been treoted in DDT for h t c h  elm disease control. The birdr die 

of poisoned earthworms eaten many months d e r  the trees have been sprayed " wrote 

Dr. Robert Rudd in The Nation early in 1959, describing proponents of the eradication 

programs as "irrespomible poisoners "20. Articles such as those listed in Table 6.3.1 

appeared in the popular press in the decade preceding the publication of Sifent Spring, 

especially in magazines aimed at people who cared about and hence attended to buds, 

wildlife and the outdoors (which is why 1 have included the articles which appeared in 

" Dunlap (198 1, p 79) 
l8 Dunlap (1 98 1, p 80) 
I9 Rudd (1964, p 33) 

Rudd (1959b, p 497) 



the magazine of the National Audubon Society, an organization which became quite 

engaged with the movemeni to ban DDT). 



Table 6.3.1 - Exam~les of Po~ular Press Articles 
Featurine b61niurioiis Effectsn of Pesticides. ~nsecticides&/or DDT 

?@dOdklrl 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Audubon 

Amerian Forests 

Arnerican Forests 

Amerian Forests 

Amerkan Fonsts 

Amencan Fomsts 

Fsld and Stream 

Field and Stream 

Field and Stream 

Outdoor Life 

Outdoor Lifa 

Outdoor Life 

Readen Digest 

Sat Evening Post 

Science digest 

Science digest 

m 
WiMlife in a chernical worid 

b a t h  in Fiorida manhes 

Insecticides, boom or bane? 

Company abandons agricultural insecticides 

Elfsds of chernical sprays on wifdlife 

Poison on the land: property ownen' viewpoint on aerial spraying of DDT 

lnsecliides are a threat to humans and wildfh 

Some suggestions for needed ressarch 

Cure wons than the disease: fire ant treaûnents 

US is losing its bald eagles: steriiii suspected. DDT citai 

Greatest killing program of a113 

Insacticides and birds 

Protest against spraying 

Another year of mbin losses on a univenity campus 

N d d :  a coordination a d  for pesticides 

Pria of DDT 

Silent kiltsr of wildlife: exœrpt from Chernicab in your Food 

Are we slowly committing suicide? 

Court upholds DOT spraying 

Truth about ctiemical controls 

Man vs. ant; tire ant menace 

Pestiades, bkssing or cune? 

Pesticides a menace? 

Poison from the air: the fim ant p q r a m  

Pesticides: doom in small doses 

Oid DDT do iî? 

Inse% mvenge 

Inseclicides and dead fbh 

Will spraying boomerang? 

Big Spray trouble 

Badrfin in the war against insects 

Pesticides am qood friends, but can be dangerous enemies if used by zealots 

Are our songbirds doomed? 

Bird mortatii boosted by DOT 



By the end of the 1950s, the ratio of popular press articles addressing the injurious effects 

of insecticides to those dealing with insecticides in general increased substantially, as 

shown in Table 6.3.2. Notice also how articles on "injurious effects" of DDT 

disappeared h m  the public arena after the initial discussion of this "double-edged 

sword" during its entry into the econorny in the late 19409, as presented in Chapter 5. 





In addition, lettea to the editon of local newspapea openly questioned the wisdom - and 

justice - of these campaigns and similar ones against mosquitoes. For example, a Mrs. 

Olga Huckins wrote to the Boston Globe. She believed that the spraying was "inhuman, 

undemocratic and probably unconstitu~ionul", an f i o n t  to values that resonated with 

her and many oihers, including Rachel Carson to whom she also wrote2'. Though 

seemingly trivial, these smail acts of protest during this period of growing public ferment 

did have consequences. Indeed, "In a letter written January 1958, Olga Owen Huckim 

told ne of her own bitter experience of a srnail world made lijdess, and su brought my 

attention sharply bock to a problem with which I had long been concerned I then 

realized I must write this book " acknowledged Miss Carson a few years later in the her 

acknowledgernents which appeared in the fmt pages of Silent spring? 

6.4 Rachel Canon's Süent Spring 

64.1 Rachel Carson 

Rachel Carson was bom on May 27, 1907, in Springdale, ~enns~lvania*. Evet since her 

childhood she had pursued her passion for writing. She published her first literary work 

in 191 8 in St Nichola~. an illustrated children's magazine2*. in 1932, she received her 

Masters of Arts degree fiom the department of zoology at Johns Hopkins University, 

which she had enteted on a scholarshipu. 

In 1936, Miss Carson accepted a job with the Bureau of Fisheries in the United States 

Department of the Intenor where she wrote "seven-minute fish tales" - scripts for a public 

education radio series produced by the Bureau called "Romance Under the waters"'? 

She replaced an expert on fish biology who had had problems making it interesting for 

*' Lear ( 1997, p 3 14) 
Canon (1 962 p xiii) 
This section on Rachel Carson is drawn mostly fiom Lear(1997), supplemented by Brooks (1972). 

" Lear (1 997, p 7) 
Lear (1 997, p 74) 

" Lear (1997. p 78) 



the public. Her work was appreciated and before long she was responsible for preparing 

aîher govemment documenîs destined for laypeople. Lcnraghg what she was learning 

fiom her work on the radio scripts, and with access to Bureau libraries as a governent 

scientist, she also began to write deasely researched articles for local newspapers. In 

September of 1937, she had an article published in the Atlantic ~onthb?  

In 1939, as part of the Government Rcorganization Act, a new conservation agency - the 

US Fish and Wildlife Service - was created in the Department of the Interio+'. It 

combined the Bureau of Fishenes fkom the Department of Commerce with the U.S. 

Biological Survey fiom the US DA^'. As a writer and editor and f d l y  editor-inchief of 

the Fish and Wildlife's publications, Miss Carson had access to Wonnation about the 

many technological discoverks flowing fiom the war effodO. Of particular significance, 

she had access to intemal govemment reports concemed with predator and pest control, 

as well as access to reports about experiments king canied out at Patwent by her mentor 

and former boss at the Bureau of Fisheries, Ehe r  Higgins, at that time working with 

wildlife biologist Clarence Cottm, who also bccarne a fnend of Miss Carson. These two 

researchers published one of the first articles detailing the effects of DDT on fish, birds 

and wildlife with theù "DDT and Its Effect on Fish and Wildlife", which appeared in The 

Journal of Econonic Entomology in February of 1946. Their research was undertaken 

with the assistance of the National Audubon Society among other organizations, and 

concluded with the recomrnendation "Don? use DDT unless you m u t .  '"*. 

On July 15, 1945, Miss Carson wrote to Harold Lynch at Reader's Digest with a 

suggestion for a story about DDT: 

"Practically af my backdoor here in Maryland, an eqwiinent of more 
than ordinary interest and importance is going on. We h m  al1 heard 
about what DDT wiIl suun do jar us by wiping out inseci pesfs. The 



experiments at Patuxent have been planned to show what other effects 
DDT rnay have when it is applied to wide areas: what it will do to insects 
that are beneflcio! or even essenfial; how it rnay affect waterfowl, or biruk 
thaf depend on insect food; whether if may upset the whole delicate 
balance of nature ifunwisely used '" 

Her idea was rejected, but she went on with other writing projects, ultimately achieving 

f m e  and fortune. She published in 1950 a chapter of her upcoming book The Sea 

Around Us entitled "Birth of an Island" in the Atlantic Naturalist and later in the Yale 

Review and won that year's Westinghouse Science Wnting ~ward?  Her writing was 

poetic yet scientificaily accunite. Few authors could communicate the intricate details of 

biological life and the natwal world with as much affect and effect as her. Her works 

were infused with a profound respect for nature. Consider her winning entry to a 

cornpetition sponsorcd by Outdoor Life seeking the best "Conservation Pledge" for 

young Amencans, in 1946: 

"I pledge myseffto preserve und protect 
America 's firtile soifs, her rnighty firests 

and rivers, her wildlife and minerals. 
for on these her greatness war established 

and her srr~ngfh depndr. "" 

Also in 1950, Miss Carson dismvered she had a tumour in her breast, much larger than 

the cyst she had rernoved in 1946~: 

I Rachel Carson published The Seo Around Us in 1951, afler The New Yorkr had bought 9 
! 

I 
of its chaptea and had her condense them into 3 parts, publishing them as a "Profile of 

j 
i the Seay'. This was the first t h e  ever that a nonhuman had been so bbprofiled" by this 

respected magaziney and it received much critical acc~airn~~. Her book made her a 

literary celebrity. It mis condensed in Reader's Digest and eventually came to be 

i 

1 " Letter k cited in L e z  ( 1997, p 1 1 8) 
1 " Leu (1 997. p 1 89) 

Y Pledp is cited in Lear(1997, p 137) 1 '' Lear (1997. p 184) 
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published in 33 languages, staying on the U.S. best seller lists for an incredible 86 weeks, 

with 32 of them spent in first place. Miss Carson received the National Book Award for 

Non-fiction in M l .  Upon receiving the award, she addressed the crowd by drawing 

attention to what would corne to be an important theme for her, especidly in Silent 

Spring, the growing elitism in science and its detachment fiom everyday human life: 

"Many people have commented with surprise on the /ocr that a work of 
science should have a large populur saie. But Bk notion hot 'science* is 
somthing that be1011gs in a sepatate comparlkient, apart fmm evetyday 
U / ,  is one that I should like to challengem We live in a scientific age; yet 
WC assume that knowledge of science is the pnrogutive of on& a sntall 
numbet of human beings, kolated and priestlike in iheir laboratories. 
This is no) huem It cannot be trüem The materials of science are the 
materiais of fije. Science is part of the reality of living; it is the what, the 
how and the why of everything in o w  existence. It is impossible to 
understand man without understanding his environment and the forces 
that have molded him physicaliy and mentully. .... 

" ... the aim of science is to discover and illuminate truth. And that, I take 
if, is the aim of literature, whether biogruphy or histuty or fiction II 
seem to me then thut there can be no separate literature of science. .. 

"The win& the sea, and the moving tides me whaî they ore. If there is 
wonder und beauîy and majesty in them, science will discover these 
qudities. Ifthey are not there, science cannot create them If thcm is 
pote in rny k k  aboul the sta, I is not k a w e  I deIiberatecly put if 
there, but because no one could wrilc truthfully about the sea and Ieave 
out the poctw. "'' 

Speaking in 1952 to an audience gathered to celebrate her winning of the Burroughs 

Medal for excellence in nature writing, she made herself even more clear: 

"Mankind hus gone very far into an art~ficiaI worid of his own creation. 
He h m  soughr to insulate himseK in his cities ofsteel and concrete, fiom 
the realities of eatth and waier and the growing seed. Intdcated with a 

37 Carson's acceptance speech o f  1952 O 1 29 is reprinted in Bmoks (1972, p 127) and is also citcd in Lear 
(1997, p 219). 



sense of hik own power, Le seems to k goingfurther and farther into 
more uiperimenîs for the destrucillon of h h e ~ a n d  Lis wodd da 

Having taken a leave of absence fiom the Fish and Wildlife SeMce before her fmt book 

was published, Miss Carson officially resigned effective June 3, 1952, to devote her full 

time to vnitind9. She went on to publish another book, The Edge of the Sea, in 1955, and 

again the book itself appeared only after parts of it had been serialized in the New 

Yorker. 

involved with her local branch of the Audubon Society, Miss Carson bewne aware in 

1957 of the USDA's plans for massive Tue ant eradication program, which wen strongiy 

criticized in birdwatching circies. She also followed closely the efforts of a group of 

citizens on Long Island, led by her friend the omithologist Robert Cushrnan Murphy, to 

legaily force the cessation of the spraying of their properties with a mixture of DDT and 

fuel oil to fight Dutch e h  disease and mosquitoes. Never Mly at ease with pesticides, 

ever since king privy to govenunent reports in the FWS during WWII, Miss Canon 

undertook a research and writing project that would change the world. 

Miss Carson began to wrîte Silent S p ~ g  in 1958, with a working titie that was initiaily 

"Control of Nature", but which was rejected for king too inclusive. Later tides included 

"Man Ag& the Earth", "Dissent in Favout of Man", and finally Silent S''ring? Her 

reputation opened up lines of communication very easily, and she had collaboraton in 

both science and government, including: C. J. Briejer (Director of the Dutch Plant Pest 

Contml Service); William L Brown Ir. (Cunitor of Insects at Harvard's Museum of 

Comparative Zoology, later at NY State College of Agriculture at Comell); Clarence 

Cottam (one of America's leading wildlife specialists, who had been her superior at the 

" Carson's speech of 1952 04 07 is nprinted in Atlantic Naturalist (1952) 7,s. pp 232-234, and is also 
cited in Lear (1997, p 22 1). 
'' Lem (1997. p 233) 



Fish and Wildife Service, later the Director of the Welder Wildlife Foundation in Sinton, 

Texas); Robert Rudd (zoologist at University of Califomia who had published papers on 

the impact of pesticides on wildlife and who was working on his own book - Pesticides 

and the Living Landscap); John J Biesele (professor of Zoology at the University of 

Texas); many ex-colleagues at the US Fish and Wildlife Service; a fnendly informant at 

the USDA; and Supreme Court Justice William O Douglas, among others4'. She spent a 

great deal of tune at the Library of Medicine at the National Institutes of Health, 

motivated by her conviction that: 

" ... what I wiil k able to achim U u syrrtkrsir of widel'y scattered fa&, 
thai have not lieretofire k e n  c o d e r e d  in relation to each other. It is 
now possible to build up, step by step, a really damning case againrt the 
use ofthese chernicals as they are now injicted upon us. "" 

She was dso aware that she was about to engage in a battle, and f h e d  her work in those 

te=; though she was urged to speak out by her fkiends, she was reluctant to display her 

arsenal of facts prematurely. 

"But as you kiow [she is writing here to Clarence Cottam], the whole 
thing is so explosive and the pressures on either side so powerful und 
enormous, that Ifiel it far wiser to k e p  my own council inrofr as I can 
untif I am ready to launch my attack as a whole. "' 

When later she learned that near her home town of Silver Spring, Maryland, the lofal 

govemment was considering a spraying program, she broke her silence, attended a town 

meeting and spoke out against it. The community association voted decisively against 

sPrayingM. 

Lear(1997) 
'' Brook (1 972); Lem (1997) 
'2 Carson's correspondence is cited in Lear (1997. p 340). 
13 Carson's correspondencc is cited in Lem (1 997. p 342)- 

Brooks (1972, p 259) 
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In 1960, Rachel Carson learned that she had cancer, underwent a rnastectomy, and began 

radiation treatment4'. Her life became more precious; her work became more urgent. 

In that same year she served on the Nanual Resources Conunittee of the Democratic 

Advisory Council, working for the election of John F. Kennedy. This committee 

recommended in its report submitted to the candidate that a new "Bureau of 

Environme11tal Hedth" be created in the Federal govemment46. Upon his election, she 

received a personal thank-you note fkom the President. Later, in spring of 1962, she 

attended interior Secretary Stewart Udall's White House Conference on Conservation, 

convened at President Kennedy's request, where she was invited as a disthguished 

guest4'. By this tirne p w f  copies of Silent Spring were available and many delegates to 

this conference had received one. Those who did not were advised to be on the lookout 

for the coming June 16 issue of the New Yorker. 

Paul Knight, a senior member of Udall's staff, was assigned to follow the book's 

reception and to report back to his boss political information and suggestions for public 

policy that might surface4*. Udall was one of the earliest politicians to rnake a camr  as 

an bben~iromentaii~t" politician. CBS Reports, a news analysis program, had heard of 

the imminent publication of Silent Spring and haû contacted her publisher to secure the 

rights to a television interviewd9. The Book of the Month Club confirmed tbat Silent 

Spring would be its choice for 0ctobe+*. Soon after, the first installment of Siient Spring 

appeared in the New Yorker. The pesticide domain would never again be the same. 

"The publication of Silent Spring in 1962 markod the end of closed debate 
in this jield Rachel Carson uncovered the hiding places of j k t s  that 
should have been disclosed to the public long before; she broke the 
information bamkr. Much of the subsequent history of pesticide policy is 
a response @ro and con) to Rachel Carson 's judgnent. " 

(Graham, 1970, p xii) 

45 Lesr (1 997, p 364,378) 
Lear (1997, p 376) 

47 L m  (1997, p 406) 
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Rachel Carson brought the questions, debates, daims and counter-ciaims about pesticides 

from the pages of obscure scientifîc joumals and little-read govemment reports out into 

public, an act of discursive entrepreneurship that ushered in a new era of insect control 

technology as surely as pcior mon traditional entrepreneurhl acts of bringing new 

products to markets. "DDT's marketing pro blem began in earnest with the publicution 

of the late Rachel Carson 's Silent Spring" wrote Chemicaî Week in 196g5'. 

Perhaps the best way to begin to communicate the impact of Miss Carson's writing is 

simply to reproduce it and to allow readers the opportunity to experience it themselves. 

The first portion of the New Yorker senalization, a shortened version of the fmt chapter 

of Silent Spring, "A Fable for Tomorrow" is show in T'able 6.4.2.1. 

" see Graham (1970. p 232) 



Table 6,4,2.1 - A Fable for Tomorrow 

Them was once a town in the heart of Amerka where al1 lik seemed ta be in harmony 
with its surroundings. The town lay in the midst of a checkerboard of prosperous famis, 
with fields of grain and hillsides of orchards, where white clouds of bloom ddfted above 
the green land. In auturnn, oak and maple and birch set up a blaze of color that flamed 
and flkkered across a backdrop of pines. Then foxes barkeâ in the hills and deer 
crossed the fields, half hidden in the rnists of the mornings. Along the roads, laurel, 
vibumum, and alder, great fems and wild fiowers delighted the travelets eye through 
much of the year. Even in winter, the madsides were places of beauty, where countless 
birds came to feed on the berries and on the seed heads of the drieâ weeds rising above 
the snow. The countryside was, in fact, famous for the abundance and variety of its bird 
life, and when the flood of migrants was pouring through in spring and fall, people came 
from great distances to observe them. Other people came to fish s ~ a m s ,  which ffowed 
clear and cold out of the hills and contained shady pools where bout lay. So it had been 
from the days, many years ago, when the first settlen raised their houses, sank their 
wells, and built aieir barns. 

Then, one spriiig, a strange blight crept over the area, and everything began to change. 
Some evil spell had settled on the community; mysteflous maladies swept the flocks of 
chickens, and the catüe and sheep sickened and died. Everywhere was the shadow of 
death. The farrners told of much illness among their families. In the town, the doctom 
were becoming more and more puzzied by new kinds of sickness mat had appeared 
among theif patients. Thete had been several sudden and unexplained deaths, not only 
among the aduits but also among the children, who would be stricken while they were at 
play, and wouM die within a few hours. And there was a strange stillness. The birds, for 
example-where had they gone? Many people, b a W  and disturbed, spoke of aiem. 
The feeding stations in the back yards were deserted. The few birds to be seen 
anywhere were moribund; they trsmbkd vidently and could not fiy. It was a spring 
without voices. In the momings, which had once throbbed wSai the dawn chorus of 
robins, catbirds, doves, jays, and wrens, and scores of other bird voices, there was now 
no sound; only silence lay over the fields and woods and rnamhes. On the farms, the 
hens brooded but no chicks hatcheâ. The famen complained that they were unable to 
raise any pigr; the litten were small. and Vie young survivd only a féw days. The appk 
trees were coming into bloom, but no bees droned among the Mossoms, so there was no 
pollination and there would be no fruit The roadsides were Iined with brown and 
wiaiered vegetation, and were silerit, tw, deserted by al1 living things. Even the sûeams 
wem lifeless. Anglers no longer visited ttrem, for al1 the fish had died. In the gutten 
under the eaves, and betureen the shingles of the rooh, a few patches of white granular 
powder could be seen; some weeks e&r this powder had k e n  dropped, like snow, 
upon the roofs and aie lawns, the fialds and the slreams. No witchcraft, no enemy action 
had snuffed out life in this stricken worid. The people had done it themseîves. 

Exccipid fnm "A Rcpar&r ai Large - Silcnt Spring i" by Elrchd Curori, lwt 16,1962, 'k New Yorkcr. 
35-99 

A Fable for Tomotrow is the tiilt ofthe lint Ch- ofSifmr Sjwing, h m  which Rirhcl Carson d m  
matcriai for this guiicuiar cxccrpt from the seridimion of ihat book 



The next two installments appeared in subsequent editions, while Carson worked 

fiantically to prepare the book for fa11 publication. Before it was published it had been 

bought by the Book-of-the-Month Club and advance sales were 40,000 copies by 

September 27, its day of publication by ~oughton-~ifflin'~. 

Reaction to the New Y o r k  seriaiization and the actual publication was nothing if not 

spectacuiar. Reviewers, cornrnenting on the uproar and activity that b d  been generated 

by her work, refereed Miss Carson's creation of a "not-so-silent spring" and a "noisy 

m n e r  '"'J. One reviewer, Dr. William S. Darby, a Professor and Chairman of the 

Department of Biochemistry and Director, Division of Nutrition at Vanderbilt University 

Schwl of Medicine who was also a member and p s t  Chan of the Food Protection 

Commiîîee, National Academy of Sciences-National Research Council and a member of 

the NAS-NRC Food and Nutrition Board, writing in C h i c a l  & Engineering News, 

entitled his book review with a simple command: "Silence, Miss Carson "." 

Coincidentally, in Jdy, the thalidomide scare reinforced a main theme of her work. 

Never pennitted for sale in the United States, the dnig thalidomide, it was revealed that 

summer, was the cause of horrible birth defects when taken by women during theù fmt 

few months of pregnancy, as was the case with more than a thousand unfortunate 

European and Canadian families. Commenthg to a reporter, Rachel Carson made the 

co~ection between that h g  and pesticides explicit; chernical products were king used 

without full knowledge of their consequencesS5. 

Her book was widely reviewed; it appeared as if nobody ignored Carson's book and that 

nobody was left indifferent aAer reading it. Strongly worded reviews appeared both for 

and against the text, as well as its messenger. Some attacks were sexist and personal, 

while many focused on Miss Carson's lack of scientific credentials. She had, afier dl, not 

Sec The York Times Book Review (1962 09 23. p 26) for example. 
Dahy (1%2) 



eamed a Ph.D. (although she had received a few honorary doctorates for her previous 

writing). Othen reacted, ironically, with much emotion at Carson's bbemotionalism''. 

Many criticized her "biased" and "selective" use of facts. This was not a scientific 

document, they scorned, and the author was no scientist This critique missed the point 

according to other reviewers, more sympathetic, who understood Silent Spring, as its 

author did, to be a document that was based on fact yet specifically designed to awaken 

and to stir the public sentiment. Supreme Court Justice William O. Douglas, the 

dissenthg opinion in the Long Island sptaying case, wrote a review of Siienf Spring for 

the Book-of-the-Month Club in which he stated "This book is the mosf important 

chronicfe of this centus> for the human race. The book is a calI for immediale ucfion and 

for efictiw control of al1 merchants ofpison. "" 

Silent Spring is both a scientific and political synthesis. Carson's biographer and othea 

re fer to it as "o findumentai sociul critique of a gospeI of techdogicuI progress "". 
Covenng an incredible range of scientific matenal - entomology, wildlife biology, 

ecology, and various disciplines within medicine - it pulled together facts that, once 

assembled, organized and jwtaposed in her manner, called into question the operation 

and organization of the pesticide domain. Silent Spring indicted industry, the govemment 

(especially the USDA) and even scientists. Using the various and numerous problems 

(presented in Chapter 3) of pesticide use as threads, she began to tie together a vast set of 

diverse actors and to stitch the fabric of arguments that would incite and unite a coalition. 

Certainly Miss Carson was conscious that she and other DDT opponents were up against 

a coalition that included not only NACA members, but the USDA in goverment, the 

vast majority of economic entomologists, and many toxicologists, medical doctoa and 

public health researchers in science. Drawing attention to the network of actoa allied 

against her and her own network, she publicly posing the following pointed questions: 

" Dunlap(1981, p LOS); Lear(1997, p412) " Dwglos (1962) 
fi Lear (1997. p 429) 



"As you listen to the present controversy about pesticides, 1 suggest you 
ask yourself- rnto speaks? - And why?. "" 

"W%en the scientijc organirrtion speaks, whose voice do we heur, that of 
science or of the sustaining industry? ''59 

Note her emphasis on "speaking" and "voiees"; this, dong witb the miew which called 

for "Silence, Miss Carson" has undoubtedly infiuenced my own preferences as to the 

best terminology and set of concepts for cornmunicating my fmdings. My emphasis on 

discourse and discursive stniggle has not been imposed blindly upon the data. 

6 5  The Discursive “Ers of Ferment" Following the ~Discontinuity~ of S i h t  

Spring 

&S. 1 Reactions to Süent Spring in the Public Anna 

Rachel Carson moved the discourse about DDT and other pesticides from the obscure 

pages of scientific journals and government documents to the front pages of national 

newspapea and even directly into the living rmms of average Amencans via television. 

nie book generated a lot of activity in politics and governrnent: candidates for public 

office began mithg to Miss Carson asking what she suggested as an appropriate stand on 

the pesticide issue; portions of the New Yorkr seridization were cead into the 

Congressional Record; in August of 1962, President Kennedy, familiar with both the 

book and its author* answered a reporter's question at a press conference by refemng to 

Miss Canon by name, assuring the public that his oficials were already examining the 

matter of pesticides60. 

And so they were. Dr. Jerome B. Weisner, Special Science Advisor to the President, had 

called a meeting on the subject of pesticides to which al1 concemed bureau chiefs went 

and at which he appointed a task force (PSAC) io report back in a few rnonths. 

'' Speech to G d e n  Club of Amerka, 1963 0 1 08, is cited in Lcar (1997, p 440) 
Speech to Women's National R s s  Club, 1962 12 05. is cited in Lear(1997, p 426) 



CBS produced a documentary film The Silent Spring of Rachel Carson, which aired April 

3, 1963, although the interviews with Miss Carson whch appear in the film had been 

conducted the prior yed l .  The documentary included comrnents fiom Dr. Luther Tery 

(US Surgeon General); OMlle L Freeman (Secretary of Agriculture); George Larrick 

(Commissioner of the FDA); John Buckley (Department of the interior); Robert White- 

Stevens (Amencan Cyanamid); and Rachel Carson. The contrast of Carson, quiet and 

assured, with American Cyanamid's Dr. Robert White-Stevens predicting that "l/man 

were to fdthhfiiyjoilow the teachings of Miss Carson, we would return lo the ddark &es, 

und the insects and diseases would once again inherit the earth. '" was notable. What 

shone through in the hou long broadcast was al1 the ignorance: basic questions could not 

be answered or were evaded by oficials and experts. This mut have unnerved the more 

than 10,000,000 viewers. 

M e r  the broadcast, Senator Hubert Humphrey h m  Minmsota revealed that he had 

asked Senator Abraham Ribicoff fiom Co~ecticut to preside over a broad review of 

environmental problems, including pesticides. Rachel Carson eventually appeared before 

the Ribicoff sub-committee to offer her recommendations on pesticide use and used her 

forty minutes, besides detailing the evidence of pesticide pollution and hazards she had 

accumulateci, to cal1 for "the righl ofthe citizen tu be secure in his own home against the 

intrusions of poisons applied by other personr." '7 spak  not as o Iawyer but as o 

biologis~ and as a human being, but I strongly fiel that this is or should be one of the 

basic human rights. 

In May 15, 1963, the PSAC report entitled Use of Pesticides: A Report of the President's 

Science Advisory cornmitteeM was released. Selected findings are reproduced in Table 

6.5.1 .l. 

" Lear (1997,419) 
'' As part o f  my data collection, I viewed this film a few times. It  is dificuit to communiePie the sûong 
emotional impact o f  hcaring Rachel Carson in her own voice reading h m  Silens Spring. 
" CBS film " Rachel Canon's testimony is cited in Lear (1997, p 454) 
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Table 6.5.1.1. - PSAC Re~ort, Selected Findina & Recommendations 

Selected Finding: 

In recent yeam, we have ncognked the wide dbt~ibution and persistence 
of DDT $5). 

... biological methods of iwect conhO1 have received relative& little 
eflention in the United States by comparhn with the gmat empItarLr on 
chernicul conttol. ... the panel believes thb approach should k uponded 
@ 14) 

... The Panel has fuund that deckions on sufe~  are not as well based as 
thuse on errery despite m e n t  improvements in the procedures repuired 
by the Federal Food Drug and Cosmetic Act for the establishment of safi 
tolerancesfor pesticide residues on food @ 1 7). 

... Current registration procedures are primarify intended to protect 
people and doniestic unimaIs fiom dumage by pesticides. The protecthm 
of fuh and wildl&ie rmources wi l l  requin aflrmation of this intent by 
Congres. ... the Panel klieves that the Secretary of the Interior should 
actively participaie in review of ail registrations that may affect fish and 
wildZi/e @ 18). 

... Althuugh eradication of a pest population is a laudable goal, it is 
seldom realistic. Cuntrol programs by contrast, apply pesticides in lem 
volume. to a smaller land area, withfewer undesirable side effects ut any 
one time. yet produce the same econotnic results. The gypcy moth, fin 
a ~ ,  Japonese beetk, and whirefringed ôeetie pmgmmr, which haw 
ken continucd for yeamp a n  exanrpk of failures of the "eradication" 
apptoa~h~ @ 18) 

Selecteâ recommendations: 

In oder to augment the sufe@ of present practices, it is recomnended 
h a  . the accreiion of residues in the environment be controlled by 
orded'y reduction in the use of persistent pesticides* As a Prst step, the 
vurio& ogencies of the Federal Governrnent might restrict wide-scale use 
of persistent insecticides except /or necessary connol of disease vectors. 
The Federal agencies should exert the leadership to induce the States to 
take similar actions. Eliminoion of the use of petsistent taxic pesticides 
should k the goal. 



I n  order to dcvclop sufer, more spec~yc controik of pesîs, it is 
recommended that Government-sponsored programs continue ta sikift' 
their emprkasb froni nseamh on brwd spectrum chemicaIs to provide 
more support on: 

(O) sefective~ toxic chernicals 
0) nonpetsistent chernicals 
(c) selective me!hods of appiication 
(d) nonekemical control lll~thods such crr the use of attractants 
and the pnvcntion of reproduction. 

The Panel recommends t h !  toxicity studies inchde determination of - 
(a) EJects on reproduction th~ough ut least two generations in at 
lerisr two species of warm-blooded animals. Observations should 
inciude effects on forlility, sire and weighr of litter, /etal mortaliiy, 
terutogenicity, growth and development of sucklings and 
weonlings. 
(b) Chronic eflects on organs of bath immature and adult animals, 
wiîh particular emphasis on tumorigenicity and other eflects 
common to the class of compoundî of which the test substance is a 
member. 

nie Panel recommends expanded research and evaiuation by the 
Department of the Interior of the t d c  effects of pesticides on wild 
vertebrates and invertebrutes. 

In order to strengthen public lmvs an pesticides, it is recommended thar 
antendrnents to public laws be requested. mese should ... c la r~a  the 
intent of the Federal Insecticide, Fungicide und Rudenticide Act to 
protect furk und wild&ie by including them as weful vertebrutes und 
inverlebrutcsc 

To enhance public aware~~tss of p t k i k e  ôenefits and hasur&, it is 
recommended that the appropriate Federal departments and agencies 
initiate programs of public educu!ion describing the use and the toxic 
nature of pesticides. Public literature and the exporiences cf the Panel 
members indicate that, until the publicatiion of Silent Spring by Rachel 
Carnon, people were generaliy unawon of the tabciw of pesticides. me 
government should present this information to the public in a way that wifl 
make it mare of the dangers whife recognizing the value of pesticides. 

Though not as critical nor hard-hitting as Miss Carson and her supporters would have 

liked, it nevertheless signaled the dissatisfaction of the Administration with the present 



pesticide situation and their tendency to side with them rather than the supporters of 

agriculhiral chemicals. Some media reported that "Rachel Carson Stands ~indicated'"~. 

Moving back to 1962 to look at industry's reaction, after Kennedy's new conference, 

NACA moved quickly to issue its own booklet entitled "Fat and Fancy" which pitted 

Carson's ciaims against their own (cited to scientific articles), in a tabular point by point 

~o rn~a r i son~~ .  The National Pest Control Association sent a collection of negative book 

reviews to its members and included a song parody entitled "Rachel, Rafhei" which 

mimicked the lyrics and tune of the old Song "Rubin, Rubin" which included the lines 

that could not be more clear about the contest of values6': 

Rachel, Rachel. we 've been hearing 
Ail the dread wor& that you said, 

Were they true and Spring wes silent, 
Then I'm sure we '11 soon be dead 

in those fan& where stark starvation, 
Stalk a childfiom birth to grave, 
Gratitude /or /wd production, 

Caims the clamor. knighrs the brave. 

Hunger, hunger, are you listening, 
To the wordsfiom Rachel 'spen? 
Wor& which taken ut face value, 

Place lives of bir& above those of men. 

Shortiy after Silent Spring 's publication, Monsanto published 'The Desolate Year" in its 

Company magazine, a text which mimicked Carson's style, phrasing, and her "Fable for 

Tomonow" which was the first chapter of Silent Spring. It described a "desolote" world 

of plagues and starvation in which the "bugs were everywhere" i f  thece were not 

pesticides. A second section wught to set the record straight and was entiiled "Not 

Fiction, . . . Fuct ", and ended by quoting the Manufacturing Chemists' Association: 

1 

I " Lear(1997. p 451) 

! 
" Lear (1997, p 420) 

1 
" RepMted in Lear (1 997, p 435) 

! 
I 



"lndustry, government and non-profit institutions have iaboured to create 
these chernical t d ,  and to research, develop, test, and establish sa/@ 
standards for them. Nevertheless, like other tools of our civilization, they 
are susceptible to mime and abuse which can result in destruction to 
crops, h m  to humam a~dpollurion of our environment. But instances of 
such misure and abuse must not be allowed to obscure the fact that thse 
ioo& are vital to the Lealth and men sundwl of kumun@. 

This was the typicai reaction of industry, the USDA and economic entomologists to 

criticism of DDT and other pesticides: absorb the blow of the critique by "minimizing9' it 

in interpretation. They would coacede that yes, sometimes, fish and birds died, but 

proper training could remedy this. When this didn't silence critics, another strategy they 

used was to rebuff the blow of the critique by "maximizing" it in interpretation. The 

arnbiguity of the critique of pesticides as to levei of anafysis facilitated this discursive 

strategy. It was far from clear what DDT opponents of DDT wanted to see changed 

andfor substituted: 

- misapplied DDT? 

- excessively applied DDT? 

- DDT? 
- the persistent organochlorine insecticides? 

- al1 organochiorine insecticides? 

- ail insecticides? 

- al1 pesticides? 

- tec hnolog y? 

- Capitalisrn? 

These last few "levels" seem exaggerated but such accusations were cornmonplace in the 

debate over D D ~ ' .  For exarnple, cowider the response of Jarnie Whitten, Congnssman 

for the DDTdependent cotton-growing state of Mississippi and a perenai*ai holder of key 

Cited in "The Desolste Yeaf' in Monsanto Mugaine, Octokr 1 %2, p 9 
" See Lear (1997. p 409,4 17) for examples of accusations that "Communists" and "sinister forces" werc 
behind the pesticides conttoversy, Many of the negative ceviews of Silent Spring make reference to the 
homrs of a world without technology. The review in Tinie (1962 09 28, p 45) catcgorized matter of factly 
'pesticides: the price of progress 't 
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positions on the House of Representatives Appropriations Subcommittee for Agriculture 

including over 15 years as Chairman, to Silent Spring. He wrote an entire book entitled 

Thar We May Live! that was published in 1966, that concluded: 

"As I have pied to make plain, in Our fight against Communisrn Our 
ugricu!fure i s  perkaps our greaiest msek Iis scop embtaccs both 
nafiomal securi3, and nofional heulth. ... We must not permit anyone or 
any gtoup to saddk our sources of food and fiber with the burden of the 
wtknown. We mwt not rcst&! ou? use of our blSl weupoms ~gaimt 
insect-borne diseuses. ... We m u t  be ready with new weapom and new 
methoh; but in the meantime we must not give up those we have. ... We 
must use afi Our known weopons, as we spend miIIions of dollars 
annuuily in our efforts t o f i d  new ones, ifwe are to enuble man to k e p  
that important one step ahead in his continuing contest with insects and 
disease, with pest and pestilence. To this end we need public 
understanding, that we may continue to add to the years of our lives, 
indeed, TTW T WE M4 Y LIVEI [his emphasis]. 

(Witten, 1966, p 2 14,2 16) 

1 argue that these discursive strategies are attempts to "enroll" allies in the "struggle" in 

which the talkers were engaged. The level of the debate defines who would naturaily be 

for and against change and substitution. If DDT opponents had made it clear that they 

ody wanted to see DDT substituted, it is likely they could have gathered the support of 

the manufacturers of alternative products. By defuiing the debate at such a broad level, 

and also b y harnessing the discourse of war, DDT supporters escalated the stakes. Note 

that this applied to DDT opponents as well; both sides in the DDT debate attempted to 

harness feu and ernotion. 

Within science, an unprecedented amount of research was undertaken fofusing on DDT. 

Beginning with the arriva1 of DDT, and continuing through the 1950s, wildlife biologists 

in academia dong with those employed by govemment in the Department of the Interior, 

had kgun to inquire about, study, me-, and document the impact of pesticides on 

birds, fish and wildlife. Ultimately they would aiso challenge the wisdom and protest 

against these impacts, but this did not begin until the end of the 1950s. Dissemination of 

results, discussion and debate was therefore largely limited to a number of closed 

piofessional cucles, "inside the black box" of science. With only a few notable 
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exceptions - instances where scientists got involved in public debates and legal 

challenges over DDT (noted a bit later when I retwn to the discussion of the fate of DDT 

in the Dutch elm disease vector control market) - it was not d l  Rachel Carson 

published Silent Spcing that the problerns that DDT and other agricultural chernicals 

posed for the environment received widespread attention. So although research had been 

undenvay prior to Silent Spring, it was as if the floodgates had opened, especially in 

ecotoxicology; the "environmental fate" and the safety of DDT residues to birds, fish and 

wildlife were investigated like never before. Rather than address dl of it here, it wili be 

introduced as the story of the fall of DDT unfolds. 

6.6 Rachel Canon: Süenceâ in Spring, 1964 

Weakened by cancer, Rachel Carson died at home of a coronary heart attack on April 14, 

1964". Arnong her pallbearers at Washington's National Cathedral were: Stewart L 

Udall, Secretary of the interior; Senator Abraham Ribicoff, who eulogized "Today we 

mourn a great la&. AA manklnd is in her debt. "; Robert Cushman Murphy, the 

omithologist who had taken his local govemment to court to stop it fiom spraying DDT; 

Charles Callison of the National Audubon Society; and Edwin Way Teale, a nature writer 

who had penned an article on the possible il1 effects of DDT on wildlife as early as 1945. 

Even Prince Phillip of England sent a wreath. 

"Rachel Carson's gifis as both a p e t  and scientist iurned Silent Spring 
into an eloquen; book Becme of hep, we undertook landmark hearings 
in the US. Senate that aroused Congress and the nation to the dangers 
she described Her purpose, she told me be@e she died, was to cull 
attention to the ever-increasing contamination on the balance of nature, 
global in scope and detrimentai to mankind " 

(Senator Abraham Ribicoff, 1992 
writing in the foreword to Briggs' Busic Gui& to Pesticides) 

10 lktails of Carson's death and fiineral can be found in tear (1997) and Graham (1970). 



6.7 Bird Values Dominate: Metbosychlor Substitutea for DDT for Dutch Elm 

Disease Vector Control 

1 will retwn now to my story of the market for DDT represented by federal, state and 

municipal programs for Dutch e h  disease vector contml, what bad been simmering 

dissent just below and at the surface of public life in the late 1950s came to a complete 

public boil in June of 1962 with the publication of the --part serialization of Rachel 

Carson's Silent Spring in the New Yorker. Much of her second installment was devoted 

to a description and critique of the various Federal and State eradication programs, 

including those aimed at the vectot of Dutch elm disead'. Besides calling for more 

consideration of bud and wildlife values in insect control decision-making, Miss Carson 

also challenged the use of DDT in massive spraying prognuns on other grounds linked to 

values and justice, appealing to what she felt were firndamental tights: 

" We have subjected enormous numbers of people to contact with these 
poisons, without their consent und ofien without their knowledge. I/ the 
Bill of Rights contains no guamntee that a c&en shall k secun 
against lethal poiwns disrrbuted either by priwte indbidualr or by 
public o@ciri&, it is sure& on@ because our fonfathers, dapite their 
co~t~iderubIe wisdom and fornight, c d  co~ceive of no such pmbIem " 

(Carson, 1962, p 12) 

Later, before the Ribicoff Committee in 1963, she would testify: 

"1 h o p  this committee will give serious consideration to a much neglected 
problem - that of the right of the ciliwn to k secun in his own home 
against the intrusion of p & o ~  opplied by other persons. '" 

(United States Senate Cornmittee on Govcmment Opcrations, 1966, p 30)- 

Given impetus by Miss Carson's book, it was not long before concerns of the public 

began to appear in political discourse as well. President Kennedy's Science Advisory 

Cornmittee's report explicitly refereed to the effects of spraying for Dutch elm disease on 

wildlife, as well as those of other Federal and State eradication campaigns. It signaled its 

support of the inclusion of bird and wildlife values in insect control decision-making by 



"The protection o f f i h  and wildlife resources wifl require aflrmation by 
this Congress. Fol/owing such action by Congress. the Panel believes the 
Secretary of the Merior should actively participaîe in review of al1 
registrutions that m q  Mectfish and wildlife. " 

(PSAC, 1963, p 1 8). 

It also stated, in no uncertain ternis, that "afthough eradication of a p t  popufation is ta 

laudable goal, it is seldom realistic", described USDA eradication campaigns as 

"jiailures ", and recornrnended that Federal pest control prograrns "be conducted not onfy 

with attention to marhum effect on rhe target organisins. but withfi«ther evaIuotion of 

the associated hazards. "". in perhaps the report's clearest signal of the values the 

Cornmittee wanted to see promoted in insect control decision-making, and most damning 

as f a  as DDT was concemed, it stated bluntly: 

"Elimhation of the use ofpersistent toxic pesticides should be the goal. '" 
(PSAC, 1 %3, p 20) 

Besides public and political activism. the mounting toll of dead birds stimulated scientific 

research as well. Indeed, these two activities became entwined like they never had before 

in American lifen. It was the Dutch elm disease spraying program on his own university 

campus at Michigan State University, beginning in 1954, that prompted the omithologist 

Dr. George Wallace to undertake ongoing multi-year research involving laboratory tests 

and field monitoring of bird populations74. Dr. Charles Wutster Jr. also traces his 

involvement with the DDT controversy to the spraying of his tom for Dutch e h  disease, 

occuning a bit later, around the time of the publication of Silent spring? He tned to 

block the spraying locally and failed, but, as the scientific dnving force at the heart of the 

Environmentai Defense Fund, would go on latet to play a much bigger role in "nile- 

making" in the domain. Similarly, another scientist whose research and testimony would 

corne to central to the justification of a strong regdatory response to DDT, Dr. Joseph J. 

PSAC (1 963, p 18, 19) 
73 Dunlap (198 1); Bosso (1987) 
" Wallace (1959) 
7s Wurster interview 
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Hickey, also began his involvement with DDT because of Dutch elm disease ~ ~ r a ~ i n ~ ' ~ .  

In 1958, he jwt could not comprehend the sight of a rnulberry bush loaded with f i t  but 

1 with no birds on it, and decided to investigate. He began to research the acute effects of 

I DDT spraying on birds by monitoring populations on the University of Wisconsin 

campus at Madison. This eventually led him to u n d e d e  research into more chronic 

effects of DDT on bird populations and, specifically, the links between DDT and eggshell 

thinning which wodd be critical to just img the ultimate ban on DDT (discussed in the 

next section of this Chapter). Writing in his comprehensive report, 7Re Ecoiogicol 

Effects of Pesticides on Non-Target Species, comrnissioned by the Offce of Science and 

Technology in the Executive Office of the President of the United States, Pimentel gives 

an excellent s u ~ a a r y  of scientific research into DDT's acute toxicity to birds specifically 

linked to spraying for Dutch elm disease, and it references these scientists specifically: 

"DDT upplied to elms /or control of Dutch elrn disease resulted in a heavy 
mortality of robins and of m q  other species as well on Michigan State 
Universi@ campus (Bernard. 1963; Bernard & Wallace, 1967; and 
Wallace, Etter and Osborne, 1964). niree habitats in Wisconsin received 
DDT for conrrol of Dutch elrn disease, and 3 areas were unsprayed (Hunt? 
1960). In the 3 DDT-treated habitats songbird nurnbers averriged 31, 68, 
und 90 percent below those of unsprayed areax Robin populations in the 
sprayed areas were 69, 70, and 98 percent below those of the unsprayed 
areas. Treatment of 2 acres in Wisconsin with DDT to control Rutch elm 
disease (about 2 pounb of DDT per tree) resulted in a robin mortality 
ranging fiom 86 to 88 percent (Hickey and Hunt, I96û). The nurnôet of 
nesting mbhs on the Madison, Wcsconsin campus incceased f i  3 
pairs to 29pairs afer cr change fm DDT to metkarycRIar (Hunt, 1965). 
Elms were treated with DDT ut 1.9 lb/A in Hanover, New Hampshire, 
resulting in 1 SI birdr fiund dead compared with untreated Nonuich, 
Vermont where oniy I O  b irh  were found dead (Wurster, Wurster & 
Strickiannd, 1965). " 

(Pimentel, 197 1, p 19) 

The second to last sentence of the above e m c t  draws attention to our focal phenomena 

of substitution. describing the replacement of DDT by methoxychlor. Ultimately, 

I through local activism, protestation and contestation, municipal and state govemments 

l6 Hickey interview 



did substitute active ingredients lcss toxic to birds than DDT in their spraying progrems 

for Dutch e h  disease. Our focal phenornena of substitution wa3 a common respanse 

to the problem of acute toxicity to birds and other wildlife. Demand for the active 

ingredient DDT to be used in spraying prograrns for Dutch e h  disese fell as users 

switched to alternatives. By 1964, this was the case for a growing number of 

comrnunities, as described here in a summary that clearly underlines the conflict in values 

at the core of the controversy: 

"Conlrol of Dutch elm diseuse with DDT hm always provoked 
controversy between bird lovers and controf oflciuls. Recentfy the 
controversy was strongest in Michigan, Wisconsin and illinois (Hickey, 
1961). The problem is paradoxical. Elm trees are appealing and 
valuable; so ois0 are birak. In swing the e h  by current control 
measures, we preserve a refige for the bird but we kill the b i d  The on& 
logicul position is to safiguurd both trees and bir& Fortunateîy there 
uirls a chernicol near-relative of DDT - methoxychlor - that ib about a9 
effective as DDT in küling beetIcs but poses no real hourd to binlr 
(Wootten, 1962). Unfottunately, methmychlor cos& three times as much 
as DDT. Until the las! yeur or two this cost dt#ierentîàf (one dollar per 
hee wirh DDT to t h m  doliats per tm with methdiryclirlor) wac enough 
to urlude methqcklor fron, conhd programntiirrg. Howmr  severaï 
coniniunities have elected the seeming& mon expensive coume on the 
hi;s that greater wlue accrnts in the long rua Doubtless other 
communities will maùe the same decision and perhaps ultitnately DDT will 
not be recommendedfir Dutch elm disease conrrol. Other chemicals are 
under study as control agents, but none yet satisfles the requirements of 
60th bird and tree protection Few wifl accept the premise implicit in 
wing DDT on elms: thut most birds musr be suer flced to protect trees. " 

(Rudd, 1 964, p 34) 

Throughout the 1960s, more and more jurisdictions revened their position on the use of 

DDT for Dutch elm disease control, amving at different value judgments than they had 

earlier. Even the USDA took note of the shift: 

" Harard to wildlife should be considered in planning a program for insect 
control. Methoxychfor hhas in some cities replaced DDT to combat Dutch 
efm disease in the spring when DDT might be a hmurd to Song birdr. " 

(Pesticide Situation, 1963-64, p 14) 



Note that these juisdictions who switched away fiom DDT did so by employing the 

simc set al  bclicfis about the consequenrr. of usuig various alternatives. Thaî sprayhg 

with DDT for Dutch e h  disease would result in bird mortality had been known and 

accepted since 1947. Those making insect control decisions were also faced, in most 

cases, with the s a w  choice menu of alternatives as in years pnor to the growing public 

outcry. The alternative methoxychlor, available for alrnost as long as DDT (since L944), 

was one of the most popular substitutes: 

"Methoxychlor is one of the safist insecticides known, as indicated by the 
low oral rat and dermal rabbit toxicities (each 6,000 m@g or more) and 
the chronic dose ut which effects appear is said to be 5000 ppm. ... The 
treutment of elm trees to con& the beetle veciors of Dutch elm disease 
requires unusuaik'y large DDT treatments which are believed to have 
resulted in bird deaths (especiuliy robins) through contamination of their 
food (earthworms) with insecticide. For this remon, there has been a 
tendency in recent years to use methoxychIor for such purpuses. '" 

(BfOOkS, 1974, vol II, p 126) 

So it was not the appearance of a superior substitute product which motivated or triggered 

the substitution. Rather, it was changes to the value judgments, preferences and 

evaluation logics employed to weigh insect control alternatives and their consequences 

that led to the supplanting of DDT by methoxychlor. 

It took more contestation to sway some municipalities than others. Consider the case of 

Michigan, where the Environmental Defense Fund (EDF), which we present and discuss 

in more length in the next section of this Chapter, adopted an aggressive litigation 

strategy that was successfùi at forcing substitution of DDT. 

" Legal action against nine Michigan mwicipolities, 6brught by EDF in 
October 1967, was imtrumentai in discontinuution of DDT@ atîempted 
control of Dutch elm disease in these Western Michigan communiîies. in 
earb 1968 an addtionui 17 Michigan municipclities were udded to the 
EDF action. thereby involving ail that intended to apply DDT. BeMe the 
year was out, 50 of the 56 municipalties had cupituZated, " 

(Bloom & ûegler, 1969, p 59) 



The EDF did not technically win its 1967 legai action seeking an injunction against the 

nine towns planning to spray DDT against Dutch e h  disease in 1968, but it did achieve 

its objective of stopping the spraying. None of the n b  t o m  contested the suit, al1 

affirming that they would not use DDT? Soon afterwards, the Cooperative Extension 

Service (affiliateci with the Agricdturai Experiment Station) of Michigan State 

University withdrew its statewide recommendation for DDT against Dutch ehn disease, 

tecommeading instead impmved sam*tation mund already diseased trees and the use of 

the substitute methoxychlor in spraying7'. 

At the end of the decade, in places where these new value judgments had not been 

adopted voluntarily as new ''noms" through persuasion and the involvement of local 

activists and concerned citizens in municipal decision-making, nor adopted reluctantly 

through mild coercion by the legal actions and threat of legal npercussions initiated by 

groups like the EDF, they were ultimately forced. The preferences of actors who placecl 

a higher value on birds and wildlife than those habitually making insect control decisions 

became institutionalized into fomal d e s  - "regulations" - in a nurnber of jurisdictions, 

compelling even the most recalcitnuit insecticide users to adopt, or at least act "as if" they 

had adopte& a substitute set of values: 

"The pesticide boards of Maine und Màssuchusetts have bunned DDT as 
a weapon to conttol ûutch e h  disease. " 

(Higdon, 1969, p 6) 

6.8 Substitution as a Consquence of Rule-miLing 

The exit of DDT fiom the market for insecticides represented by al1 the federal, state and 

municipal purchases for Dutch elm disease control is an example of what 1 cal1 in this 

thesis "substitution as a consequence of &-making". The critical dynarnic that triggers 

and drives this type of substitution occurs largely in the public and political arena of 

n Dwilap (1981, p 149) 
Higdon (i%9) 



society. It is a process that is not well-understood in the business strategy and economics 

literature; the prirnary trigger for this instance of substitution driven by problems of acute 

toxicity to birds was 'hile-making" by concemed citizens, governrnent oficials and other 

actors in the public arena. Basically, the decision mles employed by those responsible 

for insect conhol decision-making shifted to reflect the public's expression of its values; 

dead birds became less desirable outcomes for users of insecticides as they becarne less 

tolerable to citizens. Different degrees of contestation were necessary to c a w  switching 

in different municipaiities, but in each case these were essentially contests over values 

and preferences re outcomes of insect control activities. 

Stated another way, in the calculus of insecticide use, involving elms, birds, spraying 

costs, etc., one value judgment was substituted for by another value judgment through a 

pmcess of contestation in the public arena. Yes, DDT was abandoned in U s  market 

because it had inferior performance to methoxychlor, but this was because pedormance 

was redelneù. As values change, what counts as the most Eflicient tool changes. The 

"Rightness" (and to some degree, the "Justice") of insect control outcomes that Ieft dead 

birds scattered across suburban lawns was successfully chailenged by actors promoting 

different values. 

1 wish to h w  readea' attention to three key points which characterize this type of 

substitution process: 

(1) First, these substitutions were not triggered and driven by the appearance of 

methoxychlor in the commercial marketplace. The tools available to insecticide 

users - those appearing on the "choice menus" - were unchanged before and afker 

the substitution process; both DDT and methoxychlor had been available since 

m. 

(2) Second, there was no uncertahty, ambiguity or controversy as to the 

performance of the incumbent product DDT as compared to methoxychlor dong 

any evaluation criteria. The "facts" were constant. That each had similar eflcacy 



in achieving insect control but that methoxychlor was safr to birds and would 

leave fewer of them dead or trembling on people's lamis had been known since 

the 1940s. 

(3) Third and finally, what changed were the evaluation criteria and decision 

rules employed by actors in the pesticide domain to define what constituted 

superior insecticide "peiformance". The "facts" about dead birds did not really 

matter - they had little sign~jicunce - unfil the actions of concerned citizens in the 

public arena made them relevant. Through their protests, cornplaints and 

contesting, actoa succeeded in elevating the statu and importance of what 

onginally were unimportant evaiuation criteria in insecticide users' decision- 

making - acute toxicity to birds and other wildlife as well as the impact of 

insecticide users' activities on the rights of non-users. 

Specifically, in the de-making arena, actors (concerned citizens, NGOs) developed and 

made normative claims - "ought9' statements reflecting their preferences for insect control 

outcomes that did not include dead birds - that they believed (or at least hoped) had 

potential for being adopted, then brought these to organized structures of conversation 

(their t o m  hall meetings, their city council meetings, the courts in certain instances) 

where the fate of normative claims are decided and where they attempted to dernonstrate 

the superiority of their proposed decision values and d e s  as compared to the incumbent. 

Just as the entry of DDT resulted from systematic and strucnired problem-solving 

activities in the commercial arena, the exit of DDT fiom these markets was also the result 

of systematic efforts by organized individuais to solve what they perceived as a problem 

of values and decision des .  The "accepta bility" or bbappropriateness" or, more generail y, 

"Rightness" or "Justice" of the outcomes of insect control decisions was successfblly 

challenged by actors affected adversely by the spraying dong with their sympathizea and 

supporters. Using the institutional resouces at their disposal, they succeeded in changing 

the values invoked by municipal, state and federal authorities in insect control decisions, 

and in the lim0ting cases, had these ensconced into Lbrules" applicable to entire 



jurisdictions. The substitution of one value (Le. decision d e )  for another triggered the 

substitution of one product for another. 

6.9 A Contest of  Values Triggered by Problems of Persistelice, Transport and 

Bioaccumulation 

Whereas in the previous section 1 focused on the substitution of DDT in relatively minor 

markets represented by Dutch elrn disease spraying programs, here 1 focus on the 

substitution of DDT in the biggest market for insecticides in the United States, which is 

that for use against pests of cotton. In this section I recount and analyre the series of 

events leaâing to and cornprising the exit of DDT fkom use as an insecticide by cotton 

growers. 

It should be noted that the problems of penistence, transport and bioaccumulation are not 

specifically linked to the use of DDT on cotton, but are rather problems associated with 

dl uses of DDT. It is just that cotton growen were the Iast to abandon DDT and 

substitute it with alternatives, and this they did only after king forced by the 1972 

decision of William D. Ruckelshaus, Administrator of the Environmental Protection 

Agency, to ban it. The clear and dramatic nature of the decline of DDT use on cotton - 
failing to zero as soon as the ban took effect - makes it relatively easy to draw readers' 

attention to the key points characterizhg this substitution process that we wish to 

emphasize. Iust as with the case of Dutch e h  disease, the alternative substances selected 

to replace DDT had been around for some time. It was clearly not their arriva1 on the 

scene that viggered the displacement of DDT. Indeed, the coalition supponing DDT 

made up of the agricultural chernical industry, cotton p w e a  and other insecticide users, 

the USDA and most economic entomologists, argwd vociferously that "DDT is 

necessary" because in their view the alternatives were ineffective or too expensive. 

According to the criteria of imponance to hem, DDT had superior performance 

compared to these alternatives when it left the economy. Second, both before (i.e. when 

DDT was the insect control tool chosen) and after the substitution process (when DDT 
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was not being used), users' beliefs about the consequences of various alternatives were 

basicaily unchanged. But what did change, I point out here, was the significance of these 

consequences. What had originally k e n  unimportant evaluation cnteria in insecticide 

users' decision-making - persistence, transport, and biomagnification (also referred to as 

"bioaccurnulation") as well as the impact of insecticide users' activities on the rights of 

non-users - gained su bstantiall y in importance speci ficall y becaw these non-users 

protested, complained, contested and fought to make this so. The "Rightness", 

"acceptabiiity", "appropnatenessYy or, more generaily, the "Justice" of the outcornes of 

insect control decisions was successfully challenged by actors af5ected adversely by the 

use of DDT dong with their syrnpathizers and supporters. Using the institutional 

resources at their disposal, they succeeded in having their values fonnalized and 

ensconced into the 'brules" to be applied in entire jurisdictions; DDT became banned. 

It should also be noted that penistence and bioaccurnulation are not problems, per se, but 

that these physical properties do multiply and extend, in space and time, the intrinsic 

toxicological hazarâs aWibuted to DDT by its opponents, with respect to hurnan health 

(especially oncogenicity - the carcinogenic risk it posed for humans) and the environment 

(especially eggshell thinning among birds at the top of food chah). These aiso formed 

an important part of the case against it. in addition, these particular physical properties 

ensured that, udike many other pollutant "extemalities" as ihey are cailed in economics, 

DDT was attended to and accounted /or. It turned up, Iiterally, everywhcre. DDT's 

awkward appearance in, and disappearance only with dificulty fiom, parts of the 

physical world which are attended to and which have emotional salience to people - 
pristine Antarctica, neighbourhood robins, bald eagles, human fat and breast milk - fueled 

and sustained the public controversy. Indeed, afier compiling this biography of DDT, 1 

would suggest that it was perhaps this aspect of violation of sucredplace or transgression 

by this omnipcesent molecule that stined people and led ultimately to its ban. But here 1 

am digressing into interpntive speculation. It will sace to complete this Chapter by 

demonstrating that our focal phenornena of substitution was a conseqwnce of d e -  

making in the pesticide domain. 



The rule-making in Washington - the EPA's consolidated DDT hearings of the early 

1970s which resulted ultimately in the ban of DDT - follored a series of other mie- 

making contests and stniggles in various jurisdictional arenas. 1 have a l d y  mentioned 

some of these in the discussion of the debates smounding the use of DDT for control of 

Dutch e h  disease, and the activities of the Envuonmental Defense Fund (EDF). 

Because of its groundbreaking and central role in the legislative history of DDT, this non- 

govemrnent organization and its strategies ment attention and analysis. 

49.1 The Environmentu1 Defense Fund Enters the Domain 

The people comprising the EDF in its early years wen brought together and spurred to 

action just like other citizens concemed about DDT in the 1960s, by local spraying 

programs that killed birds, fish and wi~dlife'~. In April of 1 966, Carol Yannacone leamed 

that the Suffolk County Mosquito Control Commission wouid be using DDT against 

mosquito larvae in Yaphank Lake, where she grcw up. In pnor years, this had resulted in 

fish kills that had angered her. She asked her husbmd, lawyer Victor Yannacone, to help 

her to stop ihis action. Actuaily, she threatened him with "not getfing dinner unfil ire did 

something", he recalled in an interview8'. 

Yannacone filed a suit seeking an injunction to preclude the use of DDT, and got a 

temporary one for a year, but ultimately lost the case". B:it &er having ken forced to 

substitute alternative mosquito controls, the Commission did not switch back to DDT the 

following year, fearing more legd problems, so Yannacone's legal action was a success 

in terms of outcornes. Others joined them in the suit, notably the Brookhaven Town 

National Resources Cornmittee and Dr. Charles Wurster who later becarne the principal 

scientist advising the EDF. Together, W u t e r  and Yannacone made what the latter 

called a "great decision " when they "conceived of the idea of submitting a technical 

" This discussion has benefîted p a t l y  h m  Wurster (1  975); Dunlap (1  W8b); Dunlap (198 1); and the 
tamd interviews with Yannacone and Wwster. 
'D~annacone uitcrview 
" Dunlap (l98l. p 145) 



appendix" o f  photocopied scientific articles to their affidavita2. This affidavit aiso 

included what would corne to be the ofken-quoted line: 

"Using DDT to control mosquitoes is like using atomic weapns to 
control criminuls in New York City" 

(Yannacone interview). 

Avoiding legd terrain on which victories against DDT had been elusive - claiming 

personal damages or seelring abatement of a nuisance - the EDF asserted that citizens had 

a right to a clean environment. 

"The objective was to compel major institutions of enormous inertia and 
slow reaction times to litigute in our bal1 field with our rules and our 
umpire. ... That was the whole thesis behind legd litigation ut that time. " 

(Ymacone interview). 

The only way to do this the EDF believed was to fmd an "unclaimed area of the l m "  

and so they decided to use "equity litigationfir declaratory judgments and equity reliej; 

with no money damuges, and alleging broud constitutional groundp not yet litigated in 

this case the ninth amendment'". 

Technically, the EDF came into king as an organization jua after this fmt action, and 

was made up of only ten people, including Yannacone & Wumer. Unique and novel 

among conservation groups, it existed to "define human rights through research. 

education and litigation " and its purpose was "to provide a direct means /or bringing 

science to beur on environmental issues. "" The EDF was entrepreneurid in its approach 

to instihitions and making arguments; by utilking the judicial sub-system of the public 

de-making arena rather than the legislative nib-system, they could maintain their 

charitable tax-exempt statu because their activities were technically not "politi~al"~~. 

Yannacone interview 
Yannacone interview 

Y Dunlap (1981. p 147) 
U Bosso (1 987, p 135) 



Subsequent to the Suffolk County case, the EDF began "practicing a form of legul 

guerilh warfarett motivated by Ya~acone's f m  belief that: 

"lfthere is a social need that must be fille4 and something must be done 
for the People, with a capital P, there must be a legal wcry to do if. It was 
a lawyer 's job toofind this way or to invent it. " 

(Yannaconc interview). 

Speaking at a convention of the National Audubon Society in September of 1967, 

Yannacone summarized his philosophy for fillhg these social needs in a short and now- 

famous phrase: "Sue the bmturds! 'd6. 

Only 5 days &et its incorporation, the EDF filed 2 suits in Michigan, encouraged by the 

head of the Michigan Department of Natural ~esources~'. The first was the one against 

nine towns planning to spray DDT for control of Dutch elm disease, and has already been 

dixussed in the previous section. The second challenged the Federal-State k t  control 

program wherein the USDA and the Michigan Department of Agriculture planned to 

spray dieldrin, another persistent organic organochlorine like DDT, against Japanese 

beetles. In this case the judge d e d ,  in October of 1967, that the EDF had no standing to 

bring a suit, but the EDF's le@ maneuvering, which included an appeal to the Michigan 

Supreme Court, delayed spraying for one year anyway. Undeterred, in October of 1968 

the EDF filed another action in the neighboucing state of Wisconsin, alleging that 

spraying of dielchin in Michigan would damage the Lake Michigan ecosystem in which 

Wisconsin also had a vital interest. The suit proceeded and the EDF presented its 

scientific evidence against, ia this case, dieldrin. That judge tw niled against them and 

allowed the spraying to continue. The EDF again retumed to DDT and its use against 

Dutch elm disease, but this time in Wisconsin. And it was here that they eventually 

achieved significant legd and public relations success. 

'6 Yannacone interview 
" This paragraph has ken assembled h m  material in Dunlap (1 98 1. p 149. 150) 
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6 9.2 DDT an Trial in Madison, Wisconsin 

The EDF was brought to Wisconsin at the urging of Lome ûtto, a non-scientist, non- 

politician "housewife" offended by the bird mortdity she had seen result frorn use of 

D D ~ ' .  She predicted more dead birds when she heard in August of 1968 that the 

Wisconsin Department of Agriculture had recommended it yet again for use against 

Dutch elm disease and that towns amund her were planning to use it. Subsequent to the 

publication of Silent Spring, she and other local conservationists (the Citizens' Naturai 

Resources Association of Wisconsin, inc.; CNRA) had actively campaigned against 

persistent pesticides by holding seminars and speaking out against the use of DDT for 

Dutch elm disease in municipal forums. Otto had also been coliecting data on DDT use 

and bird mortaiity. They had had some success, with a few toms stopping theù use of 

DDT just like those discussed earlier. 

The EDF agreed to represent the CNRA in a complaint filed with the Wisconsin 

Department of N a d  Resources, responsible for such spray programs, naming the city 

of Milwaukee and the company destined to win the contract for spraying, Buckiey Tree 

Service, as defendants. The city and the company backed down, agreeing not to use 

DDT. Despite this apparent victory, the EDF was upset. It haâ not yet found a forum to 

air their scientific evidence against DDT and get a clear judgment against it. It success 

was bittersweet; the EDF wasn't interested, per se, in coercing insecticide usen into 

substituthg DDT on a one by one basis". 

The hearing examiner for this last complaint of theirs, Maurice Van Susteren, informed 

them that if this was their goal, then they had chosen the wrong legal route and pointed 

them in another direction. in Wisconsin, citizens had the right to ask for "declaratory 

nilings" h m  govemrnent departments, tbrough public hearings, on the applicability of a 

set of facts to any d e  that that department enforced. The EDF could essentially sue 

* This paragraph h a  ken assembleci Eom material in the ûtto interview, and huilap (1981, p 152, 153) 
~9 Yannacone interview 
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DDT''. The CNRA quickly went ahead and, together with the Wisconsin izaak Walton 

League, asked the Deparmient of Natural Resources, under Wisconsin Statute 144.01, 

which defined pollution to include "contamination or rendering unclean or impure the 

waters fl the stute, or making the same injurious to public health, harmfil /or 

commercial or recreational use, or deleterious to fish, bird, animal, or plant life. "", did 

DDT constitute a poilutant? 

It did. 

But this was made official only on May 20, 1970, when the hearing examiner issued his 

declaratory mlhg on behalf of the State of Wisconsin: 

"DDT, ineluding one or mon of L me!abolites in amy concentra!ion or 
in combination with other chernicab ut any I d ,  wilrhin toferanccs, or 
in any amounls, is  ha~mfuf to humans and found !O be of public health 
sign~pcance. No concentrations, levels, tolerances, or amounts can be 
establ ished. Chemical properties and characteristics of DDT enable it to 
b stored or accumuhted in the human body and in euch trophic level of 
various food chains, particularly the aquutic, which provides /wd /or 
human consurnption. Its ingestion and dosage therefore cannot be 
controlled and consequently its storage is uncmtrolled. Minute amounts 
of the chemicaf, while not producing observable clinical effects, do have 
biochemical, pharmacological, and neurophysiologicai effects of public 
health significance. 

"No amte or chronic levels of DDT which are harmfirl to animal or 
uqucrlic life can be estoblished For the remom above seiforth, a chronic 
level may becorne an acute level. Feeding tests, laboratory experiments, 
and environmentai studies establish that DDT or one or more of its 
analogs is harmfil to raptors and waterfowl by interfiring with their 
reproductive process und in other birdr by having a direct 
neurophysio fogical e ffect. 

"Feeding tests or experiments and environmental studies esrablidt that 
DDT ut chronic low levels is harmfil to jish by reducing their resistance 
to stress- 

a * Van Susteren interview 
91 Statute is cited in Henkin et ai (1 97 1. p 9) 
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"DDT and ~ P F  analogs are thenfore emvironmental pollutants within the 
definitions of Sections 144.01 (1 1) and 144.30 (9). Wisconsin Statutes, by 
coiitaminuting and nnderhg unclron and impure the air, land and 
waters of the state and making the same injurious to public health and 
deleterious to fuh, bird, and animal l#ie. " 

Van Susteren had assigned himself to the hearing, which began on December 2, 1968 and 

was supposed to wrap up before Christmas but only fhshed on May 21,1969. Some 32 

witnesscs appeared and 2,500 pages of testimony and cross-examination were produced, 

dong with thousands more pages of exhibits, much of it scientific papea. The witness 

list included a number of notable scientists, many of whom were called to testiQ for the 

petitioners (i.e. the EDF) like Paul de Bach (entomologist; biological insect control 

specialist who demonstrated that DDT could make insect control probiems worse), 

Joseph Hickey (ecologist; author of important scientific works linking DDT to eggsbell 

thinning and declining populations of peregrine falcons); Robert Risebrough (molecuiar 

biologist; provided evidence of effect of DDT and its metabolites on biids); Robert Rudd 

(mlogist; and author of the acclaimed book Pesticides and the Living LandScope which 

chronicled the impact of DDT on populations of different animal species and the 

subsequent impact this had on ecosystem functioning), Robert van den Bosch 

(entomologist; strong promoter of biological insect controls and vocal critic of chemical 

insect controls, "squirt-gun entomoIogists ", and industry's dominance in science; gave 

evidence of effectiveness of alternatives to DDT); George F. Wurster Jr. (ecoiogist; EDF 

foundcr who outlined and synthesized the case against DDT). Dcfending DDT were 

scientists who were mostly economic entomologists, dong with Dr. Wayland Hayes Jr. 

(the doctor repeatedly called upon to present epidemiological evidence that DDT was not 

chronical 1 y t ~ x i c ) ~ ~ .  

Other witnesses were representatives from industry, including the president of Montrose 

Chernical Company, Samuel Rotrosen, whose Company was the last to abandon DDT and 

remained the sole producer by 1972, as well as govemment employees fiom the United 

92 Van Susteren's ruling is reprintcd cd its entirety in Henkin et al (1971. p 191). 
" 60th Henlon et al (1971) and Dunlap (1978) pmvide an excellent account o f  the Wisconsin DDT trial. 
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States Department of Agriculture and the Department of the Interior. A Wisconsin 

senator who had made a reputation as an environmentalist, Gaylord Nelson, opened the 

hearings with an impassioned plea to stop "dangerous environmental contaminution ", 
stressing the importance of the Wisconsin hearings as a first step towards a national 

banw. 

Yannacone presented witnesses to argue the EDF's case that: (1) ecosystems existed; (2) 

the properties of DDT rneant that it contaminated ecosystems if released into them at any 

point; (3) residues of DDT had adverse effects on wildlife (this was the heart of the 

challenge, essentiai to the5 case and to the national case against DDT); (4) residues of 

DDT posed a potentiai hazard to humans as there was insdlïcient evidence to 

demonstrate that they were safe; and (5) safer means of insect control were availablePs. 

Defenders of DDT - parties could participate "as interests rnay apperir " - maintained that 

(1) DDT was safe; (2) DDT was effective; and (3) DDT was necessary, even essentid, to 

insect control in agriculture and public healthPb. 

Louis A. McLean, a retired lawyer who had counseled Velsicol Chemical Company and 

who happened to live only a few hours fiom Madison but who had little trial experience, 

initially defended NACA and its Industry Task Force for DDT. But when it became 

apparent that he was king badly outclassed by Yannacone and the wiinesses opposing 

DDT, McLean came to be accompanied by Willard S. Stafford, a trial lawyet who took 

over the industry defense, and Frederick S. Waiss, a lawyer employed by Stauffer 

Chemical cornpany? NACA and its members had been caught off guard, f o ~ e d  into 

battle in an Wlfarniliar arena chosen by an opponent who had ken  preparing for this 

contest for a long time. Harry Hays, head of the Pesticide Registnition Division of the 

USDA, also appeared and took the stand on behalf of the USDA where he defended the 

existing regdatory fiamework and atternpted to demonstrate its adequacy at safeguatding 

Dunlap (1981, p 160) 
9s  unl la-^ (1978) - 

<" Dunlap (1978) 



the public's health and interests. But under the aggressive cross-examination of 

Yannacone he might have done more than anyone to undennine the public's codidence 

in the set of d e s  currently in operation in the domain. For example, he admitted that it 

wiis chemical companies that supplied their own data in support of the molecules they 

were hoping to register, and that the USDA had formaily cancelled only two pesticide 

registrations in the previous five years and only for reasons of acute toxicity that had 

resuited in "a large nuniber of fataIitiess" in one case and "a signzftcant number of 

deaths" in the othef? He dso confmed that throughout the 1960s, despite al1 the 

public uproar and additions to scientific knowledge about DDT, his organization had not 

uiitiated any review of DDT registrations or update of the data supporthg them. 

Robert McConnell, serving as the "neutral" public intervenor, also cross-examined and 

called witnesses. He called Swedish scientist Gomn Lofioth who, testifjing about DDT 

in human breast milk, made the point that some nursing infants were king exposed to 

daily amounts of DDT more than wice the WHO'S recommended maximum9? When 

king cross-examined by Stafford who was trying to get him to admit that he knew of no 

instances of children king harmfùlly affected by DDT h m  their diet or fiom the 

environment, he stated flatly that "To my knowledge there has been no investigation on 

the thing even Z%ut's even worse. "lm. His testimony gave the large numbcr of local and 

national press covering the trial lots of attention-getting material for their headlines: 

"DDT in Mbther 's ~ i l k  ". '" Even without this emotion-stirring testimony, the hearings 

were ~ceiving wide and extensive coverage. 

In a nutshell, the hearing pitted industry and mainstream economic entomologists who 

favoured chemical controls for insects against more margindized economic 

entomologists who favoured biological controls. These two sides disagreed over whether 

DDT was efective and necessary for insect control. Scientists and doctm of medicine 

" Dunlap (1 978) 
91 hniap (1 98 1, p I 82) 
EJ ~edt in  et a1 (1971, p 104) 
Irn Henkh et al (p 107) 
'Ot Milwaukee Scntinei, 1969 05 06, cited in Dunlap (198 1 ,  p 187) 
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fiom both sides squared off over the safety of DDT, while the scientific evidence of 

darnage to fish, bu& and wildlife presented by the EDF went relatively uncontested. 

Indeed, NACAts lack of preparation showed hombly in this ana. They put Frank 

Chenns, a poultry scientist nanirally sympathetic to agriculhual interests, on the stand to 

controvert the testimony on eggshell thinning of the Department of Interior's Lucille 

Stickel and that of Hickey, whose evidence provided support to Wurster's dramatic claim 

that "It is possible to cause the complete collapse of a population and the extinction of 

species without ever Ming a single individuai. "'O2 Cberms did not succeed, in the 

opinion of the hearing examiner who referred to Stickel's testimony on eggshell thinning 

as "un~ontroverted"'~~. Cherms was forced to admit that there were significant 

biological differences between the fann pouitry on which he had conducted his DDT 

experiments and the rapton (meat-eating bùds at the top of food chahs) at risk of 

problems of eggshell thiMing fiom DDT about which Hickey and Stickel had testified. 

His testimony ended up king more useful to the EDF, or at les t  they found it useful to 

drew attention to it in their closing briefl". Indusûyts lack of allies comptent in issues 

of ecology and wildlife biolog y meant that the pro-DDT coalition was incom plete. 

In the end, the hearing examiner went a long way towards mihg on the Justice of DDT, 

although he could not, and did not, do so explicitly in his fudings as it was not 

technicaily at issue. But Van Susteren's categmization of this substance as a pollutant 

"contuminating and rendering unclean and impure the air, land and waters of the state 

and making the same injurious O public health and deleterious to fuh, bird, and animal 

life" meant that suddenly a whole new set of regulatiow and niles could be brought to 

bear on DDT. 

The stage was set for the next fight in this ongoing stniggle. 

lm Cited in Henkin et a1 (1 97 1. p 57) 
'O3 Van Susteren interview 
LOI Dunlap (1981, p 185) 



6 9.3 The Fail of DD T 

Van Susteren's report was not released until May of 1970, one year after the Madison 

I trial had endedloS. By that tirne a number of other events involving DDT occurred in the 

political arena that, when considered together with the public relations and legal success 

of EDF's challenge, pointed to an Unminent end game over DDT. The publicity 

surroundhg the Madison hearings pr~mpted others to enter into and become active in 

'hile-making" around pesticides, and DDT in paaicular. Indeed, the EDF invited the 

public into the stniggle, or at least their money, in March of 1969 with an emotional 

hdraising advertisement in the New York Times of a nursing infant that asked "1s 

Mother's Mil& Fit For Human Consumplion? "'y in mid 1969, the popular press 

reported that "At no time since the publication in 1962 of the lute Rachel Carson's best- 

selling book 'Silent Spring ' had DDT, the miracle chemical of World War Il. ficed such 

a concentrated attack ""'. An annuai publication of the USDA, The Pesticide Review 

(fomerly The Pesticide Situation until l966), surnmarized the year as follows: 

"The use of persistent pesticides undenvent more intensive discussion in 
1969 than ever before. Although pesticides have contributed 
ttemendously to preventing human diseuse and to increasing the 
produion of food and fiber, mounting evidence indicutes the need for 
concern about unintended effects on the environment, including injury to 
the health ufmun and livestuck Associated with the benefitsFom the use 
of pesticides are the r isk of injury; and these r i sb  are greater fiom the 
use of persistent chernicols. Restrictions hme now been placed on the 
latter with special emphwis on DDT. "'" 

In Ianuary of 1969, Arizona implemented a one year ban on the use of DDT and DDD for 

agriculture to preveni contamination of dairy pducts .  In Wisconsin itself, senators 

introduced a bill in Febniary, even before the April end of the Madison hearings, that 

would ban the use of DDT in that state. In Apd,  the country of Sweden announced a two 

year ban on DDT, and the state of Michigan implemented the first full, permanent ban on 

DDT in the United States, giving opponents of such a DDT ban 60 days to p m n t  their 

los Henkin et al ( 197 1. p 1 86) 
'Od New York Times, 1969 03 29 
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caselog. These bans were discussed in a New York Times article of April30, 1969 which 

also reported on the Madison hearing that was "serving as a national public forum ". It 

stated that that events had "tuken a new direction thut threutens the life of this de@ 

chernical. ... Science and indusv  are presenting arguments that may uitimately decide 

wherher the issue will be settled once a d  for al1 with DDT bans instituted across the 

country. J B 1 l o  

The New York Times Magazine aiso anthropomorphized DDT, with an 8 page "Obiiicary 

jOr DDT (in Michigan) " in July that began: 

Die4 DDT, age 95, a persistent pesticide and onetime humanitarian. 
Considered to be one of World War II's greatest heroes, DDT saw its 
reputation fade ofier it was charged with murder by author Rachel 
Carson. Death came on June 27 in Michigan afler a lingering illness. 
Survived &y dieldrin, aldriri, e n d m  chfordane, heptuchIor, lindane and 
toxaphene. Pleose omitflowers. 

(Higdon, 1969, p 6) 

The ban by Michigan followed quickly on the heels of a seinue early in 1969 by the 

FDA of more than 20,000 lbs of Michigan Coho salmon king shipped interstate that was 

found to contain enough DDT to be unfit for hurnan consumption"'. No tolemce level 

had ever been set for fish but this Coho exceeded the tolerance level of 7 ppm set for the 

fat of beef and pork. This particular event meant that suddenly other values - and those 

who sought to promote and protect them - were brought into the nile-making arena to 

fight against DDT and other persistent pesticides because "a few dead robins or eagle 

eggs without shells are one thing but $100 million worth of tourist trade is another, and 

thut's whut seemed to be ut stake ... " when the Michigan Department of Agriculture 

cancelled al1 uses of DDT except for mice, bats and hurnan body lice which required only 

srnall puantities of the active ingredient[I2. Citing the Michigan Coho saimon incident, 

dong with another in which contaminated S p i s h  Mackerel were caught off the Coast of 

'* USDA Pes<ici& Rewiew (1969, p 1) 
'O9 Higdon (1%9) 
"O N& ~ o r k  ~i&, 11969 04 30 
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California, one well-placed interviewee made the points that "nobody will tell you that's 

why DDT was eventuolly bonne4 but they were imp~rtant""~ These events certainly 

contributed to the important and substantial initiative of the Department of Heaith, 

Education and Welfare to prepare what would corne to be known as the Mrak 

Commission report. 

in April of 1969, the Secretary of HEW, Mr. Robert Finch, appointed a special 14 person 

commission headed by Emil M. Mrak to investigate the risks and benefits of pesticide 

 se"*. Their 677 page report to the Secretary completed on December 5, 1969, ï?re 

R e m  of the Secretary's Commission on Pesticides und Their Relationship to 

Environmental Health, was exhaustive to say the least. It was developed from the 

individual reports of five 3-5 penon subcommittees (Uses and Benefits of Pesticides; 

Contamination; Effects of Pesticides on Nontarget Organisms Other than Man; Effects of 

Pesticides on Man; Criteria and Recommendations), with the subcommittee on Effects of 

Pesticides on Man having four 9-13 member Advisory Panels (Carcinogenicity; 

Interactions; Mutagenicity; Teratogenicity). Written in the dense technical language of 

academic papers in the natural sciences, it cited more than 2100 scientific articles. it 

found that "there is adequate evidence concerning potentiai hazardc to our environment 

and to man's health to require corrective action Our Nation cannot aford to wuit until 

every lasi piece of evidence h been submitted on the mony issuos refated tu pesticide 

usage. We mu~r  c o d e r  our present course of action in terms offiture generations of 

Americaw and the environment they will [ive in. ""'. Among its recommendations, 

shown klow in Table 6.9.3.1, were obligatory vague and abstract feel-good statements 

(example: recommendation S), concrete changes to the niles themselves (example: 

recommendation 3, to ban DDT), as well as concrete changes to the organization of the 

de-making domain (examples: recommendations 1 & 6, to restructure and redistribute 

authority in the domain). 

"' Higdon (1 %9) 
Il3 anonymous intemieweç 1998 
Il4 Thh p ~ r a g ~ p h  has becn developed h m  mataial in the MW report (USDHEW, 1%9). 
''' USDHEW (l%9, p 5) 
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Table 6.9.3.1 - Mrak Re~ort Rtcommendations: 

RapoR of the Sacntry'a Commiubn on Pmticidn 
and Thair Rdrtlonrhip to Environmantrl Health 

1) Initiate closer cooperation amorrg the Departrnents of Health, Education and Welfare, 
Agriculture and Interior on pesticide problems through establishment of a new 
interagency agreement 

2) lmprove cooperation among the various elements of the Department of Health, 
Education, and Welfare which are concerned with the effects of p s t  control and 
pesticides. 

3) Eliminrto within two yean rll uam of DDT and DO0 in the Unitad S t a t ~  
excepting those uses essential to the preservation of human health or welfare and 
approved unanimously by the Secretaries of Oepartments of Health, Eduation and 
Weifare, Agriculture and Interior. 

4) Resûict the usage of certain persistent pesticides in the United States to specific 
essential uses which create no known hazard to human health or to the quality of the 
environment and which are unanimously approved by Vie Secietaries of Departments of 
Health, Education and Welfare, Agriculture and Interior. 

5) Minimire human exposure to those pesticides considered to present a potential health 
hazard to man. 

6) Create a pesticide advisory cornmittee in the Department of Health, Education and 
Welfare to evaluate information on the hazards of pesticides to human health and 
environmental quality and to advise the Secretary on related mattem. 

7) ûevelop suitable standards for pesticide content in food, water and air and other 
aspects of environmental quality, mat: (1) protect the public ftom undue hazards, and (2) 
recognize the need for optimal hurnan nutrition and food supply. 

8) Seek modification of the Delaney dause to permit the Secretary of the Department of 
Health, Education and WeHare to detemine men evidence of carcinogenesis justifies 
restrictive acüon concerning food containing analytically detectable traces of chemicals. 

9) Establish a of Department of Health, Education and Welfare clearinghouse for 
pesticide information and develop pesticide protection teams. 

10) lncrease Federal support of research on al1 methods of pest control, the effects of 
pesticides on human health and on ecosysterns, and on impmved techniques for 
prediction of human effects. 

11) Provide incentives to industry to encour- the develapment of more specific Pest 
control chemicals. 

12) Review and considet the adequacy of legislstion and regulation designed to: 
- improve the effectiveness of iabeling and instructions to users 
- extend the present concept of expeflmental permits as a rnechanism to register 
pesticides initially on a restticted basis to enable close observation, documentation, and 
massessrnent of direct and indirect effects under conditions of pracücal usage 



- improva packaging and tnnsportation practices in order to minimize dangers of spillage 
and the contamination of vehicles and of other merchandise - provide for monitoring and mt ro l  of effluents from plants manufactunng. formulating 
and using pesticides 
- provide uniforni indemnification to parties injured by rnistakes in pesticide regulatory 
actions by Çeâeral and State authorities 

13) develop, in combination with the Council of State Oovamments. model mgulations b r  
the colledian and disposal of unused pesticides, used containers. and other pesticide 
con taminated materials. 

14) Increase parücipation in international coopemtive efforts to promote safe and 
effective usage of pesticides. 

While the report was in preparation, events continued to indicate a coming endgame over 

the use of DDT in the United States. In June of 1969, the National Audubon Society 

announced its support for a national ban on DDT, and Congress began to investigate 

accusations made in September of 1968 by the General Accounting Office (GAO) in its 

report "DeJciencies in Adniinistration of Federaf Inseclicide, Fungicide, and 

Rodenticide Act ". This report severely damaged the credibility of the USDA and its 

Pesticides Registration Division. Among a long list of criticisms was the USDA's 

stubbom ignonng of other stakeholders' concerns; although the USDA, HEW, and the 

Department of the Interior had signeâ a cooperation agreement in the wake of Silent 

Spring, of 1,633 objections to particular registrations Bled by HEW, not one was ever 

referred to the Secretary of Agriculture for discussion with the Secretary of HEW'? 

Also in lune, the National Cancer Institute compieted tests it had began in response to 

Silent Spring which indicated that mice exposed to DDT had a higher incidences of liver 

hunours, leading 17 Congressmen to petition President Nixon to ban DDT on the grounds 

that it caused cancer"'. The Mrak report reiterated these fmdings when it was later 

published but also cautioned that the mice studies did not justify the conclusion that DDT 

caued cancer in humans' lu. 

'16 üunlap (1 98 1. p 202) 
117 Dunlap (1 98 1. p 203) "' USDHEW (1969) 



The EDF jumped on what it argued was evidence that DDT was carcinogenic. It filed a 

petition with HEW on behalf of five pregnant or nursing women asking for a zero 

tolerance level of DDT on food, malring the link between the Dclaney clause and the 

National Cancer Institute's ment finding. It also petitioned the USDA and HEW 

directîy to suspend DDT registrations and begh cancellation procedures. This was 

negatively received by the courts who d e d  that private interests had no standing with 

respect to FIFRA, agreeing with the USDA"'. This failure had been anticipated by 

Yannacone who by this time had left the EDF over this petition and other issues. He 

sensed that "the psychofogical impact cf suing the (ISDA alleging thut it was 

incompetent to protect us, wes psychologically abhorrent both to the press, the media in 

general and the vast majority of the intellectual public, because if you admit the 

possibiliîy that they are incompetent to do what we believe is their mission even though it 

is m t  their statutory mission, then my God we could have been poisoned al1 these years " 

and had vowed never to directly challenge the authority of government agencies under 

existing r egda t i~n '~~ .  

Unsatisfied with the responses of HEW and the USDA, the EDF filed more petitions with 

the US. Court of Appeals in the District of Columbia asking the court to direct the 

Secretaries to take quicker action. In May of 1970, this court reversed the earlier d i n g  

that private citizens had no standing to contest FIFRA admini~tration'~~, in what would 

tum out to be an act of interpretation with incredibly significant consequences. 

Suddenly, anyone affected by economic poisons (in this instance it was the EDF), not just 

manufacturen and fonnulators, could have standing; this interpretation meant that the 

court ordered the USDA to suspend DDT use within 30 days or to justify its f~ lu r e  to do 

m. 

The Secretary of Agriculture reaffimed the USDA's decision not to suspend nor cancel 

DDT registrations. The USDA did take some actions though, promising to elevate the 

"' MacIntyre (1982, chapter V) 
'10 Yannacone interview 
12' Madntyre (1982, chapter V) 



statu of environmental evaluation cnteria in the registration and use of insecticides, as 

reported in one of their publications: 

"The Secretas, of Agriculture directed on Novernber 13, 1969, that 
protection of the environment fiom contamination by persistent pesticides 
receive greuter emphmis in the registration of new pesticide products, and 
that those alreaùj registered be reviewed His directive estabfished new 
environmental criteria /or registration. It was the bais /or subsequent 
action in canceling certain DDT registrations ... " 

(USDA Paîicide Review, 1969, p 4) 

And the USDA did announce that it would be canceling certain DDT registrations. 

"On November 25, 1969, the Federal Register carried a USDA notice concerning 
DDT regi$tmtium, the essential parts of which fdlow: 

Action is being tuken to cancel certain mes which contribute signiPcantfy 
to contamination of the environment. mese are as fdlows: 

1. Al1 uses on shade trees, including elnr trees for contol of elm bark 
beetle which transmits Dutch elm disease. 
2. Al1 uses on tobacco. 
3. Al2 uses in or around the home. except limited uses for contml of 
diseuse vectors as determined by public heolth oflciuls. 
4. Al1 uses in aquatic environments, marshes, wetlunds, and ad/ocent 
areas, except those which are essential for the controf of diseuse vectors 
as determined by public health o@cials 

In addirion the notice States that: 

Registrunts have been cihtised of canceflation of registration for DDT 
products beoring directions for use as indicored above. 

The Department is considering cancellution of any other uses of DDT 
unless it can be  show^ that certain uses are essential in the protection of 
hunron health and wevare and only those uses for which there are no 
effective and safi substitutes for the intended use will be continued " 

(USDA Pesticide Revi'ew , 1969, p 4,S) 

Another wave of cancellations came in August of 1970: 

"ln Augu~r  of 1970, in another major action, USDA cancelled Federal 
registrations of DDT products used as fol10 ws: 



(1) on 50 food crops, beef cattle, goals, sheep, swine, seasoned lwnber, finished 
wood products and buildings; 

(2) around commercial, institutional, and industrial establishments including al1 
nonfood areas in food processing  pl^ and restaurants, and; 

(3) on jlowers and ornamental iutfweas. " 
(EPA, 1975, p 254) 

But conspicuous by its absence was the registration for DDT use on cotton, at this point 

by far the biggest domestic market for that active ingredient. The USDA justified this by 

claiming that DDT was essential and did not represent an "imminent" hazard to human 

health, fish nor wildlife'? This hi& standard was the one that had to be met in order to 

justify suspension, and not merely cancellation, of registrations under FIFRA. 

Meanwhile, Congress was passing the National Environmental Policy Act (NEPA) which 

established what Yannacone had ken saying for a long time he had been seeking to 

invent: citizens' rights to a clean environment lu. Congress also established the Council 

on Environmental Quality, and the Environmental Protection Agency would corne into 

king on October 2, 1970. Combining prograrns and offices fiom various depactments, 

especially Agriculture, Intenor, and Health, Education & Welfare, one of its new 

responsibilities would be pesticide regisûation which was king tnuisfemd to it h m  the 

USDA effective December 2, 1970'~~.  This implied a major loss of control over nile- 

making by an important ally for the pro-DDT lobby, the USDA. This was cornpensated 

somewhat when, through the hard work of Congressman Jarnie Whitten of Mississippi, a 

large cotton-growing state, the subcommittee he chairrd on agriculniral appropriations 

was awarded authority over the EPA's budget. The EPA also obtained responsibility for 

establishing tolerances for pesticides used on food and feed crops, but the FDA retained 

responsibility for administering these tolerances and policing cornpliance. 

lu Dwilap (198 1, p 207) 
Blodgctt (1 974) 

12' Maclntyre (1982, chapter V) 



The EDF persisted, again going to court, but now against the EPA (actuaily, the suit - 
EDF v Ruckelshaus - named the Adminismtor of the EPA), newly responsible for 

pesticide registmtionsl? In January of 1971, the court requind that Ruckelshaus cancel 

al1 uses of DDT. Ruckelshaus complied. 

"Cuncellution proceedings were begun for ail remaining registered uses 
of the insecticide DDT in compIiunce with an order issued by the US. 
Court of Appuis for the District of Columbia. This action affected 
0pproximuteIy 2,000 products marhted by &ut 250 companies, mostly 
for use on cotton, peunuts and certain vegetabies. As iniended. the notices 
of cancellution initiuted a scientflc und public review of the remaining 
registered uses in which both the benefts and the riskr of continued DDT 
use could be fuly explored In response to manufacturers' ap@s, a 
scienttjîc aàvisory comnrittee hm reviewed the cancellation order and an 
extensive public hearing was begun on Augusî 17. A j h d  decision on the 
retention or cancelkation of DDT uses wiiI be made by the EPA 
Administrafor early in 1972. " 

(VSDA Pesficikk Review, 1 97 1, p 2) 

Just like the USDA however, he did not suspend the registrations. DDT continued to k 

produced, sold and used for insect control, as noted in Science magazine in December of 

1971: 

"In cotton fieldr across the South this year. the bollworms and weevils 
were out in Jùiifirce. And so were cotton growers and crop diuters, who 
battled these destructive pests with an arsenal of insecticides thut included 
- as it has for two decodes now - liberal urnounts of DDT. Fur fiom 
having slipped into oblivion, DDT remuim in substantial use by American 
farmers. " 

(Gillene, t 97 1 ) 

The scientific advisory cornmittee refereed to above wûs requested by Montrose 

Chernical Company, by this t h e  the sole remaining manufacturer of DDT. It was 

chaired by James G. Hilton. Its report, short by the standards set by previous government 

documents dealing with DDT (only 58 pages), was submitted to Ruckelshaus on 



September 9, 1971'~~.  Splitting hairs when it came to the issue of whether DDT 

represented an imminent hazard (and hence suspension of registrations would be just and 

legai under FIFRA), it pointed out the importance of how that term was defmed, 

concluding that DDT did not npresent an imminent hazard to hurnan health but that 

current environmental levels of DDT did constitute "an imminent hazard to human 

welfre in term of maintaining healtly desirable jloru and fauna in man's 

environment. ""'. The report also reiterateci a point first made al1 the way back in 1963 

with President Kennedy's Scientific Advisory Cornmittee, and again in the Mralc report of 

1969, calling for the "elimination" of DDT from the economy in its fim and most 

prominent recommendation: 

"Reduce the use of DDT in the US. at the accelerated rate ofthe pastfew 
years with the goal of virtual etimination of any signifcmt additions to 
the environment. "i28 

The Consolidated DDT Hearings began in Washington, D.C. in August, 1971 and 

continued until March, 1972. 

"ln August 19 71, Icpon the request of 3 1 DDT formuIators, a hearing 
began on the cancellation of al1 rernaining Federally regisrered uses of 
products containing DDT. m e n  the hearing ended in March 1972. the 
transcript of 9,312 pages contained testimony fiom 125 expert witnesses 
and over 300 documents. The principal parties to the hearings were 
various formulators of DDT products, USDA, the EDF und EPA. " 

(EPA, 1975, p 255) 

The hearing examiner was Edmund Sweeney. On one side, protesting the cancellation, 

were Charles O'Connor 8t Robert Ackerly. These Washington lawyen represented the 

31 fimis, mostly formulators, who held registrations for products containhg DDT and 

who were ceferreci to collectively as the Gmup Petitioners. In addition, Elliot C. Metcalfe 

& Raymond Fullerton represented the USDA which was also protesting the cancellation 

order. NACA and other minor parties also defended DDT. Opposed to this side and 

'" Report of the DDT AhWory Cornmittee, 197 1 09 09 
ln Report ofthe DDT Adujwy Cornmittee, 197 1 09 09, p 43 



supporthg cancellation were Blaine Fielding, lawyer for the EPA, and William A. Butler 

who had replaced Yannacoae at the EDF. Other parties included the Sierra Club, the 

National Audubon Society and the West Michigan Environmental Action Council. 

Given al1 the witnesses and testimony, 1 cannot, obviously, describe in detail these 

historic hearings. Like those in Maâison, they pitted industry, economk entomologists 

favowing chernical control of insects, and the USDA against the EDF, economic 

entomologists favouring bioiogicai and integrated controls, and the newly-created EPA. 

Also as in Madison, two different rnethodological camps emerged fiom the medical 

experts (toxicologists, pharmacologists, epidemiologists, etc.) brought fonvard to testifL 

on the impact of DDT on human health: those favouring the estimation of risks to human 

health through the study of over-exposed populations (invoked by the pro-DDT side) and 

those favouring the estimation of these n s h  by extrapolation h m  animal studies 

(invoked by the anti-DDT side). Once again, the testimony of wildlife biologists, 

ecologists and eco-toxicologists went relatively, though certainly not wholly, 

uncontested. 

Perhaps the most efficient way to outline what happened at the hearings is to draw upon 

the ultimate Opinion and Order of the Administraror that resulted h m  them. There, 

Ruckelshaus wrote: 

"The Pesticides Oflce and Environmentai Definse Fuml (EDF). in 
presenting their cases against continued registration for DDT, lean most 
heaviiy on evidence which, they contend, establishes: 

(1) That DDT und ifs metabolites are toxicants which persist in soi! and 
the aquasphere; 
(2) that once unleushed, DDT is an uncontrollable chemicul which con be 
transported by leaching erosion. runoff and voiatilitarion; 
(3) that DDT is not wuter soluble and collects in fat tissue: 
(4) that organisms tend to colleçr and concentrate DDT; 
(5) that these qualities result in accunulations of DDT in wiidlife a d  
humans,. 

Repori o/rhe DDT Ahtkory Committee, 19'1 1 09 09, p 4 1 
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[sic] that once stored or consunied, DDT can be toxic to both animals and 
humons, and in the case of fish and wildti/e, inhibit regenerution of 
species; and 
(7) that the benefts accruing fiom DDT usage are marginal, given the 
availabiiity of alternative insecticides and p s t  management program, 
and afso the fact that crops produced with DDT ore in ample supply. 

The testimony and exhibits include numerous repotîs of expert scientists 
who have described obserwd effects of DDT in the environment and the 
laboratory. " 

(Rucktlshaw, 1972, p 13370) 

In response to this, he continued: 

"Group Petitioners und the US. Department of Agricuiture (USDA) seek 
to discredit the Agency 's case by citing the record of safity thai DDT hm 
compiled throughout the yeurs, and point to the negative jindings of 
epidemiologicai and feeding studies cawied out over the years on 
industrial workrs and volunteers exposed to concentmted levels of DDT 
far in excess of that to which the average individual is exposed 
Proponents of continued registration have also introduced expert 
testimony to the eflect rhat DDT5 chronic toxicity tu man or animafs hm 
not been estabhhed by adequute prao/: The registrants have attacked the 
assumption thut laboratory drira as to effects of exaggeruted doses of DDT 
con provide a meuningfùl busis /or extrapkating effects on man or the 
environment. Group Petitioners contend t h  whatever harm to the 
environnent that niight be attributed to DDT. it results fiom misuse and 
overdosing thut occurred in years p t .  Lastly, Group Petitioners h m  
attenipred to prove that DDT is effective and that its use is more desirable 
than the organophosphutes which are more acutely toxic and costly than 
DDT." 

(Ruckclshaus, 1972, p 13370) 

Industry and the USDA began with theù witnesses and were on the defensive. Their side 

had filed a protest against a judgment already rendered, so they faced the burden of 

proving that DDT was safe and necessary. In contesting the necessity of DDT, economic 

entomologists favouring biological and integrated controls would ultimately challenge 

clairns that it was effective as well, while the pro-DDT side took this for granted. 

The hearings were historie for the central role they gave science and xientists in 

deveioping policy. They were also emotiond. The hearing examiner, Sweeney, often 
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pressed scientists for a yes or no response to questions despite their protests that such a 

response was misleading. As the hearings pmgressed, rumours that that Sweeney was 

biased in favour of industry circulated, even appearing in  cie en ce'". In the end, the 

Examiner Sweeney sided with the Group Petitioners in his report to Ruckelshaus, 

ordering the lifting of the cancellations and recommending that al1 "essential" w s  of 

DDT be retained. It appeared that DDT would stay. 

But the EPA and the EDF filed exceptions to the Examiner's report, and in the end 

Ruckelshaus did not feel bound by Sweeney's findings, going directiy to the hearing 

ûanscripts and records in the preparation of his findings. In addition, he also had: 

Hilton's scientific advisory cornmittee report; Van Susteren's findings from the Madison, 

Wisconsin hearings; the Mrak report; and even the PSAC report of 1963, dl of which 

drew conclusions damaging to DDT a d o r  recommended its elimination. Basing his 

decision on findings of "persistence. tramport, biomagnijication, toxicological effects 

und an absence of benefirs of DDT in relation to the uvuilubility of eflective und less 

environmentullj harmful substitutes "'", on June 14,1972, Ruckelshaus banned DDT. 

His specific findings were reproduced in Chapter 3, where they were contrasted with 

Muller's characterization of DDT as an "ideai" insecticide (see Table 3.7.2.1). His 

generai fmdingsl ' were as follows: 

A) No directions of uso of DDT, even iffollowe~ con over the long n«, 

cornpletely eliminate DDT5 injury to man or other vertebrate animals. 

B) No warning or cautionjbr use of DDT, even iffollowed, can over the 
long run prevent injury to living man und orher vertebrare animds md 
usefil invertebrute unimals. 

C) The present total volume 4 u e  of DDT in this country for al1 purposes 
is an unacceptable risk to man and h i .  environment. 

'ssScience, 1971 12 10, vol 174, p 1108 
130 EPA (1975. p 255) 

Source: Environmental Protection Agency (1972). Comoli ' ted DDT Hemings - Opinion md Or&r of 
the Adininkaator, issued Junc 14, 1972; p ~ t e d  in the Federal Register, vol. 37, no. 13 1, July 7, 19n 
pp.13369 - 13376 

307 



D) The use of DDT in controlled situations in limited amounts mqy present 
less risk than usage in greater amounts, but still contaminates the 
environment. 

E) The public health program and quorantine uses of DDT by oficials, 
when deemed necessary. can be judged on un application-by-applicaiion 
buis  by pro/sssionals. 

F) A particulor oflcial use, in an isolated instance, may be important. 

Thereafter, DDT use wodd be confuied to quaraatine and public health uses. Petitions 

fiom Federai and State agencies seeking exemptions for use of DDT in "emergency" 

cases of insect problems would also be heard. But the battle continued: 

"Immediately fbllowing the DDT prohibition by EPA, the pesticides 
indus@ and EDF filed appeuls contesting the June order with several 
US. courts. Industry jîled suit to nullifi the EPA ruling whiie EDF sought 
to extend the prohibition to those jew uses not covered by the order. The 
appeais were consolidated in the US. Court of Appeals for t h  District of 
Columbia. " 

(EPA, 1975, p 235) 

On December 13, 1973, this court niled that "substuntiaf evidence " existed in the record 

to support the Administrator's ban. The ban would stand. But in the meantirne. the 

Appropriations Cornmittee of the U.S. House of Representatives requested, and Congress 

directed, the EPA to review its ban decision: 

"The Agency was also directed to initiate a complete and thorough 
review, based on scientijic evidence of the decision banning the use of 
DDT. This review of DDT must take into consideration al[ of the costs 
and benem and the importance of protecting the Nation's mpply of food 
andflber. '" 

(Congressional Record, Novcmbet 6,1973, H % 19) 

In 1973, the EPA granted a muest fkom the States of Washington and Idaho for a 

tempocary registration of DDT for use against the pea leaf wee~il"~. In 1974, the Forest 

In The detaib in this paragnph are h m  EPA (1975, p 256) 
308 



Service was p t e d  a similar request to fight the Douglas fir tussock moth, although 

previous requests fiom this agency had been denied. In 1975, the EPA denied the request 

of the state of Louisiana for emergency w of 2.25 million pounds of DDT on 450,000 

acres of Cotton to control the tobacco budwom. Louisiana appeaied this decision, but 

lost. in that same year the EPA also completed its review of the 1972 ban decision, 

confirming dl of Ruckelshaus' fmdings. The ban would continue to stand. 

Meanwhile, concemihg al1 pesticides and not just DDT, the Federal Environmental 

Pesticide Control Act (FEPCA) became Iaw on Oct 21, 1972"~. revising FERA to 

specifically include environmentai values in the risk-benefit calculus of pesticide 

registration, as summarized in the USDA's Pesticide Review of 1972: 

"Before registration may be granted for a pesticide product, the 
munufuc'~lurer is required tu provide scient~@c evidence îhar the product, 
when used as directed will (1) effectively control the pest(s) listed on the 
iabel, (2) mit injure humans, crops,  ives stock, wildm or damage the total 
environment, and (3) not result in illegal residues in food or fied. " 

(US DA Pesticide Review, 1972, p 1) 

The amendment also stated that the EPA should revisit al1 pesticide registrations and re- 

ngister them only if justifiable under the new evaluation criteria. This provided cven 

more impetus to the EPA's efforts, began in 1971, to eliminate persistent pesticides From 

the economy. It was moving forward on this officiai goal - traceable to the akrmath of 

Silent Spting, recall - with an enthusiasm never seen and likely not even conceivable at 

the USDA when it controlled pesticide registrations. Between its birth in 1970 and 1977, 

the EPA adjudicated over the fate of eight pesticides, six of them organochiorine 

insecticides (DDT, aldrin, dieldrin, mirex, heptachior and chlordane; mercurials and the 

herbicide 2,4,5-T were the other two) '". 

A 1971 reorganization dong fiuictional lines of the EPA's Pesticides Regulation Division 

was felt immediately in the pesticide domain. Under the new alignment of tasks, one 

13' Bosso (1987, p 176) 
13' See Briggs ( 1992); also the USDA's Pesticiik Rewiew for the yuvs 19'10 - 1978. 
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a group of scientists developed standards and criteria for the registration of new cheznicals 

and new uses for existing ones, and continually reviewed the statu of current 

registrations"'. Another group of scientists, experienced in registration procedures, 

applied the standards and criteria in case-by-case registration actions. in effect, just as 

agricultural chernical comjmies have M D  routines for making new products and 

bringing them to market, the EPA was putting in place organizational routines for 

removing products frorn markets by making ncw d e s .  

In 197 1, the registrations of al1 products containhg aldrin and dieldrin were placed under 

review by issuing notices of cancellation, affecting some 1,300 products sold by 377 

~orn~anies"~. A scientific advisory committee was formed, submitting their report in 

March of 1972 which recornmended that registrations for most purposes indeed be 

cancelled. Cancellation of al1 uses except as termiticides came finally in 1975 after 

public hearings. Similarly, in 1971 the registration of Mirex was also cancelled ou the 

basis of questions raised about residw problerns and its effects on wildlife. Again, at the 

manufacturer's request, this cancellation action was reviewed by an advisory cornmittee. 

Mirex was cancelled formally in 1977. In addition, in 1971 chlordane and heptachlor 

were placed under EPA in-hou review to detemiine if registered uses endangered the 

environment, sipaling to the domain the real possibility that forma1 notices of intent to 

cancel registrations might follow. These came in 1975, and then in 1977, after intense 

negotiations, the EPA fuially settled with Veliscol Chernical Corporation, several States, 

and the USDA who agreed to phase out uses of chlordane and heptachior on corn and 

other crops over a 1 to 5 year period ending July 1, 1983. Registrations for the remaining 

uses of these substances, as termiticides, were voluntarily withdrawn in 1988. 

Maclntyre ( 1982, Chapter V) 
"' This paragtaph has bcni consmictcd h m  material in the USDA'S Pesticide Review for the years 1970 - 
1978. Information for years after 1978 was gathemî tiom EPA online sources and in interviews. 
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6.10 Environmental Values Domhate: Methyl Parathion and EPN Substitute for 

DDT on Conon 

Retuming to the story of DDT, its use plummeted h m  23,546,000 lbs in 1972 to just 

l,O53,OOO lbs in 1973'". From 13,500,000 Ibs used on cotton in 1972, use fell to close to 

zero in 1973 as cotton growers replaced it with alternatives. Notice that usage did not 

drop completely to zero because many famiers had been stockpiling DDT in anticipation 

of the ban, but these stocks were soon depleted. Methyl parathion received the biggest 

bost in sales. 

"Methyl puruthion is ured wideî'y to control insects on cotton und demand 
for it, as a substitute for DDT, is said to be increesing. '" 

(Pesticide Rcvicw, 1972, p 46) 

"The largest single shifi fiom the use of DDT combinutions obviou~ly war 
to the use of toxuphene / rnethyl purathion combinutions, as total acre 
applications of this combination increased j iom 2.1 million to 10.4 
million " 

(EPA, 1975, p 185) 

Prior to the DDT ban, a typical formulation used by growers againsi the cotton bol1 

weevil, bollwomi and tobacco budworm was the "triple kill" combination of DDT (2 

lbdgal), toxaphene (4 Ibdgal) and methyl parathion (0.5 lbdgal) which was applied at a 

rate of 0.5 gai/acre repeatedly, perhaps 15 times in a growing season. Subsequent to the 

ban, a mixture containhg much mon methyl parathion, made up of toxaphene (6 lbslgai) 

and methyl parathion (3 Ibslgal), was applied at similar rates and more fiq~ently'38. The 

volume of methyl parathion used on cotton in the early 1970s had tripled fiom that used 

in 1966, and production rates of this substance in 1974 were at their hi@est levels ever. 

Methyl parathion was the leading insecticide used in the United States in 1974. In 

addition, another organophosphate insecticide, EPN, saw its usage on cotton jurnp h m  

zero pnor to the DDT ban to 6.1 million pounds of active ingredient king used by 1976. 

13' USDA's Pesticide Reviov (1 973) 
''' EPA (1975) 



Chlordirnefonn, an insecticide (and ovicide) h m  the fornamadine fmily, similarly saw 

its use climb h m  zero prior to the DDT ban to 4.4 million pounds of active ingredient 

king used in 1976. In 1979, methyl parathion was the most heavily used insecticide on 

cotton crops and EPN was second'". 

IPM, with its integrated use of cultural, biological and chernical control methods, also 

received a boost fiom the DDT ban. This approach to insect control received its first 

mention in the USDATs Pesticide Review in 1973: 

"integrated Pest Management - The US Department of Agriculture 
(USDA) is committed to the development and use of pst-con& methotls 
thut will protect the health and well-being of the consumer of agricultural 
commodities and the applicators of p s t  controls, and exert a minimum 
impacr on the environment. In keeping with these concerns, the 
Department and the State agricultural expriment stations have continued 
activities designed to develop more integmted metho& of pest cmtrol. 
Research h a  involved chemical, biological, cu1turaI und genetic 
techniques. " 

(Pesticide Review, 1973, p viii) 

On cotton, the phasing in of this new philosophy was no< as immediate as the switch to 

organophosphates, but did occur at such a Pace so as to wanant notice only a few years 

after the DDT ban: 

"One response to the Iack of DDT on the part of many farmers hm been to 
put additional emphmis on the scouting offields. ... Associated with this 
relatively intensive program of scouting is 'Viscretionary" use of 
insecticides (which tend to be EPNhrhyl  parathion). Thor is, the farmer 
adjusts his insecticide schedule to match the infomation he receivesfiom 
his scouting report and tends to apply insecticides only when the scouting 
indicates the need to. In addition, the furmer who adopted this strate0 
also tended to plant earlier, practice diapause confiof, defiliate, and 
desnoy Cotton stalh afier harvesting.. .... OveruIl then, he war an adopter 
of the new and innovative p s t  management strategies advocated by the 
extension service for cotton production. '" 

(Consad, 1976, p 1 1.5) 

'" Information on leading insecticides is h m  USDA'S Pesticide Reviov and also Pesticiûk Hadbook for 
the appropriate ycars. 

312 



As can be seen from this description of the (long) series of events leading to the exit of 

DDT h m  what was always one of its smngest markets, control of insect pests amking 

cotton, our focal phenomena of substitution war the mandated mponse to probkms 

o f  peirhtence, transport, and biomagnifïcation. Demand for the use of this active 

ingrdient on cotton, and al1 other agricultural crops for that matter, fell to zero with the 

implemeatation of the EPA's national ban on DDT. 

This is clearly an example of nile-driven substitution. 

in substituting DDT by methyl parathion and EPN, insecticide users were faced with the 

s a w  choiee menu of alternatives available as in the yean prior to the ban. Methyl 

parathion was introduced in 1952 and EPN in 1949. Cotton growers were already heavy 

wrs of methyl parathion, and the ban on DDT simply caused a furthet increase in their 

consumption of this active ingredient. The phenomena of EPN consumption by Cotton 

growers, on the other hand, carne into king because of the DDT ban. Pnor use of this 

active ingredient by fmers  was so low as to warrant a "zero" in official USDA records. 

Nor can users' switching away from DDT be attributed to a substitution of beiiefs by 

insecticide users: proponents of DDT employed the same set of beliefs about the 

consquences of uring various insect control altemativcs before and after the ban. 

Cotton growers were convinced - and fought to the bitter end because of their convictions 

- that DDT's effectivene as an economic poison was superior than any alternative and 

chat DDT was the most economic choice for their insect control challenges. Indeed, a 

signifiant portion of the Consolidated DDT Hearings was devoted to this particular issue 

because of the strong economic focus of FLFRA. It stipulated that the risks and benefits 

of pesticides had to be considered in al1 decision-making. DDT proponents also believed, 

and continued to believe, that the sufity of DDT was supenor to that of methyl parathion 

as weil. Notice here hcw different sides of the debate adopted different definitions for 

conceiving of, and different cnteria for measuring, insecticide safety. Those in favour of 

DDT put more emphasis on acute toxicity to humans, pointing to the increased hazards 
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and tisks to insecticide applicaton of the switch to organophosphates. From the 

applicators' perspective, the organophosphates were in fact much more dangerous. Those 

against DDT put more emphasis on chronic toxicity to humans, pointing to DDT's 

carcinogenic potential. They also interpreted dety to include a concem for the 

environment as well, drawing attention to the effects of DDT on fish, mammals and 

especiall y bùds. 

So it was not the appearance of a superior substinite which motivated or eiggered the 

substitution. Rather it was changes to the value judgrnents, preferences and evaluation 

logics employed to with insect contml alternatives and theu consequences that led to the 

supplanting of the organochlorine DDT by these organophosphate substances. The 

primay trigger for this ultimate instance o f  substitution, driven by problems of 

penistcnee, transport and biomagnification, was clcarly, we argue hem, nile 

making by concemd citizens, their organieitionb politicians and govemment 

otneiab in the public arena. 

One can also make an argument that this ultimate instance of DDT substitution was 

driven by "fact-making" in that this pmess was cmcial to the "de-making" process. 

Politicians, govemment agencies and NGOs needed evidence of eggshell thinning and 

cminogenicity - not to mention the availability and effectiveness of substitutes like 

methyl parathion - in order to demonstrate the justice of a DDT ban. But these 

toxicological and ecotoxicological facts would not, in and of themselves, have caused 

substitution in the sarne way that facts about the problems of resistance, secondary pests 

and resucgence did, as described in the previous Chapter. This is because these facts 

documented the consequences and risks of insecticides to third parties: they dealt with 

bbexternalities". Without d e s  forcing insecticide usen to take these environmental and 

health values into account in h e u  insect control decision making, it is ualikely that they 

wodd have done so on their own. By changing the rules, other actors were successful at 

having their concems and values included in the calculus of insect control decisions, 

achieving some degree of coercive control (by bringing into existence legal penalties and 

sanctions for DDT use). 



Stated another way, one active ingredient was substituted Cor by another active ingredient 

because one rule was substituted for by another mle through a process of contestation 

in the public arena. 

nie DDT case rneant a lot for the EPA. It was the first big test - "thehefirst big target " 14*- 

of this new agency, and to this day agricdhiral intemts accuse it of drawing the "wrong" 

conclusions and making the ban decision on "political" and "emotioaal" grounds. The 

argument is that Ruckelshaus, detemined to make an impression in these early and 

critical years of the EPA, banned DDT "despite" the scientific evidence. EPA insiders 

both confirm and dispute this politicized view in an odd way. They feel that DDT was 

legitimately banned "because" and not "despite" the scientific evidence. but that the 

scientific evidence alone would not have been sufficient. The political and emotional 

dimensions were crucial as well for the process of de-making: 

"You can't just be r i g h  Thar does not help you in political 
environment. "'" 

Indeed, subsequent to the DDT case, it has k e n  dificuit for the EPA to muter the 

emotion necessary to overcome political inertia, at least by focusing purely on the 

envimnment. Human health concems, especially cancer, have been behind rnuch of its 

pesticide activity since (including the cases against endrin, dieldrin, mirex, chiordane, 

and heptachlot). This was made clear to me by an EPA person involved since those early 

years of public hearings over organochlorines: 

"The DDT decision was THE initial major regdatory action be the @. 
It was primariiy an environmental case and not a human health case. ... 
We never did get a good human health case agoimt DDT. This made 
DDT the EPA 's best environmentaI case, because since that rime it has 
been health. ... I'd have to think hard to f»ul something efse where we 

" EPA employee, intenicw 
'" EPA employee. interview 



(EPA) had done somethin *ut  for wildlife. Perhaps something in the BI water treutment division. " ' 

DDT, and the de-making linked to it, contributed to the later success of both the EPA 

and the EDF. Both knew that there was much more at stake than just the fate of ihis 

particular molecule and the changed rules they were promoting: 

"DDT wos the fimt big tiophy chemicaI. It was im rtant for al1 
departmentsi water, air, etc. rhat they niake a big spi& **R 

Winning the fight over DDT strengthened both these organizations and positioned them 

well for fiinire battles. This is an important point that 1 wish to stress. Credibility, as a 

discursive resource, is both a stuke and a weupon in discursive stniggles over Tnith and 

Justice. Being on the winning side of an argument makes one a tougher opponent in 

fiiture disputes. 

NACA and the USDA knew this. They fought for DDT not because of DDT, per se. By 

the t h e  it was banned, DDT had lost much of its economic significance for the 

agricultural chernical industry. It had been abandoned by al1 but one manufacturer, 

Montrose. But it cenainly had gaineci in symbolic importance. Both EPA and industry 

interviewees for this rescarch made the point that NACA fought the battle over DDT on 

pruiciple. EPA was the new "enemy" in the arena, and had to be weakened from the 

starP4 

But NACA was tied to a governrnent ally, the USDA, itself weakened by its arrogance in 

the face of public protest over its eradication programs and by its Defciencies in the 

Administration of FIFRA as went the title of the General Accounting Office's report to 

Congress in 1968'45. TO get a sense of the conflict and contestation that was occumng 

and king experienced by actors at the tirne, and chat "facts" were in fact weapons, it is 

"' EPA employec, i n t e ~ e w  
143 EPA employec, interview 
144 

. - -  
EPA empIoyee, interview 

"' GAO (1 968) 



instructive to consider the descriptions offered by those hvolved of the various EPA 

hearings into organochlorines in the early 1970s. "The EDF collaborated closeiy with 

the EPA lawyers, jèd them information, etc. und they absolutely kicked the W D A  's oss. " 
1 

They continue, "We had a whole goddamned building jilled with scientists and 

economists ", making the point that the EPA's opponents had a difficult task before them 

because the EPA had a "strong cirsenol" and drawing attention to certain technicd 

documents prepared for these hearings which "would have cost $1 million to produce by 

0 consuItant. "'" 

As far as cotton growea are concemed, why were they the last to give up DDT? Why 

did they fight until the end? Of course, as a non-food crop, they did not have the same 

potential for residuc and public relations problems that other growea did: most other 

agriculhual sectoa had switched away h m  DDT by the time of the ban. There is some 

evidence though that, in addition, they just had too much confidence in their ally in the 

nile-making arena Speaking, fitiingly, in the Jarnie Whitten Conference Centre in 

Mississippi, to some cotton growers shortiy after the DDT decision who wen perplexed 

that what they felt was a very strong cost-benefit rationale for keeping DDT did not carry 

the day in Washington, an industry insider told them " You guys had it too eery with Mr. 

Whitten. You didn 't learn io play the game, and you do not huve the tools to play in this 
t t  147 new game . This powemil Congressman, long time chairman of the agriculhiral 

appropriations cornmittee and author of Thor We May Live, a book-long response to 

Silent Spring detailing the benefits of pesticide use, had protected them and delivered on 

whatever was necessary up until the DDT ban. But testructuring of the arena - the 

~ s f e r  of pesticide registration h m  the USDA to the EPA - made him less effective. 

'* EPA employee, interview 
'" interview 



a 6.11 Conclusion: Substitution as a Consequence o f  Rule-making 

The exit of DDT h m  the market for insecticides represented by cotton growers is an 

exarnple of what 1 cal1 in this thesis "substitution as a consequence of de-making". The 

critical dynamic that triggers and drives this type of substitution occurs largely in the 

public and political arena of society. It is a process that is not well-understood in the 

business sûategy and econornics literature; the primary trigger for this instance of 

substitution driven by problems of persistence, transport and bioaccumulation was 'hile- 

making" by concerned citizens, govemment oficials and other actors in the public arena. 

The regulations governing the insect control decision-making were changed to reflect the 

public's expression of its new values. From society's point of view, what constituted 

acceptable product performance was changed. Performance was redefmeà. As values 

change, what counts as the most Eficient tool changes. The "Justice" of insect control 

outcornes that created risks to the environment (especially to birds like the peregrine 

falcon at the top of food chahs) and to human health (via chronic, not acute, exposure) 

was successfully challenged by actors promoting different values. 

1 wish to draw readers' attention to three key points which characterize this type of 

substitution pmcess: 

(1) Fint, these substitutions were not triggered and dnven by the appearance of 

methyl parathion or EPN in the commercial marketplace. nie tools available to 

insecticide users - those appearing on the "choice menus" - were unchanged 

before and after the substitution process; both had k e n  available since the early 

1950s. 

(2) Second, there was no uncertainty, ambiguity or controveay as to the relative 

performance of the incumbent product DDT compared to the substitutes dong the 

hcumbent evaluation criteria of efficacy and safety (defined in ternis of acute 

toxicity). That methyl parathion had less insect killing powet per unit cost - and 

was much, much more acutely toxic - than DDT had ken  known a long time. 
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(3) Third and fuially, there was however ambiguity and controversy along new 

contested dimensions of evaluation: &et. to fish. birds and wildlife and to 

hurnans via chronic exposure. What changed to trigger substitution were the 

evaluation criteria and decision cules employed by acton in the pesticide domain 

to define what constituted superior insecticide 'bperformance" that changed. The 

bTfacts" about DDT's environmental fate did not redly matter - they had little 

signifcance - until the actions of concemed citizens in the public arena made 

them relevant. Through their protests, cornplaints and contesting, actors 

(especially the EDF!) succeeded in elevating the status and importance of what 

originally were unimportant evaluation criteria in domain regdators' decision- 

making - chronic toxicity to birds, other wildlife and even hurnans, as well as the 

impact - in terms of risks, of insecticide users' activities on the rights of non- 

wrs* 

Specificdly, in the rule-making ana,  actors (concemed citizens, the EDF) developed 

and made normative claims - "ought" statements reflecting their prefemces for insect 

control outcomes that did not include the bearuig of risks by wildlife and humans - ihat 

they believed (or at least hoped) had potential for king aâopted, then brought these to 

organized structures of conversation (the courts, public hearings) where the fate of 

normative claims are decided and where they attempted to demoasîrate the superiority of 

their proposed decision values and d e s  as compared to the incumbcnt ones. Just as the 

entry of DDT resulted h m  systematic and strucnued problem-solving activities in the 

commercial arena. the exit of DDT fiom these markets was also the result of systematic 

efforts by organized individuals to solve what they perceived as a problem of values and 

decision rules. The "acceptability" or bbappropriateness" or, more generally, "Rightness" 

or "Justice" of the outcomes of insect control decisions was successfully challenged by 

actoa affectcd adversely by the spraying along with their sympathizers and supporters. 

Using the institutional resources at their disposal, they succeeded in changing the values 

invoked by municipal, state and federal authorities in iwct  control decisions, and in the 

limiting cases, had these ensconced into "des" applicable to entire jurisdictions. The 
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substitution of one value (ie. decision rule) for another triggered the substitution of one 

product for another. 



7 The Fa11 of DDT (Il): Substitution as a Consequence of Fact-Making 

7.1 Introduction 

In this Chapter, 1 describe the fa11 of DDT but focus on problems which are different 

h m  those discussed in the previous Chapter. 1 describe some of the earliest critiques of 

that molecule that successfully led to its exithg certain insect control markets. Once 

again, in some ways, its f ' l  began at the same tirne as its nse - if not before - because of 

DDT's particular physical, chernical and toxicological properties. But these were not 

enough in and of themselves: they had to be Iearned about and related to particular 

phenomena that insect users labeled as problems. This will be demonstrated by 

describing and analyzing processes of substitution in which DDT was involved as the 

incumbent exiting product, replaced by other organochlorines such as methoxychlor or 

organophosphates such as methyl parathion. The substitution of DDT came about only 

aftei struggle and contests over what constituted the truth about its performance level. 

Simply put, what counted as superior insecticide performance remained constant while 

DDT's "score" dong those cnteria wen remearvred or reevaiuated. This reevaiuation 

was highly unfavowable from the perspective of DDT manufacturers. 

I argue that the instances of substitution described in this section are relatively pure 

examples of the phenomena which 1 terni substitution os a consequence of "Jiact- 

ma&ing", a pmcess whose dynamic is dominated by activities in the scientific arena of 

society. Substitution as a result of this mechanism is less well-understood in the business 

strategy and economics literature, and the story is less familiar. In instances of this type 

of substitution, what prompts the disappearance of a product from the economy is not the 

sudden appearance of an obviously superior alternative. Rather, one pmduct replaces 

another in perfonning a particular fùnction in the ecoaomy pnmarily because the 

perceived level of performance of the incurnbent product is reevaluated. "Facts" about 

how well the product performs are contested and "melt"; new facts are made. Users' 

one-time belief in the incumbent's superiority cornes to be changed, replaced by beliefs 

that rank the incumbent product much lower in ternis of performance satisfaction. In 



other wotds, substitution of one artifact for another follows and is triggered by the 

substitution of one "fact" for anothet. The fate and status of actors in this arena are 

closely linked to the facts they propose and promote. In the fact-making arena, acton 

(Le. scientists in the case of DDT) search for and "make" descriptive clairns (i.e. "is" 

statements as to what are the outcomes of the accomplishment of a particuiar 

fimctionaiity in society), then bring these to organized armas of communication (Le. 

discourses) where they attempt to demonstrate their superiority. In this process, the 

monopoly or quasi-monopoiy of incurnbent facts are chaiienged and contested, 

essentially, with appeals to and demonstrations of facts' Truth. 

I demonstrate how, in the case study, the "Truth" of DDT - once widely accepted 

assertions and descriptive claims as to the wonderfùl eficacy of DDT for certain uses - 
was successfblly contested. Through a process of discursive stmggle, undertaken in this 

case largely within the structures and organi*zations of science, new facts rules substituted 

for older incurnbent ones. In the examples discussed here, the array of alternative 

artifacts (i.e. active ingredients available for use) on actors' choice menus remains 

constant, as do acton' evaluation critena and decision d e s  for insect control decision- 

making. But the beliefs invoked by actors to select among various products corne to be 

changed as novel claims are adopted, triggering substitution. Analogous to the 

institutionalization of artifacts and the emergence of dominant designs in the physical 

worid, as a cornpethg descriptive c lah  becomes more and more widespread, it becomes 

i11stitutionafized and when contestation ceases it has become a 'îact" and part of the 

dominant paradigm. 

7.2 Substitution Because of  the Problem of Insect Resistaace 

l Without behg forced or coerced through legislative action, w n  of DDT in many 

markets switched, reluctantly, to long-available alternative active ingredients - other 

organochlorines sometimes, like the cyclodienes, but especially molecules h m  the 

organophosphate famîly - because of the pmblem of insect tesisiance. 



There are two broad classes of insect resistance: physiological resistance and 

behaviouristic resistance. The laîîer describes "the development of an abifiîy to avoid a 

dose which would prove lethal", while the former is the "development of an ability in a 

strain of insects to tolerate doses of toxicants which wouldprove fethaf to the mujoriîy of 

individuals in a normuf population. "'. 

Aithough behaviouristic resistance to DDT is common in the literature, especiaily with 

mosquitoes (apparently, before they are able to corne into contact with a lethal dose, the 

insects are motivated to fly away from sufaces impregnated with the toxicant because of 

the irritation it causes them), most insect resistance is physiological. It is developed 

thmugh evolutioa within the context of the "artificiai'' rather thaa "naturai" selection 

pressas exerted by toxicant-rich environments. " Thw, the developnrent of insect 

resistance to insecticides is due tu the presence in normal p0puIation.s of variants 

carrying pre-aduptationr. factors or genes for resistance and the screening out of these 

variants by seelection with an lasecticide is a process of Danvinian selection. ". N a d  

populations of insects will contain a certain fraction of individuals that are genetically 

different in such a way so as to make them less susceptible to particular insecticidai 

substances. If the insect population is exposed to the substance, these individuals have a 

higher differential swival rate than their "normal" counterparts and hence go on to 

successfblly reproduce at a higher rate and make up an even larger portion of the 

subsequent generation's population. Continued or repeated exposure to the toxicant only 

serves to puri@ the strain, producing a population of insects that is mon and more 

resistant as individuals of intermediate resistance produced in earlier stages of the 

selection pracess are subsequently e l hh t ed .  

Within applied entomology, resistance has emerged as a very serious pmblem associated 

with many insecticide active ingredients. It has been the key motivating factor behind 

much substitution o f  DDT and other insecticides with alternative substances. 

Defmition is fiom WHO, cited in Bmks (1974, vol II, p 3) 



"Undoubtedly the phenomena of imect resistunce has been the greatest problem 

encountered in relation to the use of the organochlorine insecticides. "' states Brooks, 

probably reflecting the bias of someone who works closely with and promotes 

insecticides, as it is likely that wildlûe biologists and bird watchers would have identified 

other problems as "the greotest encountered". But nonetheless, that author underlines 

the significance of this phenomena and the subsequent substitution phenomena it triggen 

once ît is recognized. 

As early as 1946, the resistance of houseflies to DDT was noted in Sweden and Denmark, 

and then in 1947, both Italian houseflies and mosquitoes became resistant to D D ~ .  A bit 

later, in 1951, DDT-resistance of the body louse in Korea fiusûated the military. After 

only 5 years of agicultural usage of DDT in the United States, resistance appeared in the 

coding moth, an important pest of apple orchards, in 1951. By 1974, DDT-resistance 

had occumd in some 29 species of agriculhual insect pests of cabbage, potatoes, Cotton, 

tobacco and other crops; the total for al1 Uwct species with DDT-cesistance was 86 

species. 

As noted, resistance is not a problem confined to DDT. By 1968, resistance to the 

cyclodiene family of organochlorine insecticides had occuned in 137 species in total, 

with 53 of those king insect species of agricultural importance. By 1974, 32 insect 

species were resistant to vatious organophosphates, and 27 species demonstrated 

resistance to insecticidal substances other than the organochlorines and ihe 

organophosphates, like the arsenicals for example. 

Once resistance is recognized, users' fvst reaction is often to increase the dosage or 

fkquency of application of active ingredients, and hence the onset of resistance in field 

settings can initially increase demand for a substance5. Under very particular 

' Brooks (1974. vol II, p 3) 
Brooks (1974, vol II p 30) 
' The litcranut on insect mistance is huge. This discussion bss benefiitcd greatly from matcrial in Bmokt 
(1974, vol II); his Chapter 2 is devotcd entirely to rtsistance, 
' Glass interview 



circumstances, this can be a viable response to resistance problems, but, in most cases, it 

does not typically work as by increasing the intensity of selection pressures operating on 

the target population, insecticide users just make the resistance problem worse. 

Eventually demand for the active ingredient falls as usea switch to alternatives. In other 

word, the focal phenomena of substitution was the most common reaponse to the 

problem of  mistance. 

''The w a I  countermeaswe for resistance is to swilch io o new 
insecticide. DDT resistance in the housefly war countered by substituting 
lindane or dieldritt, and the inevitable cyclodiene resistance demanded a 
switch to malathion or diorinon, which remained effective until 
organophosphate resistance developed " 

(Brown, 197 1, p 527) 

"The practical outcome o/ resisîance to chlorinated hydrocarbon 
cornpoundr has been the inlroduction of a numkr of new 
oqpÏnophosphate and carihamute compounds. " 

(USDHEW, 1969, p 59) 

Lndeed, a substantial part of the substitution of DDT with other active ingredients which 

occurred prior to its ban in 1972 - on virtually al1 crops except Cotton - was driven to a 

gieater or lesser degree by the problem of resistance6. Data h m  numerous sources - 
interviewees of entomologists and regdators, written histories of insect control, and 

archival documents - have ceinforced this point: it was the development of resistance by 

insects that frequently led to the substitution of other substances for DDT. 

"Rachel Carson, one of the critics, in her book Silent Spring, laid much of 
her criticism ut the door of the chlorinated hydrocarbon insecticides, of 
which DDT is an exumple. ... In the meantirne, a worldwide SA@ away 
fron, DDT is k i n g  made, ckiefly because of the growing resLstance that 
some spccics have dcvcloped to it. " 

(Hall, for the USDA, 1964, p 1 13) 

Dr. David Pimentel, intimately involved with the DDT debate as a member of a number 

of major federal govemment commissions (iike the Mrak Commission, which published 

6 
Almost al1 in t e~ewees  h m  entomology, industry and the EPA concurred on this point. 



its report in 1969') and as the author of EcoIogical Eflects of Pesticides on Non-Target 

Species, a report cornmissioned by the Office of Science and Technology in the 

Executive Office of the Presidenî, confirmed that "the development of resistance by 

pests, in cot to~ ar well as other crops, definite& helped speed the exit of DDT'". 

Similarly, in his review of the history of organochlorine insecticides, Brooks States: 

"The decreuse [in puantities o f  DDT used in the United States] haî 
tcndoubtedly renrlred jFom the widespread discussion of environmental 
problenrs t h t  followed the appearance in 1962 of the bwik SUcnr Spring 
by Rachel Carson. and in a more practical sense by the adwnf of DDT- 
resistunce which created a need for nplacemenf toxicunts that h m  been 
part& met by the development of new orgonophosphhoroui and carbumute 
insecticides. " 

(Brooks, 1974, vol 1, p 40) 

Consider the substantial market for insecticides represented by "one of the best known of 

alljhit  pests [which] is the codling moth (carpocopsa pomonella) which, in larvul form, 

is main& responsibleform wormy apples. '". Though not as big as those of cotton, corn, 

nor soybeans, the apple market is nevertheless a significant crop for insecticide 

manufacturen and formulators, because "on a per-ucre basis, appfes receive the highest 

amounts of pesticides, seeasonally, of any major US. crop. '"O. Also, at the time of DDT's 

entry into the economy, apples and cotton were the biggest markets for insecticides. 

DDT was initially adopted with rnuch enthusiasm by apple grcwers: 

"ln the case of the codling moth (carpocapsa pomonella), it [DDT] has 
turned out to be the best insecticide yet fiund The success against the 
codling moth, which causes more loss to appie and peur growers in the 
Pacifc Northwest than any other insect, running up sometimes tu more 
than 5PA of the crop, is one of the outstanding achievements of DDT. ... A 
Wcal  report suggests that 1 or 2 lb. of DDT (5 to 10 lb. of 20 per cent 
wuter-dispersible powder) per 1 O0 gal. of wuter. applied according to the 
uual schedule for spruying, is the most satisfoctory. " 

' USDHEW (1969) 
' Pimente1 interview 

~moko (1974, vol 1, p 3 1) 
'O Offiçe of Technokgy Assessrnent (1 979, p 31) 



(Leary et al, 1946, p 155) 

But DDT usage in apple orchards came to a halt. Other active ingredients were 

substituted, and there is little doubt that the substitution of DDT in apple orchards was 

driven by problems of insect resistance long before any DDT ban or even public 

"About 5 yews afier it jirst came into use for agricuIturaI pwposes, 
resistance to DDT appeared in the codling moth (carpocapsu pomonella) 
in the United States . .. " 

(Br&, 1974, vol II, p 30) 

"During the 1930's there was widespread resistance in the codling moth 
for lead arsenate, an insecticide then in general use ogainst this insect. 
Growers in several areer were unable to prevent devastating losses. 7Xs  
same insect war able to evolve resistant strainr to DDT aper less than 10 
years of expowe, and the red-banded leafiollers developed resistance to 
TDE in about the some length of time. As a resuit, DDT und TDE were 
/Me vrrd beyund 1969, long kfofe the use of DDT was banned in the 
United States. '" 

(Oficc o f  Technology Assessment, 1979, p 4 1) 

"DDT resistance in the codling moth hm been met by the substitution of 
orgonophosphate insecticides or carbaryl. " 

(Brown, 197 1, p 527) 

"Apple growers did not stop uriig DDT because of RackeI CUCSOI, thy 
stoppcd &cause of other problem, like resiktance. ... n e  major impact 
of Silent Spring was on the lay public and back yard gardeners, not 
furmers % experiment stations. ." 

(agricultural experimcnt station entomologist interviewce, Ed Glass. 1998) 

By what mechanisrn or process did this acMLly occur? The prima y trimer, 1 argue 

hem, w u  fact-making by extension entomologists and farmen. The fact that was "re- 

made" had to do with the eflcacy or biochernical effectiveness of DDT as an economic 

poison towards the target insect species, in this case the codling moth. 

Resistance is measured using precisely the same operationalized measure as is used to 

screen substances for theù insecticidal value: the LD50 or LC50 towards a target insect 



species. Tbe median lethal dose (LD50) or concentration (LC50) defmes the amount of 

toxicant required to kill 50% of the individuals in a randody chosen sarnple. 

"Resistance to un insecticide is meanved by comparing the response of an imect simin 

under test fiequentlj in terms of LDjO or LC50 ...) with the respohPe of a normal straitt 

which hm not been subjected to pressure with the insecticide. "" 

This operationalization of resistance underlines the point i wish to make about the 

underlying mechanism at work here and which 1 identify as driving ihis particdu 

substitution event: the changes that led to substitution because of resistance were 

primarily changes to the 'îacts". Individual switching behaviour away fiom DDT to 

alternative substances, that when aggregated gives us the phenornena of substitution, was 

driven by changes to users' beliefs about the outcomes which would be obtained through 

the continued use of DDT. in other words, in situations where mistance was identified 

as a new problem, the beliefs of insecticide users as to the toxicity of DDT were changed. 

DDT's LD50 towards insect species could no longer be considered a timeless, universal 

measure. New, local measurements of DDT's LD50 towards targeted insect species 

replaced the official LD50 recorded in texts and acaâemic Papen. 

Note that fmers, foresters, and public health oficials who switched away from DDT - 
to the cyclodiene organochlorines or to an organophosphates - did so by employing the 

exact same ret of evaluation criteria rad dcisioa logicr they used when they were 

choosing and using DDT. They were also faced, in most cases, with the urne choice 

menu of alternatives as in years prior to the resistance problem. It was not the 

appearance of substitute products like the cyclodienes, which had been around since 

about the same tirne as DDT, nor the organophosphates, which motivated or triggered the 

substitution. It was the changed measure of DDT dong the one of the evaluation cnteria 

of utmost imporiance to fanners and entomologisis: toxicity towards the target insect 

species. 

" Bmob (1974. vol II. p 4) 



Also note that the Yact" being made here about the toxicity of DDT is not a difficult one 

to make, really. Evidence for it is paididly obvious and Unmediate: the target species is 

not killed. But nonetheless, users' initial reactions are those of disbelief: Even with 

evidence before their very eyes, users revised their incumbent beliefs only with difficulty, 

suspecthg that bey had purchased a hudulent batch of insecticide or that they had 

somehow misapplied it 12. 

" With the postwar prospect that DDT would be ihe p o ~ c e a  for d l  imect 
problem, it will be appreciated that the impact of resistance was 
somewhat painful, and U was a# jh t  di;Oicul to uccept the fact that 
failure to control a particuiur pest might be due not to some defèct in the 
quality of the insecticide or in the application technique but to an 
ufteratrion in the pest ifself: " 

(Brooks, 1974, vol II, p 3 1 )  

But ultimately, this new belief that of the higher LDSO of DDT towards the codling moth 

(a higher LD50 means that it takes more insecticide to kill half the insect population) 

came to replace - to substitute for - the usen' incumbent belief re DDT's LDSO. 

Stated another way, when the problem of resistance arme and was recognized, then in 

that patti*cular spatial and temporal context, the belief of appk orebard farmers tbat 

"DDT is effcetivew was substitutcd for by tbe bekf tbat "DDT is not efkî ivew. 

This led apple growen to substitute organophosphate insecticides for DDT. 

How exactly this change or substitution of beliefs occurred for individual f m e a  likely 

varied fiom person to person. Many growers may have changed their beliefs in isolation 

nom others soon after applying DDT, upon seeing the evidence before their eyes; the 

insects had not died. Those who sprayed prophylactically (i.e. in order to prevent rather 

than contrai or eradicate an infestation) would have been forced to wait a bit. 

But the views of othen were no doubt important as well. My interviews indicate that 

growers made their pest control decisions based on a number of different inputs: (1) what 

- 

l2 Glus interview; also in Bmoks (1974, vol II, Chapter 2) 



they had heard about (neighbours, fkiends, agriculhiral research station people, industry 

people), (2) what they had read about , and (3) their own experience. "Farmers leam 

who gives thern the righr irtforrn~1tion" and Vien& and neighbours are important. l d 3 ,  so 

one cm imagine the news of resistance spreading quickly through a growing region. 

Ceriainly the officiai recommendations of extension entomologists served as vectors for 

transrnitting "beliefs", diffushg them out to fmer s  until they had become widely held 

and hence *Tactsn. They deveioped and communicated "local" recommendations 

annually. Their recoaimendations were "local" or "specific" to particular geographic 

regions because variations of ail sorts of factors c m  affect the killing power of insecticide 

formulations. Along with the genetic makeup of the target pest population (which affects 

resistance), hurnidity, temperature, rainfall, the presence of other insect species, and other 

factors can al1 influence which particular active ingredients and formulations thereof are 

recommended. At the start of each growing season, and then later at appropriate times 

throughout it when annual infestations of different species began to amve, "the f i i t  

entomologists would druw up their recomnrendationr each year, and these oflciail 

recomenddons were communicated to growers "'? These were mostly followed, given 

that these stations "hadgreat credibiiity'? The system of tight cwperation that existed 

between growea and experiment stations helped to speed the transmission of these new 

"beliefs" about the efficacy of DDT. The agriculnual system was organized so as to 

attend and respond quickly to problems which affected fmers' yields and productivîty 

acutel y. 

Claims as to DDT's loss of efficacy due to a resistance problem dso lend themselves to 

relatively immediate and unambiguous tests. For species already present in their crops, 

farrners could indeed test the eficacy of DDT. The absence of delay and ambiguity in 

the pduction of evidence for these particular daims meant that there was not a lot of 

'' Glas  interview 
" Glass interview 
'' Glass interview 



margin for contesting them. Neither did fanners have an obvious interest in contesting 

these new facts; if they were ?rue", their use could only help famiers. 

It must be admitted that, with the example of problems of resistance, the changes in 

actors' beliefs followed and tracked changes to the underlying physical reaiity. For this 

example, we could credit these "reai" changes in target insects' genetic makeup with 

triggenng our focal pheaomena of substitution, rather than crediting the subsequent 

changes to actors' beiiefs. Famiers and entomologists adapred to their changed 

ckumstances. Theu beliefs about the eficacy of DDT - and therefore theu choice of 

insect control technological artifacts - coevolved in a lagged manner dong with the 

genetic makeup of target insect populations. 

But there are, in this case study of the history of DDT, exarnples of changes to acton' 

beliefs which subsequently led to substihition and which were not coevolving *th an 

underlying shifting physical reaiity. Rather, these beliefs evolved and became more 

consistent with an underlying reaiity that was complex but which had not changed 

fiuidamentally. In other word, actoa Iearned. These were substitution processes caused 

by the problems of secondary pests and primary pest resurgence. 

7.3 Substitution Because of the Problems of Secondary Pesb and Rcsurgence 

Without being forced or coerced through legislative action, wrs of DDT in a nurnber of 

markets switched to alternative active ingredients because of the problems of secondary 

pests and primary pest tesurgence. 1 treat these problems togethet here because of their 

many similarities; they both involve a worsening of insecticide users' pest problems 

subsequent to the use of a particular active ingredient. 

Pmblems of secondary pests mise from the use of insecticides because al1 active 

ingredients have diffetent toxicities to different insect species. Hence, situations arise 



fiequentiy where the initial use of an insecticide kills the targeted primary insect species 

as desired, but that in so doing it raises the status of what was once considered a 

secondary or "nuisance" species to fidl pest status. This is especially the case if the 

insecticide is not toxic to the nuisance species but is toxic to its predators, parasites and 

competitors. If this occurs, the unaffected species' population increases, filling the 

biological void left by the killing power of the insecticide. As the nuisance insect 

population increases, at some point it passes the economic threshold which defines a full- 

fledged pest and ceases to be just a nuisance: it begins to cause damage to crops serious 

enough to warrant more insect control intervention by farmers. Recall an important point 

made early in our case study description - "pest" is not a scientific category but is rather 

defined contingently and economically. 

Problerns of primary pest resurgence on the other hand arise from the use of insecticides 

not because different species are differentially affected by the active ingredients' killing 

power but rather because the primary pest species is able to rebuild its population faster 

than its predators, parasites and competitors and hence quickly refills the biological void. 

In other words, fmers '  initial pest infestation problerns return quickly and with more 

severity. This is aiso called "flare-back". B y as early as 1 964, resurgence problems had 

been recorded for over 50 species of plant-eating insects and mites, with the majonty of 

these species king "serious pests now found widely in cornpurable crop fypes 

throughout the world "16 

DDT has been implicated in a nwnber of serious secondary pest and resurgence 

problems: 

"Instances are now legion in which DDT and parathion unfmurably 
depressed predator and paraite  population^. '" 

(Rudd, 1964, p 274) 

l6 Rudd (1 964. p 270) 



This is unsurprising conside~g that DDT, like parathion, is a broad-spectrum insecticide 

and, by definition, is toxic to many species of insects. Let's consider again the case of 

apple growers who learned afkr their initial experiences with DDT against the codling 

moth (carpocapsa pomonella) that "red spider outbreaAsfolowed DDT appliutioons. """ 

"niere are also unfortunate cases where the use of DDT haî led to new 
pests developing. The best documented case relates to the fiit-tree red 
spider mite, Panonychus almi. This mite has, during the last 50 yeurs, 
become an important pest of appies u n d b i t  in Brituin and in parts of 
Norih America. ... However with the successful use of DDT to control the 
codling moth Cydia pomonella. huge outbreaks of red spider mite 
occurred This on& happened where DDT war used - in neglected 
orchar& the many predators present kepr the mite in check even if the 
fncit waî severely damaged by other pests. " 

(Mellanby, 1992, p 64) 

"A characteristic of DDT which was soon noticed is its selective toxicity 
towarh certain pst preddors. It fiepuently happens that the pest is 
imperfictly controlfed while the predators are mostly destroyed. resulring 
in a later dumuging increase in the p s t  popuhtion When for exampfe, 
DDT is used in orchardî /or the control of the codling noth, mite 
predators are destroyed and mite infstutions fiequentiy follow because 
the mite eggs are not aflected by DDT. The nympltts and adrrlrs may k 
killed by the treatment, but the file cycle is very short and the icnharrned 
eggs quicffy give rise to more individuals which proliferate rapidly in the 
absence of natural biological control. " 

(Brooks, 1974, vol I, p 29) 

As with the probiem of resistance, problems of secondary pests and cesurgence do not 

necessaril'y lead to the substitution of the implicated active ingredient with another. In 

fact, a common response is to use a combination of active ingredients such that what one 

might fvst think of as competing substitute products acnially become used in the field as 

cornplements: 

l7 Rudd (1964, p 271) 



"The codling moth is a very serious pmt of upples in Europe and the USA. 
It proved easy to conttol with DDT, but the red spider mite, on the same 
hees, wos not su easiiy efiminated and became even more common. Thrs 
made it necessas, to use paruthion or one of the newer acaracides in 
addition to DDT" 

(Meltanby, 1992, p 38) 

" ... the use of DDT h m  been acconp ied  by applicutionî of mite 
ovicides to restore the population balance. '" 

(Brooks, 1974, vol 1, p 29) 

But this strategy does not always work and full-fledged replacement of active ingredients 

giving rise to problems of secondary pests and resurgence is sometimcs necessary. In 

other words, demand for the active ingredient falls as users switch to alternatives. In 

other words, the foeril phenornena of substitution w u  a common respoase to the 

probkm o f  seconday pests rad murgencc Consider the case of ci- f i t  growea 

in a number of growing regions in the United States, like Florida: 

"Citrus red mite increased so drasticaliy in Florida afler DDT 
applications that al1 recommendations for DDT in citrus orchmdr were 
withdrawn " 

"One of the most dramatic examples implicuting pesticides as destroyers 
of the natural enemies of pests occwred with the advent of DDT use in 
cimis orchardr in 1946 (DeBach & Bartïett, 195 1). The singular success 
of the vedalia beetle, importedfiom Australici to control cottony cushiony 
scule, is one of the clarsic tales of biological control. For almost 60 yeurs 
this scale had been k p t  in check, ut low numbers, by ifs introduced 
adversary, but with widespread applcations of DDT the scafe increased 
suflciently to become a serious p s t  once more. DDT was much more 
toxic to the coccinellidpredator than it was to the seule. Only the unifrm 
withdruwal of DDTjFom cims orchurds restored the forner balance." 

(Rudd, 1964, p 27 1 & 273) 

Or California: 

"Mire und aphid populations increased noticeabfy a#er DDT use in 
Cali/ornia orchar&." 

(Rudd, 1964, p 27 1) 



"When DDT was used in c i t w  orchards in California to control 
mosquitoes, this led to un outbreak of the cottony crrshy scale (icerya 
putchas0 which for a hundred years had been biologically controlled by 
the ladjbird (Rodolia cardinalis)). 1 wasfiund thut the Rodolia was much 
more susceptible to the chernical than the Icerya. men the use of DDT 
was stoppd the ladybird once more took control. " 

(Mellanby, 1992, p 64) 

How did this "unifonn withdrawal of DDT" take place in these markets? What was the 

process involveci by which DDT came to be replaced by other active ingredients in c i t m  

orchards? As above with the problem of resistance. the primary trigger, 1 argue ben, 

was fact-making by extension entomoiogisb, scientists and frrmen. The fact that 

was "re-made" had to do with the eficacy of DDT as an economic poison. 

Problems of secondary pests and resurgence were identified and addresseci using 

precisely the same criteria as were used to identify and adùress the original insect control 

problem that resulted in the use of DDT: did the level of crop darnage justify spraying 

with an active ingreclient or not? The only difference was, whereas pnor to their 

knowkdge of the problems of secondary pests and resurgence that appear as 

consequences of using DDT growers opted for DDT. once they appreciated these 

outcomes they opted for alternative active ingredients. Substitution due to problcms of 

secondary pests and resurgence came about because of changes to the "facts" about the 

comequences of using DDT related to the actual costs of spraying with it once al1 

unintended consequences were accounted for. Individual switching behaviour away h m  

DDT to alternative substances, that when aggregated gives us the phenomena of 

substitution, was driven by changes to users' beliefs about the economic outcomes which 

would be obtained through the continued use of DDT. 

Note that the citrus growers who switched away fiom DDT did so by employing the 

tract same set of  evaluation criteria and decision logics they used when they were 

chwsing and using DDT. They dso faced the mme choice menu of alternatives as 

when they originally chose DDT. It was not the appearance of a better substitute product 

which motivated or triggered the substitution. but rather the appearance of more "facts" - 



the identification and attending to of a problern - that in tum made an existing alternative 

"better". 

Stated another way, when the problems of secondary pests and resurgence arose and were 

attended to, then in that parti*cular spatial and temporal context, the belief of citnu 

growers that "DDT b effective" was substitutcd for by the belief that "DDT is mot 

effective". This led them to substitute alternative insecticides for DDT. 

As with substitution due to resistance, initially it was difficult to believe that DDT had 

been the cause rather than the solution of insect control problems. But ultimately, 

through discursive struggle and debate among economic entomologists, "facts" about the 

link between DDT and secondary pests and cesurgence got made, and d i f i e d  out to 

growers. Once the entomologists had reached consensus, then their official 

ncommendations and the system of tight cooperation that existed between growers and 

experiment stations helped to speed the transmission of these new "beliefs" about the 

economic unsoundness of using DDT. 

"Upn my return afier this work in the south ofCali/rnia, the fume of 
DDT had spread It wap fiund to be a rather effective control for the 
citrus thrips in the Centrai Va/ley of CuIifornia, and it wes 
enthwiasticaliy applied in 1945. In 1946, they found that the cottony 
cushy scale, which lrad been the first great example of biological control 
in the world had become the major p s t  in this whole valley ... We were 
called up there. We found thut c i ~  groves were literally encrusted in 
some cases with the cottony w h y  scale to the extent that the trees were 
act ually killleed I don 't kiow how many of you have had experience with 
how d@cult it is to kill a c i t w  tree. It's not easy becmcse, particularly 
with any kind of an insect. you can get a tremendous infestation 
[whichJmq killl twigs or branches. But to kif/ an entire tree, if rea& has 
to be an enormous infistation But this is what we had I s m  entire large 
groves defoliated by the cottony w h y  scale due to the M i n g  of the 
predaciour lady beetles by DDT. ... The situation was so serious umong 
the growers up there then, that they were actually trying to buy, and were 
buying when they could get them, these beetles jb one to two dollars 
apiece. ... I l  w u  obvious to anyone ut this time what the cause and eflect 
were. At first it wasn? you see, because at that tirne people didnl have 
experience with this phenornena [of secondary pests and resurgence]. they 
really didn'r realize that insecticides ... iike DDT couiddo this. And their 



first annver, their first thoughts among the entomologists were: Gosh, it 
must be something in the climate, something must have changed to do this. 
But swn it becume obvious to everyune that there w m ' r  any other 
explanution. We were able to prove, by experimental tests in which DDT 
was pu! onto plots and not put ont0 other plots that this great upset 
occurred due to the use of DDT. So we Nihoduced the beetle into the 
valley in 1947 and modifed and, in fact, essentially dropped the use of 
DDT up ihere. " 

(De Bach, 1969, cited in Henkin et al, 197 1, p 13 1). 

It is hteresting to note that these problems of resistance, secondary pests and resurgence 

often pitted economic entomologists who favoured and promoted biological or integrated 

controls against theu counterparts who favoured and promoted chemical controls. The 

former were able to win a few isolated batties against DDT becaw of just these sorts of 

problems. Their "beliefs" about the economics of chemicai controls, and especialiy the 

economics of the use of broad-spectrum insecticides like DDT, camed the day and got 

made into "facts", in specifc field situations as with this famous case of the California 

citrus growers in the late 1940s. But their beliefs about the economics of chemical 

controls in general did not become widespread. Indeed, they were vociferously contested 

by the majority of economic entomologists throughout most of this cenniry and only 

recently, after al1 the problerns of chemical controls swfaced and DDT, other 

organochlorines and many other pesticides had k e n  banned, could one Say that they ha-  

become "facts" and point to the widespread adoption of the philosophy of integrated pest 

management (IPM), currently the dominant paradigm in insect control, as evidence. 

7.4 Substitution Because of Probiems of Compüance witb Rcsidue Rules 

Mandating %em tokranee" 

In this section 1 recount and analyze the exit of DDT fiom uses on d a j r  cattle fanns as it 

was substituted for by other active ingredients, fmluently the organochlorine 

methoxychlor. As 1 describe how this occurred, 1 wish to draw ceaders' attention to a few 

key points characterizhg the situation both before (i.e. when DDT was the insect control 

tool chosen) and after (Le. when methoxychlor was the insect control tool chosen) the 



substitution pmcess. First, in making theù insect control decisions, the evaluation criteria 

and decision d e s  invoked by users were the same at both points in time; and second, the 

alternative substance, methoxychlor, had been around for almost as long as DDT and 

hence was not a new addition to users' choice menus. The change that eiggered the 

change in substance chosen, fiom DDT to methoxychlor, was one of users' beliefs about 

the outcomes and consequences of using these substances. Specifically, the belief that 

DDT could be used around dairy cattie without contaminating milk was falsified. 

As discussed in Chapters 4 & 5, the presence of insecticide residues on food was one of 

the earliest problems encountered during the rise of chernical controls as the technology 

of choice for achieving insect control. Recall, in 1906, the Pure Food Act placed 

responsibility for public health considerations related to insecticide residues with the 

USDA, which implemented an infornial system of tolerances". in 1938, the Federal 

Food, h g  and Cosmetic Act (FFDCA) gave the Food and Drug Administration (the 

FDA, soon transferred to the f o r emer  to the US. Department of Health, Education and 

Welfan in 1940) the right to set standards for maximum residue levels which would act 

as binding tolerances, but only after public hearings and which could be appealed. These 

hearings proved to be long, cumbersome and expensive, and in 1954 this was remedied 

by the Miller Amendment which pmvided for the establishment of tolerances in or on 

raw agricultural commodities based on scientific evidence provided by fims bringing 

new molecules to market. 

As DDT was k ing  introduced at the end of WWI,  the FDA established provisional 

tolerance levels for DDT residues on food, pending the necessary public hearings and 

m e r  research (ultimately, public discussion of the safety of DDT would not corne until 

the 1950 and 1951 hearings of the House Select Cornmittee to lnvestigate the Use of 

Chernicals in Food Products). It set an "action level" of 7 ppm on fhit, above which it 

communicated to the USDA and others that it would prosecute growea. The FDA also 

established a "zero tolerancen level for DDT in mi& becaw of the centrality of this food 



in the diet of iafants and invalids. It also wmed against the use of DDT on feed or 

forage crops for dairy cattle. 

As DDT was being introduced into agriculture, its uses in and around dajr  barns, as well 

as on feed and forage cmps like alfalfa, were some of those to which promoten reacted 

with the most enthusiasm. But it was not long before DDT residues began to show up in 

mik. This is not surpnsing and easily understandable now once one considers the 

particular combination of physicai propenies that characterizes DDT: incredibie 

persistence and high solubility in fats. But at the tirne, it was surpnsing and unsenling, 

leading USDA officiais and agricultural scientists to initiate efforts to track d o m  and to 

understand its sources. Experiments were devised and executed, with their results 

disseminated. Eventuaily, "facts" about the consequences of using DDT around dairy 

cattle got made, as evidenced by these summaries of research carried out in the late 

1940's: 

"DDT occurs in the milk of cattle soon am spraying. Scientists at the 
Oklahoma Agricultural und Mechanical College diseovered thor in 1947. 
Inrmediately the Department of Agriculture began a study of samples of 
milk taken weeklyklyfiom dairy hep& that were sprayed once a month with 
0.5 percent DDT. Al1 the samples contained 0.1 to 2.0 ppm @arts per 
million) of DDT ... " 

(Radclcff et al, for the USDA, 1952, p 278) 

"The excretion of pesticides in milk afer cattîe have consumed forage 
treated with pesticides can also be a problem. Cowsfed DDT in their diet 
utrate of0.5, 1.0, 2.4 3.0, andS.0p.p.m. DDTin al/~uexhibitedDDTitt 
their milk at al1 fieding Ievels except 0.5 p.p. in. At 1 .O p.p.m.. residues of 
0.01 to 0.03 p.p.pm. were consistent& present in milk cher 19 days. As 
the DDT feed levels increased, the DDT contamination in milk increused 
At a feeding rate of 5 p.p.m. DDT. signifcant DDT Ievels appeared in the 
milk fiom a Gwrnsey cow. The milk concentration during the jeeding 
period ranged fiom O. 16 to 0.32 p.p. m. " 

(LJSDHEW, 1969, p 139) 

The FDA and USDA issued a joint statement waming fanners no< to use DDT around 

their canle. The USDA recommend alternative active ingredients, as evidenced by this 



extract from their 1952 Yearbook of Agriculture, which was accompanied by a colour 

glossy photograph to help farmers to identify the Pest: 

''The horn fly is a srnail bloodrucking jly about one half as large as the 
housefly. It lives on cattle, urually resting andjéeding on the back and 
shoufders. ... Large numbers of the flies can reduce milk production of 
duiry cattle &y 10 to 20 percent and prevent weight gains of beef cattle by 
as much us one-halfpoundper day. ... Sprays containing toxaphene, or ut 
least a 0.5 percent concenirution of TDE. rnethoxychfor. or DDT are 
recommended for conho lling the insect on beef cattle. ... Methoxychlor is 
recommended as most economical and effective on duiry cattle. Use os 
suggested for beef cattle. DDT, toxaphene, and TDE are not 
recommendedfor use on dairy cows because the chernicals muy appeor in 
milk 

" (USDA, f 952, plate XXV) 

The foeil phenornena of  substitution was the almost univenal response of driry 

farmen to probletus of midues for which there was "zero tolerince". By far the 

most popular substitute was methoxychlor. Indeed, this particular market became one of 

the most significant for this substance. 

"Methoxychlor has some advantages over DDT fiom an environmental 
standmint: the oral U S 0  for rats of 6,000 mflg  compares fmourably 
with 1 13 m f l g  for DDT and, unlike DDX if shows little iendency to store 
in the body fat of animuls or to be excreted in the milk Thur one 
appkation of methoxychlor is as a replacement for DDTforjly conno1 in 
dairy barns. " 

(Brooks, 1974, vol II, p 16) 

"At an eady stage of its development, it ras  discovered that DDT tends to 
be stored in boày fat und is excreted in cow3 m i k  In contrat, 
methoxychur shows littfe tendency îo store in adipose tissue and the 
plateau levels achieved in tissues/olowing high dietary exposure decline 
rapidly when exposure ceases. For this reason the conipowd provides a 
fmtourable replacement for DDT for jly control in dairy barm. It is lem 
toxic than DDT toward many insects and neariyfour finies os expensive 
($0.66flb) so that its use has been somewhat restricted. By 4.961. only 81 
agricultural uses had been regisrered in contrat to 334 usesfôr DDT. " 

(Bmks, 1974, vol 1, p 34) 



"Currently. about 75 percent of the methoqchlor sold is ured for jly 
control on cuttfe and in -farm buildings, ... ." 

(USDHEW, 1969, p 5 1) 

By what mechanism or process did methoxychlor come to replace DDT in dairy barns? 

It was not the sudden appearance of methoxychlor that triggered switching, as it was not 

at first viewed as an obviously superior product for use in dairy bams. Indeed, it was 

much more expensive than DDT. Switching to methoxychior occumd at the end of the 

1910s; the substance had been available since 1944. Nor was it a regdatory change that 

prompted the switch. The "zero tolerance" rule had been in effect shce 1946, and dairy 

farmers went on choosing and applying DDT. They simply believed that DDT could ôe 

used effectively without resuiting in residues in milk. The primay trimer, 1 argue 

here, was fact-making by govemment oflïciais, scientists and farmen. The fact that 

was "re-made" had to do with the consequences of contaminorion of milA fiom the use of 

DDT as an economic poison towatds flies and other pests of dairy cattle. 

Stated another way, when the problem of DDT residues in mik arose and was attended 

to, then essentiaily the belkf of USDA offlciab, scientistr and dairy farmem that 

"DDT used in dairy barns will not rppear in miik" was substitutcd for by the belief 

that "DDT useâ in dairy barns wül appear in milk". To be an effective chernical 

insect control technology in the context of dairy f m s ,  a substance could not leave traces 

in milk for which the d e s  were ciear and mandated "zero tolerance". 

Note that this change or substitution of beliefs occurred for individual fmers  largely as 

a result of communication h m  the USDA and workea at the agricultural expriment 

stations. Farmers could not "seen the DDT in their own or others' milk, but instead had to 

rely upon officiais. That DDT residues were present, or that they wodd appear if DDT 

was employeâ, they took on faith, tnisting the scientists and govemment personnel that 

they had come to cooperate closely with. 

As I end this Chapter, it is interesting to note that this phenornena of fact-dnven 

substitution - the supplanting of one product for another in performing a particular 



function for a buyer due to a substitution of beliefs - was recognized, implicitly, by actors 

in the case study. Over and over again, defenders of DDT reiterated that "ifthe facts 

warranted", DDT would be substituted for. Indeed, the particular case of methoxychlor 

for DDT in dairy barns was invoked as an example of how substitution could be effected 

without changes to the rules. The USDA, which throughout the pst-Silent Spring 

political debate argued and lobbied hatd to maintain the pesticide regdatory framework 

of the tirne, drew upon this example: 

"For crs long as persistent organic pesticides have been use4 there has 
been concern about their presence in human food The primary objective 
in regulating pesticide use has been to keep residues in food supplies at 
minimal and safe levefs, because food is the principal route by which 
pesticides normally reuch man. Increasing eflort has been devoted to 
inspecting/wd supplies. and supplies in which residue levels were found 
to exceed legal tolerances have been condemned As a result. residues in 
the food supplies of the United States have been rnaintained at remarkabk) 
low levels during a tirne of greut increase in pesticide use. The Committee 
believes that, ut present. pesticide chernicol residues are being maintained 
ut safi levels. The interactiom of inspection and enforcernent with 
research on agricuftural practices has resulted in the discontinuance of 
some uses thar were once approved For example: DDT was once used zo 
control flies and other insects on dairy cattle, but this practice was found 
to resuit in unacceptabIe residuos in m i k  " 

(NRC, 1969, p IO) 

They went on to recommend "thai the present system of regulation, inspection. und 

monitoring to protect man and his food mpply fiom pesticide contamination be 

~ontinued'"~. The USDA did not want to lose responsibility for pesticide registration - 
its monopoly on de-making in the domain - although it ultimately did, in 1970, to the 

newly created Environmental Protection Agency. 

7.5 Substitution u a Coosequence of Fact-Making 

NRC (1969, p 30) 



This Chapter has drawn exarnples fiom the case study which illustrate the phenomena of 

substitution to be a consequence of "fact-making", a process that takes place largely 

though not wholly in this particular case stuày, in the scientific arena of society. In the 

exarnples described and analyzed, what prompted the disappearance of DDT h m  a 

particular market was not the sudden appearance of an obviously superior alternative, nor 

the coercion of wrs into a change through a ban or othet regulations. Rather, 

alternatives replaced DDT in the economy primarily because the beliefs or expectations 

about the effect of using DDT had changed. In other words, substitution of one ariifact 

for another followed - and was triggered by - the substitution of one belief for another. 

Scientists, dong with f m e r s  and govemment officiais, searched for, developed or 

"made" descriptive assertions, knowledge claims or "facts", dong with arguments and 

evidence for their adoption. The monopoly or quasi-monopoly of competing incumbent 

claims was challenged and contested, essentially, with appeals to and demonstrations of 

" T ~ t h " .  

New beliefs substituied for older incumbent ones, which led different products to 

substitute for incumbent ones. Stated in tems of the conceptual language we are 

advocating, the dominance of incumbent "facts" was ovemimed subsequent to the 

appearance of competing beliefs. In the examples discussed here, at the tirne of 

substitution, the array of alternative artifacts (Le. available active ingredients) on actors' 

choice menus remaineci constant, as did the decision d e s  (Le. evaluation critena) 

invoked to select fiom them. But actors' expectations about outcornes of using the 

various products come to be changed as these new claims came to be widely adopted, 

triggering substitution. 

Analogous to the institutionalization of artifacts and the emergence of dominant designs 

in the physicai world, as a competing belief kcomes more and more widespread, it 

becomes itwtitutionalized and when contestation ceases it has become a "fact" and part of 

the dominant paradigm. This was the case here: subsequent to these instances of 

substitution, it bas became unthinkable to use DDT against the codling moth in apple 



orchards, in citnis groves, and certainly not to kill aies around dairy cattle. Everyone 

knows that DDT wiii show up in the mik! 



SECTION III 

Discussion & Conclusion 

In this Section of the dissertation, I execute the f d  stage in case study research, which 
is that of "enfolding the literature " into fuàings, because "an essentialjiwture of theory 
building is cornpurison of the emergent concepts, theory or hypotheses with the extant 
literature. This involves asking whar is this similur to, what does it contradict, and why. " 
(Eisenhardt, 1989, p 544). 

1 begin first with a recap of the three distinct types of substitution phenomena described 
in pnor Chapters. 1 then explore the close nlationship between these and categories of 
substitution events that can be derived fiom simple economics-inspired rnodels of 
individuai and collective choice, suggesting that there are three "ideal types" of 
substitution processes. 

I conctude by arguing that my fmdings, especially when considered in combination with 
those of Garud & Rappa (1994), suggest that substitution phenornena in generai are 
comprised of aspects of these idealized processes, ail present to some degree and 
intercornecteci with the othea. In other words, it is very dificult to disentangle winning 
artifacts in the material realrn fiom winning arguments in the ideational (or 
"representatioaal" or "symbolic") ieaim. 

Tools and talk coevoive. 



:a  8 Substitution - Towaràs an Ernpirically Supported Typology of Ideal 

Typa 

in this section, 1 explore the close nlationship behmen identified types of substitution 

phenomena fiom the case shidy with those categorizations of substitution events that can 

be derived fiom models of individual aud collective choice. 1 argue that my research has 

revealed three "ideal types" of substitution processes that are supported by longstanding 

and well-accepted theory. 

8.1 Recap: Distinct Types of Substitution Phenornena from the Cue Study 

Substitution is a more complicated phenomena than has been suggested to date in the 

theorizing about it which predomimtes in the strategy literature. Previous Chapters have 

demonstrated that historically, in the agriculhiral chernical industry, competing active 

ingredient products have substituted for alternatives in markets for a diverse set of 

reasons and through distinct processes. 1 identified and described three clearly distinct 

types of substitution found in the case study. 1 named them in tems of the events and 

processes which preceded and triggered hem: 

(1) substitution as a consequence of tool-making, 

(2) substitution as a consequence of fact-making, and 

(3) substitution as a consequence of rule-making. 

Table 8.1.1 recaps the ten examples discussed in the case study (i.e. entry and exit of 

DDT in five different markets), as well as important components of these broad 

categories of substitution phenomena. 



Table 8.1.1 - Three Em~iricalkv Su~borted Tvbes of Substitution 

Substitution as a consequence of ... 

hamples/iom 
case stucfy= 

Generic princ@le, 
expressed in terms 

product "performance " 

- DDT replaces 
mnicals and boîanicals 
for cotton 

- DDT replaces 
arsenicals and botanicals 
for applcs 

- DDT replaces 
arsenicals aiid botanicds 
for dairy barns 

- DDT replaces 
biological controls for 
citnis crops 

- DDT replaces cultural 
controls for containing 
Dutch Elm disease 
vectors 

REACH & SURPASS 
PERFORMANCE 

acton must build a 
product with a 

perfomancdprice ratio 
supcrior to that of 

încumbcnt pducts 

- organophosphatcs 
replace DDT for apples 

- methoxychlor replaces 
DDT in dairy barns 

- biological controls 
nplacc DDT for citrus 
crops 

REMEASURE or 
RE-EVALUATE 

PERFORMANCE 

actors must demonstrate 
that pcrfonnancc/pric e 

ratios of incumbcnt 
products are not what 

they are perceived to bt 

- methyl puathion and 
EPN replace DDT for 
cotton 

- mcthoxychlor replaces 
DDT for containing 
Dutch Elm discase 
vcctors 

REDEFINE 
PERFORMANCE 

actors must redtfinc 
acccptablc and dcsind 

"performance" 



Table 8.1.1 koatinued) - Tbree Em~incallv Su~wrted Tvbes of Suhstihition 

Subrtitution as a consequence of ... 
lac t-ma king rule-makiag 

key menu: 1 Commerce 

cornpetition behwen: rival 
products 

(i.e. artifacts, tools, 
technologies) r- 

frigger: gencrat ion & promotion 
of new artifact 

lits tituf ionu f kation as 
confesfa~ion ceasps: becorne 

dominant aksigru 

domi~nt  realm: matcrial 

acfors appeal to: 

Science l Politics 

scient ific 

rival 
descriptive claims 
(Le. beliefs, "is" 

statements) 

publidpoiiticai 

scient ists 

gencration & promotion 
of new descriptive c l ah  

1 
politicians, government, 

NGOs, fums, public 

bcliefs 
("isn statcmcnts) 

become 
facts 

in 
dominant dbcowse 

rival 
normative claims 

(i.e. values, prcfcrences, 
noughtn statcrnents) 

gentration & promotion 
of new normative daim 

values 
("oughtn statements) 

becorne 
lu/' 

in 
dominant discowse 

justice 
("Rightness") 

idtat ionaYdiscursivc 

With tool-driven (or 44artifact-driven") substitution, a new product appears on the choice 

menu of customers, dong with information indicating that it has an obviously higher 

perfomance/price ratio, therefore making it a more escient choice and causing 

customen to switch with the result being a gain in market share at the expense of 

incumknt products. To promote theu tools, actors appeal to and make arguments of 

Efficiency, attempting to have their tool widely adopted and institutionaiized as a 

dominant design. The entry of DDT into markets discussed in this dissertation is a good 

example of substitution as a consequence of tool-making; Muller specificaily sought an 

idtationaVdiscursive 



insecticide like DDT that had supenor performance dong the dimensions of televance to 

users at that time - wide spectrum and persistent insect killing power combined with low 

acute toxicity to humans. 

With fact-driven substitution, products on customers' choice menus do not change, but 

rather actors' beliefs about the consequences of using different products change because 

of "leaming". Because of changes to the facts, and without anyone's decision d e s ,  

decision logics, goals, values, or preferences changing, an incumbent product that had 

been available to customers al1 dong but which had low market share suddenly gains 

market share at the expense of fomerly dominant products. To promote their beliefs, 

actors appeal to and make arguments of Truth, attempting to have theu belief widely 

adopted and institutionaliwd as a Tact". The exit of DDT fiom apple orchards due to the 

problem of resistance and from citnis groves due to problems of resurgence and 

xcondary pests are good examples of substitution as a consequence of fact-makiag. In 

both cases, claims of DDT's eficacy were '~alsified"'. in addition, the exit of DDT fiom 

dairy barns is another example of substitution as a consequence of fact-making. Recall, 

claims that DDT wouid appear in cows' miUr and render it unusable given the "zero 

tolerance" rule, which was already in effect when many dairy farmers adopted DDT, 

were at first discounted, marginalized and even ignored but then evennially prevailed and 

became dominant; the counter-daims that DDT would not affect cow's milk were 

marginalized. 

With ruledriven substitution, neither the products on actors' choice menus nor the facts 

about the consequences of using these products changes. Rather, facts are procesed 

through a different logic because the evaluation criteria emplo yed, values, pre ferences, 

utility f'unctions - or, in the limit, "des" and hiecarchies of rights - have changed. 

Because of this involiing of different goals and new or changed evaluation criteria, an 

incumbent product that hi been available to customers al1 dong but which had low 

market share suddenly gains market share at the expense of fomerly dominant products. 



To promote their values, actors appeal to and make arguments of Rightness or Justice, 

attempting to have their belief widely adopted and institutionalized as a 'iule". This was 

the case with the exit of DDT from the Dutch elm disease control programme market 

where methoxychlor, which did not leave so many dead robins on homeowners' lawns, 

triumphed once bW values were given more weight. In the limiting case of a product 

ban, changes to d e s  go beyond the mere disfavouring of a particular product by 

explicitly removing it fiom customea' choice menus. This was the case with the exit of 

DDT h m  the cotton market. 

8.2 A Deriveâ Typology of Substitutions 

In this section, 1 explore the close relationship between identified types of substitution 

phenornena fiom the case study with those categorizations of substitution events that can 

be derived h m  models of individual and collective choice. 1 argue that rny research bas 

revealed three "ideal types" of substitution processes. 

A consideration of rational models of decision-making and rnicroeconomic theory yields 

insights into substitution processes which are entirely consistent with our findings. To 

illustrate this, 1 revisit the conceptual building blocks of such models and ask what would 

happen if "constants" considered "exogenous" and "given" were less fixed and static than 

is commody assumed? The models themselves tell us: each of these conceptuai building 

blocks, if changed, can serve as the trigger for a different type of substitution event. 

' The reasons for placing this temi in iialics will become clear a few parapphs liün when 1 d e h  what 1 
mean by a ' fact". 



Rational models of decision-making are essentially optimization models at the level of 

individuals: they posit an idealized actor - Economic Man - engaging in an act of choice 

and aiways maximizing his "subjective expected utility". Central to this 

conceptualization and theorking is a rationai actor's "choice menu", which cm be 

decomposed into t h  parts accordhg to Simon (1983): 

(1) a well-defined set of alternatives (i.e. the actor's options or possible choices), 

(2) the expected utility of each possible action obtained from a joint probability 
distribution linking actions to outcornes (Le. the actor's beliefs or expectations), 
and 

(3) a well-defined utility function which means that the actor can assign a cardinal 
number as a measure of relative preference to al1 the htute outcome scenarios 
(i.e. the actor's goals or desires or values). 

Let us consider the impact of simple discrrte changes to these building blocks of rational 

choice, using comparative statics. imagine a system made up of a single actor (i.e. a user 

or consumer of some technological tool or artifact) at some initial point in time. Within 

the theoretical fiamework of rational choice, this system is assumed to have equilibrated: 

the actor would be purchasing and using the "optimal" or premier technological 

altemative on his current choice menu, which is the artifact ranked fust on an ordinal 

scale that r a d s  al1 alternatives. He would be using the tool which, according to his 

expectations, rnaximized the attainment of his preferences. We can now examine the 

impact of subsequent discrete changes to the building blocks of rational choice: (1) 

alternatives (i.e. possible choices: cornpethg products or "artifacts" or "ttools")); (2) 

expectations (i.e. beliefs); and (3) preferences (Le. values). 

Dimete changes to any of these act as "shocks" to our system which then re-equilibrates. 

If the shock results in a reordering of altematives such that a different tool or 

technological d a c t  is now ranked first, then substitution (i.e. switching) occua through 

the opthking force posited in this framework. For the salre of simplicity, assume for the 

moment that switching costs are zero, but of course this comparative statics d y s i s  



could be easily modified to include those and other process costs (i.e. cost of generating a 

shock or change to alternatives, expectations or preferences + cost of attending to, 

perceiving and processing information about this change + cost of switching to a different 

altemative). In other words, the incumbent premier alternative c m  be dethroned by any 

of three distinct mechanisnu - changed alternatives, changed expectations, or changeâ 

preferences. Hence we have derived t h  possible ideaiized substitution processes at the 

level of the individual: 

(1) substitution as a consequence of changed alternatives on choice menus 

(2) substitution as a consequence of changed expectations, and 

(3) substitution as a consequence of changed utility functions. 

(1) Alternativedriven substitution is triggered by the appearance of a new alternative on 

the choice menu of actors. In t e m  of substitution of physical products, these competing 

b'altematives" would repment competing tools or artifacts, hence we CM talk about 

"tool-driven" or "ani fat-driven" substitution. In rational models of individual choice, 

the appearance of a new product or technological artifact for performing a funetion would 

trigger information processing and (ce-)deciding behaviour. The consequences of using 

the new product would be assessed using existing beliefs about the state of the world and 

cause-effect relations. These consequences would be evaiuated by invoking existing 

goals, evaiuation cntena and decision d e s .  If as a result of this information processing 

the rational actor concluded that use of the new artifact would lead to higher utility or 

fûnctionaiity, the actor would switch to the w w  product fiom the old incumbent one. 

One would say that the new product had substituted for the incumbent, having supplunted 

[it] in performing a particular ficnction or finctions for a buyer (Porter, 1 98 5, p 273). 

Hence, changing the products available on an actor's choice menu is one important 

mechanism for bringing about substitution events. 

Changing the products available on an actor's choice menu is certainly the most obvious 

mechanism for triggering and bringing about substitution, and it has been well-researched 

and extensively theorized in the literatwe on technological evolution and substitution. 



Firms conduct research and development in order to innovate, invent or discover new 

artifacts which are superior to the incumbent products dong evaluation critena that 

matter to customers and other relevant evaluation constituencies such as regdators. They 

then bring them to market. As recounted in his Nobel lecture, Muller and his Company, 

Geigy, were working with a clear sense of both what constituted an "ideal" insecticide, as 

well as what were the problems and inadequacies of the incumbent arsenical and 

botanical products when contmsted with this ideal. They searched for, discovered, then 

bmught to the marketplace a product, DDT, with a supenor perfomance/price ratio 

which substituted for the arsenicals and botanicds. 

(2) Beliefsriven substitution (or bbexpectations-driven" substitution) is not triggered by 

the appearance of new alternatives on actors' choice menus but rather by a change in 

actois' "descriptive logics" - theù expectations of the consequences of using existing 

alternatives, still evduated along existing performance criteria. If an individuai actor's 

beliefs about cause-effect relations or the state of the world change, then their 

expectations and predictions of the outcornes of using different competing products can 

change as well. Formerly second-best or even lower raaked products can becorne 

elevated to premier statu by such shifts in beliefs if, as a result of information processing 

using these new beliefs, the actor concludes that continued use of the incumbent product 

is no longer optimal. The actor would switch away fiom the incumbent product to 

whichever other product on the choice menu had k e n  elevated to the highest rank by the 

change in beliefs. One would say that the formerly lower-ranked product had substituted 

for the incumbent, having supplmted [it] in peflorming a purticulurfinction or flnetions 

/or a buyer (Porter, 1985, p 273). Hence, changing the beliefs of actoa is another 

important mechanism for bringing about substitution events. 

Changing actors' beliefs is a less obvious mechanism for triggering and bringing about 

substitution phenornena. Certainly it is a mechaaism that has received little attention in 

the literature on technological evolution and substitution. in the bulk of that literatw, 

inspüed as it is by models drawn h m  micrweonomics, beliefs are assumed to change 

oniy in an uninteresthg and trivial manner; along with a new artifact on actors' choice 



menus cornes accompanying information about the new artifact's superior 

performancelpnce ratio. This Monnation is assumed to be objective, undisputcd and 

easily incorporated into actoa' existing mentai models. In other words, the bulk of the 

literature contends that, dong with new artifacts, actors are provided with more 

inf'ormation about the world - information which can be added cumulatively in an 

unproblematic way to the previous information they have received - but not information 

which conjlcts with - and hence enters into a contest with and potentidly displaces - 
cunent understandings. 

To date, substitution of artifacts has not been conceived of as a consequence of a process 

of substitution of one belief for another. Yet it has k e n  demonstrated in our case study 

how the struggie for dominance between competing physical artifacts can be seen in just 

these terms: as the physical trace of a struggle for survival and dominance between 

competing beliefs. This was made possible by the choice of an extreme and transparent 

case for study and the investigation of substitution phenornena where the incumbent 

products were replaced by artifacts which were alreody available on the choice menus of 

actors but which had formerly not been judged optimal. Examples include: the 

substitution of various organophosphates for DDT in apple orchards once "facts" about 

the problem of insect resistance got made and actors' beliefs about the eficacy of DDT 

changed; the substitution of biologkal controls for DDT in citnis groves once "facts" 

about the problems of xcondary pests and cesurgence got made and actors' beliefs about 

the eficacy of DDT changed; and the substitution of methoxychlor for DDT in dairy 

barns once "facts" about the problem of accumulation of DDT in rnilk got made and 

actors' beliefs as to whether the continued use of DDT would allow theû operations to 

remain within the law changed. 

I have italicized 'Tacts" to underline my sociological interpretation of this terni: not the 

inevitable outcome of a teleological process of scientific dixovery, a "fact" is a 

descriptive claiin that has gaineci widespread acceptance in a society and whose validity 

or tmth actoa have c e d  to contest. Because they can change (and lots of evidence of 

that has been presented), one can view 'Yacts" as simply "beliefs that people have 



stopped fighting ove?'. At the time of DDT's entry into the economy, what would later 

corne to be "facts" about the problems of DDT were mere "ôeliefs", certainly not absent 

nor unimagined, but held by just a minonty of entomologists, mostly those who were 

uncornfortable with the dominant "magic bullet" approach to insect control and its 

emphasis on chernical as opposed to cultural or biological methods. Similarly, "beliefs" 

that DDT would show up in cows' rnik were present but not dominant; they became 

"facts" later. Marginalized within the discourse of econornic entomology at the time of 

DDT's entry, as their claims gained acceptance they came to occupy a more central mie. 

The dominant paradigm or discourse in insect control today, Integrated Pest Management 

(PM), would not be imaginable without the shifing power that accompanied the shift in 

thinking within the discipline of econornic entomology. Retuming now to "falsification", 

it can be viewed in its essential form - as the substitution of once widely-held and 

uncontested incumbent "Truc" claims by rival claims. 

(3) Finally, vaiue-ârîven substitution (or "preference-driven" substitution) is not triggered 

by the appearance of a new alternatives on the choice menus of actors, but rather by a 

change in the "normative logics" used by actors to weigh and evaluate the consequences 

associated with existing choices. Changes to such things as individuals' evaluation 

criteria and routines, their tastes, their sense of right and mong, as well as the goals they 

invoke to fnune decisions can change actors' normative logics. The application of a new 

nonnative logic to an existing set of alternatives and kliefs can lead to a reshuffling of 

the ordinal ranks of competing products. in other words, if measured dong different 

performance cnteria, once-rejected alternatives can suddenly become elevated above 

once-optimal incumbents. The actor would switch away h m  the incumbent product to 

that product on the choice menu which had k e n  elevated to the highest tank according to 

the new normative logic, and one would say that that product had substituted for the 

incurnbent, having supplanted [it] in performing a pur1ic1(furficnciion orfinctions for a 

buyer (Porter, 1985, p 273). Hence, changing an actor's values is a third important 

mechanism for bringing about substitution events. 



Changing an actor's values is a less obvious mechanism for t r i g g e ~ g  and bringing about 

substitution. Certainly it is a mechanism that has received little attention in the literature 

on technological evolution and substitution. In the bulk of that literanire, inspired as it is 

by models drawn h m  microeconomics, values and preferences are considered to be 

given and exogenous: they just are. 

To date, substitution of artifacts has not k e n  conceived of as a consequence of a process 

of substitution of one value for another. Yet it has k e n  demonstrated in our case study 

how the stniggle for dominance between cornpethg physical artifacts cm  be seen in just 

these ternis: as the physical trace of a struggle for survival and dominance between 

competing values. This was made possible by the choice of an extreme and transparent 

case for study, and the investigation of substitution phenornena where the incurnbent 

products were replaced by artifacts which were already available on the choice menus of 

actors but which had formerly not k e n  judged optimal. A good example is that of the 

substitution of methoxychlor for DDT in spray programs against Dutch elm disease once 

wildlife and bird values were incorporated into municipalities' decision niles. 

A brief discussion of tenninology is required here in order to clarifi the connections 

between the three categories of substitution identified in our research and the three 

denvable fiom rational models of decision-making. Notice how the categories of 

substitution derivable fiom rational models of decision-making (i.e. tool-driven, belief- 

driven, and value-driven substitutions) do not match exactly the categories of substitution 

we identified in our case study (Le. tool-driven, fact-driven, and rule-driven). This is 

because a distinction beween beliefs and facts as well as values and d e s  has been drawn 

in the following manner. At the level of individuals, descriptive statements and claims 

(that when aggregated into the individual's system of beliefs give rise to a "descriptive 

logic") ate termed "beliefs". I reserve the terni 'Tacts" for the level of the domain and 

applying it to only those beliefs that have become widely held, weakly contested (if at dl)  

and are hence dominant and institutionalized. Similady, at the level of individuals, 

normative statements, claims and preferences (that when aggregated into the individual's 

system of values gives rise to a 'bnorrnative logic") are tenned "values", r e s e ~ n g  the 



term "rules" for the level of the domain and applying it to only thosc values which have 

becorne widely held, weakly contested (if at dl) and are hence dominant and 

institutionalized. Because my research investigated outcomes at the macro-level of the 

domain - 1 documented changes in "facts" and "desy', but did not track the micro-level 

of individuals and their beliefs, values, and decision-making - 1 named the identified 

categories of substitution by drawing upon the domain-level tenninology. 

This may seem iike conceptual haiaplitting, especidly in discussions of comparative 

statics and analysis of outcomes. But the distinction is important when it cornes to 

discussing issues of process. 1 conceptualize fact-making as a contest between promoters 

of cornpethg beliefs, each seeking to institutionalize their mere "belief' into a widely- 

accepted and undisputed "fact". Similady, de-making is viewed as a contest b e t w n  

promoters of cornpethg values. each seeking to institutionalize their preferences and 

"values" into a widely-adhered to b'de". 

8.2.2 DiJierent types of substitution, as derived from microeconomic trkeory 

The discussion of beliefs venus facts and values versus d e s  has pointed to the 

distinction between individuai-level and domain-level phenomena. Readers may 

legitimately question as to whether or not "switching" by a single individual from one 

alternative to another - which is what 1 have described above by focusing on rational 

models of dccision-making - constitutes our focal phenomena of "substitution". 

Typicaily, this latter term is used when discussing outcomes at the level of industry or 

domain. Once a large set of actoa has switched fiom one product to another, then we 

would say that substitution has occuned. At this higher level of analysis, the appropriatc 

fhnework is microeconomics. 

Rather than pcedicting outcomes and technological choices at the level of an individual, 

microeconomic theory predicts outcomes at the macro-level of the economy. It predicts 

the "choices" made by an economic system. It is essentially an optimization mode1 at the 



level of the collectivity, predicting that economic outcomes are optimal in the Pareto 

sense. This means that ail actors' subjective expected utilities have been maximked, not 

absolutely, but to the extent possible given the current distribution of rights and 

resources. This is an important distinction between optimization at the level of 

individuai and optunization at the level of collectivity: at Pareto optimal equilibria, there 

are no subsequent changes which can be made to the system which raise the utility of one 

actor without lowering that of others. This differs a bit fiom our thought expriment 

above where, with a single technoiogy chooser, no probiems of actor interdependence 

arose and no social constraints were placed on chwsing. To deal with interdependence, 

societies create rights, laws, reguiations, and d e s  that constrain "fiee" actoa by 

dictating how potential conflicts in values and preferences are resolved. Rules dealing 

with hiecarchies of rights as well as the distribution of resources to actoa in an economy 

determine whose preferences economic outcornes will nflect. One cannot simply 

aggregate across the utility functions of individuals to generate the utility huiction of the 

system; d e s  mut  be invoked during aggregation to arbitrate between confîicts in 

individuals' preferences. Hence another coll~tfllct - rights - must be added to the 

buildings blocks of rational choice in order for microeconomic theory to generate precise 

predictions about economic outcomes, especially in a world of non-zero transaction costs 

(Coase, 1960; Spuiber, 1989): 

"ln the presence of externai diseconornies, such as environmentai 
pollution, the creators of external damages rnay be identijled as the 
injurers, whife the consumers of external damages rnay be ident~ped as 
victims. From a legal siandpoint, either side of the transaction may 
possess certain rights. The producer of an externality rnay have the right 
to pursue the eeonomic activiîy that creates the diseconomy as a by- 
product. Further, the producer muy have the right to discharge pollutants 
into the air, water or round. Alternatively, the consumer of the 
externality may have the right to clean air or water or to bejFeefiom the 
harm caused by air or water pollution. The Iegaf definitioion of t h m  
pmperty r i g k  Las pro/und irnplcations for resultihg market 
equiIibda, ppuliarîy for chose g& chat entail pdlution as a b p  
pmducfi * 

(Spulber, 1989, p 336) 



Microeconomic theory, with its optUnizing force, can predict that the quality of Pareto 

optimality (i.e. efficiency) will apply to collective outcomes but, in and of itself, cannot 

predict which of the infinite number of points on a Pareto fiontier will be the specific 

collective outcorne, as this depends upon the distribution of rights. Analysts must invoke 

a paiticular mix of property rights to determine particular outcomes (Coase, 1990; 

Spulber, 1989). Obviously, the econornics of a polluting technology - and hence the 

outcomes one would expect in the economy - differ drastically in a society in which the 

hiemchy of rights obligates injurers to pay for the reparation of damage as opposed to 

one in which the injured mut pay. 

Applying comparative statics to a simple neoclassical microeconomic mode1 of the 

economy - a population of rational actors faced with choices between competing tools 

and transacting in fke markets, al1 embedded within a system of rules and regdations - 
we can therefore derive four possibie idealized categories of substitution: 

(1) substitution as a consequence of changed tools 

(2) substitution as a consequence of changed facts, 

(3) substitution as a coflsequence of changed rules that are held and enforced at 
the level of individual (Le. changes to preferences that are institutionalized 
i n f o d l y  into a collectivity's 'horms"), and 

(4) substitution as a consequence of changed d e s  that are held and enforced at 
the level of the collectivity (i.e. changes to preferences that are institutionaiized 
fomally into a collectivity's 'kgulations"). 

Notice here that 1 have distinguished between two classes of "des" that together make 

up the normative logic of an economic system comprised of more than one actor. They 

differ as to how they get made and how they are then later enforced; substitutions can be 

trigged by 6'top-down" as well as "bottom-up" processes of rule-making, a distinction 

that is meaningless when considenng a single actor. 

R e d ,  'hiles" refer to dominant and institutionalized values which provide direction to 

or in the limit "control" parts of a social system. Sociologists often conceive of rules 



king enacted through two basic mechanisms of control: (a) intemally and infomally, by 

actors themselves, t h u g h  a process of self-regdation implying bottom-up "normative" 

control, or (b) externaliy and formally, by the collectivity, through a process of regdation 

involving rewards and punishrnents Unplying top-down "coercive" and ''remunerative" 

control (Etzioni, 1961). With the former, the "des" that must be changed to trigger 

domain-wide substitution are "noms" (Le. change the preferences of individuals, across 

an economic system, which act as "internai" collstraints on choosing). With the latter, 

the "niles" that must be changed to trigger domain-wide substitution are b"regdations" 

(i.e. change the preferences of the collectivity which act as "extemal" constraints on 

choosing). 

With regards to (1), (2) and (3), because rnicroeconomic theory is built upon the rational 

mode1 of decision-making presented in detail above, 1 do not need to repeat my 

diseussion of how changes to artifacts, beliefs (which, if widespread and uncontested at 

the level of domain can be termed 'Tacts") and values (which, if widespread and 

uncontested at the level of domain can be termed "des") invoked by evaluators and 

choosers of tools in an economy c m  lead to substitution. If one repeats the thought 

experiment described above except this thne with a population of actors instead of just a 

single actor, then one sees that aggregating actors' switching behaviour across the 

population indeed yields three ideaiized types of substitution resulting fiom "shocks" to 

these parameters: tool-driven, factdnven, and nile-driven (Le. nom-driven). 

The fuial idealized type, (4) regulation-driven substitution, is also easy enough to 

demonstrate. A regulatory shock changes the distribution of rights in the economic 

system, and can force actors to explicitly include the preferences of others in their 

decision-making calculus. This can result in disfavouring the incurnbent technology, 

especiaily if that technology was generating negative extemalities and the regulatory 

change created or redisûibuted rights to those who bore the costs of those extemalities. 

Roducts with fewer negative externalities would be advantaged. For example, consider 

the case ncounted by Spulber (1989, p 336) above. Clearly, a switch in property rights 

regimes fiom (a) one which priorizes the right to pollute whilst earning a living above the 



right of others to clean air to (b) a regime in which the hierarchy of these rights is 

reversed, would advantage cleanet technologies. Whenas pnor to the regulatory change 

the Pareto optimal outcome would see victims forced to pay the injurer to not pollute (or, 

euivaiently, to pay for remediation of their own injuries), subseqwnt to the regulatory 

change, the injurers would be forced to cornpensate those victims whose rights to clean 

air had been violated, and this would obviously mise the cost of the polluting technology 

they were using. If this increase in cost is substantial enough, it can lead to the 

incumbent technoiogy king dethroned from its premier position among the alternatives 

on the choice menu of the injurers. 

Hence changing the formal "regulations" of a social system within which economic 

activity is embedded is another mechanism for tnggering and bringing about substitution. 

If one considers fiscal policy (i.e. taxes and subsidies) as a fonn of regulation, then this 

mechanhm has received much attention certainly in the economics literature where the 

notion of a "Pigouvian taxT', a regulatory technique which makes use of markets and price 

signais, has k e n  around for a long time (Pigou, 1932). A Pigouvian tax is set so as to 

force the intemalization of fonnerly-extemalized social costs (Le. public bads), raising 

the nominal cost of a technology enough to correct for the externalities caused by its use. 

Obviously, if the Pigouvian tax is set high enough, switching and substitution couid 

result. This is the logic behind so-called "Green taxes". Similarly but conversely, 

economists have long recornmended the subsidy (or, in the limit, state provision) of 

technologies with public goods properties. 

But beyond these basics of fiscal policy, the use of regulation as a trigger for substitution 

has not received much attention, although this is beg i~ ing  to change with the growing 

significance of envhnmental ptoblems and the debate over whether "it pays to be green" 

- whether sethg high environmental and health standards hurts a country's 

competitiveness. Recent writings on national competitiveness address technological 

evolution and substitution induectly. In their discussions of "appropriate" environmental 

regulation by govenunents (see, for example, Porter, 1990; Porter & Van der Linde, 



1995), authors fiequently stress how stringent regdations can spur innovation and the 

substitution of cleaner tools for cMer ones. 

But al1 in dl, to date the substitution of artifacts bas not k e n  conceivcd of as a 

consequence of a process of substitution of one value for another. Yet it has been 

demonsûated in the case study how the struggle for dominance between competing 

physical artifacts can be seen in just these ternis: as the physical trace of a struggle for 

survivaî and dominance between competing values. This was made possible by the 

choice of an extreme and transparent case for study and the investigation of substitution 

phenornena whem the incumbent products were replaced by artifacts which were aireaày 

available on the choice menus of actoa but which had fomerly not been judged optimal. 

A good example is that of the substitution of methyl parathion and EPN for DDT in the 

Cotton market once the incorporation of wildlife and bird values into law resulted in the 

ban on DDT and forced Cotton growers into switching. 

8 3  Recap: Ideal Types of Substitution Expmsed in termr of  Pioduct 

PerZOrmance 

Hence there is theoretical support for the different types of substitutions we have 

identified in out research. Using elementary models drawn fiom economics dong with 

simple comparative statics analyses, we have demonstrated qualitatively that discrete 

exogenous changes to (a) the tools available, (b) the facts employed or (c) the evaluation 

d e s  invoked during decision making - be they at the level of individual or collectivity - 
could each serve as the trigger for switching behaviour and substitution. 

For those seeking to dislodge a product fiom the economy, our typology suggest four 

idealized fronts of "attack", presented in Table 8.3.1 which recaps the ten examples (i.e. 

entry and exit of DDT in five different markets) discussed in the case study. 



Table 83.1 - Four Fronts of Attack to Trimer Substitution 

Front 
of 

Attack 

Exam plta 
from case study 

Generic principle, expmseà 
in terms of uproductP and 
tbeir uperlormance/price* 

ratios 

change the to& 

change thefacis 

change the n o m  

change the ttguIutions 

DDT replaces arsenicals and 
mtanicals for cotton 

DDT replaces arsenicals and 
wtanicals for apples 

-DDT replaces arsenicals and 
mtanicals for dairy barns 

DDT replaces biological conûob for 
:itrus crops 

-DDT replaces cultural conmls for 
:ontaining Dutch Elm diseasc vectors 

organophosphates replace DDT for 
ipples 

- biological controls replace DDT for 
:im crops 

mcthoxychlor replaces DDT in dairy 
b m  

- methoxychlor replaces DDT for 
containing Dutch Elm disease vectors 

- methy 1 parathion and EPN replace 
DDT for cotton 

REACH & SURPASS 
PERFORMANCE 

actors mut build 
a product 

with a pcrfonnancdprice ratio 
superior to that 

of incumbent prducts 

REMEASURE PERFORMANCE 

actors must demonstrate 
that performancc/price ratios 
of incumbent products arc 

not what they are pcrceived to be 

REDEFINE PERFORMANCE 
from usen' point of  vkw 

actors must redefinc 
acceptable and desired "performance", 

from usen' point o f  view 

REDEFlNE PERFORMANCE 
from socicty's point of v k w  

actors must redcfine 
acceptable and desired "performance", 

from sockty's point of vkw 



I 

Two qualities of the case study of DDT have made it particularly usehl for isolating and 

illustrating ail three ideal types: (1) the controversial, pathological and extreme nature of ;e I 

I the case has highlighted and made "tramparent& obsemubfe" (Eisenhardt, 1989) 

processes and events chat are Iikefy much more subtle, nuanced, entangled, and leaving of 

fewer traces in cases of a more mundane nature; and (2) the nature of the technology 

studied, both highly technical and highly politicized, meant that quite distinct actors and 

arenas wcre involved in each of the three idealized processes. 

In the next Chapter, I suggest that the three idealized substitution processes reveaied by 

our case shidy should be interpreted as three dimensions of ail substitution phenornena. 

The choice of an exfreme case snidy has simply made these dimensions "fransparentfy 

observable ". In other words, the findings in this dissertation have pointed to extreme 

instances of substitution where one dimension clearly dominated over the other two. 



0 9 Winning Artifacts or Winning Arguments? The Coevolution of 
Technology and Discourse 

In this Chapter, 1 continue to address the generalizability of my findings and the potential 

utility of my ideal types for researchers and practitioners. This Chapter is necessarily 

more suggestive than earlier Chapters which were demonstrutive. 1 say "continue" 

because the prior Chapter. by relathg my empincally substantiated types of substitution 

to those that can be denved h m  longstanding and widely-used theoretical tools, has in 

some way already spoken to this issue of genedizability. 

Substitution is a more complicated phenornena than has been suggested to date in the 

theorizing about it which predominates in the strategy literatuw. It has been 

demonseated in this dissertation that, histoncally in the agriculhiral chernical industry, 

competing active ingredient products have substituted for othea in various markets for a 

diverse set of reasons and through distinct pmcesses. The success and fate of particular 

insecticides has depended not only upon muterid stnrggle within the institutions of the 

marketplace, but also discursive st-e within the institutions of science and politics. 

In other words, this research bas demonstrated clearly how particular artijiucts presuppose 

and are predicated upon particular arguments. Theu fates are inextricably intertwhed; 

the success of particular artifacts is always contingent upon the success of particular 

descriptive and normative claims. Restated more holistically and systemically, 

technologies and technol~~cai system are predicated upon discourses and systems of 

ideas or paradip .  

Because discourses and technologies coevolve, stnitegy should be conceived of as both 

putterned talk and putterned action. Besides adopting positions in the system of 

exchanges which is the economy (as per Porter and IO researchers), firms also adopt 

positions in the system of conversations which is society. 



0 
9.1 The Coevolutioa of Toois, Facts rad Rules 

9.1.1 "Eflcient" TooLF are Contingent upom uTr~!h und u J ~ t i ~ e "  

For a product to make sense to an individual or a collectivity, let alone to be "optimal" in 

ternis of performancdprice as claim microeconomic rnodels, certain descriptive claims 

must be accepted and held as me while certain normative claims must be accepted and 

held as right and juïr. Microeconomic theory, very uifluential in the stnitegy literatwe 

and theorizing about the focal phenornena of substitution, views the three important 

arenas identified h m  the case study as king independent. Positing equilibrium 

outcornes in the arena about which it speaks (the economy), it is forced therefore to 

assume equilibria in those arenas about which it is silent. Hence. theorizing about 

substitution in the strategy literature hm tended to ignore the activities in these other 

spheres of social life. If it tums out that in the real world, as this case study would 

indicate, rules and facts are not as stable as assumed, then the economy cannot be either. 

in the limit, as in our case shidy, discontinuities in the facts or the rules can trigger 

substitution, dislodging incurnbent products fiom their privileged place in the economy. 

In other words, achieving technical "Etriciency" within the economy, in the Pareto 

optimal sense, implies that issues of "Tmth" and "Rightness" or "Justice" have k e n  

settled and closed. 

Note that "seitled' is the operative word here: in Western society, what are accepted and 

operationaiized as "Tnith" and "Justice" emerge out of processes of stmggle and 

contestation, as indicated in Table 9.1.1, which reproduces and extends Table 8.1.1. 



Substitution as a consquenec of ... 

imtit utiond~ation as 
contestation cemes: 

dominant realrn: 

actors appeal to: 

Commerce 

marketing 

finris 

rival 
products 

(i.e. aiti facts, tmls, 
technologies) 

gcncration & promotion 
of new artifàct 

artifacts 
bccome 

dominant Cresigns 

material 

E ficicncy 

Science I Politics 

scientific 

descriptive daims normative claims 
(Le. beliefk, "isn (Le. values, prefercnccs, 

statemcnts) "oughtw statements) 

publidpolitical 

scienrists 

generation & pmmot ion generation & promotion 
of new descriptive clah of new normative clah I 

politicians, goverment, 
NGOs, f m ,  public 

Truth Justice 
("Rightness") 

I 

beliefk 
(" isH statcmcnts) 

become 
fwts 
in 

dominunt discourse 

Arena Myths re Progcss 

values 
("ought" statcrnents) 

bccome 
mies 

in 
dominant discourse 

process by whrCh 
"progress" emred: 

"kroic" iniividuds 
capable of tramitming 

"rekoIogicai pull" in 
legitimating myth 

democracy fke market scientific method 

concemed citizens; 
political leaders 

I I 1 

Efflciency 

. 

entrepreneurs discovenr-scientists 

Truth 
I 

Justice 
("Rightness") 



Interestingly, each of the three arem in which contestation takes place is govemed by a 

strikingly similar popular Iegitimathg "myth" of how the arena operates and what sorts 

of outcomes it generates'. Efficiency, Tmth and Justice are the outcomes of processes in 

these arenas by definlion specifidly because of the contestation that occurs and the 

&dom granted actors to initiate and to pursue their stniggles. "Free" markets in the 

economic sector, the "f'ree" play of ideas in science dong with academic 'âeedom", as 

well as the 'W play of ideas put forth by '"fiee" citizens, political parties and other 

actors in a fùnctioning democracy ensure, as it goes in the legitimating myths, that 

Ineficiencies are eliminated through competition, Untruths are revealed as  such through 

falsification, and Injustices are corrected through the assertion and adjudication of rights. 

It should be noted that the examples in this case illustrated instances of contestation and 

confiict that were "headlon". The tools, beliefs and vdues we described to be in 

competition were such that only one could survive. in reality, competition is much more 

likely to occur "at an angle" (Latour, 1987) such that "negotiation" is possible. For 

example, instead of fdsifying a descriptive clah, an opponent might just try to 

circurnscribe its domain of validity, limiting its application. Similady, instead of 

replacing an incumbent d e  with a completely different one, one rnight aàci another rule 

that qualifies and cùcumscribes the juridiction of the incumbent nile. indeed, as with 

the recognition of "technological discontinuities" by the amival of tools with order of 

magnitude improvements to theu performance/price ratios and distinguishing these from 

"incremental improvements" (Anderson & Tushman, 1 WO), 1 suggest that the ideational 

or discursive dimension of a fims' technological environment can be usefully 

cbaracterized in a similar matmer. 

Discontinuities in facts could k measured by the degree of reversal of the fact implied by 

the categorizations or concepts opposed, ranging from falsification to minor nuancing. in 

other words, competition might occur not just between statements like "DDT is a 



carcinogen" and "DDT is not a carcinogen", but also between statements like "DDT is a 

possible carcinogen", "DDT is a probable carcinogen" and "DDT is a probable 

carcinogen, with human evidence". Discontinuities in d e s  could be similarly measured 

by the degree of reversal of rights, goals, and outcornes implied by changes to them. 

Anderson & Tushan's cyclical model of evolution in technological tools appears to be 

paralleled by ones for beliefi and values. Systems of ideas - systems of facts and systems 

of niles - evolve similar to other complex systems, with periods of stasis punctuated by 

discontinuous changes (see Kuhn, (1 970) on "ideas"; see Kauffman (1993, 1995, 1 W6), 

Bak & Chen (1991), and Bak (1994) on 4'complex systems"; see Tushman & Anderson 

(1 986), and Anderson & Tushman (1 990) on "technologies"; see Gunderson, Holling & 

Light (1995) on " d e  sets"). "Ems of ferment'' (i.e. debate, struggle) follow the arriva1 of 

new ideas which codict head-on with incurnknt ideas. Once a dominant design (i.e. 

p d i g m )  crystallizes, incremental changes occur as stniggle is confined to that at a 

sharp angle, to use Latour's (1987) tenn, with the core nlatively unchallenged. 

Cercainly the case study calls into question assumptions of relative independence and 

autonomy of these three spheres of society. h tems of content, at any given point in 

tirne dominant artifacts, beliefs and values mutually validate each other, each confemng 

on the others a certain "obvious superiority" and legitimacy that comes fiom being part of 

an internally consistent logic, as per Ganid & Rappa's (1994) sociocognitive model of 

technological evolution. in terms of process, facts and rules are not handed pre-made and 

black-boxed to economic actots who then go away to make some tools. For not only are 

these other two processes going on simultaneously with tool-making, but firms also 

monitor and participate in the processes by which both of these are consmicted. It is also 

apparent fiom the case study that coaiitïonr or alliances linking actors in each arena are 

fonned. 

' I use the tem "myth" hem in its wciologicsl sense; the use of this tem does not rnean tbu I considcr the 
metanarratives used to legitimate activities in these a m a s  as filse. But nor do I consider them necessarily 
me. These are the stories that panicipants in these domains and in wider society tell themsetves. 



9.1.2 Firm a n  InwIved In the Makhg of R u k  and Fac& 

Challenges to prevailing notions of what is True and what is Right or Iust are 

simultaneously indirect challenges to what is Efficient. Because the viability of products 

cm be dramatically affected by the outcomes of these stniggles, such challenges 

represent threats tu some fvms but oppomuiities to others. Unsqwisingly, as in the case 

study, finns ofken get directly involved in these contests and take sides. 

That firrns get involved in the political arena and attempt to infiuence de-making to 

their favour has long received attention in the strategy discipline, and 1 do not wish to 

dwell on it hem. Business-government relations is a longstanding sub-discipline of 

strategy. But the role of fms in fact-making has been largely ignored. One conclusion 

that 1 wish to d m  as a mult of this dissertation L that there is a significant a d  

for more seriour study of Business-Science relations in the strategy discipline. 

Consider a few examples of fact-malrllig fiom the case. In the stniggle over the facts 

about DDT, the agicultural chernical industry did not hesitate to get involved in highly 

technical methodological critiques. For instance, they consistently promoted a particular 

methodology for estimating cancer risk over a substitute one. Whereas extrapolation 

fiom toxicologicai tests on rodents yielded equivocal resuits as to the carcinogenicity of 

DDT, epidemiologicd studies on overexposed populations such as workea in DDT 

manufacniring plants and feeding studies on "volunteer" prisoners consistently indicated 

an absence of increased cancer incidence. Listen to Max Sobelman of the Montrose 

Chernical Corporation, in his statement before the Interim Committee on "DDT and the 

Environment" of the Nebraska State Legislature: 

"The tcsefihess of DDT is based on its di~erentiai toxicity among various 
species as vust amounts of data in the Iiteruture indicate. Eitrapolation 
cannot be made, therejoe, jion one species to another. If i s  a well- 



es!ablished rule of tmicoIogy thu! effec& on human kings slcouid ôe 
measured w M  kumn khgs  as exprimentai subjects. " 

(statement made 1970 O 1 06, transcribed and n p ~ t e d  in Sobelman (1970, p 239)) 

In addition, the work of Dr. Wayland J. Hayes Jr., who favourcd the latter methodology, 

was supported aad widely publicized by industry. In the same statement, Sobelman 

describes him as "the world 's Ieuding authority on the toxicolog~ ~ ~ D D T  ". * 

Or, to get a sense of just what constitutes "discursive stnaggle" by fms, consider the 

following examples of hau-splitting. 

When confronted with toxicological stuâies that showed DDT leadlng to tumours in 

mice, industry replied with the argument that because these tumours were not malignant, 

DDT could not be temed "carcinogenic". in other words, the very definition of cancer 

was contested. Referring to that research, Sobelman macle clear: 

"ne facts are these: The Bionetics tesearchers admittedly did not 
consider the reve~ibili?, of the Repatomas (these ore fiver turnourr) that 
were produced in some of the mice. " 

(Soklrnan, 1970, p 246) 

Definitions and the criteria for inclusion and exclusion for various categorizations are 

fercely contested sites of struggle, especially for concepts that straddle scientific, 

political and economic discourse. Recall a point made much earlier about how difficult it 

is to isolate the teminology of these three domains fiom infîuences flowing fiom the 

others: "pesticide" is not a purely scientific term but has an economic and 

anthropocentric dimension to i t  "Biocide" - a substance hamiful to "life" or "living 

things" is actually a more accurate term and was promoted by Rachel carson3, and it was 

fiercely fought against by industry. Indeed, the history of DDT is in many ways of 

history of categorizations with comequences: DDT was an "economic poison" so its sale 

was subject to FIFRA (a c l a h  uncontested by industry); DDT was a "biocide", a term 



with no legal standing but which has a bad ring to it among the public (industry contested 

the meaningfulness of the category); DDT was a "pollutant" according to Wisconsin 

water quality legislation (industry contested the categorization); DDT was a "possible 

human carcinogen" (one a series of compromise categories between 'bcarcinogeny9 and 

"non-carcinogen" that emerged within the discourse of toxicology; contested 

nevertheless); etc. The categorizations result fiom fact-making. The consequences result 

fiom de-making. Witness the discursive sûuggle currently underway ovet the inclusion 

and exclusion criteria - the definition - of a "persistent organic poilutant". The stakes are 

high; depending upon the definition senled upon, products other than the original twelve 

substances on the UNEP list could be forced out of the economy. 

When codionted with evidence that DDT was ubiquitous in the environment, 

bioaccumulating and appearing in the body fat of mammals birds and humans d l  over 

the world, again industry made methodological arguments. They pointed to the (reai) 

difficulty of distinguishing DDT from PCB residues using standard gas chmmatograph 

(GC) techniques, because the molecules yield very similar "printouts" from these 

machines. Of course we now know that the distinction was in many cases mot. DDT 

and PCBs are each ''persistent organic pollutants" found everywhere on the planet; most 

organisms were likely contaminated with both. 

Indeed when confionted with almost any piece of evidence that DDT was having a 

negative impact on the environment, industry consistently generated a myriad of 

alternative hypotheses (Le. rivai claims or beliefs hoping to harden into facts). 1 suggest 

to you that this case study indicates that organizations, in contrast to the oft-repeated 

mantra in strategy and organization theory which holds that firms seek to reduce 

uncertainty, do not hesitate to manufacture uncertainty and ambiguity when theu interests 

dictate, which is when the particulas "certahty" that is crystallizing in society threatens 

them. 

Carson (I%2, p 8) 



1 wish to underline here that my choice of the label "fact-making" for one of my ideal 

types of substitution was not an attempt to build "grand" social theory and was not made 

lightly. Talk of 'Tacts" and ' h W  versus "non-facts", b'untniths" and "fïction" is 

everywhere in the data. Indeed, a big part of the inspiration for the label 'Tact-making" 

on one of my ideal types cornes h m  industry itselt For not ody was NACA's response 

to Silent Spring a document entitled Fact & Fancy, but individuals who spoke out in 

defeme of DDT, like Montrose's Max Sobelman for example, consistently framed their 

formai statements as a structwed comparative series of points under the titles of "Facts" 

(their beliefs) and Won-Facts" (those promoted by opponents of DDT)~. Of course, 

DDT opponents reversed the labels. 

9.1.3 mich Face get Made t 

Note also that, in the case study, facts with a public goods dimension to them were 

consistently undersupplied, appearing late in the life of the focal molecule. Let's face if 

facts get made about things that those with resources care about. If not for the special 

stahis of birds in society in general (for instance, consider that we do not have 

"fiogwatcher" orght ions)  and of the bdd eagle in the United States in particular, fact- 

making about that aspect of DDT would have been delayed even m e r .  Had DDT not 

appeared, awkwardly, in sites with much emotional import - pnstine Antarctica, breast 

milk, and the bud-symbol of the greatest nation on earth - it would have enjoyed a longer 

life. 

Existing orgunizuti011~ and institutiom structure the bias of fact-making. If malaria was 

not confined to the poorest and most marginalized regions of the globe, it is possible that 

the current fight over DDT could have been long settled by the pursuit and discovery of a 

cure for that disease. However, with the incredible scientific and financial resources of 

the North's pharmaceutid companies concentnited on making facts and tools for the 

Earth's real "problems" - erectile dysfiinction, male pattern baldness - the South's sense 



of Injustice is understandable, and the stmggle over which d e s  will apply to DDT at a 

globd level continues. One cannot "blame" Business for the state and direction of 

Science, but a better appreciation of how these spheres of social life coevolve wouid 

s w l y  be of benefit to those concemed about stnitegy and sustainable development, not to 

mention Efficiency, Truth, and Justice. 

Notice how changes to the organization of the fact-rnaking and rule-making domains 

were critical. After Silent Swing, more interdisciplinary "environmentai" and ecological 

research got done. The disciplines of "environmentai health" and "ecotoxicology" also 

grew in size and importance. Within different structures, different facts get made and at 

different rates. Similady, the creation of the EPA and transfer of responsibility for 

pesticide registration away from the USDA spelled doom for DDT. That organization 

went on to develop organizational routines for elininating old products tMom the 

economy, analogous to those of f m s  for bringing new prducts iwo the economy! 

9.1.4 The Domain's Dominant CoaIition, and Dkruption by New Entrane 

If we think of the pesticides domain as having three sub-domains as per the arenas I've 

described, then it becomes clear that as a clear domain emerges and becomes more 

"organized" and stable (Hardy, 1994), the Uiterests of those who dominate in each sub- 

domain kcome aligned over time. Just as thcre is munial interdependence arnongst 

tools, facts and d e s ,  there is mutual interdependence between tool-makers, fact-makers 

and rule-makers. It really couldn't be any other way especially given that each arena is 

premised on cornpetition and contestation. The "core" of each arena becomes ailied with 

the "core" in the others in their ongoing stmggle to keep the penphenes at bay. Witness 

the alliance between the agriculRual chemical industry (and producers of DDT and other 

persistent organochlorines in particular), economic entomologists favouring chemical 

controls, and the USDA which had the solid support and protection of Congressmcn from 

fann States. The stmggle over DDT was not jllsi the stmggle to substitute one product for 

another in the marketplace and hence a threat to the fimis produchg it, it was 



simultaneously a huge threat to the power, authority and legitimacy of the (a) advocates 

of chernical controls, and (b) the USDA and f m  state politicians. Each had 

"monopoiized" their respective arena. The seuggle oves DDT was a struggle for the 

"core"in each of the three armas. The coalition of economic entomologists favouring 

biological controls and IPM dong with wildlife biologists and ecologists h m  science, 

partnered with those politicians and govemment agencies making their careers as 

environrnentalists in the political arena eventually overcarne. 

Of course for other goods and services, these alliances may be tacit or implicit in 

everyday life, but they sure become explicit quite quickly once an effort to remove a 

product fiom the web of goods and services is made. 

Note also the importance of new entrants into the arenas. Prior research on technological 

evolution has demonstrated how technological discontinuities initiated by new entrants 

into the tool-making arena (Le. into the industry) tend to be more "cornpetence- 

destmying" than those initiated by incumbents which is more often than not 

"competencesnhancing" (see Tushman & Anderson, 1986). The case study suggests 

that a similar phenornena occurs with respect to the fact-making and de-making arenas. 

Just as fims must monitor the R&D activity of rival firms (Le. keep an eye on "tool- 

making" in the domain) they must also monitor activities of fact-making and rule-making 

as well. Certainly at any given point in time, dominant designs (Le. artif-) wodd tend 

to be coherent and consistent with dominant paradigms (Le. beliefs and evaiuation 

routines), as per Gamd & Rappa (1994). But notice that 1 Say "tend"; this is because the 

"fit" between the material and ideational worlds is never guaranteed. Just as 

disconthuities can originate h m  processes of tml-making (Tushman & Anderson, 

1986), so can they appear h m  processes of fact-makng and nile-making. F i m  m u t  

especially rnonitor these arenas for new entrants, because this case suggests that 

'bcompetence-destroyuig'' changes to facts and niles came fiom and were promoted by 

relative outsiders to each of the arenas. Wildlife biologists and marginalized economic 

entomologists (who favoured biological and cultural insect controls) led the stniggle to 



change the "facts" promoted for so long by the dominant economic entomologists (who 

favoured and had built careers upon chernical contmls) who had dominated the scientific 

(Le. descriptive) discourse on pesticides. Similarly, it was politicians fiom non-farm 

states (who were building careen as "enviroamentalist" politicians) and govenunent 

agencies ttaditiodly viewed as less king less authoritative on pesticides who led the 

struggle to change the 'hiles" promoted for so long by politicians from fam states who 

had built careers defending the interests of famiers and the agrichemical industry and 

who had dominated agricultural cornmittees and political (i .e. normative) pesticide 

discourse pnor to DDT controversy 

1 wish to say a few words here about the stability of the dominant coalition (t&er/actoa) 

and how this relates to the dominant paradigrn (discourse) and dominant design 

(technology), as well as why this might be so. Why are things stable so long then 

suddenly there's a 'brevolution"? Well, in short, it is due to "increasing renims'' (Arthur, 

1994). This concept has k e n  used to explain how certain twls rise to dominance in an 

economy, not due to their inherent performance features or eficiency, but by getting just 

slightly ahead (perhaps by chance even) and then tending to stay ahead or increase their 

lead due to "lock-in". They become the "standard". then maintain a begemonic 

dominance. The classic example given is usuaily VHS over Beta (Arthur, 1994), or 

Microsoft software. In a nutshell, everything else king equal, its when "winning in one 

time slice increuses the probability that you will win in the next tirne slice". 

increasing returns exist when this simple condition holds. One explanation is that this 

effect is more likely when there are "positive network extemalities". For technologies, 

this is when the benefits that result fiom a customer's particdar technological choice 

increase with each and every additional customer making the sarne choice. Who wants to 

convert documents fkom one format to another al1 the time; of course 1'11 adopt Word for 

Windows! 

1 suggest that this is pcecisely the case in instances where beliefs crystallize hto the 

dominant "facts', as in science. It is easier to go with the flow. The "cost" of king a 



biological control proponent was muginakation and ridicule within economic 

entomology. Who would pay it? It is nahiral that Ph.D. students in that discipline did 

more research on chernical controls when they saw the research money, publications and 

industry jobs going to those who did. Dissidence has costs, but for the health of the 

system, is so vital. Radicals, heretics, deviants - they al1 produce public goods. 

increasing returns also occur whenever what is king contested in one time slice can be 

recycled and reused in the next. 1 suggest that economic, political and scientific power 

al1 have this feature. The "elite" seek to retain their status in their respective arena. In 

industry, profits emed in one time slice can be reinvested in the search for 

improvements to processes and products in the next. Firms without cash lose at these 

tool-making races. Cash is both stake and weapon in these battles. 

In discursive stmggle over "facts" and "rules", 1 suggest that a similar phenornena occurs; 

credibitity is simultaneousl y stake and weapon. Those who had mono polized pesticide 

discourse continued to do so, and when challenged they consistently puestioned the 

discursive legitimacy and righi io voice of "new entrants". What did bird-and-bunny- 

huggers know about insect control? What did city folk and their elected representatives 

know about Cotton fming? How due laypeople question the wisdorn of the nation's 

xientists? Dominant incurnbents in the discursive arenas harnessed their own ciedibiiity 

to snuffout the efforts of anyone who sought to establish their own. 

"Silence! Miss Carson " 

9.2 Sttategy as Patterned Talk and Patterned Action 

1 wish now to tum my aîtention to more mundane substitution events - those involving 

artifacts which are less science-intense and less politically-chacged. 



For such artifacts, it is possible and indeed likely that a srnalier set of uctors (for 

example, just industry rivals and their customers) would be signifïcantly involved in each 

of "artifact-making", 'Tact-making", and '4nile-making" (niles as noms, at least) about 

their products. But I suggest that the activities still occur. 

Imagine any substitute-producing fum attempting to dethrone an hcumbent product with 

its own. Besides (a) bringing the artifact to market and to the attention of potentiai 

customers, this firm will also attempt to convince and persuade customers that its product 

(b) is better than the incumbent and that it is so (c) dong evaluation criteria that are or 

ought to be important to the customer. in other words, dong with the material or 

physical artifots that they bring into the world and promote, firms aiso bring into the 

world and promote ideational or discursive arguments for adoption - a smictured set of 

declarative statements (Le. beliefs; "is" statements) and normative statements (Le. values; 

"ought" statements) - that support their artifacts. niese arguments may draw upon and 

reinforce existing beliefs and values, or they may be aimed at u n d e d n g  them - 
substituting them with new beliefs and values. Just as a product can have complements 

in the physical world (i.e. other products or technologies, the sale and use of which 

enhances demand for the focal product), it can also have complements in the ideational 

world. The fate of technological artifacts inevitably depends not only on the fate of other 

technological objects, but on that of ideational objects - descriptive claims and normative 

claims - as well. 

Of course, the relative importance of firms - and theù arguments - in the creative 

destruction of beliefs and values will Vary fiom industry to industry, depending upon the 

products concerned. Different products have different relevant evahation cu11stituencies, 

and hence different sets of beliefs and values that hold them in place in the economy. 

The specific discourses relevant to the utility value of a given product therefore diffet 

accoràing to product. 

Consider factdriven substitution. The important actors are those who are relevant to the 

process by which customea change their beliefs, and for dBerent products these will k 



different. Firms pmmoting artifacts will also pmnote beliefs that help the cause of those 

artifacts. Firms intend and h o p  that the descriptive claims contained in advertisements, 

promotions and other marketing comm~cations will become the beliefs of targeted 

buyers. But in addition, other actors may also piay central d e s  in the shaping of beliefs 

of buyers and other important evaluation constituencies. In general, n e  would erpect 

tbat technicaliy sopbisticateà producfs wbose performance is difiicult for usen to 

observe and meisun would be particularîy vulnerable to fact-driven substitution. 

This is the case with &th agicultural and pharmaceutical chemicals. Economic 

entomologists and other agricultural scientists, especially those working at extension 

stations, influence beliefs about different agriculturai chernical products, as in our case 

study. Doctoa' claims about products influence not only their patients' ideas about 

pharmaceutical and medical products, but those of other doctors as weil; phmaceutical 

companies regularly target recognized disease specialists and opinion leaders when 

making claims about new products attempting to dislodge older ones. indeed, many 

substitution events involving phaceutical products resemble our idealized fact-driven 

substitution. Doctors represent a relative1 y homogeneous and tightl y connected episemic 

cornmunip. The appearance of a strongly positive or negative arîicle in an influentid 

medical journal lüce the New England JournaI of Medicine can change the fate of 

phmaceutical pduc t s  very quickly. 

Consider nocm-dnven substitution. The important actoa are those who are relevant to 

the process by which customers change their understanding of the desirability of various 

outcornes and for different products these will be dif5erent. Fims promote the use of 

specific evaluation criteria dong which theù products score well relative to other 

products. When allocating al1 the resources that they do to marketing, advertking, 

promotions and other communications, fims intend and hope that the dimensions of 

performance that they hedd in theu normative claims of product supenority will become 

the dimensions of product petformance that are invoked by targeted buyers when they 

evaluate cornpethg products. But in addition, other actors may also play central roles in 

the shaping of buyea' objectives, goals and notions of wbat constitutes desirable product 

petfocmance. In general, n e  would espect tbat products wbose pedormance is 



dincult to define and to evaluate except subjectively but with input from peen 

would be particulariy vulnerable to norm-driven substitution. Products with much 

cultural significance which are subject to shifting tastes and fads, like clothing for 

example, fit into this category. Just as pharmaceutical companies target influentid 

opinion-leading docton, h s  marketing "cultural" products target consumers whose 

tastes are influentid for the masses: the "early adopters" of marketing textbooks. Should 

hemline be an evaluation criteria for skirts? If so, what is desirable? These questions are 

decided in the discourse of fashion. The substitution of tight miniskirts for flowing Boor 

length maxiskirts certainly cannot be interpreted as the outcome of a generic innovation 

process involving search, discovery and then bringing to market. The superior 

perfomance/price ratio of miniskirts in consumen mincis amse because they changed 

their evaluation criteria, not because f m s  looked for and discovered the miniskirt along 

with its obviously superior performance along the dimension of length. 

Consider regulation-driven substitution. Once again, the important acton are those who 

are relevant to the process by which other actors' change their understanding of the 

desirability of vatious outcomes and for different products these will be different. n i e  

difference here is with whose understanding is changed. With nom-driven substitution, 

it is users and consumers of the product whose values and decision rules shift and c a w  

substitution. With regdation-driven substitution, other stakeholders afYected by the 

manufacture, sale and use of a product come to change their understanding of the 

desirability or acceptability of various outcomes, become politically active and are 

successfûi at formally changing the d e s  governing what constitutes acceptable and 

desirable products in a society. Again, for different products these actors may be very 

different, aithough in general n e  would expect that pmducts whor  manufacture, sak 

and use affects many stakeholden through ~externaiitiesw would be particularly 

vulnenble to regulation-driven substitution. With norm-dziven substitution, it is 

"intemalities" that corne to be evaluated differently by users once newer values substitute 

for old ones. With regdation-driven substitution, "extemalities" are mvaiuated as 

values and priorities shift, and especiaily as new stakeholden identiQ themselves as 

such, perhaps with the discovery of some impact upon them due to a particular product, 



and insist that their concems be hcluded in the calculus of design decisions. Chernical 

products, because many of them are not 'iised up" or transformed as they are consumed, 

are especially Miinerable, and empirically, in North Amenca, it is been organUing around 

extemalities that has led to the regdation-driven demise of a number of industrial (ex. 

CFCs, PCBs, lead in gasoline, lead in paint) and agricultural (ex. DDT and other 

organochio~es like d d ~ ,  dieldnn, toxaphene, mirex) substances. 

That the beliefs/facts and values/rules which dominate in a society are also relevant to the 

fate of a fm's products and technologies seems obvious, yet surprisingly these variables 

and theù dynamics have been largely ignored, at lest  in most theorizing about 

substitution and technological evolution. But they have certainly not been ignored by 

firms in the reai world, judging by the amount of resources they devote to such things as 

marketing, communications, dissemination of particular scientific findings, public 

relations, and lobbying. Al1 of these activities are aimed at influencing ideas or, in other 

words, at shaping beliefs and values. Finns are quite aware that ideas matter. When 

particular ideas upon which their fates are contingent are katened, they do not hesitate 

to enter into debates, make public theù views, and actively promote those ideas. in other 

words, besides king actors, fims are a h  talkers. They take part not only in achanges, 

but also in conversations. Within these conversations, they act - or rather, talk - 
strategically. They make character-defining comrnitments (Selznick, 1957) to particular 

positions, defending some descriptive statements and some normative statements while 

seeking to dislodge othen, much like they commit to particular technological positions. 

I suggest therefore that a more complete view of finn strategy would include patterned 

talk in addition to patterned action (Minaberg, 1987). Table 9.2.1 summarizes two ways 

of Iooking at social systems and shows how a finn's strategy might be treateâ in both 

perspective. Clearly the 6'exchange" view on the right has dominated historically within 

the strategy discipline. The strategy discipline could bendit fiom more research work 

done h m  the "communications" perspective on the le& as has the tield of organization 

theory recently. 1 suggest that future work investigating the cwvolution of discourses 

and technology - of the worlds of ideas and energy-matter - would aiso be fCuitfûll. 



Table 9.2.1 - Two Views of Social Svstems 

key concept 

aggregared 
inrer4ction.s 

(macr o- 
phenornena) 

information svstem material svstem re~resentation 
re~mentation (excbange parrdigm) 

(coamunicition pamdigm) 

taucers I actors 

"in fonnation" 

1 

exploit stocks & flows to accomplish 1 exploit stocks and flows to accornplish 

b'resourtes" 

thought, deciding, intuiting, calculating 1 production, consumption (metabolism) 

beliefs, values, mental maps, etc. 

character-defming cornitment to 1 characterdefuiing commitmcnt to 

assets, technologies, equipment 

talc, signais, texts, etc. 

particular stofkp and flows 
(patterncd tak) 

pducts, cash 

pmicuiu SI& and flows 
(pattemed action) 

-- 
conversations 

discursive stniggle material stniggle 

1 

reproâuction of social life: talk reinforces 1 reproduction of economic life: revenues 
existing paradigm, beliefs, order fiom product flows spcnt on existing 

portfolio of raw materials &/or rcinvested 
to maintain existing portfolio of Cixcd 

assets 

Paul Muller nom Geigy was a traditional entrepreneur, acting in the material realm; his 

conceptual cntrcpreneurship possible - discursive "innovations" can change 
conversations and beliefs through "mat ive 

destruction" 

artifacts changed the world. Rachel Carson and the EDF were discursive entrepreneurs, 

material cntrcprcneurship possible 
- material "innovationsw change proâuct 

flows and investment in asset stocks 
through "crtarive destruction" 

acting in the d m  of ideas; their arguments cbanged the world* 



( Wlia is the proccss by wkich one product substitutes for anothe~ one? 1 

Whereas most research aimed at understanding our focal phenornena of substitution - the 

process by which new technological products replace incubent products - has had a 

clear focus on the physical realm of action and art@cts, 1 found myself, in order to 

understand that process, also investigating the ideational or discursive realm of taIk. In 

order to understand and track competition between rival products. 1 fou& it necessary to 

describe and track competition between rival belie/s. Was DDT safe and effective? 

Many believed it was, but many others held the exact opposite views. 1 also found it 

necessary to describe and ûack competition between rivai vahes as well. Should the 

rights of citizens to a clean environment outweigh those of chemicai companies and 

famiers to eam a living? Were dead robins found on people's lawns a f* exchange for 

wardiag off Dutch Elm disease on tree-lined suburban streets? Different actors vaiued 

these potentially contlicting rights differently. 

In resolving these two sorts of questions, one descriptive and the other normative, actors 

engaged in discursive struggle. That is, they entered into the social arenas in which the 

fate of beliefs and values were decided. There, they made and promoted their daims, 

oflering evidence, justification and reasons why their beliefs and values should pcevail 

ovet competing ones. Through this process, certain beliefs became widespread and 

institutionalized until finally, in the absence of m e r  contestation, ihey had becorne 

hardened into "factsy'. Sirnilarly, the values, preferences and decision d e s  promoted by 

some acton became, through contestation and clashes with rivai values, the "rules" as 

particular tradeoffs and preferences became institutionalized and applied in a widespread 

manner, infomally as norms or fonnaily as regulations. 



And so h m  my study of the phenomena of substitution, of srniggle for dominance in the 

marketplace, has corne a description of three parallel, simultaneous and entangled 

processes: struggles over "Efficiency", struggles over '"Tmth", and stniggles over 

"Justice". 
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