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This article traces the different classifications of diesel emissions either as “safe” or as “hazardous” in the US
and in West Germany between 1977 and 1995. It argues that the environmental regulation of diesel emissions
was a political threshold. It contributes to our general understanding of how politicians, environmental lobbyists,
scientists, and engineers constructed the standards and norms that defined the “safe” limit of environmental
pollutants. After discussing how diesel emissions came under review as a potential carcinogen, I will show that
the coding as “safe” or as “hazardous” resulted from negotiations that were entirely dependent on the temporal,
geographical, and intellectual contexts in which diesel technology, scientific research on their emissions, and
political regulation were embedded. In particular, I trace the differences in German and US regulatory policy.
While US regulation relied more on epidemiology that provided only weak data on the carcinogenicity of diesel
particulates in the early 1980s, German government agencies tended to base their policy around the mid-1980s
more on the results of animal tests and shortly afterwards also on epidemiology. Furthermore, the article reveals
how US and German automakers tried to foster doubt on the carcinogenicity of diesel emissions and how their
approaches differed and shifted. Thereby, it sheds light on the triangular relationship between technology,
science, and politics in regulatory processes by analyzing the different roles of the state, automakers, scientists,
and environmental agencies in Germany and in the United States.
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Technische Lösungen und umstrittene Interpretationen wissenschaftlicher Forschungsergebnisse: Risikoein-
schätzung von Dieselabgasemissionen in den USA und in Westdeutschland, 1977–1995

Dieser Beitrag analysiert, wie sich die Einstufung der Dieselabgasemissionen entweder als „gesundheitlich
unbedenklich“ oder als „gesundheitsschädlich“ in den USA und in Westdeutschland zwischen 1977 und 1995
wandelte. Es wird argumentiert, dass die eingeführten Abgasgrenzwerte politisch definiert wurden. Damit wird
mit diesem Artikel ein Beitrag zu der Frage geleistet, wie Politiker, Umweltschützer, Wissenschaftler und Inge-
nieure die Abgasstandards und -normen definierten, die als „unbedenklich“ galten. Nachdem eingangs disku-
tiert wird, warum Dieselabgasemissionen als mögliches Karzinogen galten, zeige ich anschließend, wie das
Kodieren der Schadstoffe als „gesundheitlich unbedenklich“ oder als „gesundheitsschädlich“ das Resultat von
Verhandlungen war. Deren Ergebnisse waren wiederum abhängig von den spezifischen zeitlichen, geographis-
chen und intellektuellen Kontexten, in die die Dieseltechnik, die wissenschaftliche Forschung zu Abgasemis-
sionen und die politische Regulierung von Schadstoffen eingebettet waren. Insbesondere werden dabei die
Unterschiede der deutschen und der US-amerikanischen Regulierungspolitiken herausgearbeitet. Während in
den USA politische Entscheidungsträger sich Anfang der 1980er Jahre vor allem auf epidemiologische Daten
verließen, die nur ein schwaches krebserregendes Potenzial von Dieselabgasen aufzeigten, basierten deutsche
Regierungsbehörden ihr Urteil nach 1985 zunächst vor allem auf den Ergebnissen von Tierversuchen und kurze
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Zeit später auch auf epidemiologischen Studien. Zudem zeigt der Artikel, wie US-amerikanische und deutsche
Automobilhersteller versuchten, Zweifel an der Kanzerogenität von Dieselpartikeln zu streuen, und wie sich ihre
Herangehensweisen unterschieden und veränderten. In dem die Rolle des Staates, der Automobilhersteller, der
Wissenschaftler und der Umweltbehörden in Deutschland und in den USA in den Blick genommen wird, zeigt
dieser Beitrag auf, wie sich die drei Bezugspunkte Technik, Wissenschaft und Politik bei Regulierungsprozessen
zueinander verhielten.

Schlüsselwörter: Dieselauto, Risikoeinschätzung, Wissenschaft, Technik, Politik, Deutschland, USA

Introduction

In , American and German media outlets reported that scientists had
forced monkeys to inhale diesel emissions four years earlier in an attempt
to prove their harmlessness. These outlets revealed that the Europäis-
che Forschungsvereinigung für Umwelt und Gesundheit im Transportsektor
(EUGT) had in fact tasked the Lovelace Respiratory Research Institute
(LRRI) in Albuquerque, New Mexico, with this specific animal test. Fur-
thermore, they also unveiled that not only was the EUGT a lobbying group
for the German automotive industry under the aegis of Volkswagen, but
also that other than its name insinuated it was no research institute. The
naming intended to disguise the link to the automobile industry and thus
foster within the general public more credible results, rehabilitating diesel
cars from their “dirty” image.

This plan flopped when media publicized the ethically problematic test
structure with monkeys. Reactions of utter disgust reverberated among
politicians, scientists, and the general public. Several of such ethically du-
bious experiments had been conducted, including one inhalation exper-
iment, which exposed twenty-five humans to nitrogen dioxide emissions
(NO). This lays bare a strategy whereby science should help to promote
“clean” diesel technology, in particular by liberating diesel cars from the
cancer-causing stigma that emanated from their NOx and particulate emis-
sions. This scandal also sheds light on how Volkswagen found its path to
what its engineers referred to as “clean” diesel technology that was “safe”
for public health.

This article traces the different classifications of diesel emissions as ei-
ther “safe” or “hazardous” in the US and in West Germany between 
and  as well as the ways in which those designations were not only
negotiated, but also ultimately coded. In analyzing scientific and politi-
cal approaches towards diesel emissions and linking them to engineering
principles, I will not only show how the different coding of diesel cars
emerged but likewise how environmental regulation were political thresh-
olds. Thereby, I will also expand our general understanding of how politi-
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�cians, environmental lobbyists, scientists, and engineers constructed the
standards and norms that defined the “safe” limit of environmental pollu-
tants between the late s and early s.

In this article, I first discuss when and why diesel particulate emissions
came under review as a potential carcinogen in the USA in the late s.
This initiated massive research in the United States on the technologi-
cal and engineering solutions that promised “cleaning” diesel emissions.
Moreover, research reviewed how political measures could affect diesel
emissions control technology, as shown in the following section. These
findings indicate one major argument: the coding of emissions as “safe” or
“hazardous” results from malleable negotiations that are entirely depen-
dent on the temporal, geographical, and intellectual contexts into which
diesel technology, scientific research on their emissions, and political reg-
ulation are embedded. This becomes even more apparent when the failure
of diesel particulate filter technology and its detrimental impact on the
reputation as well as on the sales of diesel cars in the US is discussed in
the subsequent chapter. Consequently, I argue that, in addition to emotions
(Neumaier ), three other factors had a significant impact on the cul-
tural acceptance of diesel engine technology: the reputation of diesel cars
and the technological solutions to “clean-up” diesel emissions; scientific
research on the health effects of emissions; and political regulation.

Diesel cars sales plummeted in the US at a time when research had
not yet been able to provide conclusive scientific evidence on the carcino-
genicity of diesel exhaust. The section on ambiguities shows how this cre-
ated a window of opportunity for industry-sponsored scientific research. It
tried to sow doubt on the cancer-causing effect of diesel exhaust by high-
lighting potential uncertainties and by presenting contradictory research
results—a common approach of industry representatives during the twen-
tieth century (Langston : ; Oppenheimer et al. : –; Oreskes
& Conway : ; Vogel : ). In addition, I show in this and the fol-
lowing chapter how US regulation relied on public and adversarial hearings
that based their lines of argumentation on formal methods such as epi-
demiology; risk analysis; and, to a lesser degree, on animal tests provided
by scientists. Moreover, political decision making weighed these assess-
ments of threat to public health against the economic impact of regulatory
resolutions, as Sheila Jasanoff has demonstrated with her analysis of sci-
entific “risk assessment” and political “risk management” (Jasanoff :
). Risk assessment dealt with scientific evidence on the health risks of
chemical compounds such as ozone and diesel particulates. Risk manage-
ment also included the estimates on economic consequences of regulatory
decisions for the automotive industry. Yet, at the federal level in the US,
it further tended to favor economic costs over threats to public health, if
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scientific evidence was inconclusive (Jasanoff : –, ; Jasanoff
: –; Langston : ; Neumaier : ; Oreskes & Conway
: –).

Researchers have argued that in the s the precautionary principle
(limiting the emission of pollutants even when scientific evidence on their
harmfulness had still been lacking) did not guide the regulation of auto-
mobiles (Langston : vii–ix; Vogel : –). My sources challenge
this assessment in the chapter on cancer risk calculation, indicating that
the State of California and its Air Resources Board (CARB) in fact applied
the precautionary principle when it came to limiting the emission of air-
borne chemical compounds, such as diesel particulates in the early s.
Since then, regulatory policy in California—and in ten other states that
adopted California’s standards—has remained far more rigorous than the
US federal level. Furthermore, these regulations also exceeded the initially
soft European emission standards that were not tightened until the early
twenty-first century (Vogel : ).

Then, my essay will contrast US regulatory policy with the German ap-
proach that can serve as a paradigmatic West European case study. I will
show that research on the health risks of chemical substances started later
in West Germany than in the US. In addition, the scientific and political
methods varied. German studies incorporated both epidemiology and an-
imal tests. However, by the mid-s, animal testing represented most
scientific evidence on the health threats of diesel particulates emissions.
At the end of the decade, epidemiological research also started to indi-
cate strongly the considerable cancer-causing potential of diesel emissions.
Yet, I will illustrate that German political regulators not only relied on the
scientific evidence on health risks, but also established their own data con-
cerning the dangers, which stemmed from negotiations with automotive
industry representatives. They continuously tried to create doubt regard-
ing the carcinogenicity of diesel particulates, in particular by presenting
contradicting interpretations and questioning the scientific methods of in-
dependent toxicologists. Ultimately, this gave even more leverage to eco-
nomic interests over established science, which will be discussed in the
final chapter.

By reviewing the different roles of the state, automakers, scientists, and
environmental agencies in Germany and in the United States, this article
examines both, how the public reacted as well as the diverging public
perceptions of diesel emissions as either “safe enough” or hazardous that
emerged in the s and s. This considerably expands my previous
research, which primarily discussed emotionally-charged public debates on
diesel cars and their political impacts (Neumaier a; Neumaier b;
Neumaier c; Neumaier ). The triangular relationship between
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�technology, science, and politics in regulatory processes not only offers
new perspectives on the history of diesel cars, but also on the interplay of
engineering principles, scientific research, and political decisions.

I base my argument on governmental records, car magazines, and re-
ports published by automakers. Further, I widen the lens of previous schol-
arship by including new perspectives on the carcinogenicity as well as the
risk assessment and risk calculation of diesel exhaust fumes by scientists
and engineers. This essay establishes the mechanisms by which available
pollution control technology, scientific approaches, and contemporary so-
cial contexts caused diverging risk perceptions of diesel emissions that
eventually led to two different models of regulatory policy towards envi-
ronmental pollutants in Europe and the USA.

Cancer Research, Public Fears, and the Role of Diesel Cars in the
USA During the 1970s

Cancer rose to prominence in the American consciousness after President
Richard M. Nixon (–) promised to increase efforts to find a cure
for the disease in his January  State of the Union address. Nine months
later, he signed the National Cancer Act into law. Although Nixon’s public
announcement raised awareness of cancer in the US, it was the enactment
of the legislation that provided the financial and institutional backing to
initiate nationwide research endeavors such as of the National Cancer
Institute. Scientists observed the formation of tumors and investigated
possible cures and, in turn, their ongoing research targeted automobile
emissions. Scientists tried to assess whether they possessed a carcinogenic
potential. In addition, scientific advisory committees formed and provided
expert opinions for the nascent political regulation (Jasanoff : –;
Jasanoff : –, ; Neumaier : –; Proctor : –).

In the winter of /, preliminary reports surfaced that the Envi-
ronmental Protection Agency (EPA) was studying the carcinogenicity of
diesel emissions as the effects of diesel particulate matter—a potentially
hazardous chemical compound—had come into question following a study
conducted under their purview. An EPA laboratory in Research Triangle
Park, North Carolina, had used the Ames test, a standard biological as-
say, to determine the mutagenicity of chemical compounds. The results
were unequivocal: salmonella bacteria mutated once exposed to diesel ex-
haust fumes. Diesel particulates were thus identified as a mutagen. Since
biologists and physicians knew that many mutagens acted as carcinogens,
they hinted that diesel particulate emissions could also be cancer-caus-
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ing. Yet, they were unable to answer the question on the carcinogenicity
of diesel particulates with a definitive “yes.” This remained an important
issue because epidemiological data or animal tests only enable researchers
to determine indirectly the cancer risks for humans. Hence, some uncer-
tainties always remain, and can be wielded to establish counter-evidence
on the non-toxicity of substances, as done with the tobacco industry on
other cases (Oreskes & Conway ). Despite lacking irrefutable scien-
tific evidence, scientists and politicians reviewed the health risks of diesel
emissions. This subsequently sparked controversy within an emotionally-
charged American public, which considered diesel particulate emissions
a threat to their health around / (Neumaier : –). Diesels
were put in the spotlight for three reasons.

First, historically both gasoline- and diesel-powered cars gave off par-
ticulate emissions. This similarity vanished with the introduction of un-
leaded gasoline in the US during the mid-s. While gasoline-powered
cars emitted lead particles in the range of c. .g/mi, the usage of un-
leaded gasoline immediately dropped particulates to a negligible average
of .g/mi. Diesels, in contrast, continued to emanate higher averages of
.g/mi. Notably, at .g/mi, the GM-produced Oldsmobile diesels’ emis-
sions reached the hundred-fold level of their gasoline-powered cousins.

Second, the EPA had in any case been planning to introduce a particu-
late standard for diesel cars. The agency made this move because the Clear
Air Act Amendments of  mandated improving the National Ambient
Air Quality Standards by setting standards for substances including ozone
(O), sulfur dioxide (SO), lead, and particulate matter. Significantly, it was
the framework of the Clean Air Act that triggered political decisions to
limit emissions of particulates and not the ongoing cancer speculations.
This subtle differentiation, however, was not explicitly addressed in public
and is important because it eventually led to a diverging public perception
of diesel emissions. While the regulation of diesel particulates triggered
cancer fears among US citizens, politicians and scientists remained cau-
tious labelling diesel as “cancer-causing” as long as scientific evidence had
not been provided (Jasanoff : –; Jasanoff : –; Mc-
Carthy : –; Neumaier : –).

Third, diesel car sales increased rapidly between  and , as
shown in Fig. , from a share of . percent of new retail sales to an
all-time high of . percent nationwide, reaching even nine percent in
California. Car enthusiast magazines such as Motor Trend proclaimed in
 that a “Dieselmania” swept the USA and was about to revolutionize
the passenger car market. Several unique factors had initiated the trend
towards diesel cars. For instance, diesel cars offered by Mercedes-Benz,
Volkswagen, and General Motors appealed to consumers because of their
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Fig. 1 Registration and Retail Sales of Diesel Cars in West Germany and in the USA,
1977–1995. (Source: Davis & Diegel 2004; Kraftfahrt-Bundesamt 1995)

technological characteristics. Moreover, the US was in the midst of the
second energy crisis of the s: the supply of gasoline was limited and
led to long lines of cars waiting in front of gas stations in . It fur-
ther reminded the public not only of the oil shock in , but also about
the United States’ vulnerability and its dependence on foreign crude oil.
Diesel fuel, in contrast to gasoline, was plentiful and the frugal diesel auto-
mobile, with its well-known high gas mileage, appeared a prudent choice.
One year later, Car and Driver shared this viewpoint and advised its read-
ers that “diesels are here to stay, their numbers are visibly increasing, and
yesterday’s weirdness is simply today’s common sense.”

The economic advisers of President Jimmy Carter also predicted strong
growth in diesel cars on the road and this created increased political pres-
sure for both the Carter Administration and the EPA to monitor the impact
of diesels on public health more closely and to review the economic conse-
quences of the regulation of diesel cars. Indeed, some estimates projected
that, by , one fourth of cars could be diesel-powered. Yet, a looming
ban of diesel car sales could have severe economic implications for General
Motors. In addition, diesels promised a fuel economy advantage of  to
 percent over a comparable gasoline-powered car. Government officials
thus considered diesel cars a crucial part of its energy policy during the
Second Oil Crisis at the end of the s.

Notwithstanding its important locus in American energy policy, the
increase in diesel car consumption also kindled concerns about their emis-
sions’ alleged “adverse human health effects.” The EPA, the Department of
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Energy, and the Department of Transportation jointly approached the Na-
tional Research Council (NRC) in  in order to obtain scientific proof of
the risks and impacts of diesel cars. Between  and , the Council’s
Diesel Impacts Study Committee presented its report, which contained
a preliminary assessment of diesel cars, its technological and engineer-
ing solutions to lower emissions, as well as epidemiological data and risk
analysis on the health effects of diesel emissions.

Engineering Principles, Control Technology, and Political Measures

The NRC committee reviewed the available control technology that facil-
itated compliance with the proposed federal emissions standard for par-
ticulate matter—.g/mi for  and .g/mi for . In addition, it
highlighted the potential of future technologies. Further, research revealed
that the quality of diesel fuel, the control system, and the limit of NOx

emissions directly affected the particulate emissions of diesel cars. In par-
ticular, a trade-off existed between NOx and particulate emissions since
exhaust gas recirculation, the primary control technology for NOx emis-
sions, increased the particulate output. Because particulate emissions were
considered the main culprit in endangering public health, the US govern-
ment agreed to waive diesel cars from the statutory  NOx standard of
.g/mi and granted them an increased limit of .g/mi in  and .
This political move enabled diesel car-producing automakers—in particu-
lar General Motors, the biggest manufacturer of diesel automobiles in the
USA—to pass the  .g/mi particulate limit with minimal additional
cost. Indeed, the range of zero to $  per car reduced the economic im-
pact of environmental legislation dramatically. Scientists and economists
had also forecasted additional costs between $  and  per car if the
EPA pushed the particulate limit to .g/mi. The higher costs reflected
different technological approaches. The latter standard was only attainable
with an extra anti-pollution device, whereas a standard of .g/mi was
feasible with only slight engine modifications.

This hinted at the two different design options that, according to engi-
neers, promoted lowering particulate emissions. One approach propagated
an improvement of the combustion process within the engine. The other
favored an after-treatment of exhaust gases: either a so-called reactor or
thermal in-stream oxidation, a catalyst or a trap-oxidizer. This type of
device was particularly relevant for vehicles weighing more than a ton
in order to pass the scheduled standard of .g/mi for the mid-s.
Yet, engineers conceded that no device had passed the durability test of
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�, miles in  and . Moreover, the diesel committee predicted
a lead-time of five years before mass production was feasible. This had
a considerable impact on the political decision to enact the .g/mi stan-
dard and ultimately led to a postponement of its enactment until ,
a time when hardly any diesel cars were sold in the USA.

Already in the early s, only one of the discussed technological ap-
proaches appeared “most promising.” According to engineers working
at universities and in the industry, most notably for General Motors and
Mercedes-Benz, this was the “catalyzed or uncatalyzed trap system,” the
device that later became known as particulate filter. Engineers who de-
veloped the filter were guided by the principles they had applied to cat-
alytic converters in the early s. Particulate filters were thus considered
an “outgrowth” of the technology used for converters. The appearance of
Corning’s honeycomb structured filter, for instance, strongly resembled
a catalytic converter. German suppliers like Eberspächer, a company which
produced filters for Mercedes-Benz, used a similar design. Engineering
journals such as Automotive Engineering and Motortechnische Zeitschrift,
however, pointed out that the inbuilt characteristics and functional princi-
ples of the filter technology differed significantly from catalytic converters.
The device, with its porous cell, was designed to filter the exhaust gases,
and the particulates adhered to the honeycombed structured walls within
the device. As progressively more particulates accumulated, the back-pres-
sure increased, reducing both fuel economy and engine performance. A re-
generation process therefore had to be initiated, periodically burning—or
oxidizing—the particulates at temperatures between  and  Celsius
every  to  miles.

According to engineers working for automobile companies and sup-
pliers, the initiation as well as the stabilization of the regeneration pro-
cess—the burning-off of accumulated soot particles—was the most com-
plicated design issue. Since diesel cars’ exhaust gas failed to reach the
required temperature under regular driving conditions, the temperature
of the exhaust gas flow had to be increased artificially. Engineers dis-
cussed several possible solutions of this problem. Eventually, they decided
to use a combination of raising the engine speed, throttling, retardation,
and exhaust gas recirculation. As the temperature increase could progress
rapidly, the regeneration phase put the ceramic monolith under extreme
stress. Guaranteeing its integrity over the lifetime of the vehicle thus proved
to be the most demanding task—particularly as the surge could distribute
unevenly, causing additional internal stress. In test procedures, the prob-
lem became evident when over-throttling induced complete failure of the
device: first, the oxygen level fell below two percent, which increased the
temperature but decreased the amount of oxygen needed for the com-
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Fig. 2 Melted Ceramic Monolith Particulate Filter After “Runaway” Oxidation. Exhaust
flow enters the particulate filter on the left and passes the ceramic body that melted
because of the high temperatures. (Source: Berg 1982: 298)

bustion. When returning to the unthrottled driving state with reduced
engine speed, enough oxygen was suddenly injected into the “superheated
particulates on the trap.” The excess of oxygen precipitated a “‘runaway’
regeneration condition” and the particulate trap melted and destroyed
the filter. This happened in particular right before the exhaust flow exited
the filter as the temperature drastically increased within the trap, as shown
in Fig. .

However, Mercedes-Benz engineers showed that this contingency was
very likely to happen under regular driving conditions. For instance, while
driving at low speed in urban areas, soot accumulated on the porous walls
within the filter. However, as the diesel car left city limits and accelerated on
the freeway, the temperature of the exhaust flow increased rapidly, in turn
generating abrupt oxidation that melted the particulate filter. Though the
filters delivered the desired function of almost zero particulate emissions,
they still failed in other areas: reliability, drivability, and durability. The Na-
tional Research Council thus noted in  that the use of particulate filters
was “dependent on the development of reliable, durable, and marketable
regenerative trap-oxidizers.” The engineers’ main task was therefore to
find appropriate technological properties so that filters could be used in
passenger vehicles.
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�Technological Failure and Economic Impact

In , GM engineer David Dimick summarized the results of his com-
pany’s research on particulate filters: Neither one of the  tested filter
designs, nor any of the more than  materials used to construct them
lasted the required lifespan of , miles. Industry critics claimed that
GM had used a similar argument when they introduced the catalytic con-
verter in the s. But while a catalytic converter had suddenly become
market-ready soon thereafter, automakers failed to introduce an opera-
tional particulate filter. It can be assumed that the quest for the best
filter technology continued to be an lingering problem in the early s.
Engineers were still experimenting but unable to guarantee durability.
All tested devices reduced particulate emissions, but only for a short pe-
riod before failing. As General Motors and Volkswagen were unable to
roll out “clean” diesel automobiles, one important factor beyond the di-
minishing reputation of low quality of US-produced diesels, consumer de-
mand for diesel cars continued to fall in the USA. In , General Motors
and Volkswagen respectively produced about , and approx. ,
diesel cars, but by  had reduced their output significantly to  and
circa , cars.

Only Mercedes-Benz was able to slow this trend because their diesel
cars retained some of their positive image. Around  and , al-
most  percent of all Mercedes-Benz sold in the United States had been
equipped with a diesel engine. Their share dropped to roughly  and
 percent in  and . Diesels nevertheless remained an important
cash cow and Mercedes-Benz thus hoped to secure market shares by in-
troducing an allegedly market-ready filter in its most expensive and most
powerful turbodiesel S-class sedan in the fall of . The car magazine
Road & Track praised this move because it would rid the diesel of both, its
cloud of black soot and its cancer-causing stigma.

Two changes had occurred that forced the German automaker to intro-
duce filter technology. First, the State of California—the most important
market for Mercedes-Benz in the USA—set a different particulate standard
by tightening the limit to .g/mi in  and to .g/mi in . Mer-
cedes-Benz was only able to pass both thresholds with a particulate filter.
Second, the fierce debate over the cancer-causing effects of diesel par-
ticulate emissions not only eroded the diesels’ reputation but also sparked
a severe drop in sales (Neumaier : –). Mercedes-Benz envisioned
that a diesel car with virtually no particulate emissions would be liber-
ated of its daunting cancer stigma. Mercedes-Benz also hoped to regain
their previous momentum and that diesel sales would recover. The com-
pany regarded fuel-efficient diesel technology an integral part of meeting
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the requirements of the Corporate Average Fuel Economy (CAFE) as well
as a way to avoid financial penalties. As buyers of Mercedes-Benz cars
shifted from diesel cars with high gas mileage to gas-guzzlers with Otto
engines, the share of diesel cars in Mercedes’ portfolio further eroded to
approx.  percent in  and five percent in . In absolute figures,
in  these were circa , total units, of which , were turbo-
diesels, and less than , units with , turbodiesels in . This
significant drop in diesel car sales corresponded in rising fines for failing
to meet the CAFE requirements, reaching $. million and $. million
in  and .

Despite its limited availability, the particulate filter was portrayed in the
media nationwide and Mercedes-Benz advertised the particulate filter as
the “latest breakthrough” between  and  because it “cleaned-up”
diesel emissions. A year later, media reports revealed that, despite the
praise in advertising, Mercedes-Benz turbodiesels with particulate filters
produced between  and  failed to perform on several levels. Some
filters simply dissolved into pieces. Others were clogged by particulates
or overheated during regeneration and, in some cases, even ignited the
underbody of the car. The particulate filter thus not only brought into
question the diesel’s reputation as a most reliable car, but also threatened
the safety of its passengers. After voluntarily recalling , vehicles from
the first generation in /, Mercedes-Benz rolled out an improved
filter design that also broke down—at the latest after , miles. The
ongoing problems proved to be a major engineering failure and public
relations disaster, which eventually forced Mercedes-Benz to withdraw its
most powerful diesel cars with particulate filters from the market by the
end of  (Neumaier b: ; Neumaier : ).

This proved fatal for the most prestigious diesel car in the USA, as the
failure of the particulate filter had a triply negative effect on the diesel’s
reputation. Consumers perceived diesels to be unreliable—especially since
GM-produced diesel cars already had a poor reputation, which stemmed
from their catastrophic engine blow-ups in the early s. The drop in
engine power widened the performance gap between diesels and gasoline-
powered cars. Car owners thus claimed once more that diesels were slug-
gish. In addition, a concerned public linked all diesel cars to cancer as the
only remedy to their health threatening soot emissions—the particulate
filter—had failed (Borg : ; Neumaier a: –; Neumaier
c: –).

Diesel cars sold in the USA thus failed to provide several functions that
consumers demanded from automobiles due to technological constraints.
Being labelled sluggish and unreliable was a major blow to diesel cars. But
the link between diesel emissions and cancer was incredibly detrimental
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�and sealed the demise of the diesel car in the USA during the mid-s.
This image of diesel cars lingered and was so pungent that when Mercedes-
Benz offered new models in the USA during the s, car magazines con-
sistently recalled their cancer-causing emissions, showing that they were
still a major concern.

Ambiguities and Inconclusive Scientific Research Results

Environmentalists, but also car enthusiasts and prospective car buyers,
branded diesel emissions as cancer-causing and potentially lethal. In con-
trast, the scientific discourse remained ambiguous, in particular during
the first half of the s when the EPA and the Carter and Reagan ad-
ministrations discussed political measures against diesels. The US federal
government relied on the expertise of the Diesel Impacts Study Commit-
tee and its reports presented an apparent consensus among members on
the carcinogenicity of diesel emissions. “Materials moderately active as
mutagens in various assays and as carcinogens when painted on the skins
of susceptible animals have indeed been partially purified from diesel ex-
hausts,” Philip Handler concluded in a letter to the EPA administrator Dou-
glas Costle in September . Handler, also the chairperson of the NRC
and president of the National Academy of Sciences, then emphasized that
“no evidence of carcinogenesis has been noted in animals breathing diesel
exhaust fumes or in epidemiological studies of relatively heavily exposed
human populations.” The “least common denominator” presented in
the summary thus refrained from a critical assessment because unsettled
and controversial viewpoints on health threats had been excluded from
the report’s summary. Moreover, these weak and apparently inconclusive
results allowed EPA and other US government officials to tend towards
classifying diesel exhaust as “safe enough” to public health.

The Diesel Committee’s Health Effects Panel scientific risk assessment
provided the backing for this decision, highlighting rather the uncertain-
ties of scientific research than possible health risks. It had analyzed any
available data on the health risks of diesel emissions in four different areas:
mutagenesis, carcinogenesis, pulmonary and systemic effects, and epidemi-
ology. Each field revealedmyriad problems. For instance, some studies were
“defective in some manner,” while others were still in progress, and there-
fore had not been peer-reviewed. “The effects of human exposure to whole
diesel exhaust have not been conclusively demonstrated,” the Health Ef-
fects Panel further pointed out. This fact remained valid throughout the
s, since in vitro or in vivo studies only used organic material from
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animals such as hamsters, mice, and rats. The results obtained in these ex-
periments were then used to predict possible effects on humans. Though
this approach was in accordance with contemporary scientific standards, it
always contained some uncertainty, because it is not possible to correlate
one-to-one the results obtained in animal tests to the effects on human
beings (Jasanoff : –; Langston : ).

This becomes apparent by analyzing results from studies on mutagene-
sis and carcinogenesis. Organic extracts of diesel exhaust particulates con-
tained “mutagenic and carcinogenic potencies,” experiments indicated.
The potency determines the intensity of mutagenic or carcinogenic effects
that are categorized as weak, strong or very strong. In the early s,
doubts remained among scientists on how to classify the carcinogenic po-
tency of diesel emissions.

Studies revealed that diesel exhaust extract contained carcinogenic ma-
terials, such as polycyclic aromatic hydrocarbons (PAH). For instance, the
known carcinogen Benzo[a]pyrene was adsorbed by the carbon core of
particulate emissions. When painted on animal skin, some laboratory tests
with extracts of diesel fumes showed tumor formation. Experiments hence
indicated “possible carcinogenic activity” of diesel emissions, but scien-
tists were unable to obtain clear information on their precise mutagenic
effect on mammalian cells. Toxicologists concluded that the results were
“somewhat mixed” since tests with cells of hamster and mice showed
both positive and negative results. These discrepancies, however, could
have resulted from different set-ups, the Health Effects Panel assumed. In
particular, the low dosage used in negative tests with hamster cells would
also have shown no effects with mouse cells. Based on this weak data, scien-
tists indicated that diesel exhaust particulate extracts contained mutagens
that could also act as carcinogens. Yet, no evidence existed whether these
cell mutagens were able to reach germ cells, and thus alter the genome.

Scientists and automobile engineers also knew that the particulates were
of submicron size in the s and s. Ninety percent of the partic-
ulates were a size of less than μm and the distribution maximum was
at .μm (see Fig. ). Since these tiny particulates could easily enter the
respiratory tract, scientists also conducted inhalation experiments with
animals. These studies, however, were still in progress at the beginning of
the s. Therefore, the Health Effects Panel drew only tentative con-
clusions: research revealed that “no convincing evidence [existed] that
inhaled whole diesel exhaust is mutagenic or carcinogenic in laboratory
animals.” Though diesel fumes could cause tumors when extracts were
applied directly onto animal skin, inhalation experiments did not confirm
these findings. Due to such contradictory results, scientists concluded that
the carcinogenic activity of diesel exhaust was “low.”
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Fig. 3 Particulates Size Distribution (diameter in µm and quantity). (Source: Klingen-
berg et al. 1991: 122)

This viewpoint was shared among scientists, but their assessment on
the potential health risks of diesel emissions diverged, in particular be-
tween the Diesel Impacts Study Committee and scientists working for the
auto industry. While the former took a cautious approach, the latter tried
to sow doubt in order to prevent political measures against diesels. The
Health Effects Panel pointed out that animal testing provided vital infor-
mation on how chemicals could affect humans. These tests were a crucial
tool in assessing the health and cancer risks for humans. Once chemical
compounds had been identified as carcinogens in animal tests, this should
be seen as a “serious signal that a potential human health hazard exists,”
the panel’s report highlighted.

Nevertheless, room for speculation remained since the precise effects
of diesel emissions on human beings had not been disclosed. This void
was filled with the interpretation of industry-sponsored scientific re-
search—a type of counter-expertise to independent scientific research
(Weingart : ). Jaroslav Vostal, the director of the Biomedical Sci-
ence Department at General Motors Research Laboratories, concluded
that “there was no immediate reason to regard wider use of diesel engines
as a significant risk to human health.” He repeated his assessment before
a public congressional hearing in October . Extensive research in lab-
oratories, according to Vostal, even provided scientific proof that cancer
fears of diesel emissions were unfounded. This interpretation is striking
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Fig. 4 Exposed Lung (35 weeks to 1,500µg/m3, left), Control Lung (right) and Micro-
scopic Image of Rat Lung (2 weeks exposure to 6,000µg/m3). (Source: Vostal 1980:
922–923)

insofar as Vostal’s own research showed how diesel fumes tremendously
affected respiratory systems. After an exposure of  weeks with the high-
est concentration of ,μg/m, the lungs of rats turned black. Despite
the visual display of the particulates’ impact on the lungs (see Fig. ),
Vostal claimed that only the appearance changed—but not the function-
ality. A microscopic analysis supposedly proved that a black-stained lung
was still fully functional, as shown in another assay where rats inhaled
a four-fold concentration of ,μg/m for two weeks (see Fig. ).

Vostal’s experiment setup, however, omitted one important method-
ological aspect of in vivo tests: tumor formation could only become de-
tectable after extended exposure. Therefore, according to scientific stan-
dards, Vostal’s test set-up produced invalid results. Vostal even went one
step further, claiming that a long and extensive exposure to diesel fumes
“induces an active physiological defense process,” meaning the lung would
clean itself of diesel particulates. Consequently, the risk for tumor forma-
tion would not increase, even with massive exposure to diesel exhaust
fumes. Automakers used such allegedly scientific findings to bolster their
argument that diesel particulates did not threaten public health.

The approach taken by General Motors shows that the industry first
tried to sow doubt concerning the carcinogenicity of diesel fumes by high-
lighting uncertainties in the effects of diesel particulates on human be-
ings. Second, automakers initiated scientific research aiming to provide
contradictory results to independent scientists in order to devalue their
expertise with counter-expertise (for similar approaches of the industry
see Oppenheimer et al. ; Oreskes & Conway ). Consequently, de-
pending on one’s viewpoint, that is, political and economic interests, but
also the research methods and experiments applied, the interpretations of
carcinogenicity of diesel particulates could differ significantly. This trig-
gered a quest for a quantitative method of risk assessment that provided
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�indisputable scientific results, which could ultimately guide political deci-
sions.

The need for a more conclusive test became even more pressing when
not only mutagenesis and carcinogenesis, but also epidemiology, provided
inconclusive results and fostered further ambiguity. Hence, uncertainties
remained on how to assess diesel fumes in . The National Research
Council wrote

in spite of the negative evidence that has been accumulated from epi-
demiological studies, it is possible that diesel exhaust is carcinogenic
or mutagenic in animal or humans exposed by inhalation, but at level
too low to be detected in studies conducted to date.

Scientists continued to determine the critical threshold when diesel ex-
haust turned from “safe enough” to hazardous. Only additional research
might have helped clarify the carcinogenic potency of diesel emissions,
and therefore shed light on their health risks. This information, however,
was not available.

Cancer Risk Calculation Based on Weak Data

Politicians and the EPA needed guidelines for direct actions as the pressure
for regulation mounted amid surging diesel car sales in the early s.
Where a state of scientific ambiguity on cancer risks existed, quantifica-
tion provided the political tool to undertake these measures. The rigor of
quantitative data and “objective” numbers appeared credible and therefore
immune to criticism when being contested in hearings before bodies such
as a court or the House of Representatives. Risk analysis eventually be-
came the most influential quantitative method in the s—a time when
not only the political climate but also the trend in science leaned towards
a mathematization (Brickman et al. : ; Jasanoff : ; Porter
: , –).

In case of the diesel, the Diesel Impacts Study Committee provided this
relevant piece of data in /. The committee published its risk as-
sessment prior to the National Research Council’s report, which reviewed
Risk Assessment in the Federal Government in . It argued in favor of
differentiating between risk assessment and risk management. The former
deals with scientific research results; the latter with the implementation
of regulatory decisions into politics, the legal system, and economics. Due
to the unproven link between diesel particulates and cancer, the commit-
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tee recommended postponing the tightening of the particulate standard
to .g/mi until after the mid-s. The US government supported this
approach. This decision is significant: the lack of definitive scientific proof
and estimates on cancer risks allowed officials to place economic consider-
ations over potential health risks. Yet, the National Research Council also
advised the EPA to revise this decision once more scientific knowledge was
available.

In this state of uncertainty on the carcinogenicity of diesel particulates,
researchers nevertheless tried to assess the impact of diesels on public
health because they wanted to provide guidelines for political regulation.
Cancer risk describes the probability of cancer formation after being ex-
posed to a certain dosage of a chemical compound. This method of risk
assessment uses exact numbers, for example  in , exposed persons
will develop cancer. Calculating such exact numbers became a compli-
cated task because epidemiology lacked solid data in the early s. Sev-
eral studies nevertheless tried to assess the cancer risks of diesel emissions.
For instance, the economist and physician Jeffrey E. Harris published a re-
port for the Diesel Impacts Study Committee in . Two years later, an
abridged version of Harris’ report appeared in a special issue of the journal
Risk Analysis, published by the Society of Risk Analysis. Founded in ,
this society became the platform of scientists discussing probabilistic cal-
culations that allowed estimating potential cancer risks, eventually institu-
tionalizing risk analysis as a scientific discipline. Risk analysis additionally
became a tool for justifying political measures. Robert B. Cumming, a tox-
icologist at Oak Ridge National Laboratory in Tennessee and one of the
founders of the society, noted in the special issue of Risk Analysis:

Most risk assessments are limited to the estimation of risk factors
that would apply under specified conditions, and make no attempt to
project what is likely to occur at some time in the future. But regulatory
decisions that are made today are an attempt to deal directly with
tomorrow’s hazards.

The case study of the health risks of light-duty diesel vehicles was, ac-
cording to Cumming, one prime example. It allowed analyzing how risk
assessment in the present could affect political decisions and thereby fu-
ture technological developments. One crucial obstacle remained: how to
assess and calculate cancer risks was still an unresolved issue among re-
searchers. As industry-sponsored research fostered doubt and provided
contradictory results on the carcinogenicity (for this general approach see
Oreskes & Conway ), political regulation of diesel exhaust came under
pressure. In particular due to several uncertainties (such as a limited data
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�base, obscurities about the model selection, as well as future engineering
approaches and political measures) independent research tried to develop
sound methods of calculating potential health risks. Only that would allow
to provide a solid estimate of health and cancer risks. Based upon this,
politicians could then decide whether the risks—as well as the estimated
number of sick and dead people—would be “acceptable,” or if political ac-
tion was mandatory. Nevertheless, the health risks of diesel cars had an
impact on politics, before it was possible to provide sound scientific evi-
dence on which the cancer risks could be calculated. The special issue of
Risk Analysis reflected on this issue and tried to evaluate different prob-
lems in hindsight to provide better estimates for future political decisions.
Cumming considered this mandatory as he concluded in his introduction
to the issue: “We try to project future trends and attempt to estimate their
risks because we must.”

Harris conceded that none of the completed epidemiological studies sat-
isfied all scientific criteria. They either lacked a well-defined social group
or the evaluation of different factors or a solid duration of exposure. Har-
ris nevertheless used the available epidemiological studies and estimated
a “potential risk equal to a .% proportional increase in lung cancer in-
cidence per unit of cumulative lifetime exposure.” One unit of exposure,
according to Harris, matched inhaling a concentration of one microgram
or particulates per cubic meter (μg/m) for one year. Based on this esti-
mate, Harris calculated the risk of an increase in lung cancer incidence to
 percent, if a male aged  to  years inhaled an average of μg/m for
 years. The risk jumped to  percent if the same test person inhaled
an average of μg/m for  years. Harris compared the cancer risks of
diesel emissions to the potential risks of other chemical compounds, in
particular cigarette smoke and asbestos. Both showed much higher cancer
risks. The rate increased by  to  percent for a male non-smoker
if exposed to asbestos for  to  years. A male smoker aged  to 
had an increased cancer risk in the range of , to , percent if he
smoked cigarettes for a comparable period.

Harris’ calculation revealed a comparatively low cancer risk from diesel
particulates compared to other chemical compounds. Several scientists
claimed that his estimates and calculations were rife with uncertainties.
For instance, researchers from the Inhalation Toxicology Research Insti-
tute, later called Lovelace Respiratory Research Institute and most recently
renamed to Lovelace Biomedical, raised concerns. Scientists from this
private, non-profit biomedical research institute compared three differ-
ent cancer risk estimates in , which previously had been used by US
government. Richard Harris had developed two of these models, which dif-
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fered significantly in the estimated cancer risks. EPA scientists used a third
model based on a comparative potency method for cancer risk assessment.

The variant results of potential cancer risk become apparent when link-
ing the models to concrete figures: based on a population of  million
US citizens exposed to μg of diesel particulates per cubic meter over
a lifespan of  years and an average of , lung cancer deaths per
year, the EPA scientists’ model yielded that diesel particulates would cause
 lung cancer deaths. Harris’ second model estimated the cancer risk at
. percent and thereby yielded a similar figure of  deaths. How-
ever, his first model, presented above, calculated , deaths per year
and presented a significant deviation. The scientists concluded that “epi-
demiologic studies [. . . ] may not provide sufficient insight into risk assess-
ments for populations such as that of the United States to define risks
from atmospheric pollutants for the regulatory process.” Despite obvious
shortcomings, US government officials had previously still relied on epi-
demiological studies to estimate cancer risks, such as Jeffrey Harris’ report
to the Diesel Impacts Study Committee, which demonstrated a very low
incidence. Harris’ findings formed then, among others, the basis for the
Reagan Administration’s political decision and EPA administrator Anne
Gorsuch’s industry-friendly policy to not regulate diesel emissions.

The committee used Harris’ estimates and formulas to calculate the “rel-
ative risk of lung cancer” of diesel particulates. The applied equation read
“+ r×C×D.” Specifically, “C” signified the ambient concentration of par-
ticulates in μg/m; “D” designated the duration of exposure in years; and
“r” represented the estimated parameter, based on epidemiologic and labo-
ratory evidence. Harris estimated the latter to be . (or . percent).
The formula thus calculated an increase in “relative risk of lung cancer”
for a middle-aged man exposed to μg/m—twice the concentration of ex-
posure used by Harris, as mentioned above—over  years to two percent.
Smokers and workers exposed to asbestos were once more the point of
reference for the cancer risk assessment: a smoker suffered from a ten- to
twenty-fold increase in lung cancer risk and a man exposed to asbestos
a two to eight-fold increase.

The potential lung cancer risk of diesel particulates appeared less daunt-
ing. To put these relative numbers in absolute figures: the annual death rate
of lung cancer for male Americans aged  to  amounted to approx. 
per , individuals. Between  and  of these deaths were directly
linked to cigarette smoke. Only four persons in , (two percent of
= .), according to Harris’ calculation, suffered from lung cancer due
to diesel particulate emissions.

According to these calculations, the Diesel Impacts Study Committee
and US government were able to establish the cancer risk of diesel par-
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�ticulate emissions as negligible in the early s. When Anne Gorsuch
(–) succeeded Douglas Costle (–) as EPA administra-
tor, she could base her lenient policy towards diesel cars on these scien-
tific estimates. Her approach was also part of the general policy of the
Reagan Administration favoring deregulation in order to downsize gov-
ernment and to initiate technological innovation and thereby economic
growth. In addition, the general risk of diesel exhaust fumes decreased
after —diesel car sales peaked in the USA that year. Dwindling sales
resulted in declining particulate emissions, thus reducing their threat to
public health. In contrast to the federal government, the public still contin-
ued to consider diesel particulates a cancer threat. Environmentalists even
argued that diesel emissions were as lethal as cigarette smoke and therefore
had to be banned. This assertion, however, contradicted official policy that
based its cancer assessment, among others, on Harris’ calculation.

The State of California also opposed a lenient policy towards diesel
emissions, which was in line with the general approach towards health
threats of the California Air Resources Board (CARB). In September ,
the chairperson of the CARB, Mary Nichols (–, –probably
), announced that she aimed to reduce drastically the threat of air-
borne cancer-causing chemicals because of the poor air quality in Los
Angeles County. The strategy of minimizing the “unnecessary risk of can-
cer” targeted benzene, carbon tetrachloride, chloroform, vinyl chloride, and
particulate matter, among others. California’s approach thus did not specif-
ically target diesel cars but, nevertheless, diesel emissions were listed as
a primary source of carcinogens. Furthermore, Nichols opposed a thresh-
old approach to identify levels of toxicity, an argument used by industry
representatives to defend against regulation of hazardous materials in the
s and s “because scientists could not agree whether there was
any level low enough to be completely safe.” In contrast to the federal
approach, where consensus on a “least common denominator” had been
established and prevented harsh regulation of diesel emissions, the CARB
applied the precautionary principle. This approach permitted imposing
the stringent particulate standards that had pressured Mercedes-Benz to
introduce the ill-fated particulate filter. The CARB’s position can be ex-
plained for one thing with the higher air pollution in the Los Angeles
Basin compared to the rest of the USA, and for another with the fact that
no economic interests were at stake, as carmakers did not have any major
plants in California. The economic pressure applied by California’s market
has nevertheless been massive: from  to , residents of California
purchased between eight and ten percent of all cars and light truck sold
in the USA. The critical attitude towards diesel cars continued into the
s and persisted long after diesel cars had virtually disappeared from
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California. In , the California State Environmental Agency made this
once more unequivocally clear: “We don’t want Diesel. We want clean air.”

While this negative perception of diesels prevailed in the s, the
disdain for diesel cars began to slowly shift in the early s—at least
among the more eco-conscious California consumers. Diesel cars’ appreci-
ation increased because their lower fuel consumption promised to reduce
carbon dioxide emissions and thereby global warming. Furthermore, en-
gineers considerably improved the diesel emissions by introducing both
a functional particulate filter and a selective catalytic reduction of nitro-
gen oxides emission. Consequently, diesel cars met not only California
standards for nitrogen oxide emissions but also their cancer-causing par-
ticulates had been virtually eliminated by operational particulate filters.
Yet, as Mary Nichols pointed out in , the VW diesel scandal revealed
by both CARB and the EPA shattered the slowly rehabilitated image of
diesels.

Classification of Diesel Fumes as Carcinogenic in Germany
1986–1989

The political pressure to evaluate the cancer risks of diesel emissions van-
ished once sales of diesel cars started to tumble in the USA in  for
two reasons. The first US mass-produced diesel cars by General Motors
suffered from major engine problems, but also Volkswagen and Mercedes-
Benz diesels gained the reputation for being unreliable because of break-
downs. In addition, the dangers of cancer that had been linked to diesels
scared prospective car buyers away from them, and diesel owners were
desperate to sell their vehicles (Neumaier b: –; Neumaier :
–).

By contrast, in Germany and Europe diesel emissions did not become
a major concern until the mid-s. In West Germany, the share of diesel
cars among new car registrations jumped from . percent in  to
. percent in , later peaking at . percent in  (see Fig. ). The
general acceptance of diesel cars increased in Germany due to a combi-
nation of several factors. This not only included their low fuel consump-
tion but also their improved drivability. Moreover, they had been labelled
the eco-friendly alternative to the gasoline-powered car, which still ran on
leaded gasoline and without catalytic converters. This rise in diesel car sales
correspondingly impacted the number of diesel cars travelling the roads in
Germany, which in turn multiplied diesel emissions. In , . million
registered diesel cars emitted , tons of particles in Germany. Fore-
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�casts predicted that diesel cars could account for up to  million vehicles
by the mid-s. The annual particulate emissions could subsequently
reach , tons.

Moreover, the differences between diesel and gasoline-powered cars be-
came evident in the second half of the s. Gasoline-powered cars with
catalytic converters and unleaded gasoline were introduced in . Ini-
tially, only a few gas stations offered unleaded gasoline. And few car owners
refueled their old vehicles with unleaded gasoline because rumors circu-
lated that it severely affected drivability and durability. Until mid-,
most car buyers shied away from purchasing gasoline-powered cars with
catalytic converters. They preferred diesels that had a reputation for being
sturdy, reliable, and fuel-efficient. In addition, the German government had
labelled diesel cars “low-emission,” and thus granted them tax subsidies.

Yet, the unanimous praise for diesel cars began to fade in the autumn
of . Car owners and buyers started to change their minds, once the
new types of fuel and cars gained broad acceptance. A growing number
of drivers refueled their vehicles with unleaded gasoline and consumers
shifted towards cars with catalytic converters. As previously in the USA,
particulate emissions suddenly became a peculiarity of diesel cars. More-
over, these particulates simultaneously turned into a debated pollutant
since they had gained a notorious reputation for being hazardous. In addi-
tion, research on their carcinogenic potential intensified, and the political
pressure for regulation increased in Germany too (Neumaier b: ,
Neumaier : –).

Once again divergent views clashed over the question how many of the
, lung cancer deaths per year (out of circa , cancer deaths)
could be attributed to diesel cars. Even some of the most ardent sup-
porters of the automotive industry, the car enthusiasts’ magazines such
as Auto Motor und Sport, switched sides. In , the magazine declared
diesel exhaust fumes a “rat poison” and harshly criticized lax European
emission standards. The ADAC (Allgemeiner Deutscher Automobil-Club),
Germany’s largest automobile association, had already started to question
that diesel emissions were “safe” for the public health in . Only after
German car owners accepted unleaded gasoline and gasoline-powered cars
with catalytic converters did public opinion capsize, as notably indicated
in the critical remarks by car magazines.

Several institutions and researchers contributed the scientific backing
for this belief. At a hearing of the West German Federal Environment
Agency (Umweltbundesamt; UBA) in November , scientists from
the Fraunhofer-Institute for Toxicology and Aeorosol Research in Han-
nover, the Battelle Institute in Geneva, and the Medizinische Institut
für Umwelthygiene in Düsseldorf argued unanimously that diesel fumes
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were carcinogenic, and thus hazardous to human health. In , the
Senatskommission zur Prüfung gesundheitsschädlicher Arbeitsstoffe (MAK-
Kommission) of the German Research Foundation (DFG)—the committee
that defined the maximum allowable concentration of pollutants at the
workplace—moreover labelled diesel emissions a health threat, and set
a maximum allowable concentration in the workplace. This critical view
of diesels threatened their future, and in turn the profits of the diesel-
producing automotive industry—in particular Volkswagen and Mercedes-
Benz—especially since consumers (increasingly) shied away from purchas-
ing diesel-powered cars. Their share in new car registrations tumbled from
. percent in  to . percent in  (see Fig. ).

The consensus within the German scientific community enabled po-
litical decision makers to take a critical stance towards diesel. The UBA,
however, adopted this viewpoint only initially, and considered diesel emis-
sions carcinogenic for merely a short period. In / the Environment
Secretary, Walter Wallmann (–), intervened and pressured the
UBA administrator Heinrich von Lersner to withdraw a critical assess-
ment of diesel emissions. Consequently, the UBA issued a press release
stating that diesel emissions—in particular those of automobiles—posed
no threat to public health. Wallmann’s successor Klaus Töpfer continued
his pro-diesel position in office. In short, the UBA continued to consider
diesel emissions as risk-free for the public health.

This assessment did not affect diesel car sales immediately, but it did
create an opportunity for German automakers to shed doubt on the car-
cinogenicity of diesel emissions. The German Association of the Automo-
tive Industry (Verband der Automobilindustrie; VDA) published a public
relations brochure aimed at taking the wind out of diesel bashers’ sails.
The industry compared emissions of gasoline- and diesel-powered cars.
According to the auto industry, the latter appeared to be superior be-
cause—in total—diesels emitted fewer pollutants and consumed less fuel
and thereby gave off fewer carbon dioxide emissions. In particular, the
diesel-powered vehicles became relevant when the greenhouse effect and
global warming became political concerns in Germany at the end of the
s (Neumaier b: –; Neumaier : ; Vogel : ).

The German automotive industry not only tried to establish a counter-
expertise—like their US counterparts as indicated above. They also actively
discredited established experts in its brochure, suggesting that renowned
scientists, such as Hans-Werner Schlipköter (–) of the Medizinis-
ches Institut für Umwelthygiene, had conducted “bad science.” Suppos-
edly, he had made methodological errors in his experiments—an allega-
tion scientists vehemently opposed. The VDA claimed that animal tests
with hamsters, mice, and guinea pigs had not provided any evidence on
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�the carcinogenicity of diesel fumes. Only tests with rats had shown tumor
formation, but only when unrealistic concentrations of diesel fumes had
been used. The level was -fold higher than on even heavily travelled
roads. Furthermore, rats had to be exposed to these concentrations five
days a week for  hours over their lifespan in order to show cancer signs.
At a concentration of  to -fold of the average level, rats did not
show any response, the VDA emphasized. A statistically significant higher
cancer risk was only reported at a concentration of more than ,-fold
the average limit of road areas.

The VDA concluded that diesel fumes had to be considered “safe” to hu-
man health since rats did not show any signs of tumor under normal road
conditions. Furthermore, the classification as carcinogenic was unfounded
because, according to epidemiologists,  percent of the lung cancer risks
were caused by cigarette smoke. The second most common source of lung
cancer was pollution in the workplace. Air pollution, according to the VDA,
only ranked third. The VDA aimed to dismantle scientific consensus on the
risk assessment of diesel emissions by discrediting scientists and insinuat-
ing that unsound methodological approaches had been taken, leading to
flawed research results. By creating casting shadows of uncertainty about
the cancer risks of diesel emissions, automakers and their lobbying insti-
tution wanted to dispel growing cancer fears of diesel emissions that had
reached a peak in the West German public debate.

Scientific research did not back up the auto lobby’s arguments. Unlike
the early s, when only inconclusive results had been available, research
strongly indicated that diesel exhaust particulates had to be considered
a health threat by /. Besides the MAK-Commission, the Interna-
tional Agency for Research on Cancer (IARC) at the World Health Organi-
zation (WHO), and the U.S. National Institute for Occupational Safety and
Health (NIOSH) declared diesel exhaust a cancer-causing agent. Eventu-
ally, even the German government adopted this viewpoint—albeit only
for a short-lived period between /, thereby infuriating German au-
tomakers even though a political ban of diesel cars had never been dis-
cussed (Neumaier : ; Neumaier : ).

At a research colloquium of the Verein Deutscher Ingenieure (VDI)
in , the association of German engineers, the diverging viewpoints
clashed. Friedrich Pott, employed by theMedizinisches Institut fürUmwelthy-
giene in Düsseldorf, rejected the auto industry’s arguments. He and his
colleague Uwe Heinrich at the Fraunhofer Institute in Hannover had pub-
lished several scientific papers pointing out the carcinogenic potential of
diesel fumes based on inhalation experiments with rats. In particular, rats
exposed to a concentration of . to .mg/m particulates over a period
of  to  hours per week for  to  ½ years, showed a rate of lung tumor

571



Christopher Neumaier

development ranging between . and . percent, while the control
group of non-exposed rats reached a rate between  and . percent.
These results indicated that diesel particulates led to a statistically signifi-
cant higher cancer risk. In addition, Pott and Heinrich argued that animal
testing afforded a considerably more accurate basis for the estimation of
cancer risks than the epidemiological studies used by EPA cancer risk
assessment. This suggests emerging different scientific approaches in the
assessment of cancer risks in Germany and the USA. While during the
s cancer risk in the USA relied more on epidemiological data and
risk analysis than on animal tests, German toxicologists continued to use
both, epidemiology and animal tests. Notably, scientific evidence on the
carcinogenicity of diesel particulates initially relied mostly on the latter
approach in the second half of the s. Around , epidemiological
research also strongly indicated that diesel emissions were carcinogenic.

In due course, Pott and Heinrich became targets of the automakers’
criticism that was once again directed at doubting the carcinogenicity of
diesel particulate emissions. Engineers usually deployed two arguments to
denounce medical and biological research on the cancer-causing effects of
diesel fumes, such as the previously published VDA brochure. First, they
argued that one cannot infer test results from animals on human beings.
Second, they further contended that the concentration of diesel fumes was
too high and therefore unrealistic. Pott countered these hypotheses. He
argued that in  percent of the cases animal tests provided the scientific
basis for the classification of compounds as carcinogenic; results from epi-
demiological surveys were used in  percent of the cases. This approach
was in line with scientific standards because the carcinogenic effects of
substances in animals, such as rats, correlated with tumor formation in
humans. Pott also conceded that, nevertheless, definitive scientific proof
of the carcinogenicity could not be furnished.

Human experiments were disqualified for ethical reasons, Pott implic-
itly emphasized. Second, the dosage of diesel exhaust fumes, Pott and
Heinrich pointed out, was only -fold higher, if the reference point was
a human being exposed to low levels of diesel fumes. The auto industry had
taken this position in their public announcements. Environmental health
and occupational medicine professionals opposed such an approach. In-
stead, Pott and other scientists considered the highly-exposed person as
the point of reference. If the average exposure to diesel particulates in
housing areas next to busy roads fell within the range of μg/m over
a period of  hours per week, then Pott used a dosage with a factor
of –—and not the alleged  to ,-fold higher concentration as
claimed by the auto industry. And if the exposure to diesel particulates in
a workplace reached μg/m over  hours per week, Pott applied a 
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�to -fold dosage in his experiments. Biologists and physicians considered
this a common set-up for laboratory experiments; in order to trigger can-
cer with a low number of – laboratory animals, an over-dosage of
diesel particulates had to be employed. Finally, Pott and Heinrich informed
detractors that inhalation experiments at five different institutions in four
countries had posted similar results: rats developed tumors after inhaling
diesel particulates. In Germany, all expert committees and federal agencies
had classified diesel fumes as carcinogenic. Pott also shed light upon the
potential cancer risk of diesel particulates: he estimated the risk for the for-
mation of lung tumors with lifelong exposure to –μg particles per m,
the average concentration in housing areas next to busy roads, to –
incidents per , exposed persons. Pott argued that, in comparison
to other cancer-causing atmospheric pollutions, this risk was “high.”

The Political Turnaround to “Clean” Diesel Emissions vs. Scientific
Evidence on Carcinogenity

The scientific evidence appeared to be indisputable—yet the public con-
troversy went on nevertheless. The VDA, Volkswagen, and Mercedes-Benz
repeatedly opposed the scientists’ arguments and questioned the carcino-
genicity of diesel exhaust, arguing that the results had been obtained by
“unscientific” methods. The labelling of diesel fumes as a “killer sub-
stance” was, according to automakers, a “fearmongering” campaign of
both the UBA and German government. The drop in diesel car sales,
which in turn eroded the automakers’ profits, was the driving force behind
this line of argumentation. In addition, engineers reacted and presented
new technological devices that were supposed to “clean” diesel emissions
and make them “safe” for public health.

Volkswagen and Mercedes-Benz addressed the issue similarly. They op-
timized combustion within the engine and installed an oxidation cata-
lyst. Volkswagen, in addition, used a turbo-charger, while Mercedes-Benz
picked exhaust gas recirculation as an additional measure. The head of
Volkswagen engine development, Peter Hofbauer, clearly favored reduc-
ing particulate emissions by improving the combustion process within the
engine. He returned to design principles that had been discussed in the
s, but were not considered appropriate in the early s—the prime
of the particulate filter. Hofbauer even opposed filter technology outright.

Engineers at Mercedes-Benz shared his viewpoint, remembering the
failure of the device on the US market. Engineers from Mercedes-Benz
and Volkswagen also pointed out that diesel cars met European particu-
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late standards, after modifying the combustion—an internal improvement
of the diesel engine—and either installing a turbocharger or an exhaust
gas recirculation. In , Volkswagen presented its VW Golf “eco” diesel
and Mercedes-Benz their “Diesel ’”-engines. As these new “clean” diesel
cars hit the market, the CEO of Daimler-Benz, Edzard Reuter, claimed
the “real risk” for lung cancer was “nil.” Car magazines bought into this
idea, once more flipped sides, and in turn mediated this viewpoint to the
public. In addition, the German government—after private negotiations
of then chancellor Helmut Kohl (–) and the Secretaries of Eco-
nomic Affairs, Transportation, and Environment with representatives of
the auto industry—revoked its critical assessment of diesels and intro-
duced a particulate limit of .g/km (equaling .g/mi). The so-called
“Töpfer-Norm,” named after the Minister for the Environment, became the
new point of reference. It was a political threshold not based on scientific
results: it could be publicly endorsed as “clean” and “safe” since it was
lower than the US standard of .g/mi. In the German political debate,
this limit was used as a benchmark, even though the California limit of
.g/mi was far more severe (introduced in ). Hence, the “Töpfer-
Norm” hardly represented a precautionary principle. It was not a “tech-
nological” threshold because most of the diesel automobiles produced by
Volkswagen and Mercedes-Benz surpassed this “demanding” limit. Ger-
man government officials supported automakers and, in addition, favored
diesel cars by granting the sticker “particularly low-emission,” which was
connected to tax incentives. This political move aimed at reducing the
economic pressure on diesel manufacturers, which had suffered the eco-
nomic impact of a severe decline in sales (see Fig. ). In the early s,
the political initiative, among others, was one factor that contributed to
a growing demand in diesel car sales.

The approach to clean diesel emissions by installing an oxidation cat-
alyst appeared to be logical from an engineer’s viewpoint but not from
the scientists’. The device oxidized the HC and PAH emissions adsorbed
to particulate emissions and thereby reduced the mass of emitted partic-
ulates, but, significantly, not the amount of emitted particulates. Diesel
particulates comprised up to  percent of pure carbon and up to  of
adsorbed organic compounds such as hydrocarbons (see Fig. ). Techni-
cally, the catalyst could lower the emitted mass of particulates by one fifth
to one fourth and thus pass even the new federal standard in Germany,
which weighed the amount emitted.

The newest contemporary research in the fields of biology, medicine,
and toxicology, however, shed a different light on the engineering solutions
to clean diesel emissions. Research results had already indicated in /
that the particulate core—and not the adsorbed organic compound such
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Fig. 5 Composition of Diesel Particulates. Carbon (soot) and adsorbed organic com-
pounds such as PAH and HC yield 95 percent of the total mass of particulates. (Source:
Klingenberg et al. 1991: 127)

as the PAH, most notably the known carcinogen benzo[a]pyren—triggered
cancer. Pott and Friedrich both supported this viewpoint. They argued that
the low dosage of the PAH in the diesel exhaust could not stimulate tumor
formation. Therefore, the mass of emitted soot—or carbon—determined
the carcinogenic potency of diesel emissions. Further research substanti-
ated these initial findings until studies then demonstrated that the carbon
core of diesel particulates became the cancer-causing agent. In turn, these
results boosted the reputation of gasoline emissions, which also contained
PAH, but hardly any particulates. Therefore, gasoline-powered cars had to
be considered “safe enough,” once a car had been equipped with a catalytic
converter and ran on unleaded gasoline.

Pott’s and Heinrich’s results further indicated that the cancer-causing
effect was not linked to specifically diesel particulates but to any form of
soot or particle. Their carcinogenic potency correlated with their size and
surface: particles of a smaller diameter and a bigger specific surface of the
inhaled particle showed a higher cancer-causing effect. Based on their
results, Heinrich and Pott attacked the auto industry, claiming that the
control technology presented by Volkswagen and Mercedes-Benz was in-
effective. The oxidation catalyst only oxidized the PAH, but neither affected
the number of particles nor the mass of the carbon core. Therefore, this
device did not reduce the carcinogenic risks of diesel emissions. Quite the
contrary, as it made diesel particulates smaller and thus more respirable.

However, in the early s, this viewpoint was still contested among
scientists, and automakers once again capitalized on the uncertainty by
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casting doubts and preventing a consensus on the risk assessment of the
carcinogenicity of diesel emissions. In fact, sometimes divergent interpreta-
tions even emanated from one institution such as the Fraunhofer Institute
for Toxicology and Aerosol Research. The former head of the institute,
Werner Stöber, claimed that, according to the research conducted, among
others, by Uwe Heinrich, diesel fumes could not be classified as a “probable
carcinogenic” agent. The results indicated that the carbon core of partic-
ulate caused cancer and that this effect was specific to rats and not other
animals such as dogs, cats, and guinea pigs.

The implication was that it would be impossible to use these results to
predict cancer risks for humans. Furthermore, they contended that partic-
ulate concentrations used in the laboratory test were too high and therefore
did not resemble real life conditions. Stöber not only repeated arguments
that had been debated throughout the s, but also became the sci-
entific authority that supported the auto industry’s viewpoint. The UBA,
however, did not adopt his opinion. Rather, it relied on Pott’s and Hein-
rich’s expertise, in particular because, besides animal tests, epidemiological
studies also stressed the carcinogenicity of diesel fumes. Other research in-
stitutions continued to rank diesel emissions as a carcinogen. For instance,
the Health Effects Institute in Boston published its widely received critical
analysis of the health risks of diesel emissions in .

Yet, one problem remained: scientists could still not provide defini-
tive scientific proof of diesel particulates’ carcinogenicity. They remained
a “probable” or “highly probable” carcinogen. This ambiguity kicked once
again the door open for speculation. Exemplarily, this effect can be high-
lighted with results of the Health Effects Institute. The auto industry ar-
gued that the institute’s findings indicated only weak cancer potency as
the risk of lung cancer only increased . to .-fold after exposure. The
UBA in turn referred to the introduction of the report: “Diesel emissions
have the potential to cause adverse health effects.” This included cancer
and cardiovascular diseases. As the actual impact on public health could
still be interpreted differently, diverging viewpoints lingered. In the early
s, the political pendulum swung in favor of the auto industry—despite
the UBA’s and the scientists’ warning of the hazardous diesel particulates.
Global warming was one crucial factor that facilitated the shift back to
labelling diesel emissions “clean”. It had become one of the most important
topics in German environmentalism. Suddenly, the fuel-efficient diesel car
appeared in a different light. Its lower carbon dioxide emission, in com-
parison to a gasoline-powered car, could be labelled “eco-friendly,” while
the cancer-causing effects of diesel particulates vanished from media cov-
erage.
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�Conclusions

The analysis of the triangular relationship between technology, science,
and politics revealed how the coding of diesel emissions as “safe” or as
“hazardous” emerged and shifted in the US and in West Germany between
 and . The political thresholds of emission limits not only dif-
fered significantly on both sides of the Atlantic but the coding itself was
embedded in specific temporal, intellectual, and geographical contexts.

First, diesel fumes came under review in the USA during the late
s—about ten years earlier than in Germany. In particular, one chem-
ical compound of diesel exhaust attracted new attention—particulate
matter. At that time, the Carter Administration considered fuel-efficient
diesel cars an important part of its energy policy. Research on the carcino-
genicity of diesel particulate emissions was in its nascent phase. Therefore,
scientists could only present preliminary and inconclusive results on the
health effects of diesel particulates. They thus issued a cautious warning
that diesel particulates might be carcinogenic. Industry-sponsored re-
search countered this assessment with diverging results that negated the
link between diesel particulates and cancer. From this viewpoint, diesel
fumes were harmless. General Motors endorsed this counter-expertise in
scientific journals and congressional hearings. This strategy thus spread
doubt, which was a common industry approach to avoid regulation (see
Oreskes & Conway ). Simultaneously, independent research was un-
able to prove the carcinogenicity of diesel particulates. Rather the contrary,
risk assessment only calculated a “low” carcinogenic effect of diesel par-
ticulates. The combination of inconclusive results, numerous doubts, and
a low potential cancer-risk enabled US government officials in the process
of risk management to classify diesel fumes as “safe enough” to public
health. As Sheila Jasanoff has shown with other recently discovered new
chemical compounds (Jasanoff ), US government favored economic
costs over threats to public health.

When diesel particulate emissions became a major concern in Germany
after the mid-s, automakers had to follow a different strategy. Then,
scientific research had undeniably shown that particulate matter could act
as a cancer-causing agent. Thus providing counter-expertise did not suf-
fice—in particular as the German government and the general public as
well as car magazines unanimously considered particulates a carcinogen.
Representatives of the automotive industry and its lobbying groups hence
tried to influence the opinion towards diesel in a different way: they argued
that the toxicologists’ results were highly questionable because they had ap-
plied unscientific methods. Initially, their arguments remained unheard but
around , the German government reconsidered its viewpoint. After
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setting the political threshold of particulate emissions to .g/km, diesel
cars once again received the label “particularly low-emission” as well as
a favorable tax treatment. This particulate standard was insofar a political
threshold, as most German-produced diesel cars easily passed the limit.
Consequently, the German government did not apply the precautionary
principle but rather—like the US government before—favored economic
interest over health effects, despite the proven carcinogenic effect of diesel
particulate emissions.

Second, as engineers failed to provide a reliable and durable particu-
late filter—the most promising pollution control technology—by the mid-
s, the consequences for the diesel car’s reputations were severe. The
public soon stigmatized diesel cars as sluggish, unreliable, and “cancer-
causing”. Consequently, consumer interest in diesel cars vanished. Yet, this
also had an impact on the intellectual context as it redefined the engi-
neering solutions on how to “clean” diesel emissions. After failing with the
filter, engineers at Mercedes-Benz and Volkswagen tried to lower particu-
late emissions by improving the internal combustion of the diesel engine
at the end of the s. From an engineer’s viewpoint, this appeared a log-
ical step since it allowed lowering the emitted mass of particulates; and
environmental regulation measured the amount of particulate emissions
in grams emitted per kilometer or mile. Latest scientific research indicated
at that time, however, that the engineering solution was ineffective. Toxi-
cologists noted that not the mass of emitted diesel particulate defined the
cancer risk but rather the number of emitted particles. Yet, an improved
internal combustion did not affect the latter. Quite the contrary, lowering
the mass of particulates, they became smaller and thus could more easily
penetrate the lungs. Scientists thus argued that the engineering solutions
increased the cancer risk. Yet, this viewpoint remained unheard in the po-
litical debates of the early s. In particular, government officials lent an
ear to scientists, engineers, and managers of the automotive industry that
presented a divergent interpretation of the research results: they categori-
cally denied the cancer risks of diesel particulate emissions. Hence, and as
shown above, diesel cars were not banned in Germany.

US and German regulatory policies also varied, indicating another im-
portant aspect of intellectual differences. US regulatory policy relied mostly
on mathematical risk assessment and management as well as on epidemi-
ological data that had to withstand in public and often controversial hear-
ings. The German government, however, tended to base its line of argu-
mentation—in addition to epidemiology—on the results of animal testing.
Furthermore, the debate on the carcinogenic effects of diesel particulates
was public; but the political negotiations took place behind closed doors,
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�giving more leverage to economic interests. This can be considered a pe-
culiarity of the German (or European approach) up to the s.

Third, the geographical context mattered. While neither the Carter nor
the Reagan Administration followed the precautionary principle in its reg-
ulatory policy as shown in the literature (Langston ; Vogel ), the
State of California diverged. Its Air Resources Board (CARB) aimed to
reduce drastically the emission of cancer-causing chemicals. In particular,
the geographical context mattered because Los Angeles County suffered
from severe air pollution. While automakers did not have any major plants
in California, the state was the most important internal market within
the USA. Moreover, its environmental regulation served as a role model
for several other states within the USA that adopted California’s emission
standards such as New York.

The argument presented showed that between the s and s au-
tomakers and their lobbying groups as well as researchers had “flexibly”
interpreted scientific research results. This is a crucial difference to the
Volkswagen diesel scandal of the s because a car manufacturer had
openly broken the law. This did not happen in the period reviewed. More-
over, German carmakers knew what was at stake economically, because
they wanted to conquer the North American market with their “clean”
diesel technology—and its promise of tremendous profits. This end jus-
tified the means to break both legal and ethical barriers by cheating on
emission tests but also conducting inhalation experiments with both mon-
keys and humans. Probably the latter should provide irrefutable scientific
evidence on the non-toxicity of diesel exhaust—an assessment that could
not be inferred from animal tests as the automotive industry has always
been keen to emphasize. It also shows how the diverging acceptance of
diesel cars in the US and in West Germany is linked to the reputation
of diesel cars and their emissions control technologies; the scientific as-
sessment of diesel exhaust fumes; and to the political regulation of diesel
vehicles.
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