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ABSTRACT @ OPEN ACCESS

US, and especially African American residents in US major urban areas, have lower life expectancy and
worse health outcomes than residents living in outer US suburbs and other high-income countries. This is
true even with exorbitant spending on health care which is nearly twice as high as costs among other high-
income countries. Research on the US health burden noted proximal causes, such as opioids, firearms, and
obesity. The disadvantage has led scholars to examine systemic factors that may be the root cause of the
issue. Experts convened by the National Academy of Medicine and National Research Council identified
explanations in five realms: health care, socioeconomic conditions, behaviors, the environment, and public
policies. In this article we examine the global phase-out of leaded petrol and the ongoing anthropogenic
global warming as possible causes of lower life expectancy and depressed health outcomes. These two
factors are often treated as distinct environmental issues separated by time, mechanism, and policy
response. However, both phenomena share a common origin in the petroleum industry and exhibit striking
parallels in development, scientific recognition, and regulatory trajectories. This article synthesizes
historical, environmental, and public health evidence to argue that the widespread use of tetraethyl-lead
in petrol and the combustion of fossil fuels represent two interconnected environmental health crises that
unfolded across a single century. Both involved early awareness of potential harm, prolonged industrial
expansion, and delayed regulatory intervention, resulting in global-scale exposure and persistent health
consequences. By integrating these narratives, this article proposes a unified conceptual framework that
combines leaded petrol and fossil-fuel emissions within a broader pattern of industrially mediated
environmental risks. This perspective highlights the persistence of environmental contamination, the
amplification of social inequalities, and long-term biological and societal impacts that continue to shape
population health today and into the future.

Key Points:

¢ Leaded petrol and fossil-fuel emissions represent two sequential, interconnected environmental health
crises. The environmental issues followed a similar trajectory of early scientific awareness, delayed regulation,
and global-scale exposure;

e In the United States, particularly among residents of disadvantaged inner-city communities, including
African American populations, due to exposure to lead from petrol, shorter life expectancy and poorer
health outcomes have been observed compared with residents of more affluent suburban areas and other
high-income countries;

e The impacts of petrol lead exposure on health care costs in the USA and internationally are likely to be
enormous;

o The persistence of lead in soils and in greenhouse gases has produced long-term, unequal, existential
health burdens across nations and urban populations.
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1. Introduction

U.S. healthcare spending is twice the amount compared to spending by similar high-income countries. U.S.
residents have lower life expectancy and less desirable health outcomes than residents in other high-income
countries’. Children are especially vulnerable. Scholars are examining factors that may be a root cause of
the issue. Research on the U.S. health burden examined proximal causes, such as opioids, firearms, and
obesity, to explain the pervasiveness of the healthcare shortcomings. National experts described potential
causal explanations in five realms: health care, behaviors, socioeconomic conditions, the environment, and
public policies?. This presentation proposes the combination of leaded petrol and fossil-fuel emissions as a
unified account for the U.S. and the global environmental health crisis. The dual global impacts of petrol
containing lead, a toxic metal that has spread into the air, soil, and homes of cities worldwide, and the
combustion of fossil fuels now warming the planet from the release of carbon dioxide. These two issues are
usually discussed separately, but they are interconnected. Both issues are life-changing and came from the
same petroleum-based fossil fuels industry.

The modern era has been profoundly shaped by the expansion of the petroleum industry, which buttresses
industrial production, global transportation systems, and economic development. Yet this same industry has
contributed to two of the most significant environmental health crises in recorded history: the global
proliferation of lead through petrol additives in automotive fuels is illustrated in the USA3?, Australia®, and
London®. Exhaust is the source of the accumulation of lead and greenhouse gases that drive global warming
and climate change®’. These crises are typically addressed within separate scientific and policy domains,
with lead exposure framed as a historical toxicological issue and climate change as a contemporary
environmental challenge. Such separation obscures the deeper structural and historical connections
between them.

This article advances the argument that these phenomena should be understood as components of a single
continuous environmental-health crisis narrative. Drawing on historical accounts, environmental
epidemiology, and public health literature, it examines how the introduction of tetraethyl lead additives in
petrol and the continued reliance on fossil fuels produced global exposures that were both preventable and
long-lasting®?'%. The analysis emphasizes the temporal overlap of scientific knowledge and industrial
decision-making, demonstrating how both crises followed comparable trajectories characterized by early
warnings, expansion of use, and delayed mitigation'". The result has been widespread environmental
contamination, population-level health impacts, and persistent inequalities that continue to shape
environmental and social outcomes today.

The Emergence and Globalization of Leaded Petrol.

The use of leaded petrol began in the US in 1925 when the US Public Health Service and the US Department
of Treasure accepted lead additives in petrol and wait to see its effects. The result was the rapid and
widespread expansion of lead use beginning in the 1930s through the 1980s marking a pivotal moment in
the history of industrial evolution. Without precaution, industry applied toxic chemical compounds into the
air and then observed their effects on the environment and public health'?'3'*'5, |Lead additives were an
anti-knock chemical used to improve engine operation and efficiency, and it was rapidly adopted despite
evidence of its toxicity'®""'8. Early production processes resulted in severe poisoning and fatalities among
workers, demonstrating the compound’s capacity to cause acute neurological harm' %8 Rather than
prompting precautionary restraint, these events were followed by the expansion of lead additive use across
national and international markets?“.

The industrial capacity to overwhelm natural systems is illustrated by developments in U.S. technological
evolution during the twentieth century. Figure 1 illustrates the resulting changes that took place in the US
between 1936 and 1991 regarding the trend over the years of vehicle sales that increased miles driven, the
leaded petrol use, and the amount of fuel consumed per vehicle.
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The global economic impact of industrial materialization contributed to climate heating at the planetary
scale of the Earth. The evolution involved automobiles, fossil fuels, lead additives, and the development of
a national system of roadways resulted in numerous economic opportunities that generated a rapidly
evolving economy. When the industrial processes were set in motion, society benefited from the global
economy and, in turn, propelled industrial materialization to transform the planetary system response
transforming atmospheric energy transfer between the Earth and the Sun.

Figure 1 shows the U.S. changes from 1936 to 1991 in vehicle sales, combined with road building activities,
that resulted in increased distances driven, fuel consumed, and changes in fuel efficiency. The economic
system of vehicle sales and road development is a complicated, integrated system involving numerous
economic transactions among the population of people.

Figure 1 illustrates actual U.S. trends that took place over 5-year intervals. Between 1936 and 1991 in the
U.S., vehicle sales plus road building (top) increased distance driven, the leaded petrol use rose (middle),
and the amount of fuel consumed per vehicle increased (bottom) until the 1970s.

U.S. millions of miles driven during selected years,
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During the 1970s, to curb fuel consumption, the US Congress passed fuel consumption regulations that
helped reduce by millions of gallons the fuel consumed. The combination of vehicle sales, fuel consumption,
and road development is an integrated, complicated, economic system involving numerous transactions.
The economic system created by the automobile, petroleum, lead additive, and road-building enterprise is
directly connected to the global health crisis.

Over subsequent decades, leaded petrol became a dominant sales component of global vehicle fuel
systems. Combustion of lead additives released extremely fine particulate lead into the atmosphere, which
settled on the Earth’s aquatic, land, and ice environments. The lead dust accumulations were especially
prominent in the soils of built environments as shown in Indianapolis?’; New Orleans?, London® and
Chicago®. A study of miles driven in 90 US cities estimates the distribution of lead throughout the USA®.
This resulted in a soil lead bullseye pattern whereby higher soil lead concentrations occurred in the inner
cities and decreased with distance in suburban areas. This process created a widespread and persistent
environmental reservoir of lead, particularly in urban areas where vehicle density was highest*.
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2. Fossil-Fuel Combustion and Climate Risk

While the harm of leaded petrol became increasingly evident in the mid-twentieth century, a parallel body
of scientific research was emerging on the climatic effects of combustion by vehicles of fossil fuel. Internal
industry research from the mid-twentieth century®® accurately modelled the climatic consequences of fossil-
fuel combustion well before public acknowledgment or meaningful policy response''?>?¢. Both scientific
research and industrial research coexisted with strategies that questioned evidence, downplayed risks, and
delayed intervention.

Carbon dioxide (CO,)-driven global warming was first postulated in the 19th century and was scientifically
verified over the 20th century. Joseph Fourier (1824)? identified the atmosphere’s heat-trapping properties,
laying the conceptual basis for the greenhouse effect. Svante Arrhenius (1896)?® then quantified how
increases in atmospheric CO2, explicitly considering emissions from coal combustion, could raise global
temperatures. The hypothesis was strengthened by Guy Stewart Callendar (1938)%, who linked rising
measured CO2 concentrations to observed warming using instrumental records. In the 1950s Charles
Keeling began a pioneering series of CO2 measurements from the top of Mauno Lao Hawaii that confirmed
the effect of modern industry fossil fuel combustion on the increase of atmospheric CO2 on the Earth®.

Figure 2. Keeling Curve from the top of Mauno Lao, June 23, 2026%

Carbon dioxide concentration at Mauna Loa Observatory*
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Figure 2 shows the results known as the Keeling Curve®?'. It is important to contemplate the asymptotical
curve increases with each advancing month. The amount of CO2 being emitted into the atmosphere is
increasing with advancing years as fossil fuels and other greenhouse gases are entering the atmosphere.

From the mid-to-late 20th century onward, advances in radiative transfer theory, atmospheric observations,
and climate modelling consolidated the mechanism and attribution, culminating in assessments by the
Intergovernmental Panel on Climate Change, which conclude that warming since the mid-20th century was
unequivocally driven primarily by anthropogenic greenhouse-gas emissions from fossil fuels?’-23:293032,

Since petrol (also referred to as gasoline) began use as a motor fuel in the late 19th century and to the
present, carbon dioxide emissions from its combustion have increased in parallel with the global expansion
of road transport®. (see Figure 1). CO2 emissions from petrol combustion are directly proportional to the
quantity of fuel consumed, reflecting the carbon content of the fuel, and are therefore routinely estimated
using standardized fuel-based accounting methods®. Historical reconstructions of fossil-fuel emissions
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indicate that petrol-related CO2 emissions rose rapidly after the 1920s, accelerated through the mid-20th
century with mass motorization, and peaked in many high-income countries toward the late 20th century,
remaining substantial globally3>=¢.

Additionally, although less explored, is a potential linkage between the emissions of lead particles from
leaded petrol and functional climate systems. The hypothesis proposes that atmospheric Pb particles
influenced cloud microphysics and radiative balance during the twentieth century. Anthropogenic lead
emissions from leaded petrol substantially increased global atmospheric particulate lead concentrations as
witnessed by the distribution of lead dust over both Greenland and Antarctica during the peak decades of
motor vehicle use and emission of lead particles'®?'334,

The involvement of lead-containing aerosols in global warming was a mechanism whereby Pb particles act
as highly efficient ice-nucleating agents in the atmosphere. Cziczo et al. (2009)*®* demonstrated that
anthropogenic lead-containing particles were disproportionately represented among atmospheric ice nuclei
and cloud ice residues, suggesting that lead aerosols may have enhanced heterogeneous ice nucleation
within cirrus and mixed-phase clouds. Laboratory and field observations indicated that Pb associated with
mineral dust particles increased ice nucleation efficiency under atmospherically relevant conditions. Climate
modelling undertaken in the Cziczo et al. (2009)*® study predicted that widespread atmospheric Pb
contamination could alter cloud radiative properties and increased outgoing long-wave radiation,
potentially preventing a portion of greenhouse-gas-driven warming during the era of leaded petrol. Under
highly lead-enriched scenarios, radiative effects approaching 0.8 W m™2 were theoretically possible. As
described later, plastic particles may have a similar effect.

The findings of massive global increases of greenhouse gases were not confined to academic literature; they
were also reflected in internal research conducted within the petroleum sector''. The expansion of fossil fuel
use continued nonetheless, driven by global demand for energy and mobility. Emissions of carbon dioxide
and other greenhouse gases accumulated in the atmosphere™, altering the Earth’s radiative balance and
initiating a cascade of environmental changes. These changes have manifested in rising global
temperatures, shifts in precipitation patterns, increased frequency and intensity of extreme weather events,
and widespread ecological disruption due to flooding or droughts®.

The health consequences of climate change are multifaceted, interconnected, and currently on display. They
include direct effects such as heat-related mortality and indirect effects mediated through air quality, food
systems, water availability, and disease dynamics®. As with lead exposure, these impacts are not evenly
distributed. Vulnerable populations, including those in low-income communities living in traffic congested
communities, and marginalized communities, bear a disproportionate share of the burden, reflecting
existing social and economic inequalities.

3. AShared Temporal Pattern of Knowledge and Response

A defining feature of both leaded petrol and global warming is the temporal relationship between scientific
knowledge and societal response. In each case, evidence of potential harm emerged early in the lifecycle
of the technology and the observation of practical effects. For leaded petrol, toxicity was evident from the
outset, with documented cases of severe poisoning among workers'. For fossil fuels, the climatic
implications of carbon dioxide emissions were recognized well before they became widely acknowledged in
public discourse®. Despite early awareness of detrimental impacts, both systems underwent decades of
expansion. Leaded petrol increased globally for more than half a century before being phased out™, while
fossil fuel continues to dominate the global energy system*'. The delay between recognition of risk and
implementation of regulatory measures allowed both forms of pollution to accumulate to extraordinary
levels with profound and lasting consequences.

This pattern can be visualized through a conceptual timeline that aligns the development of leaded petrol
with the progression of climate science and policy®. In the early twentieth century, the introduction of lead
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additives coincided with initial scientific insights into atmospheric processes. Mid-century, both carbon
emissions and lead exposure increased spectacularly accompanied by growing evidence of serious harm
(see figure 2 above, and figure 3 below). By the late twentieth century, the case for action on lead had
become overwhelming, leading to the rapid phasedown of 90 percent removal of the lead additives in petrol
by the end of 1986, and the remainder removed (accept lead in small aircraft engines) in 1996'>. Meanwhile
climate science was consolidating around the reality of anthropogenic global warming as demonstrated by
the Keeling curve®. (see Figure 1).

Presently the legacy of lead contamination persists, and the impacts of global warming effects on climate
change intensify. This temporal alignment underscores the extent to which both crises were shaped by
prolonged intervals between knowledge and action. It also highlights the cumulative nature of environmental
harm whereby delayed intervention allows exposures to build, persist, and intensify over time.

Figure 3. Dual timeline illustrating the historical emissions of lead in petrol in the United States & Australia
and the global mean temperature anomaly and the (Keeling Curve)

Petrol Lead Emissions, Global Temperature Anomaly and Atmospheric CO:z, 1920-2025
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Figure 3 shows the dual timeline illustrating the historical emissions of lead in petrol in the United States'*#
and Australia?, and the global mean temperature anomaly from 1920 to 2022. United States petrol lead
emissions are shown on the left y-axis (blue solid line), Australian petrol lead emissions on the first right y-
axis (red line). Note the large differences between lead emissions between the U.S. and Australia. On the
same scale Australia lead emissions are tiny compared to the U.S. The global mean temperature anomaly
relative to the 1951-1980 average on the second right y-axis (purple solid line)®>. The horizontal dashed line
denotes the 0.00 °C temperature anomaly reference. Dashed black regression lines represent best-fit trends
for the global mean temperature anomaly during 1950-1996 and 1996-2022, illustrating an apparent
increase in the rate of warming after 1996. The figure highlights the rises and falls of lead additives in petrol
in both countries alongside the long-term increase in carbon dioxide®' (Keeling Curve) and global mean
temperature anomaly during the late twentieth and early twenty-first centuries.

4. Environmental Persistence and Effects Over Time

One of the most significant aspects of both lead contamination and global warming is their persistence. Lead
deposited in urban environments remain in soils, and dust for centuries, creating enduring exposure
pathways long after emissions have ceased?4%%3. This persistence transforms what might have been transient
pollution into long-term environmental conditions with implications for successive generations.

Similarly, greenhouse gases accumulate in the atmosphere®, where they can remain for extended periods,
continuing to influence global warming and climate systems long after their initial release®. The inertia of
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the climate system implies that current emissions will have consequences that extend far into the future and
affect people living in places that played no role in their production. In terms of environmental disruption
and change, future generations will inherit conditions shaped by past emissions, including altered
ecosystems and increased exposure to accumulated leaded petrol-related hazards¥.

Individuals exposed to lead in early life experience health impacts that persist throughout adulthood,
including increased risk of cardiovascular disease*, cognitive decline®*, and other chronic conditions*448,
The high lead exposure in the US is a major concern to the US government.

The US Environmental Protection Agency has studied health effects of lead for several decades, especially
evaluating effects on children’s organ systems. The high lead exposure in the US is or at least was a concern
(prior to the current administration) to major government agencies. According to the USA EPA Integrated
Assessment for Lead®, a direct causal relationship with lead exposure to various organ systems, including:
Childhood neurological systems affect IQ, academic performance, attention deficits, learning; Adult neurological
systems affect cognitive decline, lower executive function, possible dementia-related effects; Lead affects
the cardiovascular system via higher blood pressure, hypertension, cardiovascular disease and mortality;
Lead affects renal systems with lower glomerular filtration rate, and kidney function decline; Mortality is
affected by increased total, non-accidental, mortality; Other biological effects, such as oxidative stress and,
inflammation are listed as casual for mechanistic support. Reproductive or developmental systems are listed
as casual or likely causal, in affecting fetal growth, delayed puberty, male reproductive impairment.

The mortality evidence regarding exposure to lead is substantial. Lanphear et al. (2018)*" estimated that
even historically low amounts of lead exposure in U.S. adults was associated with about 412,000 deaths
annually, including 256,000 cardiovascular deaths and 185,000 ischemic heart disease deaths. Earlier
NHANES work found blood lead levels as low as 5-9 pg/dL were associated with increased all-cause,
cardiovascular and cancer mortality®. Recent work suggests bone lead may predict cardiovascular mortality
even more strongly than blood lead, supporting the importance of cumulative lifetime exposure®'.

This matters for inner-city life expectancy because circulatory disease is a major contributor to urban racial
life-expectancy gaps. A JAMA Network Open study found Black-White life expectancy gaps of 7.6 years in
Baltimore, 8.1 years in Houston, and 9.6 years in Los Angeles, with circulatory diseases among the top
contributors®%. Across U.S. cities, neighborhood life-expectancy gaps are strongly correlated with racial
segregation, poverty and income®. The health care costs associated with the decreased life expectancy due
to lead exposure are likely to be enormous. Table 1 lists examples of the effects of lead on human health.

Table1: Examples of Health Outcomes and Impacts Associated with Past Petrol Lead Emissions and the
Decline in Blood Lead Levels.

Health Issue Impacts Source

Primary prevention of air lead. Decline in blood lead levels [54,55,4]
Cardiovascular Disease: Decline in Cardiovascular Disease in the USA [56,44]

Crime/ Violence Surge and Retreat in Societal Violence [57.58,59,60,61]

Lagged Association of Petrol Lead Emissions with Motor Neurone

Motor Neurone Disease ) i ] [62,63]
Disease in Australia

Dementia Increase in ALS and dementia [63,64,45]

Mental health / psychopathology Mental illness and personality differences [65]

5. Inequality and the Distribution of Environmental Risk

At the scale of whole nations to the scale of cities, there is a large spread of inequality of the distribution of
environmental risk of exposure leaded petrol. From the primary care and whole-of-society perspective, if
play areas are safe for children, then they are safe for everyone. The amounts of lead are determined by the
amounts of lead dispersed in by traffic congestion. There are large differences in the amount of lead used
by different nations.
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Figure 4. Variations in the amount of lead dispersed In the USA compared to selected European Nations. [66]
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At the national scale, a study was conducted on the amounts of soil lead in city parks in Oslo Norway and
New Orleans Louisiana, U.S. demonstrates major differences between European Cities and North American
Cities. New Orleans, Louisiana (USA) and Oslo (Norway) are similarly sized urban areas®’. Both cities provide
children’s play facilities. The study evaluated the lead content of soils at children’s play areas in parks and
childcare facilities located in communities near to city centers. The median soil Pb in New Orleans (N=104)
and Oslo (N=97) play areas measured, respectively, median 418 (range 6 -3,420) mg/kg vs. median 25 (range
3-505) mg/kg. The median soil Pb content at children’s play areas in Oslo (25 mg/kg) is 1/17" compared to
the median soil lead (418 mg/kg) in New Orleans playgrounds. Cultural attitudes, values, beliefs, and
behaviors shared by members of society vary between the US and Norway regarding the use of Pb in two
commercial products, lead-based paint and Pb additives in gasoline and provides reasons for the unusual
differences in soil Pb at children’s play areas of New Orleans and Oslo. European nations banned the use
of lead-based paints prior to the 1930s, and in Europe public transit was supported and available thereby
suppressing internal combustion, leaded fuel powered vehicle traffic. The consequences on life expectancy,
learning, and behavioral issues are severe for excessively lead-exposed children®.

Both lead exposure and global warming related climate change are characterized by unequal distributions
of risk. Urban lead contamination was highest in areas with dense traffic and older infrastructure, which often
coincided with socioeconomically disadvantaged communities®?24¢, Historical processes such as residential
segregation and urban planning decisions concentrated exposure in specific populations, creating patterns
of environmental inequality that persist to this day’®’".

Climate change similarly amplifies existing inequalities. Populations with fewer resources are less able to
adapt to environmental stressors and are more likely to be exposed to hazards such as extreme heat,
flooding, and food insecurity®’. The result is a reinforcing cycle in which environmental risks exacerbate social
disparities, and these disproportions increase vulnerability to environmental risks. Understanding these
patterns is essential for developing effective responses. It requires moving beyond aggregate assessments
of exposure to consider the spatial and social dimensions of environmental health, recognizing that the
burden of harm is not evenly shared.
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6. Profit Motive

The use of tetraethyl lead (TEL) in petrol between 1925 and 1996 in the USA (plus leaded aviation fuel (avgas)
used in small planes with reciprocal engines, which is being slowly phased out). The cessation of the use of
lead in petrol vehicle travel ended globally in August of 2021™. The global cessation of leaded petrol took
place 100 years after TEL was first added to gasoline and illustrates how commercial incentives shape
technological choices in ways that prioritize profitability. Early industry assessments explicitly recognized the
substantial financial potential of lead additives, with projections of large market capture and sustained per-
gallon returns. The lead Industry publicly maintained that no viable alternatives existed even though anti-
knock agents, including ethyl alcohol and aromatic fuel blends, were technically effective, and widely used
internationally. The alternatives lacked proprietary control and profit generation associated with lead
additives'. Hazardous technologies were favored despite known risks, this parallels in the continued
dominance of fossil fuels. Internal industry research from the mid-20th century accurately identified the role
of carbon dioxide emissions from fossil fuel combustion as driving global warming, yet public
communications generally downplayed or misrepresented these risks while fossil fuel production and
investment expanded®?. Health concerns do not mesh with industrial profit motives.

Before lead additives were used in gasoline, engines ran roughly with knocking sounds. The discovery of
lead additives relieved engine knocking. Through the backing of the Treasury Department and the U.S.
Public Health Service, the U.S. government created a hearing on the lead issue in 1925. The resulting
decision was to find out the effects by allowing lead additives in petrol. The improved engine performance
from lead additives created the potential for public sales of automobiles in the U.S. and around the world.

The tenacity of fossil fuel use is reinforced by the scale of ongoing capital investment, with global spending
on oil, gas, and coal supply of trillions of dollars annually, underscoring the structural influence of economic
incentives in sustaining carbon-intensive energy systems despite well-established climatic consequences’.

Petrochemicals are the basis for other profitable commercial enterprises related to the use of vehicles. For
example, in addition to refined petroleum, mainly used in transportation, petroleum is also the source of
asphalt as a roadbuilding material.

Geological stores of fossil carbon are the feed stock for plastics. In the year 2024 the production of plastics
yielded over 400 million metric tons of material”®. Plastics are stable in the environment, and their use and
disposal has become a massive environmental waste issue. Automobile manufacturing includes the use of
large amounts of plastics.

In North America, passenger cars and light trucks are constructed with increasing amounts of lightweight
plastic parts to reduce vehicle weights. The weight in an average vehicle is about 429 pounds (=195 kg) of
plastics and polymer composites, andalthough they represent less than 10% of the vehicle’s total weight,
which averages around 4,419 lbs. (2000 kg), plastics make about 50% of its total volume of an average
vehicle. The plastic increase over the past decade reflects heavier EV battery casings, and to reduce weight,
lightweight parts are used to improve fuel efficiency and safety. Sixteen million vehicles were produced in
North America (Canada, U.S. Mexico) in 2019-2024. The plastic accumulation of 195 kg per vehicle times
16 million vehicles represent an enormous amount of plastics derived from petroleum which will contribute
to future plastic waste to the environment.

Plastics break down into extremely small and extremely durable particles. Plastic wastes are observed across
the Earth including remote places such as Tilicho Lake, high in the Himalayas’. In terms of global warming,
airborne microplastics and nanoplastics are pervasive in the atmosphere. Recent studies indicate that
plastics have a high potential to boost global temperatures’.

8. Discussion

The synthesis presented here supports the interpretation that the global dissemination of leaded petrol and
the ongoing path of fossil-fuel-driven climate change are not isolated environmental phenomena, but rather
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a broader, structurally consistent pattern of industrially created environmental health risks. By examining
these crises within a unified framework, several key insights emerge regarding the dynamics of scientific
knowledge, regulatory response, environmental persistence, and societal impact.

Major findings.

The first key insight is the recurring temporal disconnect between the emergence of scientific evidence and
the implementation of effective regulatory action. The cases of Global warming from greenhouse gases
release along with the atmospheric release of lead and plastics are recognized from the collection of
substantial knowledge of harm available early in the lifecycle of relevant technologies.

The toxicity of tetraethyl lead was evident from even before its initial industrial production' while the
climatic implications of carbon dioxide emissions were established many decades before widespread public
recognition. Despite this, both leaded petrol'® and fossil fuels were deployed globally at an increasing scale
for extended periods’. The delay cannot be attributed solely to scientific uncertainty; rather, it reflects a
complex interaction of economic incentives, institutional inertia, and strategic communication that
collectively slowed the translation of knowledge into policy. The result was the accumulation of pollutants
to levels that produced widespread and long-lasting environmental impacts. This finding underscores the
importance of distinguishing between uncertainty and delay as drivers of environmental harm.

For both pollutants, uncertainty was frequently emphasized in public discourse, even as the underlying
scientific evidence became increasingly robust. This dynamic has been described in the literature as a form
of “manufactured doubt,” whereby the perception of uncertainty is amplified to justify continued inaction.
While the specific mechanisms differ depending on context, the outcome is consistent: regulatory
intervention occurs only after substantial environmental and health damage has already occurred. The
parallel trajectories of leaded petrol and global warming suggest that this is not an isolated phenomenon,
but a recurring feature of industrial-environmental systems.

A second key insight relates to the persistence of environmental contaminants and the resulting
intergenerational consequences. Lead deposited in urban environments remain in soil and dust for
centuries, creating ongoing exposure pathways long after emissions have ceased*’. This persistence
transforms a historically bound pollution event into a chronic environmental condition. Similarly, greenhouse
gases accumulate in the atmosphere and interact with complex Earth system processes, producing long-
term climatic changes that extend far beyond the timeframe of initial emissions®. In both cases, the temporal
scale of impact exceeds the temporal scale of decision-making, meaning that the consequences of past
actions continue to shape present and future conditions. The implications of this persistence are profound.
For lead, the existence of a long-term environmental reservoir means that exposure continues even in the
absence of ongoing emissions, necessitating active remediation strategies rather than reliance on passive
attenuation”’. For climate change, the persistence of atmospheric greenhouse gases®®?', implies that
mitigation efforts must be sustained over long timeframes and that some degree of future impact is already
locked in. These dynamics highlight the importance of early intervention; once pollutants have accumulated
to a certain level, the capacity to reverse their effects becomes limited and increasingly costly.

A third critical insight includes dimensions within both industrial caused crises, the uneven distribution of
environmental risk. The spatial and social patterns of lead exposure were shaped by urban form,
transportation infrastructure, and historical processes such as residential segregation’’. These factors
concentrated contamination in specific communities, often those already experiencing socioeconomic
disadvantages. The resulting disparities in exposure contributed to long-term adversities in health, cognitive
outcomes, and decreased economic opportunity.

Climate change operates through a different set of mechanisms but produces a similar pattern of unequal
impact. Populations with limited resources are less able to adapt to environmental stressors and are more
likely to be exposed to hazards such as extreme heat, flooding, drought, and food insecurity.
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The comparison between leaded petrol and fossil-fuel emissions also reveals important differences that are
instructive for current policy debates. The regulatory actions taken to phase-out leaded petrol demonstrate
that large-scale environmental interventions are possible, even within the context of entrenched industrial
systems. Once regulatory action was taken, blood lead levels declined rapidly in affected populations, illustrating
the potential for significant public health gains. However, this success also highlights the limitations of
reactive approaches. The reservoir of lead remains intact in the environment, and the benefits of intervention
were realized only after decades of widespread contamination and exposure. Similar to the phase-out of
leaded petrol, the improvements in the reduction of chlorofluorocarbons (CFCs) under the Montreal
Protocol led to measurable recovery of the stratospheric ozone layer’®. This demonstrates that large scale
global cooperation is possible that can substantially phase out greenhouse gas emissions from fossil fuels.

The response to climate change remains incomplete and ongoing. While there has been increasing
recognition for the need for mitigation, global emissions continue to rise, and the scale of intervention
required is substantial and increasing. The comparison suggests that the window for effective action narrows
as environmental impacts accumulate. In the case of lead, the primary pathway of exposure, airborne
emissions from petrol, could be effectively addressed through a targeted regulatory intervention.

By contrast Global warming is embedded within the entire global energy system, making mitigation more
complex and requiring coordinated action across multiple sectors and jurisdictions.

Another important insight emerging from this analysis is the role of environmental feedback and secondary
exposure pathways. In the case of lead, the recognition that soil acts as a long-term reservoir introducing
new exposure pathways, particularly through resuspension of contaminated dust’?#4'42_|n an arid Mexican
city, the combination of legacy emissions, meteorology, soil resuspension, and topographic conditions
resulted in enduring airborne lead exposure®.

This expands the scope of the problem to airborne entrained lead from soil and beyond its original framing
as an air pollution issue. Similarly, climate change involves a range of feedback mechanisms, including
changes in albedo, carbon cycling, and atmospheric dynamics, which can amplify initial perturbations®. This
feedback complicates both prediction and management, reinforcing the need for precautionary
approaches. The findings of this article have several implications for future research. First, there is a need
for more integrated analyses that link historical environmental exposures with contemporary health
outcomes. For example, the long-term effects of lead exposure on neurological®** and cardiovascular
health* continue to be investigated, and similar approaches could be applied to understanding
environmental signaling and the health impacts of climate-related effects. Second, there is a need to better
characterize the interactions between different environmental stressors. Populations exposed to legacy lead
contamination may also be disproportionately affected by climate change, suggesting potential synergies
in risk that warrant further investigation. And, finally, the comparison underscores the importance of
incorporating historical perspective into environmental health research and policy.

The integrated evaluation of leaded petrol and fossil-fuel emissions reveals a consistent pattern of industrial
activity, delayed response, and long-term environmental and health impacts. Recognizing these patterns is
essential for understanding the origins of current environmental challenges and for developing more
effective strategies to address them. With this perspective the importance of historical context in
understanding contemporary environmental challenges is highlighted. The legacy of leaded petrol
demonstrates how environmental contamination can persist long after its source has been removed>?"#2,
While the ongoing rise in carbon dioxide®?*" and trajectory of climate change illustrates the consequences
of continued reliance on fossil fuels®.

These are existential changes that underscore the need for precautionary approaches to prioritize early
action in the face of emerging risks.
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9. Conclusions

Leaded petrol and fossil-fuel-driven global warming driving climate change represent two interconnected
environmental changes that unfolded over the course of a single century. Both processes of change were
characterized by early scientific awareness of potential harm, prolonged industrial expansion, and delayed
regulatory response, resulting in widespread exposure and continuing consequences. Both were driven by
profit regardless of known potential widespread health impacts. Their impact continues to shape
environmental conditions and population health, highlighting the long-term implications of decisions made
within industrial systems.

Viewing the unified narrative of lead and petroleum as a cause of the health crises provides a more
comprehensive understanding of the situation. It emphasizes the persistence of environmental
contamination, the role of inequality in shaping exposure, and the importance of timely intervention for
preventing large-scale harm. As the world continues to grapple with the challenges, the history of global
warming and leaded petrol offers a powerful reminder of the consequences of industrial policies, delayed
action, and the lack of legacy for taking appropriate precautionary actions to prevent the accumulating
exposure hazards.
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