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Surveying the Chemical An thropocene
Chemical Imaginaries and the Politics of Defi ning Toxicity

Yogi Hale Hendlin

 � ABSTRACT: Faced with the non-optional acceptance of toxic chemical artifacts, the 
ubiquitous interweaving of chemicals in our social fabric oft en exists out of sight and 
out of mind. Yet, for many, toxic exposures signal life-changing or life-ending events, 
phantom threats that fail to appear as such until they become too late to mitigate. 
Assessments of toxicological risk consist of what Sheila Jasanoff  calls “sociotechnical 
imaginaries,” arbitrations between calculated costs and benefi ts, known risks and scien-
tifi cally wrought justifi cations of safety. Prevalent fi nancial confl icts of interest and the 
socially determined hazards posed by chemical exposure suggest that chemical safety 
assessments and regulations are a form of postnormal science. Focusing on the histo-
ries of risk assessments of pesticides such as DDT, atrazine, PFAS, and glyphosate, this 
article critically reviews Michel Serres’s notion of “appropriation by contamination.”
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If the Anthropocene is defi ned as the age in which industrialization briefl y became a predom-
inant disruptor of Earth’s geological forces, then the proliferation of chemical manufacturing 
and synthesis has played a central role. Th is article contributes to discourses on the Chemical 
Anthropocene1 through exploring the justifi cations and stories or imaginaries deployed to con-
struct legitimation and social license for continued toxic chemical manufacture and exposure 
harming humans, other organisms, and the environment. Th e concomitant downplaying of sys-
temic asymmetries between those exposed to toxic chemicals and those benefi ting fi nancially 
or materially from them especially deserves interrogation. Overvaluing the benefi ts of chem-
icals in society and underappreciating the real and reported costs to life and land has become 
standardized, with its roots in other entwisted forms of discrimination and epistemic silencing 
(Pellow and Brulle 2005; Santos 2016; Sullivan and Tuana 2007).

Drawing on theories of denial(ism) permits analysis of the politics of expendability, in which 
groups of people and territories are made into sacrifi ce zones; what supposed benefi ts are 
wrought from the sacrifi ces made by these people and territories; and the diff erent actors that 
determine this ongoing calculus, which center exclusionary practices that prevent democratic 
processes from allowing those most aff ected by pollution to decide what constitutes an accept-
able level of risk (Bardon 2019; MacKendrick 2018; Markowitz and Rosner 2002; Proctor and 
Schiebinger 2008). Power relations shape the politics of defi ning toxicity. Critical frameworks 
in science and technology studies (STS) (Jasanoff  and Kim 2015), postnormal science (Funto-
wicz and Ravetz 1990), public health (Lerner 2010; Valles 2018), and sociology (Latour 2018; 
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Serres 2010; Szasz 2007) describe both the problem of the Chemical Anthropocene as well as 
model successful public actions that restore environmental health to local, diverse populations. 
Borrowing from Sheila Jasanoff ’s (2015) notion of “sociotechnical imaginaries,” this article dis-
cusses how dominating chemical imaginaries compartmentalize chemical elements for regula-
tion, failing to attend to the dysergistic cocktail eff ects of actual chemical compound exposures 
and bioaccumulation.

Framing chemical imaginaries as such allows us to understand the will to contaminate, which 
seems so powerfully fatalistic in the twentieth and early twenty-fi rst centuries. Discussing both 
the theory and politics of contamination leads to the uncomfortable awareness of patterns of 
denial, contempt for life, and the politics of expendability across an array of cases of major 
chemicals proven to be toxic, including fl ame retardants, C8, cellulose viscose (rayon), and 
the most applied pesticide in history, glyphosate. Despite long-standing knowledge of various 
chemical harms, governmental institutions and companies more oft en than not have deferred 
to industry economic imperatives over the warnings of public health experts, toxicologists, the 
self-reports of workers, and other canaries in the chemical plant capable of protecting the public 
from known dangers (Agard-Jones 2013; Guinier and Torres 2003). Scrutinizing the transpar-
ent inequalities in the social and chemical determinants of health, the undemocratic distribu-
tion of which enables these exposures, I critically evaluate the practices of acceptable collateral 
damage in chemical production, application, and disposal, where exposures of certain classes of 
people and communities to threatening levels of toxins are justifi ed by the economic effi  ciency 
or the convenience of chemical products. Corporations and governments oft en share responsi-
bility for sanctioning unjust exposures, warranting a cross-cutting analysis of the mechanisms 
and interests propagating chemical environmental injustices.

Chemical Impacts Hidden in Plain Sight

From Rachel Carson’s (1962) groundbreaking study on chemical exposure, Silent Spring, to 
Robert Bullard’s (1989) Dumping in Dixie—one of the fi rst books documenting environmental 
racism—chemicals have been recognized as a threat of suffi  cient magnitude to end the Holo-
cene. Since World War II, US chemical production has increased more than 15 times (Di Renzo 
et al. 2015), amounting to more than 30,000 pounds of chemical produced annually per capita. 
It was only aft er 1988 that the concrete substances and harms of chemicals were replaced with 
a more diff use enemy, global warming. Th is new framing both minimized the myriad environ-
mental problems of extractivism and dislocated lived chemical and environmental harms from 
the local context to a global one, presenting a challenge so disperse as to occlude eff ective access 
points for prevention or intervention.

While being robbed of suffi  cient resources to protect against chemical exposures is one prob-
lem, targeted marketing of chemicals is another. For example, the $400 billion global beauty 
industry engages in marketing practices that predominantly promote narrowly defi ned Euro-
pean standards of beauty. Th ese toxic norms have led many African American, Latina and Asian 
American women to decide to buy and use beauty products that contain toxic chemicals such 
as phthalates. Th ese disproportionate exposures are due not only to increased physical contact 
with such chemicals, but also to the fact that they tied into racist advertising practices. Th e 
results are grave: African American women are disproportionately likely to develop uterine leio-
myomas (fi broids) linked to phthalate exposure (largely found in “beauty” products), and this is 
independent of their socioeconomic status. Th ese women will incur up to $34 billion in medical 
costs annually, which of course is in addition to the physical and mental suff ering that they 
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experience (Zota et al. 2019). Chemical exposures and the costs of ecological destruction have 
nothing to do with a generalized Anthropocene. Chemical biotoxicity burdens are raced, sexed, 
gendered, and age-specifi c in their eff ects.

Asymmetries of chemical exposure have resulted from structural inequalities in power rela-
tions. Women, children, the elderly, African Americans, Indigenous communities, people of 
color, and the poor have been and continue to be disproportionately harmed by chemical expo-
sures (Fagin and Lavelle 2002; Pellow 2007; Standing Committee on Emerging Science for Envi-
ronmental Health Decisions et al. 2018). According to the Fumes across the Fence-Line report, 
Black Americans are 75 percent more likely to live in the vicinity of chemical and petrochemical 
industrial facilities than White Americans (NAACP and Clean Air Task Force 2017). Inequita-
ble political recognition and resource distribution has exacerbated the diffi  culties for those least 
protected from chemical exposures to convince or force governments and manufacturers to 
respond to voiced claims (Braveman and Gottlieb 2014; Davies 2018; Lerner 2010).

Conversely, those benefi ting the most from the technoscientifi c liquidity (Bauman and Don-
skis 2013) of the Chemical Anthropocene have become systematically inured to the impacts 
of unavoidable chemical exposures. Th e myth of purity, and of total escape, fosters this illu-
sion of nonporosity: to pretend that one can pollute without becoming polluted (Serres 2010). 
Chemical exceptionalism and asymmetrical benefi ts and harms comprise a scalar instance of 
the delayed and denied fallout of systemic, enforced injustices.2

Perhaps because of this bracketed chemical imaginary, the historical shift  from toxic chemi-
cal exposures predominantly harming disadvantaged groups working directly with and around 
chemicals to global continuous exposures aff ecting all has failed to incite a proportional reac-
tion to reassess the harms and implications of the Chemical Anthropocene. Instead of accepting 
the porosity of bodies, the promiscuity of substances, and the limits of chemical containment—
what Stacy Alaimo (2010) calls the “trans-corporality” of toxins, which respect no social group-
ings or artifi cial national boundaries—fearful elites double down on technologies (including 
other chemicals) in attempts to buff er themselves from now universal exposures (Allen 2017). 
Whereas the only rational option is to reduce exposures overall, privileged swaths of the pop-
ulation have barricaded themselves against the quickly degrading commons that we all rely 
on (Serres 2010; Szasz 2007). Th is chemical exceptionalism has led to techniques of distanti-
ation (Beck 1992), such as relocating to pristine environments, adopting not-in-my-backyard 
(NIMBY) ordinances disallowing local industrial manufacturing, shipping manufacturing and 
waste overseas, and erecting other barriers to exposure through living in a bubble of commodi-
ties to ward off  omnipresent toxins. Predictably but unhelpfully, these false perceptions of safety 
have neutralized the otherwise pressing political issue of chemical exposures for the political 
class. Th e consequences of elites anesthetizing themselves to the threat of troublesome toxins 
was to offl  oad the responsibility for political action onto those most aff ected—a domestic form 
of chemical imperialism.

Chemical imperialism denotes the process of increasing the exposure and involvement of 
chemicals in people’s everyday lives, and the globalization of the West’s chemical externalities 
constitute a version of it. Chemical products are injected into society, becoming indispensable 
elements of modern life. But their toxicity harms those least privileged domestically, and the 
aggressive export of manufacture and use of these chemicals reproduce these disparities in toxic 
harms abroad.

Th e spread of chemical manufacture into the poorest world regions has followed a colo-
nial pattern (Garcia-Johnson 2000). While the European Union is lauded for having some of 
the strictest chemical regulations in the world (Vaughan 2015), earlier reports found that the 
United States, the United Kingdom and Europe “have compiled similar records in controlling 
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substances suspected of causing cancer in humans” (Brickman et al. 1985: 52), insulating them-
selves from carcinogenic chemicals. “Overseas” to them meant “politically out of mind”: they 
indulged in more exploitation and spread the industrial diseases associated with toxics expo-
sures (Bartley 2018).

While synthetic chemistry undoubtedly has enabled many gains in water purifi cation, sani-
tation, building materials, and convenience, chemical supremacy has overshadowed other tradi-
tions of taking care of human and more-than-human needs. Nontoxic pesticides, integrated pest 
management, and traditional co-planting strategies (such as the Central American Indigenous 
traditions of planting together the “three sisters” of beans, corn, and squash, each providing 
endogenous insecticides and scaff olding for the others) serve the same purpose as agrochem-
icals without the toxic side-eff ects (Badgley et al. 2007; Kimmerer 2015; Nabhan 2013). Yet, 
these naturecultural traditions for many decades were stigmatized as being anti-technology or 
antimodern, as a result of colonial attitudes toward their use (Hendlin 2014). Th is perception 
among farmers has only recently begun to fade.

Synthetic chemicals are simultaneously ubiquitous and hidden in our lives. From the seem-
ingly innocuous but toxic Tefl on (C8) covering nonstick pans and Gore-Tex jackets, to synthetic 
material clothes (vinyl chloride), to BPA-formed bottled water, having to take stock of lurking 
toxins imparts an unfair anxiety burden on consumers (MacKendrick 2018). As a result, aware-
ness of the toxic chemicals accumulating in our bodies usually is relegated to the back of our 
minds until or unless illness strikes. Terror management theory states that we are more likely to 
pay attention to immediate, evolutionarily primed threats of violence, than the slow violence of 
oft en almost invisible chemical exposures (Solomon et al. 2015). Even without the active chem-
ical industry campaigns of denialism, the future-oriented dangers of chemicals fall outside the 
immediacy of daily concerns. Th is is ironic, as chemicals pose a large (if not the largest) threat 
to human and planetary health.

Chemical signatures of the Anthropocene include DDT in postwar lake and sea sediment 
layers worldwide (Waters et al. 2016); the infusion of microplastics in virtually every substance 
on earth is another indelible sign (Geyer et al. 2017). Chemicals also are hidden, deliberately 
so, as we are assuaged of our fears from noisome scientifi c studies by substituting socially dele-
gitimized chemicals for the next toxin, pretending that this time the new chemical will give us 
all of the features we desire without any of the harm of “regrettable substitutions” (Allen 2016; 
Soechtig and Seifert 2019).

Chemistry occurs everywhere; yet the unique interventions of humans to distill, extract, 
concentrate, and synthesize new chemicals and increase the doses of existing compounds have 
created new planetary harms, scaled up to the massive levels of industrial artifi cial chemical pro-
duction and use, ever with new markets on the horizon. Many naturally occurring chemicals are 
dangerous to human and environmental health, yet rarely are these found in the amounts, con-
centrations, or pervasiveness that they exist in our anthropic, profi t-motivated world. Controlling 
chemicals has created matter-out-of-place—colliding human bodies and the more-than-human 
world with the residuals of a linear factory model of production. Chemicals are elemental: buried 
in our air, water, soil, and aff ecting the temperature. Th ere is no avoiding them.

Understanding Chemical Imaginaries

Th e power of chemicals to harm various organisms is a biochemical matter, but the choice to 
allow or disallow a given class of chemicals, the decision to place restrictions on researching, 
testing, and bringing certain chemicals to market, and the subsequent quandary of what is to 
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be done once a given chemical has been proven to cause harm results from a constellation 
of clashing ideologies, interests, and power relations between various actors—including insti-
tutionally discriminated against people, chemical industry laborers, company shareholders, 
chemical industry executives, buyers along the product chain, and government agencies. Th ere 
is no detangling this bundle of actors and interests; they exist in relation to one another. Yet, 
gaining insight into chemical imaginaries, and how they are constructed, provides tools for 
understanding shift ing power structures and relations, and thus disrupts status quo “acceptable” 
harms and outcomes.

In the critical tradition of viewing sociomaterial conditions as imaginaries projected from 
the interference patterns of public struggles for power, Charles Taylor posits that “the social 
imaginary is that common understanding that makes possible common practices and a widely 
shared sense of legitimacy” (2004: 22). While Taylor emphasizes the background conditions and 
assumptions that go into reasons and reasoning in a similar way that Jürgen Habermas (1987) 
views this same phenomenon as the “lifeworld,” in her depiction of sociotechnical imaginar-
ies Sheila Jasanoff  follows Arjun Appadurai’s counter-public infl ected version of imaginaries. 
Appadurai conceptualizes imaginaries as dueling among “disjuncture and diff erence” across 
an actively “organized fi eld of social practices” (1990: 50), stressing that the organization of 
imaginaries is not some harmonious or chance happening, but rather an intentional power-in-
fused struggle for defi nition and redefi nition. For Jasanoff , to “treat the material apart from the 
social” (2015: 2) is to commit not only ethical and ontological errors, but also epistemological 
distortions.

Jasanoff  elucidates her template for sociotechnical imaginaries as a form of “co-production.” 
Th e concept

is shorthand for the proposition that the ways in which we know and represent the world 

(both nature and society) are inseparable from the ways in which we choose to live in it. 

Knowledge and its material embodiments are at once products of social work and consti-

tutive of forms of social life; society cannot function without knowledge any more than 

knowledge can exist without appropriate social supports. Scientifi c knowledge, in particular, 

is not a transcendent mirror of reality. It both embeds and is embedded in social practices, 

identities, norms, conventions, discourses, instruments, and institutions—in short, in all the 

building blocks of what we term the social. Th e same can be said even more forcefully of 

technology. (Jasanoff  2004: 2–3)

Co-production provides a critical science studies perspective to interrogate how chemicals have 
been so recalcitrant to scrutiny and intervention. More recently, Jasanoff  has emphasized the 
interplay of the “normativity of the imagination with the materiality of networks” producing 
imaginaries “at once products of and instruments of the coproduction of science, technology, 
and society in modernity” (2015: 19). Th is framework breaks free from the locked-in power 
relations of other forms of analysis and attends to present agencies and the fragility of existing 
practices and arrangements, detailing fertile fi ssures in what might otherwise appear as mono-
lithic institutions or deterministic mechanisms. Analysis of government agencies, for example, 
shows that far from being concordant, government divisions operate unevenly according to 
surges in competing ideologies and interests—from revolving-door chemical industry repre-
sentatives to institutionalized environmental justice scientists and activists advocating commu-
nity health (Harrison 2019).

Because chemical policy and regulation results not only from the work of active citizens, 
political institutions, and authorities, but is contingent on contestations between independent 
and interest-confl icted science (as well as major transnational corporations’ fi nancial exigencies 
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and lobbying), viewing chemical policy as a product of sociotechnical imaginaries can help 
account for its complexity. Th is approach assesses the perspectives and power of diff erently 
situated actors while critically attending to their relative impact in decision-making. Without 
structural fatalism, and eschewing a privileged disembodied epistemic perspective, unexpected 
shift s in discourse around these issues can be connected with the material structures and incen-
tives in such decisions. One example of the latter is when plaintiff s’ attorneys are willing to settle 
class action lawsuits to secure signifi cant compensation for their own eff orts even if going to 
trial would have resulted in potentially more meaningful outcomes for both the victims and the 
scientists, as in the case of the recent Bayer glyphosate settlement (Bronstad 2020).

While the Chemical Anthropocene is continuous with the colonial project of dispossession 
through appropriation (Harvey 2006), it is unique in that rather than capturing land or other 
goods, it dispossesses through polluting goods, bodies, or territories, rendering them no longer 
functional for their original inhabitants (Merchant 1980; Szasz 2007). Chemical contamination 
becomes occupation in absentia, a mode of claiming space without needing to physically occupy 
it directly. Sacrifi cial contamination of areas and peoples under the cover of grand narrative 
claims is the centuries-running result of the instrumental logic of colonialism, rather than the 
exclusive domain of apologists for chemical pollution. And the more toxins proliferate, the far-
ther the reach of chemical imperialism. Th e chief justifi cation of chemical imperialism, that the 
costs there are always worth the “progress” here, only operates by ignoring and denying other 
contesting sociotechnical imaginaries. Th e everydayness of chemical exposure becomes natu-
ralized as an inescapable part of the bargain of civilization instead of being viewed as a fi xable 
system design fl aw that leads to environmental injustices.

Chemical sacrifi ce zones become glossed as acceptable collateral damage according to an 
ideology of infi nite exchangeability and deracination (Klein 2008; Lerner 2010). Such ideologies 
of collateral damage are wedded to millenarian notions of progress. Carolyn Merchant identifi es 
the fatalistic argument that pollution is a necessary byproduct of progress in the birth of large-
scale mining in Europe. She paraphrases Georg Agricola’s (1494–1555) De Re Metallica (On 
Metals)—the fi rst modern treatise on mining:

Agricola responded that most mines occurred in unproductive, gloomy areas. Where the 

trees were removed from more productive sites, fertile fi elds could be created, the profi ts 

from which would reimburse local inhabitants for their losses in timber supplies. Where 

the birds and animals had been destroyed by mining operations, the profi ts could be used 

to purchase “birds without number” and “edible beasts and fi sh elsewhere” and refurbish the 

area. (Merchant 1980: 38)

From medieval justifi cations for mining to Louisiana’s Cancer Alley—the 80-mile stretch of the 
Mississippi River between Baton Rouge and New Orleans called by this name for its high con-
centration of chemical plants and the highest cancer rates in the United States (Misrach and Orff  
2014)—the justifi cation for pollution and despoilment is bought through the promise of com-
pensation. Industrial interventions are glossed as improvements against lands or lives that thus 
far had not been used up as completely as they could in extracting maximum commercial value. 
Th e distantiated accounting of extractivism could be chalked up to the “normal accidents” of 
a “risk society” (Beck 1992; Perrow 1999), where the displacement of recompense temporally 
into the forever-delayed future and geographically to the enjoyment of goods by other people in 
other places justifi es such takings.

Challenging such economic analysis requires understanding what is at stake in such socio-
technical imaginings. Th e standard justifi cation rationalizes the begrudgingly recognized harms 
as proportionate to the overall utilitarian calculus of benefi t and harm (however dubiously mea-
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sured). Th e only way out presented by this framework is to secure for oneself an exception from 
the worst eff ects of the creeping default pollution encasing the globe. Mobility of all sorts—phys-
ical, psychological, emotional, cultural, national, economic—becomes the passport of untether-
ing that allows survival, the goal becoming to stay just ahead of new waves of pollution fed by the 
material effl  uent produced by commodifi ed forms of mobility. Rather than attending to degraded 
default commons, exceptionalism aims to maximally delay the collective fate from catching up 
to the individual. Th is requires disassociating oneself from previous associations, rejecting all 
allegiances, and betraying anyone and anything should such action permit continued mobility 
toward the imaginary of escape velocity. Attempting to create a “personal commodity bubble” 
to momentarily protect oneself while failing to address the collective harm creates additional 
pollution: in the process of attempting to delay reckoning with pollution, one makes even more 
of it (Szasz 2007). Instead of confronting the ecological and social crisis, the goal of the shared 
project of environmental and social justice, elite exceptionalism opts out of the shared fate of 
humanity (Latour 2018). Salvation itself becomes commodifi ed through the half-baked solution 
that economic mobility allows buying one’s way out of the Chemical Anthropocene, creating an 
“inverted quarantine” (Szasz 2007: 4) of fi lters, armor, safe spaces, and other barriers—technolo-
gies of distancing—to protect the paying consumer against the increasingly polluted commons.

Th e chemical industry has been quite aware of the need to downplay the risk of their chem-
icals, since they wish for consumers to buy their risk-laden products. By simply failing to men-
tion full chemical compositions, denying that there are known harms, and instead directing 
focus to the virtues of their products, the industry subdues most of us into making real dangers 
disappear into the everydayness of our experience. Th e chemical industry defends its actions by 
emphasizing its adherence to chemical regulations, thus borrowing people’s trust in government 
oversight to exculpate its own responsibility and provide cover for compromising worker and 
consumer health for the sake of profi t. By making the appeal of new conveniences common-
place enough—aware that most who would be the worst-aff ected by the health harms are too 
busy to refl ect on the oft en long-term delayed health harms of chemical exposure—the chemical 
industry is eff ectively indemnifi ed (for the short term, at least). Th e irony that those suff ering 
the most from chemical harms are precisely those whose lives are already strained with other 
exigencies means that the industry counts on their silence and compliance. Th is industry for-
mula for repressing harms is being rewritten, as environmental organizations are being replaced 
by environmental justice organizations (Bakari 2019), oft en growing from the most aff ected 
communities, refocusing from protecting imaginaries of the wilderness to standing in solidarity 
with the lives and areas that people inhabit.3

Scientifi c disputes on the toxicity of a given chemical oft en are proxies for political and ideo-
logical disagreements on who or what is expendable (Anderson 2004). Instead of simple cost–
benefi t analyses, disagreements move from terrain to terrain, depending on which actor has a 
stronger foothold in that area. For example, Monsanto attempted to counter strong ecotoxicol-
ogy research showing the carcinogenicity of glyphosate with epidemiological studies they felt 
undermined the ecotoxicology assessments during and immediately following the landmark 
International Agency for Research on Cancer (IARC) assessment (Farmer and Koch 2015). 
Many chemical analyses look at chemicals in isolation rather than in their formulations as com-
mercially available and applied. Regulatory agencies such as the European Union’s EFSA (Euro-
pean Food Safety Authority) take a “controlled experimental tiered risk assessment approach, 
giving results that are diffi  cult to extrapolate to a real‐world situation” (Vijver et al. 2017: 860). By 
determining regulatory decisions based on toxicology analyses of single chemicals rather than 
the admixtures the “active” ingredient comes housed in, the possibility for accurately assess-
ing exposures plummets. While Europe’s Registration, Evaluation, Authorization and Restric-
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tion of Chemicals (REACH) regulation laudably aims to substitute out high-risk chemicals for 
lower-risk chemicals, its analysis focuses on the “intrinsic properties of chemical substances”—
as if chemicals aff ected all bodies the same, or abstained from interacting with their various 
environments (European Commission 2021).

Disaster Capitalism in the Chemical Anthropocene

During the coronavirus pandemic, on both sides of the Atlantic the plastic industry has 
attempted to exploit people’s Lady-Macbeth-like fear of touching surfaces to “leverage more 
marketing for single-use products” like plastic bags and rolling back environmental regulations, 
according to US Senator Tom Udall (Udall and Lowenthal 2020). With the plastic waste stream 
entering oceans (already saturated, as the Great Pacifi c Plastic Gyre indicates) predicted to tri-
ple in the next 20 years (Pew Charitable Trusts 2020)—enough plastic contamination for 50 
kilograms for every meter of coastline worldwide—the resistance of the petrochemical industry 
against reducing plastic use or shift ing to bioplastics has been intense and unrelenting (Collins 
2010; Freinkel 2011). Th e plastic industry’s pandemic rentier-seeking behavior, characteristic 
of “disaster capitalism” (Klein 2008), opportunistically seized a moment of collective trauma 
to roll back hard-fought environmental and social political gains through exploiting the policy 
free-for-all during a state of emergency.

Half-measure regulations end up producing “pollution havens” and bubbles of heavily and 
less polluted areas, rather than minimizing overall pollution. While many countries are locked 
into a race to the bottom, especially the United States and China seem unable to exit from 
permissiveness with minimal requirements for newly developed chemicals to enter the market 
(Aşıcı and Acar 2016; Rasli et al. 2018; Rosen 2005; UN News 2020; Zhao and Percival 2017).4 
Such games of economic one-upmanship, adopting the stance that “if we don’t invent it or allow 
it, the other team will,” removes traditional restraints from technoscience. By placing fi rst-on-
market advantages above all other ecological or health concerns, diff erent companies worldwide 
are locked into a chemical arms race, holding humanity and the Earth hostage.

Such zero-sum competitive impulses spill over from companies to governments. Govern-
ments (or at least portions of them [Harrison 2019]) beholden to chemical manufacturers can 
do tricky things, like open a public input process for public comment but not list the pub-
lic comment on the new proposed rule in the federal register, where the public can see the 
time frame in which they must give crucial scientifi c feedback. Th is is exactly what happened 
with the German agribusiness company BASF’s US application to sell the herbicide isoxafl utole 
(brand name Alite 27). When a science policy analyst from the Center for Food Safety asserts 
that “[t]his is basically an herbicide that shouldn’t be approved at all for any use. It’s that bad 
really on both the human health and environmental fronts,” to not let the public health and 
environmental science community know about the public comment opportunity (instead the 
US Environmental Protection Agency [EPA] gathered 54 public comments exclusively from 
BASF and their business partners lauding the new chemical) is to commit an unethical if not 
downright criminal act (Hettinger 2020). One can see here that the problem involves more than 
just the chemical industry. Ironically (or cynically), in announcing their decision to permit 
use of this herbicide on GMO soybeans designed to withstand the chemical, the EPA explicitly 
noted their “careful consideration of public input” (US Environmental Protection Agency 2020; 
see also Hettinger 2020). Instead of interacting with the feedback from government, scientists, 
and civil society, the chemical industry, like many other industries, has become involuted, bent 
on refashioning its environment to meet its own single-metric, profi t-driven interest.
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Settlements as the Price of Doing Business

Johnson and Johnson’s arsenic-containing baby powder, Bayer’s glyphosate, the tobacco 
industry’s cigarettes, and Purdue Pharmaceuticals’ oxycodone are all members of a select cir-
cle of deadly products for which massive class action settlements have occurred, and yet these 
products continue nonetheless to be sold on the market. Settlements, instead of damning a 
product into removal from markets, have instead become backdoors to sustaining the legality 
of known toxins, defl ecting acknowledgment of wrongdoing (Bullard 2000; Percival 1987; 
Christopher Taylor 2004). Settlements exculpate companies from having to clean up their 
mess, and they enable them to perpetuate externalizing the costs of business. In the tobacco 
case, one of the weaknesses of the Master Settlement Agreement, which awarded to US states 
a record-breaking $240 billion distributed over 25 years, is that it only further entrenched the 
tobacco industry as part of the deal, as payouts were scheduled over two-and-half decades, 
securing the industry ample time to pivot to electronic cigarettes while continuing opera-
tion of a commercial industry known to kill one in every two of its consumers (Givel and 
Glantz 2004; Hendlin et al. 2017). Likewise, the June 2020 Bayer US glyphosate settlement did 
not ban the product from use or manufacture. Instead, the payouts acted eff ectively as hush 
money while populations in the United States and around the world—disproportionately peo-
ple of color and the poor—continued (and continue) to be exposed to these chemicals (Gil-
lam 2020). Settlements that allow the continued sale of harmful products raise the following 
questions: While the petitioning parties will be fi nancially compensated, what about future 
injured parties aff ected by negligent states not taking the message of an injury settlement to 
heart? Will the future-aff ected be gagged from receiving their own settlement for injuries that 
could and should have been prevented? Will such plaintiff s not only sue companies, but also 
negligent states?

To indicate how the investment community views the severity of the US glyphosate settle-
ment, Bayer’s stock price actually increased immediately aft er the $10.9 billion settlement was 
announced, suggesting that the real price of Monsanto/Bayer’s culpability was estimated to 
be much higher (Sier 2020). Major investment bank analysts like those from Bernstein and 
Deutsche Bank commented: “While this undoubtedly constitutes a large amount of money, we 
believe that it provides a reasonable degree of fi nality to the litigation issue, and that it removes 
a signifi cant overhang on the investment case” (Sier 2020). Settling for this amount not only 
bought Bayer relief from the tens of thousands of open lawsuits against Roundup/glyphosate, 
but also included $400 million to settle open litigation against Monsanto’s sought glyphosate 
replacement (dicamba), as well as sealed further environmental claims for glyphosate-related 
waterway contamination ($820 million). Bayer netted three potential open claims in one deal. 
Going into the settlement, Bayer CEO Werner Baumann made explicit that the company only 
would consider deals that would allow it to continue selling glyphosate-based products (Liu 
2020). Likewise, despite its 2017 $670 million settlement, DuPont continues to manufacture 
and sell Tefl on-coated products around the world, harming customers and factory workers alike 
every day it continues to do so (Nicole 2013; Percival 1987; Rasli et al. 2018).

Diff erent Chemical, Same Pattern

Surveying the Chemical Anthropocene through industry-dominated sociotechnical imaginar-
ies reveals that the current politics of toxics is concocted so that even when environmental 
justice, ecological justice, and public health victories occur, the public still loses. From whack-a-
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mole chemical regulation—where the chemical industry expects eventual regulation and dele-
gitimization of toxic products, and so lines up replacement chemicals—to accepting fi nes and 
settlements as a cost of doing business, the industry’s ability to control the frame of chemical 
imaginaries has been impressive against popular movements and public scrutiny. Th e following 
case studies depict instances of replicated tactics of entrenchment suppressing democratic deci-
sion-making regarding the true costs of chemicals.

Flame Retardants (PBDEs): Th e Power of Leverage

Th e responsibility for large and rich governments to regulate chemicals could not be more 
urgent. Th e case of fi re retardants is a case in point. Pressured to make a fi resafe cigarette in 
the 1970s, the tobacco industry instead made up excuses for why it could not create a fi resafe 
self-extinguishing cigarette, and instead devised a ruse of mass proportions to hide behind. It 
blamed furniture as the real driver of the frequent smoldering cigarette fi res and deaths, and 
in the process created (yet another) completely avoidable (and previously less pressing) pub-
lic health emergency of polybrominated diphenyl ethers (PBDEs including halogenated and 
organophosphate) fl ame-retardant exposures.

Colluding with the chemical industry, which was eager to make use of a chemical it could not 
immediately monetize but discovered had (overstated) fl ame-resistant properties (Callahan and 
Roe 2012a), the tobacco industry pushed via front groups and proxies—including fi refi ghter 
associations—to foist the blame of cigarette home fi res on “faulty” furniture. As Philip Morris 
(1984) executives put it during a 1984 private corporate aff airs meeting in New York: “We have 
put a huge amount of time into helping all the organise[d] groups of professional and volunteer 
fi re-fi ghters . . . And then when we need them to stand up and say, [it is] not cigarettes that cause 
fi re, in 99.9 percent of the cases, we get theri (sic) cooperation.” Th e tobacco industry insinuated 
former tobacco industry executive Peter Sparber in the National Association of State Fire Mar-
shals, who eventually guided the group to push for fl ame-retardant legislation (Callahan and 
Roe 2012b).

Heavily pushed by the American Chemistry Council’s North American Flame Retardant 
Alliance, California’s fl ame-retardant test Technical Bulletin (TB) 117-1975 became the gold 
standard copied worldwide, with many items exceeding the recommended levels. Because Cali-
fornia is the United States’s largest market for just about everything and a key commerce portal 
for Asia, manufacturers do not wish to create alternative manufacturing processes just for Cali-
fornia, so they adopted the California standard, which resulted in pouring pounds of bromated 
fl ame retardants into every sofa, chair, plush toy, and baby carriage made. In the late 1970s, 
fl ame retardants were even dutifully sprayed on children’s pajamas (Dishaw et al. 2014). As a 
result, American babies were (and still are) born with the highest levels of PBDEs in their blood 
of any in the world (Lam et al. 2017). Scientists have doubted whether more lives are saved or 
sacrifi ced due to the now ubiquitous exposure to fl ame retardants (Shaw 2010). PBDE fl ame 
retardants have since been linked to increased cancer incidence, developmental problems, lower 
IQ, and impaired fertility (Grandjean and Landrigan 2014; Lam et al. 2017).

Shortly aft er the 1998 Master Settlement Agreement, the tobacco industry gave up their 
quest to blame furniture for cigarette-caused fi res, but Sparber pivoted to work for the chemi-
cal industry, continuing lobbying, under the cover of fi refi ghter organizations, for fl ame retar-
dants proven to harm human health and be ineff ective (Callahan and Roe 2012b). Th e chemical 
industry hired the public relations fi rm Burson-Marsteller, which created a front group called 
Citizens for Fire Safety, with a paid front man named David Heimbach, who made the rounds 
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telling fabricated but horrifi c stories about babies getting burned to death in order to scare law-
makers away from repealing the fl ame-retardant requirement as evidence mounted of PBDEs’ 
public health harms (Callahan and Roe 2012a).

In response, 150 scientists signed the San Antonio Statement on Brominated and Chlorinated 
Flame Retardants, arguing that fl ame retardants contain hazardous persistent organic pollutants 
(POPs) and are less eff ective compared to other means of fi re suppression (DiGangi Joseph et al. 
2010). Many fi refi ghters vehemently oppose the use of these fi re retardants, as they pose toxic 
inhalation risks while they are on duty extinguishing fi res (Glenza and Aratani 2019). Only aft er 
Pulitzer-Prize-winning journalists exposed the tobacco-chemical fl ame-retardant conspiracy did 
California move in 2013 to fi nally repeal TB 117-1975 and replace it with TB 117-2013, which 
by 2015 allowed the sale of fl ame-retardant-free furniture and other items in the state, freeing up 
manufacturers worldwide to revert to producing household goods sans fl ame retardants.

Cellulose Viscose (Rayon): Th e Siren of Innovation for Mass Consumption

Th e fi rst synthetic fi ber to be mass manufactured, cellulose viscose, became “the prototype of a 
multinational business enterprise, an early model of what would become the dominant modus 
operandi for large business entities aft er World War II” (Blanc 2016: 193). At the time of its mar-
ket introduction in the 1910s and 1920s, viscose was heralded as making luxury goods (such 
as silk pantyhose available through their viscose rayon variety) accessible to wider populations, 
as many chemical and commercial inventions have claimed and indeed done. From increased 
heart attacks among factory workers to severe mental health issues from inhaling fumes (Blanc 
2016), however, viscose also causes countless manufacturing workers to die prematurely and 
releases carbon disulfi de into the atmosphere (Blanc 2009, 2016). Indicting Occupational Safety 
and Health Administration (OSHA) for lax, industry-friendly carbon disulfi de regulations (they 
rejected a scientifi cally recommended 1 part per million [ppm] standard in favor of a 20 ppm air 
exposure limit in place since the 1930s), medical doctor and historian Paul Blanc places viscose’s 
environmental and health costs at the same maximum tier as asbestos. He asks the disconcert-
ing question—because it has no scientifi c but only a political answer—how much accumulated 
death and evidence is required aft er the introduction of new chemicals and technologies before 
we decide to reverse our steps?

Pantyhose for the masses was the entry point for the rayon industry, and the 1970s cemented 
the trend of cheaply produced synthetic clothes. But its downsides became apparent as factory 
workers became sick and died. Following an already familiar pattern of colonial waves of chem-
ical imperialism, at mid-century aft er domestic publics became indignant over worker harms, 
rayon manufacturing was shipped overseas, both distantiating the harms (out of sight, out of 
mind) and creating new markets for the materials (Blanc 2016).

In lockstep with the industry playbook of replacing chemicals—but not processes—with 
marginally diff erent ones, the industry introduced so-called “green” viscose made from bam-
boo fi bers, which was another act of what the Federal Trade Commission (FTC) (2009) called 
“bamboo-zling” customers. As the FTC explains: “Rayon is a man-made fi ber created from the 
cellulose found in plants and trees and processed with a harsh chemical that releases hazardous 
air pollutants. Any plant or tree could be used as the cellulose source—including bamboo—
but the fi ber that is created is rayon.” Yet again, the panacea to the problem is provided by the 
same companies that created the toxic harms in the fi rst place, placating the public to sustain 
unsustainable business practices while making minimal deviations from the status quo, with the 
consequence of minimally mitigating the harms.
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PFAS (Tefl on): Th e Power of Denial

Th e original “forever chemicals,” the family of perfl uoroalkyl or polyfl uoroalkyl substances 
(PFAS) are found in 99 percent of American bodies and in organisms living in far-fl ung cor-
ners of the Earth, and are transferred intergenerationally (Environmental Working Group 
2018). Perhaps as many as 110 million Americans are regularly exposed to contaminated tap 
water containing at least one of the nearly 5,000 types of PFAS chemicals (Evans et al. 2020). 
Th e majority of these exposures occur among populations that are already disproportionately 
in contact with other chemical toxins. Exposure to PFAS, even in extremely small quantities, 
causes cancers, reproductive and immune system harm, metabolic dysfunction, and other 
serious diseases (Environmental Working Group 2018; Graber et al. 2019; Nicole 2013). Since 
1946, 3M (Scotchgard and Gore-Tex) and DuPont (Tefl on) co-produced PFOA (which DuPont 
termed “C-8”). Like many chemicals described here, and much like the birth-defect-producing 
chlorpyrifos, PFOA is biopersistent, meaning that it does not readily degrade, and is passed 
down through generations, bioaccumulating and makes existing toxin exposures even worse.

Th rough factory surveys, worker complaints, and its secret internal scientifi c studies, DuPont 
knew about the toxic eff ects of C8 as early as 1950, and in 1961 internal scientists warned about 
liver damage (Environmental Working Group 2018). Research by 3M, DuPont, and a Stan-
ford University study in the 1960s already produced data detailing C8’s harms (Environmental 
Working Group 2018). By the 1970s and 1980s, both 3M and DuPont were taking precautions 
with exposed workers, including reassigning pregnant female workers due to C8’s known repro-
ductive harms (Arenson 1961; Ingalls 1981). As the serious health harms of PFOA became 
increasingly clear to both companies, they took diff erent tacks in reconciling their businesses 
with the harms of their product.

3M positioned as praiseworthy its 2002 “voluntarily phase out [of] production of PFOA 
and PFOS globally as a precautionary measure”; yet, on the very same corporate webpage they 
deny the science of these persistent endocrine disruptors: “While some research has indicated 
possible associations with certain biomarkers or health outcomes in people for PFOA and 
PFOS, results across studies examining these endpoints have found either inconsistent or 
confl icting observations and do not show causation” (3M 2020). Such slippery conclusions 
are scientifi cally false and a testament to the company’s rearguard desire to indemnify itself 
against lawsuits. Th e current science is indisputable in this regard; even the FDA has moved 
to phase out perfl uorinated alkylated substances from to-go containers such as pizza boxes 
due to the unambiguous harms (even if their generous “voluntary” phaseout by the main food 
container manufacturers aims to minimize “potential market disruptions to food packaging 
supply chains” rather than maximize the public health protections) (Offi  ce of the Commis-
sioner 2020).

DuPont, on the other hand, feared moving to another chemical (such as C-6), as they fi gured 
“C8 is the devil we know,” whereas a new chemical might be even worse—“the devil we don’t 
know” (Playtis and DuPont 1991). Such iatrogenic concerns are understandable, as DuPont wit-
nessed the unfolding of the contamination of the groundwater of Parkersburg, West Virginia, 
downstream from their Tefl on factory (Soechtig and Seifert 2019). Aft er a class action law-
suit from injured parties in Parkersburg formed the C8 Health Project, DuPont settled without 
admitting liability to the EPA for “concealing its knowledge of PFOA’s toxicity and presence in 
the environment in violation of the Toxic Substances Control Act” (Rich 2016). Th e company 
proceeded to shift  production from PFOA to other PFAS chemicals. As experts at the University 
of California, San Francisco maintain, however, “[t]hough the specifi c PFAS chemicals originally 
used to make Tefl on and Scotchgard (PFOA and PFOS, respectively) have been banned in the 
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US, the PFAS chemicals that have replaced them may be just as toxic” (Toepel 2019). DuPont’s 
premonition about the devil they did not yet know may have turned out to be correct.

Glyphosate: Th e Most Used Pesticide in History

No pesticide in history has been more applied than glyphosate and glyphosate-based herbi-
cides (GBHs). Available originally in 1974 as Roundup, and since appearing in nearly 1,000 co-
formulations and products, glyphosate was the original herbicide for which the fi rst genetically 
modifi ed organisms (GMOs) were commercially built to withstand. Glyphosate has been Mon-
santo’s (now Bayer’s) star chemical; in recent years GBHs accounted for nearly 50 percent of 
Monsanto’s total revenue (Henderson et al. 2019). Glyphosate has been called a “once in a cen-
tury” pesticide for the great boon it confers on agrobusinesses, as it is eff ective in killing weeds 
and is relatively safe compared to previous Green Revolution chemicals, such as chlorpyrifos 
(Duke and Powles 2008). But such comparisons are misleading. 

Mounting evidence show GBHs to be far from benign, as did the prestigious IARC, which 
found GBHs to be “probably carcinogenic to humans” in March 2015 (Guyton et al. 2015), 
sending Monsanto and industry-friendly chemical regulatory agencies around the world scram-
bling to counter IARC’s status quo destabilizing designation. Soon, a class action lawsuit was 
underway, eventually amounting to over 140,000 members—mostly groundskeepers, janitors, 
and farmers—who had contracted non-Hodgkin’s lymphoma from regular contact with GBHs. 
Just before the fi rst jury verdicts in California courts delivered billions of dollars in damages to 
single parties, Bayer bought Monsanto for US$63 billion and then promptly lost the even greater 
sum of €57.7 billion in share value, an act described as the “biggest destruction of capital in 
German stock market history” (Wisner 2018).

Th e anthropocentric focus of glyphosate regulation is the twin harm of the eff ective compart-
mentalization of the substance, with Monsanto and chemical-industry-captured government 
agencies only assaying the pure chemical of glyphosate rather than examining the toxicity of 
the admixtures that commercial varieties actually come in. Coincidences of atrazine (another 
popular toxic herbicide) and GBHs increase genotoxicity damage more than both in isolation 
(Roustan et al. 2014; dos Santos and Martinez 2014). Th is “cocktail eff ect” of the synergistic—or 
more accurately, dysergistic—eff ects of these combined chemicals is one of the gaping holes of 
chemical regulation in Europe, the United States, and elsewhere.

Co-formulants of GBHs also intensify their harms. For example, the European Union banned 
the adjuvant polyethoxylated tallowamine in their 2016 reauthorization because of dysergistic 
eff ects causing worse human health eff ects than glyphosate alone (European Commission 2016; 
Nagy et al. 2020; Sihtmäe et al. 2013). One might ask why the EU formulation free from this 
toxic adjuvant has not become the standard elsewhere, and why formulations in various coun-
tries diff er.

Some scientists have been reticent about a glyphosate ban because of fears of even worse 
replacement chemicals; farm owners have resisted bans because of entrenched chemical path 
dependency. Th is suggests that campaigns to ban PFAS or glyphosate, for instance, must be 
accompanied by the larger challenge of reducing synthetic chemical inputs in agriculture and 
consumer goods in general—and instantiating these changes in law. Alternative pest and weed 
management strategies are required in order for industry to disembark from the chemical 
treadmill.

Due to chemical industry lobbying, advertising, and curated farmer dependency, farmers 
oft en defend industry interests when threatened by attempts to ban chemicals they depend on 
without a clear transition trajectory (Wagner 2008). Consumer advocacy groups and farm own-
ers have oft en been pitted against each other over glyphosate, with farmers defending contin-
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ued use of the agrochemical, even though farm workers (and their families) are much more 
exposed to dermal and airway harms (the most harmful ingestion pathways) than consumers 
are (Myers et al. 2016). Th is pesticide Stockholm syndrome further entrenches harmful pesti-
cides and deepens farmer identity with the industry, despite their lived experiences of ill health. 
While environmental justice movements have awakened many farmers’ indignation at chemical 
exposure, agrochemical industry strategies aim to reframe farmers’ perceptions of pesticide reg-
ulations as economic threats rather than as protections aimed to safeguard their health.

Unequal Exposures and Protections

Chronic health conditions have risen over the last three decades for children and young adults 
(Cleave et al. 2010), and they are correlated with increased chemical exposure, especially for 
endocrine-disrupting chemicals such as dichlorodiphenyltrichloroethane (DDT), phthalates, 
bisphenol A (BPA), and PBDEs (polybrominated diphenyl ethers in fl ame retardants) found in 
pregnant mothers (Woodruff  et al. 2011). Considering the bioaccumulation of chemicals in our 
bodies and environment, this is not surprising; our bodies and social systems can only take so 
much before they succumb to chemical collapse.

Th e ambitions of chemical imperialism consistently seek new markets especially as domestic 
regulations mature. One of the basic problems with the Chemical Anthropocene is that pre-
cisely those with the most power to make decisions about the future of chemical regulation 
are insulated from their consequences. Th ese asymmetries of exposure, with those profi ting off  
toxins removing themselves as far as possible from the actual production and use of these harm-
ful chemicals, epitomizes NIMBYism. Health disparities are not consequences of the Chemical 
Anthropocene, but predicates. Without the unequal distribution of disease and profi t, the cost 
for manufacturers and companies would be too high. If every CEO was exposed to the toxins 
their company produces to the degree frontline workers and local communities are, injurious 
chemicals would be phased out immediately.

If the history of chemical production marks a pattern of one “unsuspected” consequence aft er 
another, what conclusions can be drawn for regulatory policy? Th e “safe until proven harmful” 
model has not worked. Once a chemical has been approved for market, it is extremely diffi  cult 
to take it off  (let alone remove it from the environment), especially once it has gained traction 
for multitudinous uses and become indispensable to the economy. Th e harms of most chemicals 
coming to market are unknown, and oft en epidemiology requires decades of data to catch up 
with the exposures, with another time lag as the chemical industry and its government allies 
fi ght scientifi c evidence that would restrict or remove the chemical (Cranor 2019; Markowitz 
and Rosner 2002). Less than one percent of all chemicals produced in 25,000 pounds or more 
per year in the United States have been fully tested by the EPA’s Chemical Review Program 
(Krimsky 2017). Th is failure of chemical regulation, in the United States and Europe, but also 
globally, creates a free-for-all where the toxicity of newly marketed chemicals is partially known 
at best and the interactions between new chemicals and preexisting ones in the environment 
and in bodies have yet to be systematically researched. Th e prevailing sociotechnical imaginar-
ies of chemical regulations systematically fail to take into account the dysergistic cross-eff ects, 
epidemiological science documenting health harms, and the possibility of preemptive regula-
tory policies. Until the willful ignorance of these exclusions and the industry’s fi nancial confl icts 
of interest are accounted for at all levels of society, environmental injustices will proliferate, as 
they have at each stage of the chemical industry’s planetary colonization.

But the struggle for redefi ning chemical imaginaries continues. Th e United States National 
Academies of Science, Medicine and Engineering in 2018 investigated how toxicology testing 
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could shift  from being an ex post to an ex ante procedure (Standing Committee on Emerging 
Science for Environmental Health Decisions et al. 2018). Th eir report rejects the predominating 
“safe until proven to be toxic” model and suggests a more precautionary process.

Historical analysis suggests that if we wish to halt the Chemical Anthropocene, which has 
already changed our species makeup and that of countless other organisms, we must retool 
the institutions upholding dysfunctional chemical imaginaries. Th is requires democratic insti-
tutions promoting feedback and dialog between scientists, policymakers, and marginalized 
populations to institute precautionary approaches based on real-time reporting (Kitcher 2001; 
Oreskes 2019). Globally, current political systems obstruct such dialogs, oft en frustrating those 
most knowledgeable about their own lived experiences in the Chemical Anthropocene from 
doing something about it. Human rights frameworks, including the United Nations’ Sustainable 
Development Goals, endow denizens and communities with unalienable rights to refuse toxic 
exposures. Upholding these rights to health, however, may require refraining from some of the 
conveniences that a toxin-perfused lifestyle provides. Such trade-off s should be made conscien-
tiously, rather than perpetuating NIMBYism. To tackle the environmental injustices of toxins, 
we must move from the injustice-multiplying “not in my backyard” ethos to the solidarity-pro-
ducing “not in anybody’s backyard” (NIABY) ethos. Th ere may never be full substitutes for “bet-
ter living through chemistry.” We must fully acknowledge and accept the necessary material 
trade-off s that environmental justice entails. Until then, toxic chemicals will not go away, but 
aggravate the scars in the geological record of our bodies and ecologies.
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 � NOTES

 1. Regarding recognition that we are living in the “Chemical Anthropocene,” see Vane et al. (2011) and 

Rockström et al. (2009); regarding the term itself, see Arcuri and Hendlin (2019).
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 2. A clear example of the denialist addiction to extract profi t until the house of cards falls is the warning 

issued by 66 of the world’s largest banks that global GDP will fall 25 percent unless immediate and 

large-scale climate action occurs while these same banks simultaneously continue to invest in fossil 

fuel projects (Network of Central Banks and Supervisors for Greening Financial Services 2020; Tos-

cano and Foley 2020).

 3. Th is might be thought of as the somewhat opportunistic environmental justice turn of environmen-

tal NGOs. While the refocus on environmental justice has certainly helped foreground the harms 

of ethnic minorities and the poor from chemicals, it also lays bare the host of environmental harms 

previously not on the radar of the big international environmental NGOs.

 4. Other arms races include the China–US aggrandizement of research with stem cells and human 

enhancement, as well as with artifi cial intelligence.
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