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I n her 1962 book Silent Spring, Rachel Carson presented a powerful picture of 
the threat of pesticides to sustainability (Carson, 1962). The unchecked use of 
pesticides, she documented, harmed people and ecosystems, poisoned the 

Earth, and threatened to sever the “web of life” upon which all living beings depend. 
Silent Spring led to significant awareness and outcry against the indiscriminate use 
of pesticides and helped spark contemporary movements for sustainability and 
environmental protection. Despite increasing awareness of the threat pesticides 
present to sustainability and health, however, the global use of commercial pesti-
cides has more than tripled in the six decades since the publication of Silent Spring 
(Food and Agriculture Organization of the United Nations [FAO], 2021a). In fact, the 
increased production and use of pesticides has outpaced the growth of other 
anthropogenic drivers of global environmental change (such as carbon emissions) 
over the past half-century (Bernhardt et al., 2017). This high level of global pesti-
cide usage has been maintained despite the widespread knowledge of the threats 
that pesticides can pose to ecosystems, sustainability, and human health. What has 
led to the dramatic increase in chemical substances intended to kill? What are the 
implications for the health and well-being of people and other living beings? And 
what routes might there be toward more sustainable cultivation of food? To 
answer these questions, it’s necessary to look at the ways synthetic pesticides 
have been part of a broader transformation of farming. 

A Growing Problem
Pesticides are any substance used to kill or alter the behavior of any organism con-
sidered a pest, including plants, insects, vertebrates, and fungi. Although nonsyn-
thetic substances (nicotine from the tobacco plant and pyrethrum from chrysan-
themum flowers, for example) can be used as pesticides, global pesticide use is 
dominated by industrially produced synthetic chemicals. Globally, over eight billion 
pounds of synthetic pesticides are used every year, primarily in agriculture (FAO, 
2021b). The early growth of the pesticide industry was driven by the search for ways 
to commercialize toxic industrial wastes. Arsenic, a toxic byproduct of copper smelt-
ing, found its way to fields in the late 1800s as a commercial insecticide, and arseni-
cal insecticides drove the early growth of the pesticide industry, providing a means 
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for companies to turn toxic waste into a profitable commodity (Romero, 2021). Arsen-
ical insecticides were soon joined by compounds first developed as weapons of 
chemical warfare, in addition to synthetic, petroleum-based pesticides, which are an 
often-overlooked part of industrial agriculture’s dependence on petrochemicals 
(Demeneix, 2020); Russell, 2001 ). But what accounts for industrial agriculture’s chem-
ical dependency?

One way to understand the rise of pesticides in agriculture is through the concept 
of appropriationism. Farmers can benefit from and work to foster ecological and 
biological processes without having to purchase anything: saving seeds, for exam-
ple, to grow new plants and recycling nutrients on the farm to maintain soil fertility. 
In the process of appropriation, capitalist firms have marketed commercial inputs 
like patented seeds and synthetic fertilizers to replace or supplement natural bio-
physical processes and labor-intensive practices (Goodman et al., 1987). For exam-
ple, in the twentieth century, researchers and companies developed and promoted 
hybrid and patented seeds that led to an increasing dependency by farmers on agro-
industrial firms and a genetic simplification of agriculture (Kloppenberg, 2004). Pes-
ticides and other commercial inputs may offer benefits to farmers by reducing labor 
requirements or increasing productivity. However, pesticides often replace more 
ecologically complex and interdependent agricultural systems and practices, which 

A Dow Chemical pesticide plant is shown from a park overlook on April 12, 2007, in Midland, Michigan.
Photo courtesy Bill Pugliano, Getty Images.
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can provide ecological checks against pests. As farmers have shifted toward market-
based inputs, agriculture as a whole has become increasingly monocultural. Mono-
cultures, or agricultural systems dominated by a single crop, are far more vulner-
able to pests, and pesticides further contribute to ecological simplification and 
standardization by destroying “unwanted” (and other) organisms (Uekötter, 2014).

In the twentieth century, pesticides were central to far-reaching changes to agri-
culture and food systems and the global expansion of monocultures. Following 
World War II, the US government and nonprofit organizations increasingly sup-
ported a path to global agricultural development through productivity-boosting 
agricultural technologies. This “Green Revolution,” proponents believed, would dra-
matically increase yields and combat hunger while countering communism and 
movements for land redistribution in the Global South (Cullather, 2010). Hunger, 
from this perspective, was not a consequence of inequality. Instead, hunger was 
treated as a technological problem that could be solved through new plant varieties, 
fertilizers, and pesticides. The Green Revolution did increase global agricultural 
production and through herbicides, reduced the amount of labor necessary to culti-
vate crops. It did so, however, through a dramatic increase in pesticides and the dis-
placement of more ecologically complex and interdependent systems of food culti-
vation by petrochemical-dependent agriculture (Perfecto et al., 2019). This trajectory 
continues into the present day. In Brazil and Argentina, for example, an expanding 
frontier of soybean cultivation has contributed to tremendous habitat destruction 
and the displacement of diverse agricultural systems, and both countries are now 
ranked among the top five consumers of pesticides globally (FAO, 2021b; Rekow, 

Agricultural technologies such as heavy machinery, fertilizers, and pesticides are a hallmark of the so-called 
Green Revolution.
Photo courtesy Pixabay.
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2019). In China and India, pesticide usage has increased dramatically in recent 
years, and both countries are now also major producers of pesticides (Shattuck, 
2021). In Africa, where pesticide usage has long remained much lower than in other 
regions, development and philanthropy organizations have been promoting a “New 
Green Revolution,” and pesticide usage is skyrocketing (Stein & Luna, 2021; Vercillo 
et al., 2020).

As a consequence, many farmers around the world are now on what has been 
termed the pesticide treadmill (see Figure 1). The use of pesticides can lead to initial 
increases in production and profitability, promising greater profitability while requir-
ing less work than manual pest-control methods. However, these profits can quickly 
disappear as increased production leads to declining prices for agricultural prod-
ucts (Cochrane, 1993; Luna, 2019). Meanwhile, species targeted as “pests” can evolve 
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resistance to chemicals over multiple generations, and these resistant species can 
spread even more quickly when other species that prey upon or compete with them 
are destroyed by pesticides (Lundgren & Fausti, 2015). Within the paradigm of pesti-
cide-intensive agriculture, the solution to the problem of pest resistance is even more 
chemicals or the development of new chemicals—further accelerating the treadmill 
(Guthman, 2019, Werner et al., 2021). As a result of these shifts in farming, millions 
of square miles of land are now a destination for chemicals designed to kill, and the 
global pesticide industry, dominated by a handful of massive transnational compa-
nies such as Syngenta, BASF, Bayer, and Dow, represents over $50 billion in sales per 
year (Shattuck, 2021).

Pesticides, People, and the Environment
Agrarian landscapes and global ecologies have been profoundly altered by the 
intentional proliferation of toxic pesticides. The implications for sustainability are 
immense, with far-reaching impacts on human health, biodiversity, resource con-
sumption, and environmental pollution. The toxic properties of pesticides, so cen-
tral to their commercial value and use, pose a grave threat to sustainability. Many 
pesticides that were once widely used, such as DDT and aldrin, are now banned 
because of their harmful effects on people and the environment. The majority of 
chemicals internationally prohibited by the Stockholm Convention on Persistent 
Organic Pollutants, in fact, are pesticides, and some still persist widely in the envi-
ronment and continue to accumulate in organisms and food webs (United Nations 
Environmental Programme, 2020; see Figure 2). Many pesticides that are currently 
in widespread use, moreover, are hazardous to both human health and the environ-
ment, and many formally banned pesticides are still widely used in the Global South 
(Fuhrimann et al., 2022; Sharma et al., 2020; Stein & Luna, 2021; World Health Orga-
nization [WHO], 2019). 

Pesticides pose myriad threats to human health, ranging from endocrine disrup-
tion (interference with hormones), respiratory issues, nervous system damage, neu-
rotoxicity, skin diseases, organ failure, and carcinogenicity (Galt & Asprooth, 2021; 
Rani et al., 2021). Acute toxicity refers to the immediate toxicity of a chemical to 
organisms. Most organophosphate insecticides, which were first developed as nerve 
agents for chemical warfare, are acutely toxic and can immediately harm or even 
kill people upon exposure (Davis, 2014). Other pesticides, however, such as DDT and 
glyphosate, have low levels of acute toxicity to people but can cause harm over time, 
especially given prolonged or repeated exposure. Globally, an estimated 11,000 peo-
ple every year are killed by accidental acute pesticide poisoning, and an additional 
385 million are poisoned (Boedeker et al., 2020). These acute poisonings can also lead 
to long-term illness and death. Many chemicals, moreover, have both acute (short-
term) and chronic (long-term) effects. The health effects of pesticides can also be dif-
ficult to definitively isolate, contributing to a “toxic uncertainty” that favors a chem-
ical-intensive status quo. Because the dimensions of exposure and harm are often 
quite uncertain, the monitoring of pesticide usage is often incomplete, people are 
frequently exposed to multiple chemicals, and the relationship between exposure 
and illness can be difficult to trace with certainty (Shattuck, 2020). 
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Although the overall harm of pesticides on people and the environment is 
immense, these effects are profoundly unequal. Most often, the people most indis-
pensable to agricultural production are also most vulnerable to the harmful effects 
of pesticides. For farmworkers working in chemical-intensive agriculture, the risk 
of exposure is quite high (Saxton, 2021). This toxic risk is intensified by other factors, 
including the exclusion of migrant workers from labor protections and citizenship 
rights and racism against agricultural workers (Svensson et al., 2013; Williams, 
2021; Xiuhtecutli & Shattuck, 2021). And with small farmers and rural communities 
facing land dispossession and pressures from corporate agriculture, suicides by 
intentional pesticide poisoning have accounted for approximately fifteen million 
deaths, overwhelmingly in the Global South, since 1965 (Karunarathne et al., 2020). 
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Globally, the uneven harms of pesticides on people also intersect with harm to the 
environments and species upon which people depend.

Although the mode of action of some pesticides (the chemical and biophysical 
ways they are intended to work) is targeted at a limited range of species, virtually all 
pesticides are potentially harmful to species other than those targeted as “pests.” 
Even the very definition of “pest” is subject to interpretation. For example, plants 
targeted as “weeds” by industrial agriculture can have a wide variety of important 
benefits to ecosystems and can even serve as food (Argüelles & March, 2021). In 
addition, chemicals frequently move beyond fields and other places where they are 
used, traveling with the wind, washing into bodies of water through runoff, and 
accumulating in organisms far beyond the site of application (see Figure 2). Exten-
sive use of pesticides also leads to accumulation in soils and contributes (both inten-
tionally and unintentionally) to the destruction of fungi, bacteria, worms, and other 
organisms that are important to soil health (Crews et al., 2018). Taken as a whole, 
pesticides that are widely used today pose a major threat to biodiversity (Geiger et 
al., 2010). Because many of the organisms that are threatened by pesticides are also 
ecologically critical to human nutrition (pollinators and edible wild plants, for exam-
ple), pesticides ostensibly deployed to increase food production can, in fact, under-
mine food security (Chagnon et al., 2015; Duflot et al., 2022).

Cultivating Sustainability
The widespread use of pesticides represents a clear (and unequal) threat to sustain-
ability on a global scale. Although many advocates argue that the extensive usage of 
pesticides is necessary to feed the world, agricultural overproduction is currently a 
major problem in the corporate food system, even as many people starve or go hun-
gry because of unequal access to food (Holt-Gimenez, 2019; Pereira et al., 2020). 
The argument that chemicals are necessary to prevent hunger can serve to deflect 
from these problems, instead presenting a technological solution that ultimately 
undermines the very resources necessary for long-term agricultural sustainability. 
The problems associated with pesticides are immense and far-reaching, and much 
of the global system of food and agriculture is 
dependent on chemicals. Similarly, there is a 
wide variety of possible responses to the harms 
associated with pesticides, ranging from individ-
ual consumptive decisions to more far-reaching 
challenges to the dominant model of chemical-
intensive agricultural production (MacKendrick, 
2018). Although these responses may not be 
mutually exclusive and vary substantially accord-
ing to geographical context, they offer different 
understandings of how sustainability can be 
achieved and what the future of food and agri-
culture might look like. 

Many affluent and middle-class consumers, 
especially in the United States and Europe, often 
focus on purchasing organic foods as a solution 

The organic certification seal of the United 
States Department of Agriculture (USDA).  
Public Domain via Wikimedia Commons.
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to the dangers presented by pesticides. Although organic requirements may vary 
by country, foods that carry an “organic” label are certified by a governmental or 
other certifying body to be produced without the use of synthetic pesticides. For 
many consumers, organic food may represent a promise of a more environmentally 
sustainable and healthy diet. However, an exclusive focus on the labeling and pur-
chase of organic food has significant limitations as a sustainability solution. Farms 
with organic certification constitute only 1.4 percent of global agricultural land, 
although this percentage is growing (Willer & Lernoud, 2019). Absent other action, 
an exclusive focus on the need to “eat organic” leaves the broader problems of 
chemical-intensive agriculture intact and privileges consumers who can afford 
products that carry the “organic premium” associated with certification (Guthman, 
2011; Luna et al., 2021). The majority of organic certification programs also fall 
short of more holistic and sustainable principles embraced by many advocates and 
practitioners of organic farming (Seufert et al., 2017).

Globally, international agreements—most importantly the Stockholm Convention 
and the Rotterdam Convention—have been important in reducing the use of some 
of the most hazardous pesticides (Núñez-Rocha & Martínez-Zarzoso, 2019). Most 
pesticide regulation, however, occurs at the national scale. The patchwork of rules 
meant to protect people and the environment from pesticides often places the bur-
den of “safe use” on individuals applying chemicals. This approach fails to adequately 
prevent harm while leaving the power and profitability of the pesticide industry 
intact and prioritizing the well-being of consumers in the Global North (Galt, 2014; 
Shattuck, 2019). In many countries, moreover, pesticide regulation represents an 
endless game of catch-up, focusing only on reducing harms that have already been 
conclusively demonstrated. In contrast, many activists, scientists, and health profes-
sionals push for the “precautionary principle” in pesticide regulation. This principle 
stresses that when risks are poorly understood, potential harms should be addressed 
and prevented beforehand, rather than after the fact (Harrison, 2011). 

Truly addressing the social and environmental crisis of the extensive and expand-
ing pesticide usage also requires widespread changes to an agricultural system that 
is dependent on industrially produced toxins. The substitution of harmful synthetic 
pesticides with biopesticides or pest-resistant crops represents one potential means 
of reducing the overall environmental and human harms of agriculture (Kumar & 
Singh, 2015). However, an approach that merely replaces existing pesticides with 
pesticide-resistant plant varieties and biopesticides may not be effective in counter-
ing the crises of chemical-intensive agriculture. Initial pesticide reduction through 
the use of genetically modified plant varieties engineered to be toxic to pests, for 
instance, has been erased as insects have developed resistance to these toxins (Kran-
thi & Stone, 2020). Integrated pest management (IPM) is a more expansive approach 
to the reduction or elimination of synthetic pesticides. Instead of the elimination of 
pests, IPM focuses on managing pests using a combination of factors that seek to 
minimize ecological disruption (Stenberg, 2017). Despite its potential, however, IPM 
is often deployed as a complement to (rather than a fundamental challenge to) the 
dominant system of chemical-intensive agriculture, and the language of IPM has 
even been appropriated by the pesticide industry (Deguine et al., 2021). 
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More holistically, agroecology represents a range of approaches that emphasize 
ecological processes over nonrenewable inputs such as pesticides. Agroecological 
approaches understand agriculture as a complex and interdependent agroecosys-
tem. Socially, agroecology stresses the importance of global cultural diversity, place-
based knowledge systems, knowledge sharing, and grassroots approaches to agri-
cultural production (Altieri, 2018). Agroecology emphasizes agrobiodiversity as an 
indispensable part of the global food system, sustained by millions of small farmers 
around the world. Related movements for food sovereignty assert both peoples’ right 
to food and to community self-determination of food systems and agricultural prac-
tices (Montenegro de Wit, 2020). Although not all mobilizations for food sovereignty 
reject the usage of pesticides, the concept of food sovereignty directly challenges the 
imbalances of wealth, power, access, and decision-making in the global agri-food 
system that underpin the intensive use and unequal effects of pesticides (Food First 
Information and Action Network, 2020; Rosset & Martinez-Torrez, 2013). 

From one perspective, agroecology and food sovereignty represent radical depar-
tures from the global paradigm of corporate consolidation and chemical-intensive 
agriculture. But remember that synthetic pesticides are a new, if profoundly destruc-
tive, newcomer to agriculture and to global environments. Although many small 
farmers’ livelihoods are threatened by the expansion of pesticide-intensive mono-
cultures, and an increasing number are adopting pesticides, smallholder producers 
still represent the majority of the world’s farmers and produce half of the world’s 
food on 30 percent of the world’s agricultural land (Samberg et al., 2016). Many of 
these small farmers do not use chemicals, although their production practices may 
not be certified as “organic.” Movements for agroecology and food sovereignty are 
reminders that there are alternative visions for a food system that fosters biodiver-
sity rather than undermines global sustainability and that many of these visions are 
also in practice. 

Conclusion
Pesticides are central to the petrochemical-dependent farming that dominates the 
global agri-food system. The current dynamics of synthetic pesticide production and 
use represent a monumental threat to biodiversity, to rural communities, and to the 
health of people and ecosystems on a global scale. Because the harms of pesticides 
are so complex and extensive, precautionary approaches to pesticide control and 
regulation are necessary. However, confronting the roots of unsustainability requires 
more than a change in the chemicals that are used. Moving away from the paradigm 
of chemical-intensive agriculture and the dynamics of environmental and social 
exploitation that underpin it requires approaches that prioritize health, nourish-
ment, and environmental sustainability over corporate profits. The seeds for this 
change are already being sown. Despite a global agricultural system that commodi-
fies both food and toxins, more biodiverse and sustainable ways of cultivating food 
are not only possible and necessary but already exist. Reducing and repairing the 
harms of synthetic pesticides on a global scale represents a monumental challenge, 
but one already being taken on by many farmers, workers, social movements, scien-
tists, and rural communities around the world.
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