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Breathtaking Bias
Air pollution is concentrated in the most vulnerable 
communities, and reducing it could improve health  
equity worldwide BY JYOTI MADHUSOODANAN

Dolores Perales was 10 years old the first 
time she couldn’t take a breath and thought 
she was going to die. Parts of the memory 
remain vague: she knows it was early 
April, the start of softball season, and  
she was playing outside. What she re-
members clearly is the tightness in her 
chest and the rising panic. After it hap-
pened repeatedly, her mother took her to 
a doctor, who diagnosed her with asthma. 
“Ever since then I just had my inhaler,” 
she says. “One of my younger brothers 
had asthma; my cousin across the street 
had asthma. So many of the kids in my 
classroom had asthma,” Perales says. “As 
a kid, you kind of start thinking this is 
something normal.”

Equally normal, as far as Perales was 
concerned, was a Detroit skyline hazed by 
the fume-spewing Marathon petroleum 
refinery. And the Ambassador Bridge—
the busiest vehicle crossing between the 
U.S. and Canada, often packed with idling, 
diesel-fueled trucks—was typical, too. 
Both were within a few miles of her home. 

It was not until Perales began traveling 
with her middle school softball, volleyball 
and basketball teams that she realized the 
chemical-laced air she knew so well was 
not the norm for everyone. Just a 30-min-
ute drive from her own neighborhood, Pe-
rales encountered quiet, tree-lined 
streets. But even more striking to her than 
the greenery was the suburban air. “It 
smelled different,” she says. “When I was 
out there, it didn’t smell bad.”

Nearly a decade after that first asthma 
attack, Perales began attending college at 
Michigan State University, where the air 
was so pristine that she rarely needed her 
inhaler. A few years later, during graduate 
courses in environmental justice, Perales 
learned that the emissions in the air that 
made her so sick were a direct result of 
discrimination—the refinery and the 
bridge had been placed where they were 
because, years before, her community had 

been deemed less important than the 
well-to-do suburbs and had neither the 
means nor the political influence to fight 
back. Air pollution had become concen-
trated in her neighborhood as one of the 
side effects of a discriminatory housing 
practice known as redlining. 

Even when a nation’s overall air quali-
ty is safe, pockets of polluted air may per-
sist—often in areas where marginalized 
communities live and work. In the U.S., 
redlining and practices such as building 
freeways through poorer neighborhoods 
have exposed some people to much high-
er levels of pollution than those in adja-
cent neighborhoods. 

“The major sources of emissions of 
harmful pollutants are often placed, in 
un   fair ways, in communities that are dis-
advantaged as a result of discriminatory 
or racist practices or policies,” says envi-
ronmental health researcher Rima Habre 
of the University of Southern California.

In countries around the world the bur-
den of poor air quality—and its accompa-
nying health threats—typically falls on 
lower-income communities, including 
immigrants, migrant workers and people 
from other marginalized groups. Any im-
provements in air quality tend to start in 
richer neighborhoods. On a global scale, 
people in high-income countries breathe 
cleaner air than those in low- and mid-
dle-income countries. 

Improving air quality is one of the big-
gest opportunities the world has to save 
lives and reduce health inequities. In one 
2011 estimate, the Environmental Protec-
tion Agency predicted that the Clean Air 
Act would prevent about 230,000 early 
deaths in 2020 alone. Another U.S.-based 
study, this one from 2022, estimated that 
reducing pollution from energy produc-
tion could save an additional 50,000 lives 
every year. Such policies could go even 
further if health equity is factored into 
policymaking, experts say. 

Over the past few decades efforts to 
learn more about air-pollution risks have 
led to a greater understanding of the in-
equity of exposure and how it contributes 
to health disparities. As Susan Anenberg, 
an environmental health expert at the 
George Washington University, says, “We 
can now get down to a pretty granular 
scale when thinking about who receives 
the health benefits of improved air quali-
ty and who is still having to deal with the 
repercussions of poor air quality.” 

DOWNWIND THREATS 
In the 19th century smoke from inefficient 
coal fires became one of the first signs of in-
creasing wealth as cities and industries ex-
panded. Coal and petroleum products re-
main among the primary sources of air pol-
lution around the world. In other words, 
economic growth still taints the air.

In some places, smoke was considered 
an aesthetic problem but not necessarily a 
medical one. Most people were “only con-
cerned with that which was visible,” says 
historian Awadhendra Sharan of the Cen-
ter for the Study of Developing Societies in 
Delhi, India. “There’s this long- standing 
view that there is something aesthetically 
wrong with a polluted atmosphere.” 

In the U.S., efforts to protect more 
privileged communities from ugly emis-
sions pushed the dirty air into neighbor-
hoods like Perales’s in southwestern De-
troit, which were home to immigrant, 
Black and Hispanic families. The infra-
structure needed to support the city, such 
as the Marathon petroleum plant and the 
Ambassador Bridge, had to be placed 
somewhere, “and that somewhere was 
here,” Perales says. “This was an area that 
was considered undesirable.”

It’s only in the past 75 years—after 
events such as the deadly 1948 smog in Do-
nora, Pa., and London’s Great Smog, which 
killed 4,000 people in 1952—that more re -
search ers, physicians and activists began to 
recognize the health risks of dirty air. 

Air pollution endangers almost every 
aspect of human health. The worst threat 
comes from tiny particles, known as 
PM 2.5, that are 2.5 microns or less in diam-
eter. Once inhaled, they can cause or exac-
erbate respiratory diseases such as asth-
ma, chronic obstructive pulmonary dis-
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ease and lung cancer. These minute parti-
cles slip through layers of lung tissue to 
enter blood vessels and affect major or-
gans such as the heart, kidneys and liver. 
They cause inflammation that touches ev-
ery part of the body, including the brain, 
and have been linked to heart disease, 
neurodegenerative illnesses and even de-
mentia. “It seems as though pretty much 
every organ system can be affected by pol-
lution,” says environmental health re-
searcher Michael Brauer of the Universi-
ty of British Columbia and the University 
of Washington. 

People who feel the health impacts 
most keenly are those who live or work 
near sources of pollution, such as oil refin-
eries, coal-burning power plants or free-
ways with smoke-spewing trucks. Num-
bers can swing wildly from day to day, but 
PM 2.5 levels can get six to eight times high-

er in pollution hotspots than in neighbor-
ing areas. “Many of those very local hot-
spots of air pollution are inequitably dis-
tributed, in the U.S. especially, on the ba-
sis of race and socioeconomic status,” 
Brauer says. 

Globally, the degree of risk from dead-
ly air correlates with a person’s income 
and social class. The pattern can be seen at 
every scale, whether looking at the differ-
ence in wealth across nations, neighbor-
hoods within a city or neighbors in a small 
town. When Brauer was conducting stud-
ies of air quality in villages across Mexico 
and India, he could tell which families 
were most likely to breathe more danger-
ous air based solely on signs of poverty. 

“We see this pattern across the world, 
and you can even see it within a single vil-
lage,” Brauer says. He has noticed that 
poorer families tend to live crowded 

together in one-room homes. And when 
the same space is used for cooking, living 
and sleeping, the entire family is exposed 
to cookstove fumes. Cookstove fuel differs 
across classes, too. Poorer families burn 
crop waste or freshly gathered wood, both 
of which create more smoke than the dry 
wood used by wealthier families. In cities, 
Brauer says, richer people live in homes 
set back from busy roads, whereas those 
with fewer means are more likely to live 
near factories and highways. 

Another pattern that researchers see 
over and over again is that those breathing 
more toxic air are also those who are most 
likely to experience societal stressors: 
poverty, racism, limited health-care ac-
cess, and more. The combination increas-
es their risk of disease. Researchers are 
only now beginning to tease apart how the 
chronic stress of discrimination makes 
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Death by Air Pollution 
Exposure to indoor and outdoor air pollu-
tion increases the risk of developing life- 
threatening diseases. Estimates of the 
global death toll from air pollution are 
substantial but still in flux—re   searchers 
are constantly reassessing the connec-

tion between pollution and diseases,  
a connection that is growing stronger all 
the time. The Global Burden of Disease 
study from the Institute for Health Met-
rics and Evaluation (IHME) suggests that 
about 6.7 million global deaths in 2019 

were a result of air pollution. A partial 
breakdown of the study’s results is  
shown here. As scientists learn more 
about the contribution of air pollution  
to disease, the numbers will continue  
to shift. 
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someone more vulnerable to the harms 
of environmental pollutants. “Social fac-
tors cause re  peated chronic stress to the 
point that the body has a harder time de-
fending itself against harmful exposures,” 
Habre says. People who experience social 
discrimination, especially based on race 
or ethnicity, are “getting higher expo-
sures, but they are also more susceptible to 
their harmful effects.” 

SEEKING SOLUTIONS 
According to a 2022 Lancet study, air pol-
lution caused about 6.7 million premature 
deaths in 2019, mostly in low- and mid-
dle-income countries. The nation with the 
highest number of these deaths was India. 
As part of its efforts to address this threat, 
in 2015 the Indian government issued a re-
port that declared air pollution a national 
health concern. The report laid out a plan 
to start improving the nation’s air, one of 
the first of its kind from a low- and mid-
dle-income country that, Sharan says, 
clearly states “it is exposure to emissions 
that matters, and therefore the people 
who are exposed to it that matter. Once 
you do that,” he says, “then the question of 
equity comes up.” 

Creating policies that protect and prior-
itize the health of the most vulnerable is far 
from easy. In New Delhi, for instance, air 
quality is especially awful during certain 
winter months because of local weather 
conditions and emissions from agricultur-
al burning as farmers clear fields for plant-
ing. To try to protect people’s health, gov-
ernment authorities identified a set of 
steps they hoped would reduce toxic air ex-
posure in the nation’s capital. When PM2.5 
levels hit a certain mark, schools are to shut 
down so children can stay indoors. Vehicles 
must drive only on paved roads so as not to 
throw excess dust into the air. Private con-
struction activities—at homes, malls, and 
other nonessential sites—must halt to pro-
tect workers and reduce the amount of fine 
particles flying into the air from cement 
grinding or stone cutting. 

These steps can temporarily lower local 
PM 2.5 levels. But the cost of this reduced 
activity is most keenly felt by laborers 
who are paid daily wages. When schools 
are closed, children in poorer families are 
more likely to spend time outdoors than 

to remain inside next to an air purifier. 
The people who can’t afford to pay  

attention to the health risks of PM 2.5 are  
typically those most at risk. Thus, when a 
policy to reduce exposure to pollution 
threatens someone’s income—or a coun-
try’s economic development, for that mat-
ter—it’s likely to fail. 

Policies that work in rich countries can 
prove challenging to implement in low- 
and middle-income nations. Pallavi Pant, 
a global health researcher at the Health Ef-
fects Institute in Boston, points to car 
emissions as one example. In Kenya and 
Uganda, the demand for personal vehicles 
has led to an increase in imported used 
cars from countries such as Japan. These 
im  port ed cars were designed to meet 
emissions-control standards for high-in-
come countries, so they’re built using the 
newest catalytic converters and other 
pricey pollution-reducing technology. But 
maintaining those cars, especially locating 
and paying for parts, can prove difficult in 
poorer countries. As a result, importers 
have taken to removing these components 
altogether before the cars are resold. 

But top-down approaches may still be 
effective, Pant says. In India, for instance, 
regulators have begun to enforce more 
stringent standards for vehicle emissions, 
an approach shown to motivate the auto in-
dustry to find ways to meet those standards 
so it can continue selling cars. The results 
from this strategy are not yet visible, Pant 
says, because it takes time for an older fleet 
of vehicles to be replaced by new, cleaner 
ones. “We’ll continue to see improvements 
in the vehicle fleet,” she says. 

The Indian government has also im-
plemented the National Clean Air Pro-
gram, a 2019 initiative that tasks state and 
municipal authorities with especially 
dirty air to find solutions to their pollu-
tion problems. The effort empowered lo-
cal governments to begin acting on their 
own air pollution—perhaps most import-

ant by making funds available to imple-
ment solutions. “That has been a pretty 
pivotal shift,” Pant says. “There’s a lot 
more still to do, but it’s a very useful first 
step in getting people involved.”

By themselves, policies and laws cannot 
tackle the many ways that pollution from 
high-income countries is exported to low- 
and middle-income countries, Brauer 
says. Morals matter, too. He and his col-
leagues have quantified how outsourcing 
the production of consumer goods and 
services from the U.S. to Asia also out-
sourced the pollutants created by those 
factories. They estimated that, for the year 
2007, about 22 percent of the 3.45 million 
deaths attributable to air pollution were a 
result of this reassigned burden of pollu-
tion. Although the data are now 15 years 
old, they still point to an important mes-
sage. People should be “aware that some of 
what we are benefiting from has just been 
transferred to other people,” Brauer says. 

PROGRESS WITHOUT POLLUTION 
In wealthy countries, air quality has been 
improved in part by new, expensive tech-
nologies that reduce pollutants but still 
rely on petroleum and other fossil fuels. 
Over the long term, however, such a strat-
egy cannot fix the entire problem, because 
it does not minimize greenhouse gases, 
which also harm human health and are ac-
celerating the climate crisis, Anenberg 
says. “We need to be simultaneously re-
ducing greenhouse gases and air pollut-
ants. And the way we do that is by burning 
less fuel, not putting on these technologi-
cal control measures.”

For decades industrial growth and the 
amount of pollutants in the air rose and fell 
together, Brauer says. Although pollution 
typically settles on the poorest, one excep-
tion is in countries with little industrializa-
tion, which still have relatively clean air. 
But as they industrialize and increase their 
reliance on fossil fuels, their air quality be-

Those breathing more toxic air are also 
those who are most likely to experience 
societal stressors: poverty, racism, 
limited health-care access, and more.
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gins to worsen. “We’ve gone through this 
in high-income countries,” Brauer says. 
“But many low- and middle-income coun-
tries are still in the earlier phases of this arc 
of industrial development.” 

Recognizing this problem has prompt-
ed some low- and middle-income coun-
tries to make changes. Rwanda, for exam-
ple, has focused on off-grid solar-powered 
systems to provide electricity to rural ar-
eas. As of 2021, nearly 50 percent of the 
country had access to electricity, with 
much of that a result of solar power. India, 
too, is working to increase the amount of 
electricity it gets from renewable sources. 
In May the Indian government announced 
plans to pause proposals for new coal- 
burning power plants for the next five 
years and focus instead on renewable ener-
gy. “It’s not a case that places get worse and 

worse and never improve,” Brauer says. 
“We really do see improvement.” 

Such improvements happen when 
 nations prioritize clean air and healthy 
citizens over short-term profits. Some 
high-income countries have introduced 
stringent policies to control pollution that 
have already led to measurable health im-
provements. In the U.S., one estimate 
found that laws controlling vehicle ex-
haust lowered mortality from traffic-re-
lated PM 2.5  by 2.4 times between 2008 
and 2017. In London, the creation of an  
ultralow-emission zone in the central part 
of the city has reduced the amount of sick 
leave by an estimated 18 percent. 

Another way to offset the health effects 
of pollution and simultaneously clean up 
some of our environmental mess is 
through planting trees. Exposure to PM 2.5 

can significantly reduce blood flow to the 
brain, which influences stroke risk. But a 
study tracking more than 9,000 residents 
in Beijing found that living amid greenery 
mitigated this potential harm. And other 
research has shown that plants might also 
minimize heart disease risk from PM 2.5.

Today, armed with cleaner technolo-
gies and an awareness of toxic air’s deadly 
effects, there’s a chance that less industri-
alized countries could continue to choose 
progress without pollution. “This is not 
an either-or situation,” Anenberg says. 
“We can do both of these at the same 
time.” For clean and healthy air, this may 
be the only way to achieve true equity. 

Jyoti Madhusoodanan  is a science journalist  
based in Portland, Ore. She covers science, health  
and health equity for  Nature, Undark, Science,  and 
other outlets.
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Death Rates Are Dropping, but Inequities Remain 
Country-level data often mask local vari-
ation. But aggregate data can still reveal 
useful trends. The data here represent 
rates of death from air pollution sorted by 

sociodemographic index (SDI). SDI group-
ings incorporate income, education and 
fertility rates: in general, low SDI indicates 
a combination of low income, low education 

and high fertility, and high SDI indicates 
high income, high education and low fertil-
ity. SDI was developed by the Global Bur-
den of Disease Study through the IHME. 

Rates of death from air pollution are falling, although they 
remain much higher in countries and territories with low 
levels of income and education and high fertility rates. 

A closer look reveals that the rate of death from indoor particulates has dropped sharply over 
the past few decades thanks to cleaner cookstoves. Mortality from outdoor particulates, 
however, is rising everywhere except in regions with high-SDI groups. 




