Change in the Air
by David Levin
Nov. 10, 2017 – Welcome to one of the surprising frontiers of climate change research.  Dozens of circles adorn farm fields in the U.S., Japan, and Australia, part of a sprawling international study on climate change.  For more than a decade, these pipes and the slender green hoses that lace them together have been pumping CO2 gas into the air near their target crops.  Outside the pipe circle, plants grow under present-day climate conditions; inside it, they’re bathed in air that simulates the predicted atmospheric conditions at the end of the 21st century, when global levels of CO2 could increase by nearly 40%, rising from today’s 400 parts per million to more than 550 parts per million.
The broad effects of climate change and global warming are by now well known: melting glaciers, rising seas, shifting patterns of drought and rain, increases in vector-borne and waterborne infections, species extinctions.  But the specific effects of climate change on human health are just beginning to emerge.
“We’re asking new scientific questions,” says Francine Laden, professor of environmental epidemiology at the Harvard T.H. Chan School of Public Health.  “In the past, we controlled for temperature in our air pollution studies; we didn’t look at it as the main effect.  Now we’re looking at the interactions of air pollution and temperature.  Humans don’t experience air pollution by itself, and they don’t experience temperature by itself, so we need to know: How do those factors work together to impact human biology?”
At the Harvard Chan School, climate change research ranges from studies of how land use and building materials interact with airborne pollutants to how powerful new computer models can tease health trends out of massive environmental and health insurance data sets.  With this wide perspective, investigators are building on the School’s legendary research on air pollution, from Alice Hamilton’s exploration of industrial spaces in the 1910s to the pioneering 6 Cities study, which tracked the effects of urban air pollutants throughout the 1970s and ’80s.  Together, the School’s researchers are helping prepare the world for a future where climate is forecast to be the #1 threat to public health.
Undermining Nutrition
The experiment planted along County Road 1200 has already led to a startling scientific yield, as described in a 2014 study in Nature.  When exposed to high levels of CO2, staple crops like wheat, rice, maize, and soybeans shift their internal chemistry and retain fewer essential micronutrients, such as the minerals zinc and iron.
That’s a frightening fact, says Sam Myers. who led the crop study.  He is principal research scientist, planetary health, in the Exposure, Epidemiology, and Risk Program in the Department of Environmental Health.  Today, 2 billion people worldwide suffer iron and zinc deficiencies.  Both minerals are crucial to human health: zinc for a fully functioning immune system, iron to form a key building block of hemoglobin, the molecule that transports oxygen around our bodies.
If global emissions and concomitant climate change continue at current rates, by 2050, 100s of millions of people who depend on these staple crops for nutrition—especially in poorer societies where meat is rarely consumed—could suffer devastating health problems, from stunted growth to diminished cognitive function.
“Who would have thought 10 or 15 years ago that one of the concerns we should have about anthropogenic carbon dioxide emissions is that our food would be less nutritious?” Myers asks.  “That’s not something we could have anticipated.  As we continue to transform most of Earth’s natural systems, we are likely to keep encountering such surprises.”
Climate Change and the Great Indoors
While most climate change research has focused on outdoor air, most people in the Western world do not spend their days under open skies.  Many are indoors for most of their waking hours.  New research is showing that indoor air quality is not immune to the deleterious effects of global climate trends.
Picture an average suburban home, just before move-in day.  The walls are freshly painted, the wall-to-wall carpeting is spotless, the wood floors and kitchen cabinets gleam with a polyurethane finish.  For the young couple backing their rental truck into the driveway, it looks like a perfect place to raise a family.  Yet lurking beneath the handsome surfaces are dangers the new owners can’t see.
“There’s a TV ad that shows a young father sitting with his kids on a couch.  The kids are spilling stuff all over.  The father is not worried, because the couch has a stain-proof coating.  What he doesn’t know is that stain guard is made of dangerous fluorinated compounds.  The kids are sitting on it, they’re breathing it, and it’s getting in their bodies,” says Prof. John D. (“Jack”) Spengler, the director of the Center for Health and the Global Environment.
Climate change exacerbates the peril.  Toxic fumes and carcinogens often leach out of common materials used in furniture, paint, and construction.  Alone, these chemicals include known carcinogens, asthma-inducing substances, and endocrine disrupters, posing significant health risks.  Set against a backdrop of climate change dynamics, their impact can be worse.  As Spengler explained in his 2011 book Climate Change, the Indoor Environment, and Health, pollutants such as ozone (O3), which are tied to a warming climate, react with common indoor chemicals, from paints and varnishes to cleaning supplies, creating a dangerous 1-2 punch.
“Any cleaning product that has a pine scent or a lemon scent puts out chemicals called ‘terpenes,’ which react very quickly with ozone,” creating gases like formaldehyde that can irritate the lungs and nasal passages, Spengler says.  The chemical reactions can also create tiny airborne particles—essentially free-floating clusters of molecules made from a variety of substances.  These secondary pollutants’ minuscule size lets them penetrate deeply into the lungs, enter the bloodstream, and cause widespread inflammation that undermines cardiovascular health.
Most directly, as the global climate continues to warm, a growing number of people will be forced inside to avoid oppressive heat.  “There will be many areas of the world where you cannot be outdoors for extended periods.  It will be 30 to 40°C [86 to 104°F] for long periods of time,” Spengler says.  Spending more time inside increases one’s exposure to a different cast of airborne pollutants: dust, pollen, mold, and gases that leach out of building materials, forming a potent cocktail of indoor contaminants—one that older ventilation systems may not be equipped to remove.
According to Spengler, the solution to these indoor air woes is 2-pronged: reduce the emissions that drive climate change and eliminate offending indoor materials.  With those goals in mind, he has helped Harvard launch an initiative to use only hazardous-chemical-free materials in all buildings campus-wide.  He has worked with major corporations—from Kaiser Permanente to Google—that are following suit in their buildings in the U.S. and abroad.
Hopefully, these initiatives will ripple beyond the walls of individual companies, Spengler says.  “Indoor chemistry is so understudied and so under-appreciated.  The more we learn about it, the more we realize the effects and interactions it has with climate change.  We’re in a unique position to drive the findings into building design and other practices.”
Global warming, intensified weather events, and other effects of climate change may affect buildings and the health of their occupants through many different routes.
Cause of Climate Change: Air Pollution
While the public focus is on the harmful impact of climate change, the real culprit is an old and familiar one.  “Air pollution is driving climate change,” explains Doug Dockery, Professor of Environmental Epidemiology at the Harvard Chan School and a key architect of the pioneering 6 Cities study.  “As demand for energy and demand for transport in the developing world goes up, many of those countries will be following the same path we followed in the West: relying on fossil fuels.  That would have a net effect of substantially increasing air pollution and raising the global emissions of carbon and other greenhouse gases.”
The good news, at least in the U.S., is that energy and transportation emissions are down compared with 50 years ago, thanks in part to regulations like the Clean Air Act of 1970.  Developing countries such as India and China, however, are burning fossil fuels in record amounts, spewing greenhouse gases (GHGs) and dangerous particulate emissions from vehicles and coal power plants.
Fortunately, these nations are also looking to the future.  In late 2016, India released a plan that aims to generate 60% of its new energy from non-fossil fuels within the next 10 years—a major shift in a nation currently powered by coal.  And over the past decade, China has passed emissions standards for new vehicles that are modeled on European laws and has ramped up emissions controls at shipping ports nationwide.  China has also expanded its use of hydroelectric, solar, and wind power.  Its goal is to  generate half of its new electricity from renewables by 2020.  Indeed, now that the U.S. has pulled out of the Paris climate agreement, China is poised to take a leading role in developing renewable energy sources.
The researchers concluded that long-term exposure to PM2.5—fine particulates that are increasing with climate change—raises the risk of death, even at levels below current national standards.  There may be no safe level of exposure to PM2.5.
Source: “Air Pollution and Mortality in the Medicare Population,” New England Journal of Medicine, June 29, 2017
From Research to Action
As nations worldwide start to tackle these challenges, each one faces an important question: In light of the intricate feedback loops between climate change, air quality, and human health, how should policymakers best intervene?  Francesca Dominici is answering that question with a level of detail that until recently was unimaginable.  Co-director of the Data Science Initiative at Harvard University and professor of biostatistics at the Harvard Chan School, Dominici is harnessing information from dozens of publicly available sources and spinning them all into a massive database.  It holds roughly 30 terabytes of data (for comparison, the average laptop hard drive holds less than 1 terabyte) and uses an array of more than 100 powerful computers working in parallel to sort through it all.
The result is a data science research tool set of unprecedented scale and rigor, linking daily air pollution data for every ZIP code in the continental U.S. with Medicare billing claims, weather information, and variations in  power plant emissions.  Deploying sophisticated statistical techniques and data covering almost 97% of people age 65 and older in the United States, this work will advance solutions for GHG and air pollution control—not just at the national level, which would require political commitment from Washington, but also at the state and local levels.
By superimposing Medicare data onto pollution measures, Dominici can see not only how levels of air pollutants in a given location change over time, but also how the health of its residents responds.  “We basically process 480 million medical observations.  We have every single diagnosis for every time a hospital treated, say, your grandfather.  And we know the level of pollution that your grandfather has been breathing in his neighborhood over the last 15 years,” she says.
In some regions, she’s found, exposure to tiny particulates—even at levels lower than the standards set by the U.S. Environmental Protection Agency (EPA)—has triggered a clear rise in deaths from cardiovascular disease.  “That means current National Ambient Air Quality Standards need to be lowered further, at a time when the national administration is saying, ‘no more regulation,’” she says.
Dominici informally calls her data-driven approach “precision public health,” because it enables researchers to see the impact of air pollutants on a hyperlocal scale.  The model pinpoints individual neighborhoods that are at risk, enabling governments to focus their existing public health interventions more effectively.  “We can identify the census tracts where officials really have to pay attention, and even identify residents who are most vulnerable due to pre-existing health conditions,” she says.
Particulates and Ozone, Old Culprits, Are Not Going Away
Through the lens of climate change, Harvard Chan researchers are taking a new look at an old enemy: the microscopic particles created by burning fossil fuels.  These tiny structures, called “particulates,” are currently one of the biggest hazards to air quality worldwide.  Their public health dangers have long been known.  Beginning in the mid-1970s, the School’s now-famous 6 Cities study generated a vast amount of data on air pollution in a half-dozen Midwest towns, while tracking the health of 1,000s of residents over 2 decades.  Published in 1993, the study offered definitive proof that high levels of particulates caused an uptick in lung cancer and cardiovascular disease.
Particulates fall roughly into 3 groups: the largest, called “PM10,” are made up of garden-variety granules of dust, pollen, and mold up to 10 microns in diameter.  They can trigger allergic reactions, bronchitis, and asthma flare-ups.  The real health risk, though, lies with fine particulates (PM2.5)—particles smaller than 2.5 microns—and “ultra-fines” (PM0.1), which measure less than 0.1 micron across.  At these sizes, the particles can penetrate deep into the body.
“Ultra-fines can get into the bloodstream from the lungs.  They can get into the heart.  They can even get captured in your nasal passages and transported up the olfactory nerve straight into the brain,” says Joel Schwartz, professor of environmental epidemiology at the Harvard Chan School.  “These, along with larger particles, also seem to interfere in the ability of the immune system to control respiratory infections.  And they increase the risk of developing pneumonia.  There’s a whole range of reasons to think that particulates in general are really the worst pollutants that humans are dealing with right now.”
In a 2016 paper, Schwartz showed that rising temperatures made air pollution levels significantly worse in 207 cities throughout the United States.  Hot air and intense ultraviolet radiation effectively “cook” particulates, breaking them down into even tinier secondary particles and ozone, that increase the level of air pollutants in a given region.  “We could clearly see that ozone levels in those cities were higher than they would have been if global warming had not already been occurring,” he says.  “We’re not talking about this happening sometime in the future—it’s already been happening for years.”
The Ultimate Threat Multiplier
Framing climate change as a public health threat may also help kick-start action on a local level, says Gina McCarthy, former head of the EPA under President Barack Obama and a Senior Leadership Fellow this year.  “Municipal leaders can’t ignore or avoid it.  Their constituents need action, and they’re going to be demanding it.”
Providing definitive evidence of the links between global warming and human illness will bolster local demands for action.  According to Dominici, “The harm inflicted by climate change happens regardless of your personal lifestyle choices, your socio-economic status, your education, or how fat your wallet is.  You can choose whether or not to smoke.  You can choose whether or not to have a cancer screening.  But you cannot choose the quality of the air you breathe, or whether you will encounter the many subtle and hidden consequences of a warming environment.  The essence of public health is prevention.  And in an era of global climate change, the science of prevention will need to be more exacting than ever.”
“Climate change is the ultimate threat multiplier.  People talk about that in the context of national security, but it applies just as well to air pollution,” adds Ashish Jha, director of the Harvard Global Health Institute.  “Are we confident that climate change will harm health?  We are.  We are still working on quantifying that harm, but at the end of the day, if we have somehow overestimated this risk, then what we will have done is invest in cleaner air, cleaner water, and a more sustainable planet.  If it turns out we’re right—and all the science so far says we are—and we don’t act, the consequences will be devastating.”
Quantifying the Health Impacts of Preventing Wildfires
In Southeast Asia, the warming climate is already playing havoc with weather patterns, causing periods of intense drought and an increased risk of wildfires—a major source of particulates, ozone, and GHGs.
Indonesia, where Sam Myers studies the effects of air pollution from slash-and-burn farming, is particularly susceptible to those disasters.  Unusually dry weather there means that fires set to clear fields can rage out of control.  The fires burn deeply into areas of drained peat and release enormous levels of air pollutants and GHGs in the process.  “There are estimates that, in 1 season of fires, the greenhouse gas emissions were the equivalent of all such emissions in Japan and India put together,” he says.  “Our group calculated that, in 2015, about 100,000 excess deaths occurred in the region from cardiovascular and respiratory diseases.  Those can be attributed directly to particulate air pollution from the fires.”
Myers is developing new ways to precisely assess the health impact of wildfires.  Through a collaboration with Joel Schwartz, professor of environmental epidemiology at the Harvard Chan School and 2 scientists at Harvard’s School of Engineering and Applied Sciences - Daniel Jacob, Professor of Atmospheric Chemistry and Environmental Engineering, and Loretta Mickley, a senior research fellow—Myers is measuring emissions from Indonesian fires.  They plugg the data into a sophisticated computer model that will enable the group to track how the emissions move through the atmosphere, how they change over time, and what impact the chemical pollutants will have on populations living in their path.
Using these methods, it’s possible to predict the public health effects of single conflagrations.  “With 1 integrated model, we can simulate turning fires on and off in the region,” Myers says.  “That lets us ask all sorts of new questions.  If we protect the eastern peat lands in Indonesia, for example, how many lives would be saved?  If we continue business as usual, what kind of mortality can we expect to see?”  In asking these questions, Myers and his colleagues hope to supply data that give governments leverage in regulating land use.  The team has already launched a formal collaboration with the Office of the Presidency in Indonesia.  It is beginning to use its model to test the benefits of proposed land-use regulations.  “These decisions are, quite literally, a matter of life and death,” says Myers.  “If we take the health impact into account, we can improve public health while simultaneously protecting one of the world’s most bio-diverse regions.”
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