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Living near a highway can be bad for your health in a million small ways

“When it comes to air pollution, the main thing that really affects people is particulates—not gases,” says Doug Brugge, a professor
of public health and community medicine at Tufts. Photo: John Soares

By David Levin
August 16, 2012

I'm sitting in gridiock in Boston's Chinatown neighborhood on a Thursday afternoon. it's a typical
Boston rush hour—iraffic isn’t so much driving as oozing through town. Less than a block away,
Interstate 93 is in even worse shape; a snard of commuters is beginning & painful crawl home to the
suburbs.

Thankiuliv, I'm not behind the whesl, I'm in The back of a 28-foot RV driven by Tuils environmeniai
engineering student Jess Perkins, E12, and recent grad Dana Harada, A11. They are regulars in
Chinatown. Bul uniike scores of frusiraied commuiters on 1-93, they don't have g destinaticn. They
simply drive in circles. *it's like going on a toad {ip twice a week,” says Perking. Somstimes the two
fisien 1o country; mostly, they just talk.

With every lap through Chinatown, Perkins and Harada are hard at work, collecting air-quslity data for
a five-year interdiscipiinary study based at Tufis called the Community Assessment of Freeway
Exposure and Healih (CAFEH). The goal of the study, expected to wrap up a vear from now, is o
understand how vehicular poliution affects the health of people living close 1o a highway.

Over four years, the RV has racked up more than 15,000 miles circling the Boston-area communities of
Chinatown, Dorchester, Somerviiie and Maiden. Behind the driver's seat, where I'm sitfing, a mobiie
iaboratory measures airbome poliutants: gases, such as nitrogen oxide and carbon monoxide, and tiny
solids called ultrafine particulate matter. Of the three, the ultrafine particulates are arguably the biggest
ihreat io public heaith.

“When it comes to air poliution, the main thing that really affects people is particulates—not gases,”
says Doug Brugge, the study’s principai investigator and a professor of public heglth and community
medicine at Tufis.



“Most of the mortality, most of the economic impact [of fine and ultrafine particulates] are coming from cardiovascular disease. it's not primarlly

asthma or lung cancer,” says Doug Brugge. Photo: John Soares

Because of their small size—some are just a few molecules across—iiny particulates are essentially
minuscule bullets, delivering toxins desp into the body where larger pasiicles cant reach. "The
Environmental Protection Agency estimates that they cause 80,000 or 100,000 deaths a year in the
United Siates, and maybe four miilion or more worldwide,” Brugge says.

Tracking air poliution today is a far more subtie job than monitoring the haze of poliutants a few
gensrations ago aver was. Before the U S anvernment first allocated funding for air pollution resesrch,
in 1955, entire regions could be swallowed by smoke and smog. In 1248, residenis of Donora, Pa,, 2
mill town just south of Pittsburgh, woke to a dense cloud of particulate poliutants that had become
trapped in the Monongaheia River vailey by stagnant weather. When the smog lited five days later, 20
people were dead, and nearly half of the town’s 14,000 residents had fallen sick.

it was ane of the worst air pollution disasters in U.S. history, and its impact on public health was easy
o see: “You didn’t have to do statistical analysis. You could just see people come {o the hospital and
die.” says Brugge.

Alihough U.S. snvironmental regulations have gotisn the big, visible clouds of particulalss, such asths
industrial sulfur dioxide emissions that contributed o the Donora crisis, under control, Brugge belleves
there’s still plenty of cause for alarm.

Over the last 30 years, growing numbers of studies have shown that smaller particulates emitted by
trucks and cars barreling down our nation’s highways can promois hean diseass and strokes. The EPA
regulates thesse tinier hazards, io a point, but Brugge is concerned that the agency hasn'i gone far
enough to safeguard the health of roadside residentis.

About 10 percent of the U.S. population—some 35 million people—live within 100 meters of a four-lane
highway, according o the EFA. Brugge's hiope is 1o clarify ihe impiications of this facl by measuring ifie
airborne particuiaies along the road while moniloning the health of peopie who iive In the vicinily. s a
task requiring both patience and precision.

Small, Emaller, Smallest

Pariicuiates come in a few different
ULTRAFINE PARTICLES flavors, each smaller than the next, and
<100 nanometers in diameter each with iis own implications for pubiic
health. Coarse partloulates (known as

l “PM10" in the public health worid)
measure gbout 10 microns scross—
roughly one-sevenih the width of 2
human hair. They're mostly made up of
25 8 mtcranacis tiamater dust from construction, vehicular tire
and brake wear and the road surface
itself. As particuiates go, theyre not as
HUMAN HAIR - @ high on Brugge’s hit list.
50-70 microns
in diameter i's the really tiny stuff, he says, that
> : poses the real danger: fine particulates
Fine and ultrafine particles are much smaller than the width of 2 human hair, with {PM2.5)—particles smaller than 2.5
ultrafines posing the greater potential risk to human health. microns—and “ulirafines” (PMD. 1), the
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smallest of the small, at 0.1 microns and below. These are created almost exclusively by combustion.
As a car or truck engine runs, its exhaust gases condense into minuscule blobs within seconds of
ieaving the taiipipe. Some blobs are made up of unburned oil and gasoline; oihers form out of the
countiess chemical byproducts of burming fossil fuels.

When they're inhaled, it's not just the lungs ihat {ake a hil, Brugge says. i's mainly ihe heart that
suffers. “Most of the mortality, most of the economic impact [of fine and ulirafine particulates] are
coming from cardiovascuiar disease,” he observes. "it's not primarily asthma or iung cancer.”

Throughout the 1980s and early "80s, dozens of studies found links beiween fine particulate poliution
and cardiovascular health. One of the largest and most influential of these, the Harvard Six Cities
Study, followed more than 8,000 participants in six towns across the Midwest and New England. Qver
15 years, ihe initiai phase of the study tracked each person’s heaith and measured particulate leveis in
the air over their communities. its findings. first released in 1993, showed that even a minuscule
increase in fine particulates (just 10 micrograms per cubic meter of air). could cause uptoan 18
peroent bump in cardiovasculsr diseass.

With research iike this confirming the heaith impact of fine particulates, the EPA finally began io
regulate them in 1997. Yei Brugge says there’s reason io think that ulirefine pariicies, which the EFA
does not regulate, are even more insidious than their larger counterparts.

Unlike fine particulates (PM2 8), which don't change much from day to day, ulirafines can fluctuate
dramaticaily over the course of a morning or afternoon, depending on the weather and how many cars
and trucks are on the road. Ultrafines are zlso confined o a relatively small area. While fing
particulates disperse over an entire city, their tinier cousins stick close to major highways, often spiking
dramaticaily within a few hundred meters of the source.

Short distances do matter. During one winter rush hour, as the Tufts mobile festing iab drove within 100
meters of intersigte 93, # tallied more than 120,000 ulirafine paricles in every cubic centimeter of air.

Moving a few blocks farther away, that number dropped dramatically—to less than 40,000 particles.

The reduction might be a result of new particies svaperating, condensing inlo larger particles, or—most
likely—mixing with fresh air as they drift away from the road. But Brugge says one thing is clear:
Beoause ulirafinss are mostly concanirsied near their source, people living and working immediately
next to a hishway will disproportionataly suffer their effects.

Matters of the Heart

At first glance, the healih impadt of fins and ulirafine particulailes ssems counteriniuitive. Breathing
particles of any sort should cause problems i your lungs, not heart, right? But like most things in
medicine, it's not so simple.

Fine and ultrafine particulates both cause cardiovascular disease in
similar ways. Once they hit your lungs, your body immediately
recognizes that something is amiss. “it essentially says. ‘Oh, crap,
something’s wrong here,” and releases cytokines, molecuies that
control immune response,” says David Weiss M12 whoworkson
the CAFEH study anslyzing hesith surveys genaerated as part ofthe
community outreach component of ihe research project. Those
cytokines are used to summon help io the sits of the infection, but
also affect the activity of the immune system throughout the body,

Weiss likens the body's reaction to the terror-alent system that was
put into place after 8/11. “You know, the one that was green, yellow,
red,” he says. “The higher levels of oylokines will fake you from a
level green to a levsl yellow.” In other words, your whole body goes
on high alert, causing elevated levels of inflammation.

GOf course, not ail inflammation is bad, says Doug Brugge. For
example, if you cut your finger, within 2 day, you'll sse some
inflammation {redness) around the ai as your immune sysiem
mobilizes 1o kilt any invading bacieria. “That is an example of & good
inflammatory response, becauss it's localized " says Brugge. “lf's
responding to a real problem, and it's controlled. It has a beginning
and an end.”

“Larger particles can’t cross the barrier from

the lungs to the bloodstream,” says David
Weiss, M12, who has worked on analyzing
neighborhood health surveys. “But the

uitrafine particles can.” Photo: John Soares

But constant exposurs {0 fine and ulirafine parficulate pollution can cause chronic inflammation. If that
happens, white blood cells called macrophages, which are part of the body’s natural defense

mechanism, go intc overdrive, seeking out bacieria or other foreign obiects in the bloodstream. They
start attacking whatever's there with exira gusto—inciuding ceriain fypes of cholesterol that accumuiate



in the blosdstream. As macrophages gorge themselves on this fatty molecule, they (and their
cholesterol contents) settle into the inner lining of blood vessels, where they slowly build up and create
ariery-clogging piagues.

Weiss says that some of these deposits may happen anyway as the body ages, but inflammation
caused by particulate poliution speeds the process, leading to premature heari atiacks and strokes.

In thie regand, fine and ultrafine particles have Wentical sffects on the boady. The big difference between
tham is thelr size. The smaller the paricle, the more surface ares it has per s mass. fthat sounds
confusing, think of it this way: When you're holding & bowling balt {or any other solid, for that matter)
vou're really only touching one thing—its outermost surface. But smash that bowling ball into tiny
pieces, and vou'll end up with dozens of surfaces vou can touch. Each new shard increases the iotal
amount of bowling bali material exposed, meaning the surface area of the bowiing Dail increasss.

The same is true of particulate pollution—the smaller the particles of a poliutant, the more exposed
surfaces they have collectively. That means they're more likely than larger parlicles to reagt with
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chemicals in the body that frigger an immuns response.

Essentially, Weiss says, this gives the polluianis that make up ultrafine pariicies mors bang for their
buck. They're more potent than larger particlies, so they may iead more quickly to heart disease. And,
he adds, they may be amall ensugh to get dirsclly info the bloodsiream, whers thay can do sven more
damage.

“Larger particles can't cross the barvier from the lungs to the
bloodstream,” says Weiss, “but the uftrafine particles can. So i i g %
because of that, and partly because of their increased exposed . ‘7{ » }
surface ares, thera’s more of an opportunily for them o have * : 4
reactions that will cause inflammation.” The only way to avoid ’ ' *
this inflammation—short of somehow removing pariicles fromthe i ¢ :
air around you—is 1o spend less time near major highways. 8 :
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“‘For peopie who move away from the highway, it's fike they quit
smoking,” says Wig Zamore, a longtime resident of Somervilie
with 2 master's degree in urhan planning Over the past decads,
Zamere has worked with community groups on public haalth and
clean-air issues, and is a member of the CAFEH steering
commitiee, 3 group of academics and community members who
help guide the study’s research.

“Their risk prefly immediately staris o go down, and for the
people who move closer io a highway, their risk immediately
staris to go up over a matter of just 2 couple vears ™ he says,
citing a 2008 study by the University of British Columbia,

“For people who move away from the highway, it's

The problem Is, of course, that many people living near like they quit smoking,” says Wig Zamore, a
highways don't have the financial means to move. According to  CAFEH steering committes member. Photo: John
Zamore, of the 35 million Americans who live by 2 major four- Soares

lane highway, roughiy 18 percent are renters or live in low-
income housing.

Community Action

Tina Wang deals with new immigrants in Chinatown every day as a fransiator for the Chinese
Progressive Association, a neighborhood advocacy group. Four years ago, she moved to the United
States from China. She says that most of the community members she knows are awars that living
near a major highway isn’t great for their health, but they simply have nowhers slsa to go.

“ICne manj ioid me, 'How can | leave? | don'i have more money o move oul. | fwaited] more than five
years to get this iow-income apartment.” He knows there’s poliution from the highway. He knows it’s not
good. But he asks me, ‘What else can [ do?'”

Wang is a member of CAFEH's field siafi, a group of 23 peopie who live mostly in the study’s target
neighborhoods. To assess the health impacts of uitrafine particulates in those areas, CAFEH not only
needs air samples; it needs biological data, too—so members of the field team go door-to-door,
cenvincing neighbeors to answer medical questionnaires, submit to blood pressure tests and give blood
samples during weaekly clinics held st a ceniral incation in each participating naighborhood,

Over four years, the fieid team has canvassed Somerviiie,
Dorchester, Chinatown and Malden—all areas where ihe
CAFEH RV has collecied air-quslily data. So far, they've



recruited 700 participants, 450 of whom have attended the
CAFEH-run clinics.

“To our knowledge, our study is the only one that’s both
measuring ultrafines near the highway and looking at biological
markers of people living in those areas.” says Brugge. That's
only part of what makes the study distinctive, he says. CAFEH’s
phiiosophy is o invoive community members not jusi as
sources of data, but aiso as colieagugs in ils research, as Tina
Wang and Wig Zamore are.

Qther researchers in the public health community are iaking
notice. “[CAFEH] is preily unigue in terms of its biend of hard-
science approaches and attempts to both use community
residents and keep the community informed throughout the
projedt,” says Jonathan Levy, a professor of snvironmstiat
health st Boston University, who is on the thesis commitiess of
two Ph.D. students working with CAFEH—Allison Patton from
Tufis School of Engineering and Kavin Lane at the BU Schaal
of Public Haalth.

Photo: John Soares

The benefits of collaboration are many. As Tina Wang sess i,
even a iask as simple as filling out a survey or giving bicod can help embolden those involved.
“YChingtown residents] don't have high sxpedistions for the govemment doing somsthing for
Chinatown. But if they can do 2 litlle bit for the community, [by pariicipating in the study], they fesl
powerful.”

One City’s Response

Some communities aren't simply waiting for the final resuits before they do something. Tucked into a
bend in the Mystic River lies Somerville’s Ten Hills neighborhood—a tiny, wedge-shaped slice of land
covering 50 acres. The mayor of Somendlle calis # home, as do two cily gidermen. Driving through, it's
easy to see why there's an allure 1o the place. its trim streets are lined with trees, and people wave fo
each other in the parks and running trails that flank the river. It’s a gem of a neighborhood. But at 5
p.m. on a Tuesday, with almost no visible iraffic nearby, you can hear the steady drons of oar and truck
engines,

Ten Hills is cut off from the rest of Somenville by two major highways. To the easi, ii's hemmed in by
Route 28, which brings traffic across the Mystic River and into the neighboring city of Medford. To the
south, # siope sbhrunily et Inlersiate 93,

Somerville Mayor Joseph Curtaione is incensed aboul the intersiale. He was jusi seven years oid when
it opened in 1873, splitiing the cily In two. Nearly 40 years later, he stiil hears complaints about the
highway from his neighbors. “it reaily changed the canvas of the city,” he says. “Today, peopie sort of
accept it in bewilderment, and say, ‘How the hell did anyone sver make that decision? How did this
happen?’ [The highway] isn’t really senvicing neighborhoods; it's isolating them.”

And, he adds, it has a distinct impact on the heaith of Somenviilians. The Gty is the mosi densely
populated in New Engiand, and with some 75,000 people concenirated on just four square miles of
land, mors than 11 psroent of residenis live within 400 msters of g major highway, according io
estimates drawn from racent census data.



Red dots show elevated mortalify rates in towns aligned with major highways in the Boston area. Of 100 cities and towns in eastern

Massachusetts, the highlighted communities hold some 75 percent of excess mortality, according to a recent survey,

Curiatone is hoping that the CAFEH study resuiis, once published, wiii heip guide city poiicy o mitigais
the effecis of poliulants from these roadways. Uniil then, his team at ity hail is working with Brugge on
finding interim solutions.

Emmanueatl Owusu Somerville’s program manager for public housing, hag already bagun examining
ways to improve indoor air quality near the highway. He’s focused his atieniion on the cily’s largsest
pubiic housing proiect, the Mystic River Development, which sits right next to 1-83. As is the case in the
Ten Hills neighborhood, a front vard and a sidewalk are the only barriers separating the apariments
froim 2 highway iraveled by an average 188,600 venicles sach day, according io the Massachusetis
Department of Public Health.

With a grant from the U.S. Depariment of Housing and Urban Deveiopment (HUD), Owusu is working
with Tufis environmental engineer John Durant and the community advocacy group STEP (Somarville
Transporiation Equity Parinership) 1o study the effectiveness of window Tiiration units instailed in the
wystic River apanments. They're smail, about the size of an average air congitionet, but Owusu says
they’re making a big difference in the overall indoor air quality.

“We’ve already seen g 35 percent reduction in parlicles in the rooms where we've run the filters,” says
Owusu. “HUD is waiching the outcome of this siudy. if it's successiui, it means indoor alr filiration could
go a long way to help the poilution issue we have at hand, not only in Somerville, but across the
nation.”

There may be other solutions. A study by the National Qceanic and Atmospheric Administration found
that erecting fali scund barriers between highways and the people who live near them could coniain
moest uiirafine pariicies inside highway boundaries. Anocther study from the Universily of Caiifornia,
Davis, experimented with trees as a natural barrier. Redwoods, researchers found, can remove up o
80 percent of uiiraiines. Bul mitigation efioris such as ihese can go oniy S0 far.

Kevin Stone, a field team member for CAFEH, has lived in the Ten Hills neighborhood for 25 years. He
says that many of his neighbors simply haven't heard about the potential health risks of living near a
highway. “This one friend of mine lives at the top of the hill, right next to the highway. He’s got all his
windows wide open, and he's saying, ‘isn't this just a great view of Boston7” Stone lamenis, shaking
his head. “I'm saying ioc myseif, "You don't even realize what you're Ssucking in right off of 1-93. You're
getting really exposed io this stuffi”

At the very least, Stone says, he'd like to see warning signs posted on the bike path that runs alongside
the intersiate. it's a small gesture, but i is something that wouid give residenis an idea of what they
might be breathing during rush hour.

Researchers with the CAFEH project are just heginning 1o sift through terabyies of air-poliution data
from the RV and hundreds of blood samplas fram pardicinants, Thay've released seversl preliminary
papers this year, and are working toward presenting the study’s main findings in summer 2013.

This story first appeared in the Summer 2012 issue of Tufts Medicine magazine.

David Levin is a freelance science writer based in Boston.



Take 2 Deep Breath

1943—First big smog event it Los Angeles

fe of World War i1, a dense brown fog descends on Los Angeles, stinging residents’ eves
5. Some residents fear that the Japanese are waging chemical warfars, but the -i:m;r%% ums

out to be a combination of industiial smoke and aulo exhaust.

1348—0onors, Pa., smog

On October 2B, stagnant weathar conditions trap thick smog over the mill town of Donora, Pa. When i
lifis five days lsler, 20 people are dead and thousands are sickened, it remains one of the worst alr
poliution svenis in the Unlied Biales.

1952—"The Great Smog™ of London

Windless conditions drape London in a pea-soup smog. The pollution is so thick that it penetrates
indoor areas, shutling down movie thesters. Mo than 4,000 peopls Isier ¢is from the smidg's affsdis,
and 28,000 olaim sickness bonefis.

1885 —Air Poliution Control Act

For the first ime, the .8 Congress passes legisiation addressing air pollutionas an
pouring $5 millien (385 million in 2012 dollars) into federal air-qualily research.
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1963—Clean Alr Actof 1363

Congress seis emission standards for stgtionary poilution sources such as power planis and sieel mills
and gives %86 million o state and local governments for aie-quality research and control programs.

1870—Clzan Air Act of 1870

i & major amendment 1o the 1963 legisiation, Congrass seis more demanding standaras for
emissions, including the first reguiations for mofor vehicles. The Environmental Protection Agency is
created io enforee the now standands

1%87—EPA regulates PMiG

In light of studies showing that PM10 {parlicles 10 microns across) can cause respiratory disease, the
EPA singlas them out for regulation, Before 1887, the agency regulated only "total suspended
particulastes™—a term for airbome particles of all sizes.

1887-EPA raguiates PM2S

in the early '80s, multivear studies published by Harvard Universily and the American Cancer Society
show clear finks between fine particulates (PM2.5) and cardiovascular disease, As a result, the EPA
begins 1o monior and regulaie PMZ.5.

2006—EPA fightens PM2.5 standards

The EPA raises its 24-hour exposure standard for PM2.5, bringing the acceptabie level down from 85
micrograms {per cubio meter of air} to 35 micrograms. CAFEH stesring commities member Wig
Zamore testifies before the EPA's Cloan Alr Scientific Advisory Commitles {0 encourage the changes.
Ultrafine particulates (PMO.1) remain unreguiated.
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