
Death by Dust

Call it soot, haze, dust, black smoke, British Smoke, black carbon, fine particles, ultrafine
particles, nanoparticles—call it whatever may suit you.  But think of it for what it causes:  death.

It seems improbable that liquids or solids
small enough for 40 to 1,000 to be laid side-by-
side on the width of a human hair could cause
arteries to harden and then, with a sudden
upsurge, trigger fatal heart attacks and strokes. It
seems equally improbable that the darkest of
these solids and liquids could warm the entire
planet and accelerate the melting of glaciers,
snow packs and the polar icecaps.  Improbable
or not, however, it s also true

In reality, the lethal nature of soot and
other particles makes sense.  Such particles are
largely the result of human activity, especially
combustion.  Animal lungs developed originally
in an aquatic environment where such particles
would not be found.  When animals moved
ashore, the air was pristine by today’s standards

so particles would have been rare.   Thus, as lungs, blood, and hearts evolved, resistance to1

particles would not have developed for the simple reason that they didn’t, for practical purposes,
exist.  Today the human body can defend itself against bacteria, viruses, fungi and other
attackers, but not soot—or, at the very least, not very well.

Particles are of two sorts:

1. So-called “primary” particles, which come straight from
tailpipes, smokestacks, forest fires and the like, much of
which are carbon, or soot; and,

2. “Secondary” particles, which are formed when other
pollutants—such as sulfur dioxide, the principal cause of
acid rain, for example—cook and age in the air, turning
into new and different poisons.2

All of these particles cause death and illness.  Some,
such as “black carbon,” or soot, created when fuels like coal,
diesel fuel or firewood, fail to burn completely, also cause global
warming.

Figure 1 The tiny black specks against the purple

background are diesel soot particles, magnified

approximately 300 times, next to a human hair for

comparison. (Source: South Coast Air Quality

Management District, California)

Figure 2 Ammonium sulfate, a

fine particle formed after sulfur

found in coal and fuel oil is

burned and ages in the air.  It is

linked to death. (Institute for

Atmospheric and Climate

Science, Zurich, Switzerland).



Particles cause death and illness over both the short and long term. On a daily basis, as
their concentration rises, so do and illnesses, ranging from runny noses to emphysema. Over the
longer term, particles cause grave illness, and injury, as well as death.

Fine particles billow by the millions of tons each year from gasoline, diesel and jet
engines, coal fired power plants, steel mills, and hundreds of other types of smokestacks and tail
pipes, literally clouding virtually the entire continent.

Formed when coal, oil,
wood and other fuels are burned
incompletely,  the darkest3

component of soot, black carbon
(BC), has a relatively short
lifetime in the atmosphere—by
some estimates from six to ten days —because it is washed out by rain or other precipitation into4

or onto soil, oceans, snow and ice.  It also simply settles out of the air.  Once deposited, however,
black carbon is extremely resistant to breakdown by heat, chemicals or organisms,  so it can5

reside for hundreds to thousands of years, acting as an enormous sink for carbon.   It is found6

virtually everywhere, even at remote and seemingly pristine islands.   Between 35 to 80 percent7

of total carbon in the air is in the submicron, or exceedingly fine, fraction, which is the most
dangerous from a health perspective.   For one specific type of black carbon, diesel soot, 99.58

percent of the particles are either ultrafine (less than one-tenth of a micron (millionth of a
meter)or fine (0.1-2.0 microns).9

Most pollutants
cause global warming
by trapping heat from
the Earth’s surface,
preventing it from
being radiated into
space.  Black carbon
causes warming by
darkening
things—droplets of
cloud water, for
example—and thus
causing them to absorb
incoming sunlight.   10, 11

The effect is
particularly
pronounced in snowy
and icy environments,
including the polar
regions of the south,12

as well as the north,
where deposition in the early 20  century was so great that the warming effect was roughly 3th

watts per square meter, or eight times the typical pre-industrial level.   Some climatologists13

calculate that black soot may be responsible for 25 percent of observed global warming over the
past century.14

2Only intense simultaneous efforts to slow CO  emissions and

2reduce non-CO  forcings can keep climate within or near the

range of the past million years.

Hansen, J. et. al.,Climate change and trace gases.

Figure 3 Limited visibility in the United States due to air pollution ranges from

a low of 30 miles (48 kilometers) in the east to 138 miles (223 kilometers) in

the Rocky Mountain west. (Source: U.S. EPA)
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Visibility measurements from airport and other sites reflect concentrations of fine
particles. On maps in which dense haze is shown in deepening shades of orange, that color has
spread from a small, roughly circular area covering northern Ohio and bordering areas of
Pennsylvania and Michigan in 1960 to a blanket over virtually every square mile east of the
Mississippi River in 1990.   In a few locations—Southern California is the most notable—fine15

particle levels have fallen. Visibility has also improved somewhat in some areas of the eastern
United States recently, principally because of acid rain controls, but visibility is still vastly worse
than in the 1960s.16

These particles find their way into even the youngest lungs,
and a sobering study in the United Kingdom leaves little room for
doubt about the toxic nature of black carbon. In Leicester, England,
physicians analyzed macrophages—these are specialized white
blood cells that attack invaders like bacteria and viruses and black
carbon particles.  Macrophages—the word literally means “big
eater”— crawl through fluid in bodies searching bacteria, viruses
and other things that don’t belong there.

When a macrophage encounters an invader, its cell wall
splits, allowing it to surround a particle; the cell membrane comes
back together, with the particle ending up inside, engulfed, and
killed by the macrophage.

When the Leicester scientists examined the macrophages of
64 children undergoing elective surgery, they found ultrafine, or

extremely small, carbon particles—the sort from gasoline and diesel tailpipes—present in the
macrophages of all of the children, even a 3-month-old infant.  The levels in children who lived17

close to busy roads were roughly three times those of children living by quiet roads.  18

As levels in the air increased, so did the amount of carbon in the white blood cells.  And
with increases in black carbon content, there was a corresponding drop in the children’s ability to
breathe normally.  The amount of air they could exhale forcibly in one second, called FEV1, fell
17 percent.  More alarming, the total amount of air they could exhale forcibly from a full lung,

25-75called forced vital capacity dropped over 17 percent.  Another measure, FEV  which is a test
of the speed with which air is exhaled dropped by 34.7 percent.   This is an extraordinary drop,1

and one that continues for life.  Such reductions in later years are considered by many doctors as
second only to the exposure to tobacco smoke as a risk factor for death.2

There was a similar examination of 14 non-smoking Canadian workers, 11 utility
employees and 3 non-maintenance employees of a university, all of whom had ultrafine
particles,  evidence that the particles are literally everywhere—they just can’t be seen, or if they19

can, it is as a slight, barely visible decrease in visibility, easily confused with fog.

Figure 4 A particle of black

carbon, or soot.  These not

only cause death and

illness, but also global

warming, especially in snow

and icy areas like the north

and south poles. (Source:

NASA). 



The numbers of particles have been rising for at least a
half century, and there seems to be no end in sight. Consider, for
example, that in 1950 there were no sales of jet fuel because there
were no commercial jet aircraft. Today, however, the U.S. Energy
Information Administration estimates that 1.7 million barrels of
jet fuel are sold each day nationally, and when burned, each
pound results in 100,000,000,000,000,000 particles.   Similarly,20

motor vehicles, especially diesels, emit immense amounts of
soot—classified by the California Air Resources Board as a toxic
air contaminant. Since 1960, the miles traveled nationally by 18-
wheel, over the-road trucks has jumped 459 percent.21

 Once in the air, particles reach the deepest recesses of the
lung, and many stay there.  There can be no doubt of this, because
they have been counted by electron microscope in lung tissues of
the dead. In residents of Mexico City, scientists found roughly
two billion particles in every gram of dry lung tissue. Levels in
the lungs of residents of Vancouver, British Columbia—a much
less polluted city—were lower, but still remarkable: about 280
million per gram of dry lung tissue.

Though some of the pollution particles remain in the lung,
others enter the blood stream or lodge themselves in the lymph,
or immune, system. What happens next is something of a mystery
that scientists are anxious to solve.22

WHAT IS A PARTICLE?

“Particle” is a catch-all word.  Defining it is not
unlike trying to describe the contents of a Halloween
goody bag after a night of trick-or-treating. “Particles”
include solids and liquids alike, everything from diesel
soot to ocean spray—dust and soil, metals ranging from
arsenic to zinc, unburned and partially burned gasoline,
tiny pieces of tires and brake pads, and scores of
chemicals.

Defining particles is complicated even further by
the fact that many of them are not emitted directly from a
tailpipe or smoke stack, but instead are created by
atmospheric chemical reactions. For example, when sulfur-containing coal, gasoline or diesel
fuels are burned, a colorless gas, sulfur dioxide, is formed. It ages to form liquid fine particles that
are droplets of acid rain, fog or snow, which in turn, turn into extremely fine, solid particle
sulfates. Much the same happens to oxides of nitrogen.  All these, in turn, react with the thousands
of organic chemicals, yielding an atmospheric soup that simply cannot be completely described.

Figure 5 The lung of a non-

smoking city dweller that has

been removed and dried,

showing black carbon particles. 

In the lungs of Mexico City

residents, investigators

measured roughly two billion

particles in every gram of dry

lung tissue. Levels in the lungs

of residents of Vancouver,

British Columbia—a much less

polluted city—were lower, but

still remarkable: about 280

million per gram of dry lung

tissue. (Source: University of

California at San Francisco)

Figure 6  In this image, a macrophage,

or “big eater,” has engulfed metal

particles, which are the black spots

(source: University of Hawaii).



“No single analytical technique is currently capable of analyzing the entire range of organic
compounds present in the atmosphere as particulate matter,” explained the U.S. Environmental
Protection Agency in a 2001 document.23

Some
particles can be
sorted based on their
chemical identities,
such as sulfates and
nitrates and metals
such as mercury and
lead.  But most often
particles are
classified according
to size. Part of the
rationale for this is
that whether a
particle is an acid or
metal, granite or
gasoline, size
determines how it
will behave in the
atmosphere and how
far it will travel into

the lung. Large particles—dust blown from fields or eroded from rocks, for example—travel
shorter distances and are generally captured in the upper airways. Extremely small particles,
emitted by the trillions times trillions from diesels, jet aircraft, powerplants, and others sources,
can travel thousands of miles remaining suspended in air for weeks or months. When inhaled,
they can penetrate to the very deepest parts of the lung.24

As a general matter—and like most generalizations, this one has exceptions—particles are
described as coarse, fine, and ultrafine.

3. Coarse particles - larger than 2.5 microns or two and one-half one-millionths of a meter.
Much of this larger fraction consists of soil, street dust, pollen, and mold, though it can
include toxic metals and biologically hazardous materials.

4. Fine particles - 2.5 microns and smaller, and components include a wide variety of
organic chemicals, compounds of lead, cadmium, vanadium and other metals, as well as
black carbon from diesels and power plants, often coated with chemicals that can cause
cancer and other serious illnesses.

5. Ultrafine particles - sometimes also referred to as nanoparticles, these can be as small as
one-billionth of a meter.  They include metals, organic compounds, and carbon spheres. 
Small does not mean safe, however: mice exposed to ultrafine particles build up 55
percent more artery-hardening plaque than those breathing clean air and 25 percent more
than those exposed to fine particles.25

Figure 7 Fine particles kill 50,000 or more Americans each year. (Source:

California Air Pollution Control Officers Association.)



Fine particles rapidly enter the blood stream.  They can be
detected in blood within one minute, reach a peak within, 10 to 20
minutes, and stay at that level for up to 60 minutes.   What happens26

next is something of a mystery that scientists are anxious to solve.27

One possibility is that particles somehow change levels of
ingredients of the blood, as shown by a study in 112 persons over the
age of 60 in Edinburgh and Belfast.   In a study of 47 Finnish patients28

with stable heart disease, exposure to fine and ultrafine particles was
consistently associated with an electro-cardiogram abnormality often
found in those with heart injury.  And, in Chapel Hill, North Carolina29

when elderly volunteers were exposed to concentrated Chapel Hill
particles for two hours, their heart rate variability dropped significantly,
which is often a predictor of heart illness and death.   Another study, this of people exposed to30

the Asian wildfires of 1998, suggests that particles somehow trigger an inflammatory reaction
that, in turn, leads to a cascade of other adverse events.   One of the most provocative and useful31

10studies found that PM –that is, particles smaller than 10 millionths of a meter–exposure resulted
in an increase in C-reactive protein, an index of inflammation that is associated with increased
rates of coronary artery disease.   One painstaking study at a time, the mechanism by which32

particles cause illness and death is being revealed. Notwithstanding these uncertainties, it is
nevertheless clear that small particles—especially those from burning coal, oil, and other
materials, but also some of those in the coarse fraction—trigger illness and death.

EFFECTS OF FINE PARTICLES

Mortality

The evidence that particulate kills is compelling. Studies have shown that increases in
daily particle levels are followed by increases in daily deaths in Amsterdam, Athens, Barcelona,
Basel, Berlin, Birmingham, Boston, Chicago, Cincinnati, Detroit, Dublin, Erfurt, Eastern
Tennessee, London, Los Angeles, Lyon, Madison, Milan, Minneapolis, Mexico City, New York,
Philadelphia, Provo, Rotterdam, Santiago, Santa Clara, Steubenville, St. Louis, Sao Paolo,
Topeka, Valencia, and Zurich.33

The largest of these studies tracked the health histories of 552,138 adults in 151
metropolitan areas from 1982 through 1989 and accounted for smoking, obesity, age, alcohol use,
and other potential confounding factors. In some studies, motor vehicle exhaust seems to play a
critical role, but adverse health effects have also been linked to steel mills, peat-fired power
plants, and a variety of other sources of particles.   The association between mortality and fine34

particulate matter is, in the words of Dr. Douglas Dockery of the Harvard University School of
Public Health “consistent (and) robust.”35

The effects are associated with chronic and acute exposures alike. In a study of 772
patients in Boston who had suffered heart attacks, for example, researchers found that as

10 2.5concentrations of particles rose—both PM  and PM —the frequency of heart attacks did the
same a few hours to one day later.   Longer term exposures—years or even decades—are equally36

dangerous: when researchers analyzed data from more than 500,000 people in an average of 51

10metropolitan districts in a study dating to 1982, they found that when PM  concentrations

Figure 8 A diesel soot

particle. (Source:

Argonne National

Laboratory)



increased by 10 micrograms per
cubic meter, deaths from all causes
rose 4 percent; from
cardiopulmonary illness by 6
percent; and, from lung cancer by 8
percent.37

A brief review of some of
these studies provides some sense
of the breadth and depth of research
that makes it possible for sober and
conservative observers to accept
the seemingly counter-intuitive
proposition that something that can
barely be seen, and even then only
as haze, could be killing more
people than automobile accidents.
Consider the following:

6. Researchers from Johns
Hopkins, Harvard and other
universities examined data
from 90 cities in different
regions of the United States,
covering all geographic
areas. Daily levels of air
pollution from 1987 to 1994
were compared to death and
hospital records. The
researchers found not only a
link between exposure to
particles and death, but
“strong evidence of

10association between PM
levels and exacerbation of
chronic heart and lung
disease sufficiently severe
to warrant
hospitalization.”38

7. Responding to the rapidly accumulating body of evidence from the United States that air
pollution was linked to mortality, the European Union founded the “Air Pollution and
Health—A European Approach,” or APHEA, study. Eleven teams of researchers from 10
different nations studied European cities with a total population of 25 million. As in North
America, when particle levels rose, so did mortality and hospital admissions.   When39

British Smoke, or BS, a measure of particle concentrations, rose by 50 micrograms per
cubic meter, mortality increased by 2.2 percent.40

Figure 9 The haze of black carbon and other pollutants from

Asian wildfires in 1997 and 1998 drifted across the Pacific

Ocean to California and the American west.  Investigators found

evidence of heart and lung inflammation in Singaporean Army

cadets exposed to the smoke. (Source: European Space

Agency)



8. In addition to comparing air pollution
levels with deaths, researchers
collected particle samples from the
Canadian cities of Montreal, Ottawa-
Hull, Toronto, Windsor, Winnipeg,
Edmonton, Calgary, and Vancouver
for chemical analysis. Carbon was the
dominant constituent of the total
particulate matter, while sulfur, which
is a contaminant of coal and diesel
fuel, had the highest correlation with
fine particles. As in other studies,
increases in mortality were linked to
higher levels of particles, but the

2.5association was strongest with PM .41

Some argue that
particle-caused deaths are
merely “harvesting” —the42

acceleration by a few days
of death in the elderly or
frail that would have
occurred in any event—but
several studies have
expressly addressed and
discounted such claims.43

Two of the largest
and most persuasive of the
studies linking fine particles
to illness and death are the
Harvard Six Cities Study
and the American Cancer
Society Study (ACS).
Published in the mid-1990s,
they were sharply criticized
by polluting industries and a
few scientists who

challenged the existence of a causal connection between fine particles and death. These criticisms,
in turn, prompted two other studies (a) a re-analysis of the Six Cities and ACS work and (b) the
National Morbidity, Mortality, and Air Pollution Study (NMMAPS), which was entirely new
research on hospitalization and deaths associated with air pollution in major U.S. cities.

The re-analysis by independent investigators validated the original studies, confirming that
they were sound science. In addition, NMMAPS found strong evidence linking daily increases in
particle pollution in the twenty largest U.S. cities not only to increases in death, but increased
hospital admissions for cardiovascular disease, pneumonia, and chronic obstructive pulmonary
disease. These left no doubt that Americans were being placed at grave risk by particles. And,

Figure 10 Source: U.S. Department of Energy

Figure 11 A depiction of how black carbon and other particles might, like

common allergens such as pollen, trigger an inflamation, setting off a

chain of events that ultimately leads to death from heart attack or stroke.



while the elderly and the ill may be at greatest risk from particles, the second largest group at risk
are society’s most defenseless: infants and children.

Infant and Child Mortality

The linkage between infant and child mortality and exposure to particles is the subject of
considerably fewer studies than those of adults, but they are persuasive nonetheless. The results
are consistent and they are reinforced by other studies of illness, suggesting a continuum of
effects. In the Czech Republic, for example, researchers examined all births between 1989 and
1991. For each infant death, they randomly selected 20 other children of the same sex who had
been born on the same day as the deceased, then examined 24-hour air pollution levels in the
districts where each lived for the period between the birth and death. In all, they studied 2,494
infant deaths and, of these, the 133 due to respiratory causes were linked to increased levels of not
only particles, but also sulfur dioxide and oxides of nitrogen. The researchers’ conclusion was that
“the effects of air pollution on infant mortality are specific for respiratory causes in [the period
between one month and one year of age], are independent of socioeconomic factors, and are not
mediated by birth weight or gestational age.”44

Similarly, after scientists compared
respiratory mortality in Sao Paulo, Brazil, of
children under age five to daily levels of
sulfur dioxide, carbon monoxide, ozone and

10PM , each was associated with an increased
risk of death. As concentrations rose, so, too,
did mortality and this was “quite evident after
a short period of exposure (2 days).” The
estimated proportions of respiratory deaths

2 10attributed to CO, SO , and PM  when
considered individually, were around 15
percent, 13 percent, and 7 percent,
respectively.45

A quite intriguing study was done by economists at the National Bureau of Economic
Research in Washington, D.C., who examined the relationship between infant mortality rates and
decreases in particulate matter emissions because of a recession. They found that as levels of
particles fell, so did neonatal mortality (death before the age of 28 days). Focusing specifically on
Pennsylvania, they found that when the levels of total particulate matter dropped roughly 25
percent, infant deaths within one year of birth attributable to “internal” causes (e.g., respiratory
and cardiopulmonary deaths) fell by 14 percent.46

Illness

In addition to their linkage to death, fine particles are associated with a litany of lesser ills,
including runny or stuffy noses, sinusitis, sore throat, wet cough, head colds, hayfever, burning or
red eyes, wheezing, dry cough, phlegm, shortness of breath, and chest discomfort or pain, as well
as hospital admissions for asthma and bronchitis.   Increases in fine particle levels are47

accompanied by higher rates of chronic cough, asthma, and emphysema, even among non-
smoking Seventh-Day Adventists.  Bronchitis and chronic cough increase in school children48 49,50

Figure 12 One year mean column burden of black

carbon.



as do emergency room and hospital admissions.   In Utah, when particulate levels rose, hospital51,52 

admissions of children for respiratory illnesses tripled.53

The horrific toll of indoor black carbon in developing nations

The dominant source of black carbon in urban areas and developed nations is combustion
in engines, especially diesels.  Elsewhere, however, the burning of biomass is the culprit.  This
may be of crop resides in agricultural regions or fireplaces and woodstoves in rural areas.  In less
developed nations, however, the principal cause of black smoke is cooking and heating, which
take a horrific toll on human health.

Throughout much of the developing world, cooking is done on primitive stoves in small
rooms that frequently lack adequate ventilation. In one survey, 60 percent of households used a
three-stone hearth or a U-shaped mud-plastered hearth known as a chulha. Only 28 percent of
kitchens had chimneys, and only 32 percent had windows for ventilation. Under these
circumstances, exposure to indoor air pollutants is unavoidable.54

The pollution burden falls most heavily on
women, who do most of the cooking, and on
infants and children, who spend a great deal of
time near their mothers and are highly susceptible
to its damages. Acute respiratory infections (ARI)
are the single most important cause of mortality in
children under age 5,  and as indoor burning of55

biomass increases, so do ARIs.  This has been
documented generally,  as well as in the specific56

nations of South Africa,  Zimbabwe,  Nigeria,57 58 59

Tanzania,  Gambia,   Brazil,  Argentina,  and60 61, 62 63 64

Nepal,  to name but a few.  Indoor wood smoke is65

also associated with low birth weight  as well as66

infant mortality.67

By one estimate, the number of deaths
because of indoor air pollution in India alone is as
much as 400,000 per year.  Globally, it is68

estimated to account for two million deaths in
developing countries and 4 percent of the world’s
disease burden.  Evidence also exists of69

associations with increased infant and perinatal
mortality, pulmonary tuberculosis, nasopharyngeal
and laryngeal cancer, cataract, and, specifically in
respect of the use of coal, with lung cancer.70

BLACK CARBON (BC)

The combined emissions from wood,
diesel, and coal represent more than 75 percent of

the total global black carbon emissions.   Reducing emissions of black and other carbons is71

Figure 13 Smoke from cooking, such as this

scene in Nepal, kills about 2 million people each

year.  It causes acute respiratory infections

(ARI), which are virtually unheard of in the

United States and other developed nations, but 

are the single most important cause of mortality

in children under age 5 in developing countries.

(Source: Practical Action)



relatively straightforward.  Diesel cars, trucks and buses can be fitted with trap oxidizers, which
are devices that capture particles and burn them.   The same can be done with very large diesels,72

such as those found on ships.   Emissions from jet aircraft would drop sharply from replacing73

older aircraft with newer ones.74

Similarly, in China, which accounts for roughly one-
quarter of the world’s black carbon emissions, the dominant
sources are neither vehicles nor electricity generating plants
but instead indoor cooking and heating with coal or biomass. 
These uses account for roughly 83 percent of China’s BC
emissions, and they could virtually be eliminated by simply
substituting coal briquettes or natural gas for raw coal, as
well as some other measures.75

In the United States burning wood
in older fireplaces or stoves is also a major
source of black carbon.  Newer versions of
the stoves that burn pellets instead of
conventional firewood or fireplace inserts
that do the same can cut emissions 49 to 69
percent.  Just as good, since the black
carbon is burned instead of being vented to
the air, more heat is extracted from the
fuel. Where it’s available, stove can be
converted to natural gas, virtually
eliminating black carbon emissions.  76

Upgrading stoves and fireplaces would not
only provide almost immediate cooling
benefits, but by some estimates, reduce
annual air-pollution-related deaths in the
United States by 2,000.77

Figure 14 A trap oxidizer, a device

that catches soot from car or truck

exhaust, then destroys it.

Figure 15 W ant to eliminate soot from fireplaces? Get a

pellet stove.
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account for the disagreement in the upper troposphere. The disagreement may also be due to problems associated

with the measurement of black carbon. Emissions from this database appear to provide a reasonable estimate of the

annual emissions of black carbon to the atmosphere. Biomass burning emissions amount to 5.98 Tg and that from
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light engine oil. Operated at 2000 rpm. Details of methodology.

Define four basic shapes:

1.Spherulites (individual particles); 2. Chains or clusters of spherulites; 3. Spherules (large bodies of spherulites; 4.

Flake-like bodies.

 Equivalent  spherical diameter of spherulites was 0.23 microns; Distributions of particle size by number showed
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and after sonication of particles in water, the mobile sorbed metals were Mg,P,Ca,Cr,Mn,Zn,Sr,Mo,Ba,Na,Fe,S, &



Si. 

Stress differences between sonicated and impacted diesel particles - these differences are likely to affect toxicity.
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vanillic acid, and non-sea-salt sulfur in ice cores indicate that sources and concentrations of BC in Greenland

precipitation varied greatly since 1788 as a result of boreal forest fires and industrial activities.  Beginning about

1850, industrial emissions resulted in a sevenfold increase in ice-core BC concentrations, with most change
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Nonbronchoscopic BAL procedure before elective surgery. Data from Leicester, UK; proximity of home to busy



main road or residential street noted. All children’s AM contained ultrafine carbonaceous particles (< 0.1 microns).

Significantly more found in children who lived close to a busy traffic road. EM picture of carbonaceous ultrafine

particles within a phagosome of an alveolar macrophage from a child aged 3 months. 10% of AM contained particles

in AMs of children on busy roads, against 3.
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This study is summarized in the EPA criteria document.

39.     SAMOLI, E., SCHWARTZ, J., WOJTYNIAK, B., TOULOUMI, G., SPIX, C., BALDUCCI, F., MEDINA,

S., ROSSI, G., SUNYER, J., BACHAROVA, L., ANDERSON, H.R., & KATSOUYANNI, K.  “Investigating

regional differences in short-term effects of air pollution on daily mortality in the APHEA project; a sensitivity

analysis for controlling long-term trends and seasonality.”  Environmental Health Perspect 109; 349–353: (2001).

40.    Western European cities: Athens, Barcelona, Cologne, London, Lyon, Milan, and Paris; and five central

eastern European cities Bratislava: Cracow, Lodz, Poznan, and Wroclaw—as previously analyzed in the APHEA

study. Days with Black smoke > 200 micrograms/m3 were excluded.  Poisson regression methods.  Loess smoothing

regression smoother, which is a generalization of a weighted moving average.  Window chosen that minimized

2Akaike’s Information Criterion.  Black smoke and SO  were the pollutants analyzed. Increase in BS of 50
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To assess whether domestic use of wood fuel is associated with reduced birth weight,
independent of key maternal, social, and economic confounding factors, investigators
studied 1,717 women and newborn children in rural and urban communities in rural
Guatemala. They identified subjects through home births reported by traditional birth
attendants in six rural districts (n = 572) and all public hospital births in Quetzaltenango
city during the study period (n = 1,145). All were seen within 72 hr of delivery, and data
were collected on the type of household fuel used, fire type, and socioeconomic and other
confounding factors. Smoking among women in the study community was negligible.
Children born to mothers habitually cooking on open fires (n = 861) had the lowest mean
birth weight of 2,819 g [95% confidence interval (CI), 2,790-2,848]; those using a
chimney stove (n = 490) had an intermediate mean of 2,863 g (95% CI, 2,824-2,902); and
those using the cleanest fuels (electricity or gas, n = 365) had the highest mean of 2,948 g
(95% CI, 2,898-2,998) (p< 0.0001). The percentage of low birth weights (< 500 g) in
these three groups was 19.9% (open fire), 16.8% (chimney stove), and 16.0%
(electricity/gas), (trend (p = 0.08). Confounding factors were strongly associated with fuel
type, but after adjustment wood users still had a birth weight 63 g lower (p = 0.05; 95%
CI, 0.4-126). This is the first report of an association between biofuel use and reduced
birth weight in a human population. Although there is potential for residual confounding
despite adjustment, the better-documented evidence on passive smoking and a feasible
mechanism through carbon monoxide exposure suggest this association may be real.
Because two-thirds of households in developing countries still rely on biofuels and
women of childbearing age perform most cooking tasks, the attributable risk arising from
this association, if confirmed, would be substantial.

67.  Rinne, S.T. . et. al. Use of Biomass Fuel Is Associated with Infant Mortality and
Child Health in Trend Analysis Am. J. Trop. Med. Hyg., 76(3), 2007, pp. 585-59.
Biomass fuel used for cooking results in widespread exposure to indoor air pollution
(IAP), affecting nearly 3 billion people throughout the world. Few studies, however, have



tested for an exposure–response relationship between biomass fuel and health outcomes.
To assess the relationship between biomass fuel, infant mortality, and children’s
respiratory symptoms. Eighty households in a rural community in Ecuador were selected
based on their use of biomass fuel and questioned regarding a history of infant mortality
and children’s respiratory symptoms. Carbon monoxide (CO) and particulate matter (PM)
were measured in a subset of these homes to confirm the relationship between biomass
fuel use and IAP. Results showed a significant trend for higher infant mortality among
households that cooked with a greater proportion of biomass fuel (P = 0.008). Similar
trends were noted for history of cough (P = 0.02) and earache (P < 0.001) among children
living in these households.

68.  Kumar, S. & Mehra, S. ARI And Indoor Air Pollution: Its Burden And Correlation.
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environmental and public health challenge.  Bulletin of the World Health Organization
2000.

70.  Bruce N., Perez-Padilla R., & Albalak, R. Indoor air pollution in developing
countries: a major environmental and public health challenge. Bull World Health Organ.
2000;78(9):1078-92.
Around 50% of people, almost all in developing countries, rely on coal and biomass in
the form of wood, dung and crop residues for domestic energy. These materials are
typically burnt in simple stoves with very incomplete combustion. Consequently, women
and young children are exposed to high levels of indoor air pollution every day. There is
consistent evidence that indoor air pollution increases the risk of chronic obstructive
pulmonary disease and of acute respiratory infections in childhood, the most important
cause of death among children under 5 years of age in developing countries. Evidence
also exists of associations with low birth weight, increased infant and perinatal mortality,
pulmonary tuberculosis, nasopharyngeal and laryngeal cancer, cataract, and, specifically
in respect of the use of coal, with lung cancer. Conflicting evidence exists with regard to
asthma. All studies are observational and very few have measured exposure directly,
while a substantial proportion have not dealt with confounding. As a result, risk estimates
are poorly quantified and may be biased. Exposure to indoor air pollution may be
responsible for nearly 2 million excess deaths in developing countries and for some 4% of
the global burden of disease. Indoor air pollution is a major global public health threat
requiring greatly increased efforts in the areas of research and policy-making. Research
on its health effects should be strengthened, particularly in relation to tuberculosis and
acute lower respiratory infections. A more systematic approach to the development and
evaluation of interventions is desirable, with clearer recognition of the interrelationships
between poverty and dependence on polluting fuels.

   Penner, J.E. Towards the development of a global inventory for black carbon emissions. International71

conference on carbonaceous particles in the atmosphere; 3-5 Apr 1991, Vienna, Austria.

The authors developed a global inventory for black carbon (BC) emi measured ambient concentration ratios

2of black carbon and SO  at locations throughout the world. They extended the data base for
black carbon by using “smoke” measurements at a variety of monitoring sites and a
calibration factor for black carbon derived herein from ambient smoke and BC



2measurements. They demonstrate that BC to SO  ratios are well correlated at most sites

2and that distinct ratios of BC to SO  apply to source areas from economically distinct

2regions.  However, within any one economic region, the ratio of BC to SO  appears to be
relatively constant.  These facts are used to construct a global inventory of black carbon
emissions by using previously published inventories for the emissions of sulfur from fossil
fuel use.  The derived inventory totals nearly 24 Tg C/yr.  This inventory is compared to a
crude inventory based on emission factors and published fuel use statistics for wood and
bagasse burning, diesel fuel, and domestic and commercial coal use.  The combined
emissions from wood, diesel, and coal can explain more than 75% of the total global
emissions and usually are within a factor of two of the derived regional emissions from the
BC/S ratio method.  The black carbon inventory, totaling nearly 24 Tg C/yr, is used in the
Lawrence Livermore National Laboratory global chemistry/climate model to simulate the
world-wide distribution of black carbon.  The predicted concentrations are compared with
available measurements from throughout the world.  This comparison supports the
magnitude of the inventory which the authors have derived to within a factor of two,
although significant uncertainties with respect to the treatment of scavenging and
deposition in the model remain.

   A. M. Stamatelos A review of the effect of particulate traps on the efficiency of vehicle diesel engines.72

Energy Conversion and Management, V. 38, Issue 1, Jan. 1997, Pages 83-99.

Particulate traps are becoming more widely used on city buses, some delivery trucks and fork lift trucks. The

possible use of diesel particulate traps will lead to a fuel consumption penalty imposed on the baseline

engine that is due to the trap back pressure as well as to the energy requirements of the regeneration

technique adopted to incinerate the collected soot at will. The combined effect of trap back pressure imposed

on the engine and additional energy required for trap regeneration on the overall efficiency of the diesel

power plant is examined in this paper. This effect varies according to engine type, trap type and size,

regeneration system used, and the vehicle driving mode. Because of the strong interaction among the above

parameters, optimization of trap systems on efficiency grounds is complicated. This complexity is even more

pronounced in the case of diesel-powered passenger cars, where the full exploitation of their efficiency

advantage over gasoline-powered cars is constrained by the necessity of an optimized solution of the

particulate emission problem. The main diesel particulate trap regeneration philosophies existing today are

reviewed in terms of their effect on the total efficiency of the diesel power plant. This is done by means of

representative examples, concerning systems which may be suitable for large-scale application. The

conclusions indicate that the price that must be paid for environmental protection, in the case of diesel

particulate control systems, may be substantially reduced by system design optimization.

   Cherng-Yuan Lin.  Reduction of particulate matter and gaseous emission from marine diesel engines73

using a catalyzed particulate filter. Ocean Engineering, V. 29, Issue 11, Sep. 2002, Pages 1327–1341

Diesel engines are used widely as the power sources of coastal ships and international vessels primarily due

to their high thermal efficiency, high fuel economy and durable performance. However, the gaseous and solid

substances exhausted from diesel engines during the combustion process cause air pollution, in particular

around harbor regions. In order to effectively reduce particulate matter and gaseous pollution emissions, a

catalyzed particulate filter was equipped in the tail pipe of a marine diesel engine. The engine’s performance

and emission characteristics under various engine speeds and torques were measured using a computerized

engine data control and acquisition system accompanied with an engine dynamometer. The effectiveness of

installing a catalyzed particulate filter on the reduction of pollutant emissions was examined. The

experimental results show that the exhaust gas temperature, carbon monoxide and smoke opacity were

reduced significantly upon installation of the particulate filter. In particular, larger conversion of carbon

2monoxide to carbon dioxide—and thus larger CO  and lower CO emissions—were observed for
the marine diesel engine equipped with a catalyzed particulate filter and operated at higher
engine speeds. This is presumably due to enhancement of the catalytic oxidation reaction
that results from an exhaust gas with stronger stirring motion passing through the filter.
The absorption of partial heating energy from the exhaust gas by the physical structure of
the particulate filter resulted in a reduction in the exhaust gas temperature. The particulate



matter could be burnt to a greater extent due to the effect of the catalyst coated on the
surface of the particulate filter. Moreover, the fuel consumption rate was increased slightly
while the excess oxygen emission was somewhat decreased with the particulate filter. 

   Petzold, A. et. al.In situ observations and model calculations of black carbon emission by74

aircraft at cruise altitude. Journal of Geophysical Research, Volume 104, Issue D18, p. 22171–22182. 

http://www.agu.org/journals/jgr. *Publication Date:*  00/1999
The exhaust aerosol of two aircraft at cruise was extensively characterized in the size
range from 0.003 to 2 _m for plume ages <=2 s. The black carbon (BC) exhaust aerosol of
an older technology engine (Rolls-Royce/Snecma M45H Mk501) consisted of a primary
BC mode with a modal diameter of 0.035 _m and a mode of coagulated BC particles with
a peak near 0.15-0.16 _m in diameter. The total number density at the nozzle exit plane
was 3(10^7 cm^-3 . In contrast, a modern technology engine (CFM International CFM56-
3B1) emitted far smaller BC particles with a primary mode at 0.025 _m and a coagulated
mode at 0.15 _m, as well as fewer particles by number with a concentration of 9(10^6
cm^-3 . The single-scattering albedo of the jet exhaust aerosol was 0.035+/-0.02 inside the
plume, indicating a dominant contribution of ultrafine (D<0.1_m) BC particles to light
extinction. Black carbon number emission indices EI(N) varied from 3.5(10^14 (CFM56-
3B1) to 1.7(10^15 kg^-1 (M45H Mk501) with corresponding mass emission indices
EI(BC) of 0.011 and 0.1 g kg^-1 . Previously reported corresponding values for a CF6-
80C2A2 engine were 6(10^14 kg^-1 and 0.023 g kg^-1 , respectively. A comparison
between EI(BC) values calculated by a new correlation method and measured data shows
an excellent agreement, with deviations <10% at cruise conditions. By extending the
EI(BC) calculation method to a globally operating aircraft fleet, a fleet-averaged emission
index EI(BC)=0.038gkg^-1 is calculated.

   Streets D.G. et. al. Black carbon emissions in China. Atmospheric Environment, Volume 35, Number75

25, September 2001 , pp. 4281–4296(16). Emissions of BC in China are roughly one-fourth of global

anthropogenic emissions. China’s high rates of usage of coal and biofuels are primarily responsible for high

BC emissions. Investigators calculate that BC emissions in China in 1995 were 1342 Gg, about 83% being

generated by the residential combustion of coal and biofuels, and estimate that BC emissions could fall to

1224 Gg by 2020. This 9% decrease in BC emissions is contrasted with the expected increase of 50% in

energy use; the reduction will be obtained because of a transition to more advanced technology, including

greater use of coal briquettes in place of raw coal in cities and towns.

   Timm, B. Air Quality Modeling and Health Benefits of a Woodstove Change-out Program, May 18,76

2006, U.S. Environmental Protection Agency.

   Timm, B. Air Quality Modeling and Health Benefits of a Woodstove Change-out Program, May 18,77

2006, U.S. Environmental Protection Agency.
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