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Air Pollution Factoids

> Americans make the equivalent of round
trips to the moon each year in their automobiles.

> National air quality levels have shown significant
Improvements over the last years in the
U.S.

> Since 1970, aggregate emissions of the six
principal poIIutants have beencutby %, while
the gross domestic product has increased 164%,
energy consumption has increased %, and
vehicle miles traveled has increased %.

> million tons of pollution are emitted into the
air each year in the U.S.




Air pollution Episodes

> Meuse Valley, Belgium, 1930 — zinc smelters,
60 deaths

» Donora, Pennsylvania, 1948 — 23 deaths over
Halloween weekend

_ondon, England, 1952 — 4000 deaths
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Belgiam’s Poison Fog Cases
Likened to the ‘Black Death’

BELGIAN FOG DEATHS
LAID TO POISONOUS GAS

FOG BROUGHT DEATH
ONLY TO OLD AND ILL

Toll of 70 in Belgian Towns
Laid to Natural Causes as
Menace Passes Away.

Epeclizl Cable to TEE NEW YoRE TIMES.
LONDON, Dec. 5—The sugges-
tion that the Belgian fog deaths
may be due to some form of plague
as advanced tonight by Professor
. B. 8. Haldane, prominent Cam-
bridge scientist.

"It seems like something in the
nature of the Black Death to me,"
he told The Daily Mail tonight. *'I
don't think It can be caused by war
gas, because the deaths oecurred
in different villages, They have
been having floods in that distriet
lately and that may be responsi-
ble."

The Elack Death was the name
given in the Middle Ages to the
bubonic plague, which was re-
sponsible for millions of deaths in
the fourteenth century in wvarlous
parts of Europe.

Doctor Who Performs Auatopsy
Unable to Mentify It—
Brussels Inquiry Today.

Epecial Cable to Tuas New Yorx Toees.
BRUSSELS, Dec. 8.—The deaths
caused by the fog in the Meuse Val-
ley were ascribed to a polsonous gas
by E‘rn;easnr Firket, who performed
an autopsy upon several victims to-
day in Liége, He =said, however,
that he had heen unable to deter-
mine exactly what gas had wrought
the havoe. _
Y1t is neither any known form of
war gas, nor a gas such as might be
derived from an ammonia explo-
sion," he said, *“"We _m_ther incline
to the theory that it had its origin
in some industrial accident, which
resulted in the release’ of noxious
gas."

Scientists Investigating the Imel-
dent agree that such a noxious fas
could be ecarried by the fs% At the
same time, no progress has been
made by the authorities in discover-
ing information concerning any such
accldent, and for the moment the
mystery remains unsolved.

An inguiry will be held here to-

morrow by the Cablnet -of Minlsters
to seek a solutiom of the mystery,

LONDON, Dee. 8 (#).—The mystari-
pus ‘‘death fog' of the Meusa Val-
ley in Belgium, which  last week
claimed more than threescore hu-
man lives, was not due to any com-
municable disease, in the opinion of
Belgium health authorities, and they
o informed the PBritish Ministry of

PEASANTS STILL IN TERROR

Many Credit Malignant Force
—Authorities the World Over
Speculate on Phenomenon,

Bpecial Cabls to Tae New Tonx Toues.

BRUSSELS, Dec. 8.—While it s
naserted by some medlcal authorl-
ties that the appalling number of
deaths attributed to the dense fog in
Belgium of the last three days were
due In reality only to natural causes,
the peasants refuse to relinguish the
theory of poison. They point to the
great numbers of cattle killed as sup-
porting their belief,

Upward of seventy persons are re-
ported dead, while the hospitals of
Liége are choked with vietims.

A conference of Red Cross doetors
held today in Engis, one of the
stricken villages, was unable to sub-
mit a report for want of definite evi-
dence. In a conference here at the
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Ig- 1-2. Environs of Donora, Pennsylvania. Horseshoe curve of Monongahela River
§ surrounded by mountains. Rallroad tracks are located on both sides of the river.
ow-lying stretch of Monongahela Valley between railroad and river is natural trap
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Fig. 4-9 Fumigation of a valley floor caused by an inversion layer that restricts
diffusion from a stack.
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"Night at Noon." London's piccadi”y Central London during the killer smog, December 1952. At this point,

- - - visibility is less than 30 feet. During the height of the smog, people
Circus at mldday’ durmg e deadly SN could not see their own hands or feet, and buses had to be led by

episode, this time in the winter of 1955.  pojicemen walking with flares.
Credit: 'When Smoke Ran Like Water', Credit: 'When Smoke Ran Like Water', by Devra Davis, Perseus
by Devra Davis, Perseus Books Books Greater London, 195:

— Smoke
Sulphur dioxide
Deaths
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Research by Rutgers University's Paul Lioy and others
shows that as the amount of smoke and pollutants in the air
shot up during the week of Dec. 5, 1952, so did the death
rate in greater London. Estimates say the smog killed
anywhere from 4,000 to 11,000 people.

Credit: Paul Lioy, Rutgers University
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Smog: Sulfur Dioxide, Acidic
Aerosols and Soot (particulates)

TABLE 1.1 Some Incidents of Excess Deaths
Associated with Smog*

Number of
Year Place excess deaths

1930 Mcuse Valley, Belgium 63
1948 Donora, Pennsylvania 20
1952 London

1962 LLondon 700
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FIGURE 1.2 Concentrations of SO, and “smoke™ as well as the
death rate during the 1952 smog episode (adapted from Wilkins,
1954).




Air Pollution Factoids

Approximately million people live in counties
where monitored air in 2002 was unhealthy at times
because of high levels of at least one of the six principal
air pollutants

the vast majority of areas that experienced unhealthy air
did so because of one or both of two pollutants -
and _ , PM,,

Clean Skies legislation currently being considered would
mandate additional reductions of % from current
emission levels from power plants throughac and
t program

Of the six pollutants (NO,, Ozone, SOy, PM,,, CO, lead)

ground level has been the slowest to achieve
reductions




Primary vs. secondary pollutants

> Primary pollutant - discharged directly
into the atmosphere (e.g., automobile
exhaust)

> Secondary pollutant - formed in the
atmosphere through a variety of chemical
reactions (e.g., photochemical smog)

CE 326 Principles of Environmental Engineering, Copyright © 2008 Tim Ellis, lowa State University




Stationary vs. mobile sources

> Stationary Sources

o Contribute approximately 40% of total air
pollution
98% of SO,
95% of particulates,
56% of total hydrocarbons,
53% of NOy, and
22% of CO

CE 326 Principles of Environmental Engineering, Copyright © 2008 Tim Ellis, lowa State University




Stationary vs. mobile sources

> Mobile Sources

o Contribute approximately 60% of total air
pollution
/8% of CO,
47% of NOy,
44% of total hydrocarbons,
5% of particulates, and
2% of SO

CE 326 Principles of Environmental Engineering, Copyright © 2008 Tim Ellis, lowa State University
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Effects of air pollution
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Air Pollution Effects
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Definitions

cV l‘\'w ‘&~ pollutant — pollutant that is regulated based on health or
environmental criteria

NAAQS - National A w b e w? \Va Quality Standards -
revised in 1987, set air quality standards.

SIP — State | » p le wew Yahown Plan to achieve air quality standard

AQR —AirQual .t Req (ow ____ —areas that have air
quality that meets primary standards is classified as an attainment area,
if not, then it’'s a non-attainment area.

NESHAPs — National E m %S (ons Standards for Ha zev dons
Air P o lLu Fants

MACT — Maximum Achievable C euivo \
T e C"\V\,o lo 94

. also BACT — best available control technology) — the best available
control equipment that is technologically feasible and is currently
available.

NSPS — New S euv ¢ ¢ Pev 1‘&« mauCe Standards




Seven Major Pollutants of Concern

1. Particulates

2. Sulfur Oxides (SOy)

3.0zone

4. Nitrogen Oxides (NOy)

5. Carbon Monoxide (CO and other
hyrdrocarbons)

6. Volatile Organic Compounds (VOCs)

/.Lead (& others: mercury, other inorganic metals,
radon, HCI)

CE 326 Principles of Environmental Engineering, Copyright © 2008 Tim Ellis, lowa State University




Ozone Nonattainment Areas
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SO, Nonattainment Areas
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Lead (Pb) Nonattainment Areas
Elritn;dtg:g:;ent Areas Map
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PM, s

PM., Nonattainment Areas
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CO Nonattainment Areas
Er:tn;::jt;;:;ent Areas Map
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Particulates

> released directly into the air
> largely a result of stationary sources
> a nearly ubiquitous urban pollutant.

“Although particulate levels in North America and Western
Europe rarely exceed 50 micrograms of particulate matter per
cubic meter (ug/m?3) of air, levels in many Central and Eastern
European cities and in many developing nations are much
higher, often exceeding 100 ug/m? (http.//www.wri.org/wr-98-
99/urbanair.htm).”




Size of Particulates

PM, s 490 : 2.5 to 100 p in diameter, usually comprise
smoke and dust from industrial processes, agriculture, c
and road traffic, plant pollen, and other natural sources.

PM, :: particles less than 2.5 y in diameter generally
come from combustion of fossil fuels.

vehicle exhaust soot, which is often coated with various
chemical contaminants

fine sulfate and nitrate aerosols that form when SO, and
nitrogen oxides condense in the atmosphere.

largest source of fine particles is coal-fired power plants,
but auto and diesel exhaust are also prime contributors,
especially along busy transportation corridors.

CE 326 Principles of Environmental Engineering, Copyright © 2007 Tim Ellis, lowa State University




Health Effects

> small particulates most damaging (PM2.5)

> PM, ; aggravate existing heart and lung
diseases

> changes the body's defenses against inhaled

materials, and damages lung tissue.

> Elderly, children and those with chronic lung or
heart disease are most sensitive

> lung impairment can persist for 2-3 weeks after
exposure to high levels of PM, ;

» chemicals carried by particulates can also be
toxic




National Ambient Air Quality Standards (NAAQS)

Criteria Pollutants | Standard Type | Ave Time | Conc. gz:fi‘jfks and | Anthtopogenic Sources LS 2
] . 8h 9 ppm carboxy-hemoglobin incomplete combustion from mobile mtermediate in breakdown of
Carbon monoxide | Primary 1h 3 ; gpm | (blood) | and stationary sources methane by hydroxy] radicals (OH-)
Hydrocarbons . ' . incomplete combustion ﬁom mobile
(measured as” Primary 3h 240 ppb photochemical smog R T see graph
CH,) |
. 24 h 18 pob leaded gasoline (obsolete?), smelters . .
Lead Primary s month s pgg CNS and refineries volcanic activity and soils
) ‘ health risks, visibility . N
. . . annual 53 ppb ’ . . bacteria! processes in soil release
Nitrogen dngde Primary Ih 250 ppb {NO, . high temperature combustion nitrous oxide N,0
has a brown color)
) ’ 1h 120 ppb eve irritati d formed in nitrogen oxide photolytic
Primary ve irritation, breathing :
Ozone 8h 80 ppb difficulties cycle (NO, + sunlight)
Sulfur dioxide Primary o iy Tespiratory disease . C
- 24h 140 ppb sulfur in fuel sulfur released in biological
Sulfur dioxid Secondary Ik 500 pob plant damage, material processes
0 oxide econ pp P
Total suspended | primary annual 75 ugmt’ visibility and respiratory
particulates (TSP) 24h 150 pg/m’ | effects
combustion of fossil fuels and soil, sea salt, sand, forest fires,
industrial activity volcanocs
Particulates Ptimary annual 50 pg/m’ visibility and respiratory
(PM,,) 244 365 pg/m’ ; effects
Particulates . . i visibility and respiratory
PM, ) . Primary 24h 65 pghm E effects




Sulfur Oxides

Sulfur Oxides (SOy, mainly SO,)

emitted largely from burning coal, high-sulfur oil, and
diesel fuel.

usually found in association with particulates
h 2hls the precursor for fine sulfate particles (separating
the

ealth effects of these two pollutants is difficult)

SO, and particulates make up a major portion of the
pollutant load in many cities, acting both separately and
In concert to damage health.

concentrations are higher by a factor of 5 to 10 in a
number of cities in Eastern Europe, Asia, and South
America, where residential or industrial coal use is still
prevalent and diesel traffic is heavy

major component of acid rain




Health Effects

SO, affects people quickly, usually within the first few minutes of
exposure

SO, exposure can lead to the kind of acute health effects typical of
particulate pollution.

Exposure is linked to an increase in hospitalizations and deaths
from respiratory and cardiovascular causes, especially among

asthmatics and those with preexisting respiratory diseases

severity of these effects increases with rising SO, levels, and
excercise enhances the severity by increasing the volume of SO,
inhaled and allowing SO, to penetrate deeper into the resplratory
tract

Asthmatics may experience wheezing and other symptoms at much
lower SO, levels than those without asthma.

When ozone is also present, asthmatics become even more
sensitive to SO, indicating the potential for synergistic effects
among pollutants




Ozone

major component of photochemical smog

formed when nitrogen oxides from fuel combustion react
with VOCs

sunlight and heat stimulate ozone formation, peak levels
occur in the summer.

widespread in cities in Europe, North America, and
Japan as auto and industrial emissions have increased.
Many cities in developing countries also suffer from high
ozone levels, although few monitoring data exist

powerful oxidant, can react with nearly any biological
tissue.




Ozone

concentrations of 0.012 ppm can irritate the respiratory tract and
impair lung function, causing coughing, shortness of breath, and
chest pain.

Exercise increases these effects, and heavy exercise can bring on
symptoms even at low ozone levels (0.08 ppm).

ozone exposure lowers the body's defenses, increasing
susceptibility to respiratory infections

As ozone levels rise, hospital admissions and emergency room
visits for respiratory ilinesses such as asthma also increase.

hospital admissions rise roughly 7 to 10 percent for a 0.05 ppm
increase in ozone levels.

in 13 cities where ozone levels exceeded U.S. air standards, the
American Lung Association estimated that high ozone levels were
responsible for approximately 10,000 to 15,000 extra hospital
admissions and 30,000 to 50,000 additional emergency room visits
during the 1993-94 ozone season
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Nitrogen Oxides

> principal precursor component of
photochemical smog

» component of acid rain (NO, is oxidized to
NO;™ in the atmosphere, NO;™ reacts with
moisture to form nitric acid H,NO,)

» formed inadvertently due to high
temperature of combustion of atmospheric
nitrogen

CE 326 Principles of Environmental Engineering, Copyright © 2007 Tim Ellis, lowa State University




Carbon Monoxide

Hemoglobin has an affinity for CO that is 200 to 250
times its affinity for oxygen
« this reduces its affinity for oxygen, disrupts release of oxygen.

EI%Od level of 0.4% is maintained by CO produced by
ody.

Blood is cleared of 50% of CO in 3-4 hours after
exposure.

Global emissions of CO are 350 million tons per year,
20% from mobile sources.

CO concentration in cigarette smoke is ~400 ppm.

24% of emergency room patients complaining of flu-like
symptoms in one study showed carbon monoxide
poisoning

CE 326 Principles of Environmental Engineering, Copyright © 2007 Tim Ellis, lowa State University




Volatile Organic Compounds
(VOCs)

> contribute to ozone generation

> many are subject to NESHAPS (benzene
from gasoline vapors)

> significant industrial emissions (e.g.,
perchloroethylene from dry cleaners)

> many are carcinogenic or suspected
carcinogens

CE 326 Principles of Environmental Engineering, Copyright © 2007 Tim Ellis, lowa State University




Other Air Pollutants

> Lead

> Mercury

> other inorganic metals
> Radon

CE 326 Principles of Environmental Engineering, Copyright © 2007 Tim Ellis, lowa State University
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