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Teaching Schedule

Week Topic

1 Introduction to air pollution
2 Sources and Classification of atmospheric pollutants
3 Indoor and outdoor air pollutants
4 Particulates and gases pollutants
5 Health and ecological impact

6-8 Characteristics of stack plumes (diffusion models, effective stack height:

Spatial concentration distribution )
9-10 General ideas in air pollution control

(Alternative,Resources Recovery, the Ultimate Fate of Pollution, and
Combustion )

11-15 The Nature of Particulate Pollutant
Settling velocity and drag force, Particle Size distribution, behavior of
particles in the atmosphere

16- 21 Control of Primary Particulates
Wall collection devices (Gravity settlers, Centrifuge , and ESP)
Dividing Collection Devices (Surface filters, Depth filters, and Filter med
Choosing a Collector
22-28 Control of Gases
Control of VOC
Control of Sulfur Oxides
Control of NitrogernOxides
29-30 Air pollution and Global Climate

- De Nevers, NoelAir pollution control engineering Waveland press, 2010.

- Wang, Lawrence K., Norman C. Pereira, and YungTse Hung, edsAir pollution
control engineering Vol. 1. Totowa, NJ: HumanaPress, 2004.

- De Marco, A., Proietti, C., Anav, A., Ciancarella, L., D'Elia, I., Fares, S., ... & Marchetto, A.
(2019). Impacts of air pollution on human and ecosystem health, and implications for
the National Emission Ceilings Directive: Insights from Italy. Environment
international, 125, 320-333.
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Introduction to air pollution

Introduction to air pollution

Why is society so worried by air pollution?

The concern stems from a combination of several
factors:

1. Urbanization and industrialization have brought
together large numbers of people in small areas.

2. The pollution generated by people is most often
released at locations close to where they live and
work, which results in their continuous exposure to
relatively high levels of the pollutants.

3. The human population is still increasing at an
exponential rate.
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Air pollution is the presence of undesirable material in air, in quantities large enough
to produce harmful effects. This definition does not restrict air pollution to human
causes, although we normally only talk about these. The undesirable materials may
damage human health, vegetation, human property, or the global environment as
well as create aesthetinsults in the form of brown or hazy air or unpleasant smells.
Pollutants are known that may do all of these things. Many of these harmful materials
enter the atmosphere from sources currently beyond human control. However, in the
most densely inhabitegharts of the globe, particularly in the industrialized countries,
the principal sources of these pollutants are human activities. These activities are
closely associated with our material standard of living. diminate these activities
would cause sucha drastic decrease in the standard of living that this action is
seldom considered. The remedy proposed in most industrial countries is to continue

the activities and control the air pollutant emissions from them.

Before rain After rain
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Health Effects
Health Effects

Lung disease

Heart disease

Cancer risk

‘Clean Air Act of 1970
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Introduction

Air pollution

Air pollution may be defined as any atmospheric condition in which certain
are present in such concentration that can produce undesirable cffects
on man and substance include gases, particulate,
radioactive materials, and many others. Most ol these materials are naturally

are usually considered to be

substances
his  environment. These

present in the atmesphere in low concentrations and
harmless.

Classification of air pollutants

The air pollutants 1nay be classified in different ways as follows:

1) According tc origin:

A. Primary pollutants are those that are emitted directly from the sources into the

atmosphere. A general list of primary air pollutants are:

1. I-Particulate matter such as ash. smoke, dust, fumes, mist, fog, spray, and

aerosol
Inorganic gases such as sulfur dioxide, hydrogen sulfide, nitric acid,

2:
, and hydrogen fluoride.

ammonia, carbon monoxide, carbon dioxide
3. Olefin and aromatic hydrocarbons.
4. Radioactive compound.

nerally not considered an air pollutant but, because of its

Carbon dioxide is ge
al climate is great concern.

global concentration, is influence on glob

B. Secondary pollséants are those that are formed from chemical and

photochemical inte:actions among primary pollutants and normal atmos
atmosphere. Pollutants such as sulfur trioxide, nitrogen dioxide,
arious sulfate and

pheric

constituents in the
PAN (peroxyacety; nitrate), ozone, aldehvdes, ketenes and v

nitrate salts.

10
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2) According to state of matter:

A. Gaseous pollutants which get mixed with air and do not normally settle e.g.
CO, NOx, and SOZ2. .

B. Particulates pollutants which comprised of finally divided solids or liquids
and often exist in in colloidal state as ash, smoke, dust, fumes, mist, fog,
spray, and aerosol.

Sources of air pollution

Air pollution results from gaseous emissions from:

A. Industrial waste: There are numbers of industries which are sources of air
pollution. Petroleum refinery are the major source of gase()us pollutants,
Cement factories emit plenty of dust, stone crushers, food and fertilizers
industries which emit gaseous pollutants, and chemical manufacturing
industries which emit acid vapors in air. ‘

B. Thermal power stations: The chief pollutants are fly ash,SO2, and other
gases and hydrocarbons. |

C. Automobiles: the source of emission of vehicles exhaust. This exhaust
produced many air pollutants such as CO, NOx lead oxides

Air Pollutants emission from petroleum refinery and their effects

< The petroleum refining process results in the release of a number of air
pollutants, including:

Sulfur Oxides SOX

Nitrous oxides NOX

Carbon Monoxide CO

Volatile Organic Compounds (VOC)

Particulate matter

Greenhouse gases (GHGs)

\/
0.0

@,
0.0

®, ®, \/ \7
0.0 0.0 Q.O 0‘0
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Atmosphere of Earth and Global Problem

Atmosphere of earth

[he atmosphere comprises of a mixture of gases surrounding the planet earth. It
acts as a gaseous blanket protecting the earth by absorption the dangerous
ultraviolet solar radiation (UV), warming the surface of the earth through the heat
retention (greenhouse effect). The greenhouse effect’ which keeps the earth warms
enough to sustain the life on the earth. It extends up to about 500 km above the

surface of the earth.
Composition of Earth's atmosphere
Normal compositioh of clean, dry air at or near the sea is as following:

» The major gases of the atmosphere are: N, O,, and Water vapor (H,0).

» The minor gases in the atmosphere are: Argon (Ar) and carbon dioxide
(COy.

» The trace gases in the atmosphere are: Methane, Nitrous oxide,
Hydroger:, ozone. Nitrogen dioxide, Carbon monoxide, Ammonia, Neon,
Helium, etc.

Layers of Earth's ﬁtmosphere:

The atmosphere which extended up to about 500 km above the earth’s surface can
be broadly divided into four major regions with widely varying temperature even
within each region. These regions are:

1. Tropospher;é;

This layer is closest to the Earth's surface, and extends up to an altitude of
I1km. It is also the layer where majority of our weather occurs. This layer is
primary composed of 78% nitrogen and 20.9% oxygen (make up air) and other
gases including greenhouse gases. All atmospheric water vapor or moisture is
found in this layer.

12
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2. Stratosphere:

This layer lies directly above the troposphere. It extends about 11-50 km above
the Earth's surface. It contains the ozone layer. About 90% of the ozone in the
Earth's atmosphere is found in this region. The ozone layer absorbs the

ultraviolet raciation from the Sun. very little weather occurs in the
stratosphere.

3. Mesosphere:

This area is directly above the stratosphere, it extends about 50-85 km above
the Earth’s surface. :

4. Thermosphere:

This layer extends from 85-500 km above the Earth's surface.

P
2.

3
3
I
y
3
Czon

Fig.1 Layers of air atmosphere

13
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Indoor and outdoor air pollutants

What every physician needs to know:

Exposure to indoor and outdoor rigkik r po
for morbidity and mortality from a variety of different conditions in multiple
organ systems. These exposures cause and/or exacerbate respiratory diseases
and diseases in other organ systems. Air pollution may also cause sensory
irritation and decreaswellbeing through, for example, loss of visibility.

Ambient air pollution arises from both natural and hurdanved sources. Air
pollution has likely had adverse health effects throughout history due to natural
occurrences such as volcanic eruptions aiidfires. In the modern era, burning
fossil fuels, electric power generation, home heating, and motor vehicle
transport has greatly increased emissions and pollution exposure. The
importance of ambient air pollution was first appreciated in the 20tturgen

when car s, trucks, and ot her vehicl e
pollution and when public health crises arose from periods of intense pollution
such as the London fAkiller fogo in 1965¢&

Recent unprecedented growtth esfo wmb amu |
continents has led to enormous concentration of emissions from sources
including massive fleets of motor vehicles, electric power generation, heating,
and industry, which combine to produce remarkable and sustained air pollution
events. Rrely, events such as the collapse of the World Trade Center have
created shotterm intense levels of outdoor air pollutants with recognized health
effects.

There has also been increasing recognition that the problem of air pollution
extends to indoor efmonments. In lowincome countries, exposure to smoke
from biomass fuel combustion is widespread and typically occurs at high
concentrations. Poor residents of highome countries may experience indoor
pollution due to biomass fuel burning. More commonty high-income
countries, indoor pollutants are generated by human activities and released from
materials used for construction and furnishings. These indoor pollutants are

14
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often maintained at unhealthy concentrations by building designs that seal them
in with limited exchange of indoor air with outdoor air.

Several factors related to specific pollutant characteristics and patterns of
exposure determine the likelihood of injury from inhalation of indoor or outdoor
air pollutants.

Pollutant Characteristics

Uptake of gases: Penetration into and retention within the respiratory tract of
gaseous pollutants vary widely, depending on the physical properties of the gas
(e.g., solubility), the concentration of the gas in the inspired air, the rate and
depth of ventation, and the extent to which the material is reactive.

Highly watersoluble gases, such as formaldehyde and, Sde almost
completely extracted in the upper airways. Removal of less \saleble gases

like NO,and Qis much less complete, and thag#ses may penetrate to the
distal airways and alveoli. Exercise augments penetration of gases into the lung
parenchyma and the total dose of pollutants delivered to the airways.

Particle deposition and retention: Deposition of particulate pollutants depend

on sever al factor s, i ncluding the par
particle size), alirway anatomy, and
di ameter are filtered out i n the nose
tend to be depositedh ithe tracheobronchial tree. Deposition in the alveoli is
maximal for particles <R um in diameter, while particles <100 nanometers
(ultrafine particles) can deposit throughout the respiratory tract. Removal of
particles from the larger airways occurs tine mucociliary apparatus within

hours of deposition. Clearance from the deep lung by alveolar macrophages is
much slower requiring days to months.

Personal Exposure

Definitions of concentration, exposure, and dose are fundamental to considering
the effecs of air pollution. Concentration is the amount of material present in
the air. For the respiratory tract, exposure is the amount of time spent in
contaminated air; exposure is given units of concentration x time. Dose is the
amount of material that entetse body. A biologically effective dose is the
amount of material that must reach the target site, i.e., alveoli, for injury to
occur. Total personal exposure is the relevant index of exposure, which refers to
the timeweighted average pollutant concetitta in the microenvironment in
which a person spends time. For example, a relevant microenvironment for high
particulate exposure would be an office in which smoking is permitted.

15
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Studies indicate that residents of most khilgtome countries spend mosttbéir

time indoors so that exposure to many pollutants occurs indoors. Data in a
number of countries showed that people spend an average 7% ®f their

time inside their homes and >90% of their time indoors. Even so, time spent
outdoors may be the mgteminant determinant of exposure for some pollutants,
such as ozone, especially for people who exercise outdoors and receive an
augmented dose of ozone to their lungs because of the increased ventilation
associated with exercise.

Classification:

1 OQutdoor air pollution

Outdoor air is polluted with a dynamic mixture of pollutants from both natural
and manmade sources. The nature of the mixture depends primarily on the mix
of sources and their operations and on meteorology. The mixture includes
primary polluants like nitrogen oxides and primary particles, which come
directly from their sources, and secondary pollutants like ozone and secondary
particles, which are formed through chemical and physical transformations in
the atmosphere. These pollutants areialdy classified based on their
characteristics and sources. One commonly used classification is based on

Section 108 of the Clean Air Act , wh i

matter, ozone, nitrogen dioxide, sulfur dioxide, carbon monoxide, |@ad).
Among these, particulate pollutants and ozone receive the greatest focus and
have the most extensive health data.

g D

air pollutantso are recognized, incluc

For public healthand particularly for persons with cardiopulmonary disease,
exposure to particulate matter and ozone at levels associated with adverse health
effects is common. Particulate matter in urban air is typically a heterogeneous
mixture classified into 3 size rgas based on diameter: the ultrafine range
(<0.10 microns in diameter), the fine range (<2.5 microns in diameter), and the
coarse range (between ZLB microns in diameter). The ultrafine particles,
which reflect fresh combustion, are in highest humbees neadways, where

they come from vehicles. Much of the mass in the fine range is attributable to
secondary particles. The coarse mode particles in urban areas are comprised of
dust, tire debris, bioaerosols, and other materials.

Ozone is an indicator ofxadant pollution formed through sunligdtiven
photochemistry that involves nitrogen oxides and hydrocarbons. Concentrations
vary across the day based on traffic, sunlight, and weather. Photochemical
pollution now affects much of the US, particularly syamd warm areas.

16
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For both inhaled particles and ozone, oxidative injury with local and systemic
consequences is the key mechanism of injury. Particulate matter in urban air
typically has carcinogens among its components. Decades of epidemiologic
researchlink these air pollutants to adverse respiratory effects, including
exacerbation of chronic lung diseases such as asthma, COPD, and cystic
fibrosis, and reduced lung function. At very high concentrations of particulate
matter, excess deaths have been -detlumented, particularly among those
with cardiopulmonary disease. Although the major entry of air pollution is via
the respiratory tract, air pollution has extensive effects in multiple organ
systems. Literature links particulate matter to increased aaasicular
morbidity and mortality, including myocardial infarctions, arrhythmias,
congestive heart failure, hypertension, and stroke. Emerging evidence also links
particulate matter exposure with pulmonary malignancies, adverse birth
outcomes, childhood spiratory disease, diabetes, deep venous thrombosis, and
neuropsychiatric disease. As a consequence, epidemiologic studies document
increased shortand longterm mortality associated with particulate matter at
levels present over the last several decades.

Shortterm ozone exposure is associated with multiple health effects including
increased asthma and COPD exacerbations, hospital admissions and deaths.
Acute but reversible reduction of lung function is well documented from
experimental exposures. Loigm ozone exposure is linked to increased
cardiovascular and respiratory mortality in multiple epidemiologic studies.

1 Indoor air pollution

There are myriad forms and sources of indoor pollution, including combustion
(tobacco smoke, stoves, fireplaces, andodv stoves), household products,
construction materials, biologic agents (e.g., microbes, petsyjjasfing from

water, and soil gas. In particular, soil gas is the origin of most indoor radon.
These agents cause disease through diverse mechanisms miatilam and
irritation, immune responses, carcinogenesis, and effects on the central nervous
system. The spectrum of adverse respiratory consequences is broad and includes
upper airway symptoms, causation and exacerbation of asthma, hypersensitivity
pneumoitis, and lung cancer.

Indoor Air Pollution and Health

Indoor Air Quality (IAQ) refers to the air quality within and around buildings
and structures, especially as it relates to the health and comfort of building
occupants. Understanding and controlling common pollutants indoors can help
reduce your risk of indoor health concerns.

17



cr ANKOF 2 31OFmMm c¢ OfF N
Iy Wy BHh @y 8 MWAEYDRFOF wy SIHIOPF

Health effects from indoor air pollutants may be experienced soon after
exposure or, possibly, years later.

Immediate Effects

Some health effects may show up shortly after a single exposure or repeated
exposures to a pollutant. These include irritation of the eyes, nose, and throat,
headaches, dizziness, and fatigue. Such immediate effects are usually short-
term and treatable. Sometimes the treatment is simply eliminating the person's
exposure to the source of the pollution, if it can be identified. Soon after
exposure to some indoor air pollutants, symptoms of some diseases such as
asthma may show up, be aggravated or worsened.

The likelihood of immediate reactions to indoor air pollutants depends on
several factors including age and preexisting medical conditions. In some
cases, whether a person reacts to a pollutant depends on individual sensitivity,
which varies tremendously from person to person. Some people can become
sensitized to biological or chemical pollutants after repeated or high level
exposures.

Certain immediate effects are similar to those from colds or other viral
diseases, so it is often difficult to determine if the symptoms are a result of
exposure to indoor air pollution. For this reason, it is important to pay attention
to the time and place symptoms occur. If the symptoms fade or go away when
a person is away from the area, for example, an effort should be made to
identify indoor air sources that may be possible causes. Some effects may be
made worse by an inadequate supply of outdoor air coming indoors or from
the heating, cooling or humidity conditions prevalent indoors.

Long -Term Effects

Other health effects may show up either years after exposure has occurred or
only after long or repeated periods of exposure. These effects, which include
some respiratory diseases, heart disease and cancer, can be severely
debilitating or fatal. It is prudent to try to improve the indoor air quality in your
home even if symptoms are not noticeable. While pollutants commonly found
in indoor air can cause many harmful effects, there is considerable uncertainty
about what concentrations or periods of exposure are necessary to produce
specific health problems. People also react very differently to exposure to
indoor air pollutants. Further research is needed to better understand which
health effects occur after exposure to the average pollutant concentrations

18

2HSAIIOFM wcy)IOF wh e



Iy Wy BHh @y 8 MWAEYDRFOF wy SIHIOPF
SHAIIOFM wgy }IOF Wwh Erket

found in homes and which occurs from the higher concentrations that occur for
short periods of time.

Primary Causes of Indoor Air Problems

Indoor pollution sources that release gases or particles into the air are the
primary cause of indoor air quality problems. Inadequate ventilation can
increase indoor pollutant levels by not bringing in enough outdoor air to dilute
emissions from indoor sources and by not carrying indoor air pollutants out of
the area. High temperature and humidity levels can also increase
concentrations of some pollutants.

Pollutant Sources

There are many sources of indoor air pollution. These can include:

1 Fuel-buring combustion appliances

1 Tobacco products

1 Building materials and furnishings as diverse as:

o Deteriorated asbestos-containing insulation

o Newly installed flooring, upholstery or carpet

o Cabinetry or furniture made of certain pressed wood products

1 Products for household cleaning and maintenance, personal care, or
hobbies

1 Central heating and cooling systems and humidification devices

1 Excess moisture

1 Outdoor sources such as:

o Radon

o Pesticides

o Outdoor air pollution.

The relative importance of any single source depends on how much of a given
pollutant it emits and how hazardous those emissions are. In some cases,
factors such as how old the source is and whether it is properly maintained are
significant. For example, an improperly adjusted gas stove can emit
significantly more carbon monoxide than one that is properly adjusted.

Some sources, such as building materials, furnishings and products like air
fresheners, can release pollutants more or less continuously. Other sources,
related to activities like smoking, cleaning,redecorating or doing hobblies
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release pollutants intermittently. Unvented or malfunctioning appliances or
improperly used products can release higher and sometimes dangerous levels
of pollutants indoors.

Pollutant concentrations can remain in the air for long periods after some
activities.

Inadequate Ventilation

If too little outdoor air enters indoors, pollutants can accumulate to levels that
can pose health and comfort problems. Unless buildings are built with special
mechanical means of ventilation, those designed and constructed to minimize
the amount of outdoor air that can "leak" in and out may have higher indoor
pollutant levels.

How Outdoor Air Enters a Building

Outdoor air can enter and leaves a building by: infiltration, natural ventilation,
and mechanical ventilation. In a process known as infiltration, outdoor air flows
into buildings through openings, joints, and cracks in walls, floors, and ceilings,
and around windows and doors. In natural ventilation, air moves through
opened windows and doors. Air movement associated with infiltration and
natural ventilation is caused by air temperature differences between indoors
and outdoors and by wind. Finally, there are a number of mechanical
ventilation devices, from outdoor-vented fans that intermittently remove air
from a single room, such as bathrooms and kitchen, to air handling systems
that use fans and duct work to continuously remove indoor air and distribute
filtered and conditioned outdoor air to strategic points throughout the house.
The rate at which outdoor air replaces indoor air is described as the air
exchange rate. When there is little infiltration, natural ventilation, or mechanical
ventilation, the air exchange rate is low and pollutant levels can increase.

Indoor Particulate Matter

Particulate matter (also referred to as PM or particle pollution) is a complex
mixture of solid and/or liquid particles suspended in air. These particles can
vary in size, shape and composition. EPA is especially concerned about
particles that are 10 micrometers in diameter or smaller because these
particles are inhalable. Once inhaled, particles can affect the heart and lungs
and in some cases cause serious health effects. The human health effects of
outdoor PM are well-established and are used to set health-based standards
for outdoor air (National Ambient Air Quality Standards, NAAQS). PM is also

20
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found in all indoor environments. Indoor PM levels have the potential to
exceed outdoor PM levels and the NAAQS. However, less is known about the
specific impacts of indoor PM on health.

Health Effects of Inhalable Particles

Exposure to inhalable particles can affect both your lungs and your heart.
Many studies directly link the size of particles to their potential for causing
health problems. Small particles (less than 10 micrometers in diameter) can
get deep into your lungs, and some may even get into your bloodstream.
People with heart or lung diseases such as coronary artery disease,
congestive heart failure, and asthma or chronic obstructive pulmonary disease
(COPD), children and older adults may be at greater risk from PM exposure.
Scientific studies have linked PM exposure to a variety of health impacts,
including:

1 Eye, nose and throat irritation;
1 Aggravation of coronary and respiratory disease symptoms; and
1 Premature death in people with heart or lung disease.

Indoor PM Sources

PM found indoors will include particles of outdoor origin that migrate indoors
and particles that originate from indoor sources. Indoor PM can be generated
through cooking, combustion activities (including burning of candles, use of
fireplaces, use of unvented space heaters or kerosene heaters, cigarette
smoking) and some hobbies. Indoor PM can also be of biological origin.

Levels of PM Indoors

Indoor PM levels are dependent on several factors including outdoor levels,
infiltration, types of ventilation and filtration systems used, indoor sources, and
personal activities of occupants. In homes without smoking or other strong
particle sources, indoor PM would be expected to be the same as, or lower
than, outdoor levels.

Steps to Reduce Exposure to Indoor PM

1 Vent all fuel-fired combustion appliances to the outdoors (including
stoves, heaters and furnaces)

21
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Install and use exhaust fans vented to the outside when cooking

Avoid the use of unvented stoves, fireplaces or space heaters indoors. If

you must use unvented appliances foll
especially related to ventilation..

Choose properly sized woodstoves, certified to meet EPA emission

standards; make certain that doors on all woodstoves fit tightly.

Use appropriate wood in stoves and fi.
program for Safe Wood-burning Practices

Have a trained professional inspect, clean and tune-up central heating

system (furnace, flues and chimneys) annually. Repair any leaks

properly.

Change filters on central heating and cooling systems and air cleaners

according to manufacturer's directions.

22
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Particulates and gases pollutants

Sulfur oxides SOX

Sulfur dioxide SO;, belongs to the family of sulfur oxides gases (SOX). It is
formed from the suifur containing in raw materials such as coal, oil and metals —
containing ores during combustion and refining processes. SO, dissolves in water
vapor in the air to yorm acids, and interacts with other gases and particles in the air
to form particles known as sulfates and other products that can be harmful to

people and their environment.

Nitrogen oxides NOX

Nitrogen oxides NOX include the gases: Nitrogen oxide NO ard Nitrogen dioxide
NO,. NOX formed primarily from the liberation of nitrogen contained in fuel and
nitrogen contained in combustion air during combustion processes.NO emitted
luring combustionquickly. oxidized to NO, in the atmosphere.NO, dissolved in
water vapor in air to form acids, and interacts with other gases and particles in the
air to form particles known as nitrates and other products that may be harmful to
eople and their environment.

Particulate matter (PM)

Particulate matter (PM) consists of air born particles in solid or liquid form. They
can be suspended di‘oplets or solid particles or mixture of the two.PM may be
classified as primaiy or secondary, depending on the compounds and processes
involved during its formation:

¢ Primary PM i‘s emitted at the emissions source in particle form, for example,
the smokestack of an electrical power plant or a recently tilled field subject
to wind erosion.

* Secondary PM Formation results from a series of chemical and physical
reactions involving different precursor gases, such as sulfur oxides and
nitrogen oxides, and ammonia reacting to form sulfate, nitrate and
ammonium particulate matter.
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Particulates can be composed of inert or extremely reactive materials ranging in
size from 100 pm down to 0.1 pm and less. The inert materials do not make any
changes in the environment as a result of combustion or any other process, whereas

the reactive materials could be further oxidized or may react chemically with the

environment.
Air borne particulate
Air born particles can be classified as:

Dust: Solid particles of size ranging trom | to 200 um. These are formed by
natural disintegration of rock and soil or by the mechanical process of grinding and

spraying. ) s A

Smoke: Fine particles of size ranging from 0.01 to 1 pm, which are they liquid or

solid, and are formed by combustion.>.-+

Fume: Solid particles of the size ranging .rom 0.1 to 1 pm, and are normally

released from chemical or metallurgical processes.

Mist: Liquid droplets generally smaller than 10 pm, which are formed by
' condensation\in the atmosphere or released from industrial ope utions.

Fog: It is the mist in which the liquid 1s water.

Aerosol: These included all air-born suspensions either solid or liquid . These are

generally smaller than 1 pm

24
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Global air poliution problems

The main global pollution problems are:
1. Greenhouse effect and global warmin
2. Ozone depletion,

3. Acid rain.

128

i) Greenhouse Effect and global warming

Greenhouse Effect:

The solar energy coming from the sun passes through the atmosphere gases to
reach the Earth's surface. Roughly one-third of this radiation absorbed is
reflected directly back to the space. The remaining two-thirds aré absorbed by
the earth’s surface and warm it. Along wave infrared (IR) radiation (heat)
emitted from the Earth's surface. Some of IR radiation passes through the
atmosphere into the space and some of it is absorbed by certain gases in the
atmosphere, called greenhouse gases and re-emitted in all direction. The effect
of this is to warm the Earth's surface and the lower atmosphere. This
phenomenon is called the greenhouse effect. These gases essentially act as
blanket, making the earth’s surface warmer than otherwise it would be.

¥ o) A“ S 1 : 4 %
Somte salar re diation is ¢ ofiche infrared
reflected B1-ri1e Eareh ton passes througch the
and the ariiosnhers sprficre. and some is
: Ceosrded and re emitted in
" Jirection by greenhouse
The effect of this is to
' thic Earth's surface
i 200 d e Joveer agmosphere
a2r 5

radiation
passes
through the
clear

Fig.2 the Greenhouse effects

Neen 7

25

SHASIOFM wcy ) IOF whe



cr ANKOF 2) 3OF M c tOfF Jl
lH Yy Hh @y 8 MAEYDROF gy I $0OF
SHAIFM wgyJHWF wh

)
:

nvironment and Pollution Department

_Air Pollution Control

Major greenhouse gases are

e S : w A
Greenhouse Chemieal Sources
. Gas symbol
Water vapor H.O

' Naturally occurring,. Rlsmgj global temperatures

| may act to increase water vapor in the
| atmosphere.

Carbon Dioxide | €0, 'l Naturally ouunm” “Also it occurs as a result of

- human activities such as burning of coal, oil, and
| hatural gases
| It produu.\ by both the natural and human
' process. It is produced when plants decay and
- where there is very little air. It is also called
- swamp gas because it is abundant around the
| ; | water and swamps.
Nitrous Oxide N>O Generated by burning fossil fuels, in the
- manufacwre of nitrogen fertilizer and by use of
this fertilizers in agricultural

 S— - = 4 {-
|
|
|

. Methane l CH

Ozone O; Naturally ouunmb Ultraviolet radiation and
| oxygen interacted to form ozone in atmosphere.
' Ozone layer helps to protect the earth from ultra-

violet radiation

Chlorofluoro ' Various lncxeasnm the use of CFCs tend to destroy ozone
carbons, CFCs | compounds | in the upper atmosphere causmg depletion the
ozone layer.

l
|

Among the greenhouse gases, water vapor and carbon dioxide are the most
important greenhouse gases.

“The greenhouse gases acting like the greenhouse allow the solar radiation in the

range 300 to 2500 nm (e.g. near UV, visible and near IR region), while filtering
the dangerous UV radiations (e.g. <300 nm)
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lmportant of greenhouse effect:
/ The mmportant of areenhouse effect is:

U To mamtan the average temperature of world. The average temperature
should remain constant and governs all life process.
o manntain the sea level.

N

3. The polar wce caps remain intact.

Global warming

Global wariming is increase in global average temperature near the Earth's
surface as a result of increasing in concentration of greenhouse gases in the
atmosphere from human activities. 1 more greenhouse gases are added to the
atmosphere from human activities, they will absorb more of infrared radiation
reflected by the Earth's surface. The surface and the lower atmosphere will
warm further. This extra warming is called the enhanced greenhouse effect.
Fnhanced greenhouse effect causes global warming. Since the beginning of
industrialization, 200 years ago, concentration of thesc gases has increases. It
is estimated that the Earth's average temperature has raised 0.6 “C since 1880
because of emission of greenhouse gases from human activities.

Effects of global warming

The tollowing cfTects will results from the global warming (rising

temperature):

I- Thermal expansion of the water and melting of polar ice caps would cause
sea level to rise.

2- Could lead to changes in regional wind systems which would influence
global rainfall distribution and lead to redistribution and frequently of
flood, drought, and forest fires.

3- Growth in insect population: Climate change would create favorable
conditions for growth in insect population, which this have bad effect on
agriculture and human health.

4- Disrupts the Water supply and droughts would Be more common.

el e o e
tourth year Page 9
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International action to reduce global warming

Kyoto protocol: Held in December 1997, at the city of Kyoto. The Kyoto is a
legally binding agreement under which

themselves to reduce their annual greenh
5% less than 1990 levels by

37 developing countries committed
ouse gases emission to an average of

2012 because they are responsible for 36% of the
world CO, emission. Now more than 500 cities around the world have taken
. Up programs to reduce their greenhouse emission.

Controlling global warming
. ,“-{7"43')1
= 1- Reduce deforestation and develop way to sustainable agriculture.
2- Use of technologies to absorb CO, from emission.
3- Increased absorption of CO, by planting more trees. St il
) -4~ Sequester CO, in Deep Ocean.
5- Increased dependence on renewable energy source.
G

2) The Ozone Layer and Ozone Layer Depletion
The Ozone Layer

The ozone layer in the stratosphere serves as a shield, protecting the earth’s surface
from the suns’ ultraviolet radiation (UV). Ozone layer absorbs 97-99% of the UV
radiation. As the ozone absorbs UV-radiation, it is broken into oxygen molecule
and oxygen radical. The oxygen and the oxygen radical then recombine to form
new ozone molecule, available to absorb more UV-radiation.

uv
03 e 02+ a*

0,+0* ——— O3

Ozone layer depletion

The ozone layer depletion occurs as results of releasing of chemicals such as
chlorofluorocarbons (CFCs). CFCs when first used in air conditioning and
refrigeration systems valued for their non-toxic and stabie properties. CFCs
introduced in the lower troposphere pass through the ozone without any change

and reach the stratosphere. Here, they impact by the UV-radiation and release
destructive chlorine atoms

o i e T e

Fourth year '

Page 1(1.
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Source of ozone layer depletion

The facts the ozone layer depletion was discovered in the mid of 1980. The main

source of ozone layer depletion is '

1- Chlorofluorocarbon, CFCs: CFCs arz cause damage to ozone layer. When
CFCs reach the upper atmosphere ihey are degraded by UV radiation to
produce chlorine atom. This atom breaks up ozone molecules to form oxyg Y 4
and ozone then disappear and depleted. 2

2- Nitrous oxide: it produces from the microbial action on the nitrogenous
fertilizers, which cause depletion of the ozone layer.

3- Nuclear test: Nuclear explosions release high quantity of various gases an
other materials which damage the ozone layer.

~ International action to protect the ozone layer

Montreal protoco!: is an international agreement signed
Canada in 1987. It goal was to cut emission of CFCs int
35% between 1989 and 2000. G

N\

) S

-

3) Acid rain &

ollution Control

B deid rain is ma;
i = rain l? mainly caused by the release of s [fur dioxi i
nitrogen (NQ,) during fossi] # pustion and. the ey <oo2) SICEEE
il £ lossi fuel combustion and the use sulfur coal and oil
S anWldl unlie S are discharged into atmosphere they react with water, o3
S vl eg 3 in the :}tmosphere to form sulfuric acid, ammonium,
X it 5 acids thep dlSPEI'Se over large aréas because of wind pa et
5 0 the ground with rainwater as acic rain, ‘ A

..

- Unpolluted rain is naturally acidic with a pH of about 5.6
= _,‘ which reacts with rainwater forming carbonic acid
s SR A

& €0,+HO0 — > H,0, — > i
is a weak acid and the acidity in

rials. But the presen
g
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V. ffects of acid rain

The harmful effects caused by acid deposition can be categories under
effects:
- Effects on water bodies: acid rain causes acidulation of
contributes to damage of tree at high elevation and much s
2- Effect on material: acid rain accelerates the decay o
other structures may by corrosion.
3- Effect of human health: acid rain caused acidi
that damage the human health. It can also rele
of the distribution systems into the potable

Chemical processes of acid formation in atmosphere

\ large part of SO» in the atmacnhace & .38 1t
3 i Q\ p ¢ LG alln \‘.\;‘ CTEC IS O\ldth‘d to SUl \:
- e
80, +0, —— >
3 ()- -SO_;

Also SO. rane K :
Also SO; reacted with atmospheric ozone to give sulfur

$0:+0; — 50,+0,0

&Jlﬁﬂ' ll’londe 803 lSMqlnc‘ kh' combined w
ilmosphere him - o
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Environment and Pollutio

N Dy partnu

.
i s — i ——

i ﬁl‘ Pltion Co u.‘l

Control strategies for acid rain

1- The use of low sulfur coal or substitution of coal by other fuels.

2- Alternative methods for power generation instead of thermal power pl
such as hydropower facilities or nuclear power. %
3- Installation of flue gas desulfurization systems in large power pl
reduce emission of SO,. e
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Health and ecological impact
Air pollution and health
Air pollution is now c onesvirohreental tealho b e
threat, accounting for 7 million deaths around the world every year. Air
pollution causes and exacerbates a number of diseases, ranging from asthma to
cancer, pulmonary illnesses and heart disease. Outdoor air pollution and
particulate matter, one of its major components, have been classified as

carcinogenic to humans by the International Agency for Research on Cancer.

In accordance with recent estimates by\Wwerld HealthOrganization exposure

to air pollution is thus a more important risk factor for major-nommunicable
diseases than previously thought. Air pollution is the largest contributor to the

burden of diseasedm the environment.

The main substances affecting health are: nitrogen oxides (NOXx), sulphur oxides
(SOx), ozone and particulate matter with the lattespecially particulate matter
below 2.5 microns (PM 2.5) being of greatest concern, as these tiagtiples
penetrate deep into the lungs, affecting both the respiratory and vascular
systems. Both extent and duration of the exposure influence health outcomes.
In the European region, nearly every single individual is affected by air
pollution with over90% of citizens being exposed to annual levels of outdoor
fine particulate matter that are above WHO air quality guidelines.
The impact of air pollution on human health is of growing concern as research
unravels more links between a number of seriousadese among various age
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groups and air pollution (e.g. diabetes, neurodevelopmenteprebirth, low

weight birth,etc.)

What we do

By reducing air pol l uti on, t he Conyv
environmental health risk for nesommunicablediseases and thus helps
countries in preventing morbidity and premature mortality, one of the targets

underSustainableDevelopmentGoal 3 on good healh and wellbeing In

addition to prevention, theskforce on healthaspectof air pollution assesses

how longrange transboundargir pollution affects human health, and helps
define priorities to guide future monitoring and abatement strategies. It also
advises on monitoring and modelling activities to improve the quality of
assessments. Its work is based on estimates of air ippllabncentrations

(particularly those derived by tl&operativeProgrammefor Monitoring and

Evaluationof LongrangeTransmissiorof Air Pollutantsin Europei EMEP),

and on the results of hazard assessment carried GUHEY.

To achieve adequate air quality levels and avoid significant negative impacts
and risks for human and ecosystems health, the revision of the National
Emission @ilings Directive (2016/2284/EU, hereafter NECD) replaces earlier
legislation (Directive 2001/81/EC) and sets objectives for emission reduction for
each Member State as percentages of reduction to be reached by 2020 and 2030
compared to 2005 levels. The BB is currently the main legal instrument to
reduce overall emissions of air pollutants in Europe and, given the
transboundary nature of an important part of air pollution, its enforcement
throughout the entire Europe is of crucial importance. The NECGD262X0 and
2030 emission reduction commitments for five classes of air pollunighur
dioxide(S0O2), Nitrogen Oxides (NOx), NeMethane Volatile Organic
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Compounds ( NMVOCs) , ammonia (NH3) and

of aerodynamic diameter (PM2tHe new pollutant included in the Directive).
Tropospheric O3, being secondary air pollutant, it is not specifically included

in the NECD as it is not emitted directly by human activities; however, it is
controlled indirectly via regulation of its precursors, naméBCsand NOX.
Ozone is probably one of the most damaging air pollutants for forests and crops
and can lead tanore frequent hospital admissions and increase the risk of
mortality for cardiovascular and respiratory diseases. Ozone may become worse
in the future leading to public health conceM#{O, 2013.

Effective actions to reduce the impacts of air pollution requires a good
understanding of the main sources of emission, how the pollutants are
transported and transformed in the atmosphere, and how they affect human

health and ecosystems.

Clean Air

Air pollution impacts our health, environment and economy. Air pollutants
come from multiple sources. It is therefore paramount that we take action
together® across sectors and national boundaries

To improve airquality, UNECE member States have been working successfully
to reduce air pollution in the region through the Convention on {range
Transboundary Air Pollution. Eight protocols identify specific measures to be
taken by Parties to cut their emissionsieTConvention provides access to
emission, measurement and modeling data and information on the effects of air

pollution on ecosystems, health, crops and materials.
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SOURCES AND COMMON EFFECTS OF COMMON AIR POLLUTANTS

Carbon monoxide : It is a colorless, odorless gas that is poisonous animals. It is
formed by incomplete combustion of carbon containing fuels.

Source of carbon monoxide is cigarette smoking and incomplete combustion of
fossil fuels (more than 77% comes from motor vehicle exhaust)
Health effects include reduced ability of red blood cells to carry oxygen to body
cells and tissues. This leads to headache and anemia. At high levels it causes coma,

irreversible brain damage and death.

Nitrogen Dioxide : It is a reddis h-brown irritating gas that causes photochemical
smog. In the atmosphere, it gets converted into nitric acid (HNO3). It is caused by
burning fossil fuels in industries and power plants.

Health effects include lung irritation and damage. Environmental effec ts involve
acid deposition leading to damage of trees, lakes, soil and ancient monuments.
NO2 can damage fabrics.

Sulphur Dioxide : It is a colourless and irritating gas that is formed by combustion

of sulphur containing fossil fuels such as coal and oil. In the atmosphere it is
converted into Sulphuric acid which is a major component of acid deposition.

Health effects involve breathing problems for healthy people.

Environmental effects involve reduced visibility and acid deposition on trees,

lakes, soils and monuments leading to their deterioration and adverse effect on

aquatic life.

Suspended Particulate Matter (SPM) : Includes a variety of particles and droplets
(aerosols) that can be suspended in atmosphere for short to long periods.
Human sources for SPM include burning coal in power and industrial units, burning
diesel and other fuels in vehicles, agriculture, unpaved roads, construction, etc.
Health effects include nose and throat irritation, ling damage, bronchitis, asthma,

reproductive problems and cancer.
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Environmental Effects include reduced visibility and acid deposition. Acid

deposition may lead to damaged trees, soils and aquatic life in lakes.

Ozoneis a highly reactive gas with an unpleasant odor occurring in the
stratosphere where it protec ts mankind from the harmful ultra -violet rays from the
Sun. However on earth, it is a pollutant. It occurs on earth due to reaction between

Volatile Organic Compounds (VOCs) and Nitrogen Oxides. It moderates the climate

Photochemical smog is a brownish smoke that frequently forms on clear, sunny
days over large cities with significant amounts of automobile traffic. It is mainly
due to chemical reactions among nitrogen oxides and hydrocarbons in the presence
of sunlight.

Health effects include breathing pro blems, cough, eye, nose and throat irritation,
heart diseases, reduced resistance to colds and pneumonia.

Environmental effects involve damage to plants and trees. Additionally, Smog

reduces visibility.

Lead is a solid and highly toxic metal. Its compounds are emitted into the
atmosphere as particulate matter.

Human Sources: Paint, Smelters (metal refineries), lead manufacture, storage
batteries, leaded petrol, etc

Health effects : Lead accumulates in the body and brain leading to nervous system
damage and mental retardation (especially in children), digestive and other health
problems. Lead containing chemicals are known to cause cancer in test animals.

Environmental Effects: It can harm wildlife.

Hydrocarbons Lower hydrocarbons accumulate due t o decay of vegetable matter.
Human effects : They are carcinogenic

Chromium: It is a solid toxic metal emitted into the atmosphere as particulate
matter.

Human sources: Paint, Smelters, Chromium manufacture, Chromium plating.

Health Effects : Perforation of nasal septum, chrome holes, etc.
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Characteristics of stack plumes

Dispersion of Pollutants

1 Dispersion characteristics of stack plumes

Dispersion is the process of spreading out pollution emission over a large area and thus
reducing their concentration. Wind speed and environmental lapse rates directly

influence the dispersion pattern. Five classifications of plume behaviour, which may
occur under some commonly encountered metrological conditions, are shown in Figure

1 (a) to (e) and discussed in the following sections.
Coning

A coning plume, shown in Figure 1 (a), occurs under essentially neutral stability, when
environmental lapse rate is equal to adiabatic lapse rate, and moderate to strong winds

occur. The plume enlarges in the shape of a cone. A major part of pollution may be
carried fairly far downwind before reaching ground.

Looping

Under super-adiabatic condition, both upward and downward movement of the plume is
possible. Large eddies of a strong wind cause a looping pattern, Figure 1 (b). Although
the large eddies tend to disperse pollutants over a wide region, high ground level
concentrations may occur close to the stack.

Fanning

A fanning plume occurs in the presence of a negative lapse rate when vertical
dispersion is restricted, Figure 1 (c). The pollutants disperse at the stack height,
horizontally in the from of a fanning plume.

Fumigation

As shown in Figure 1 (d), when the emission from the stack is under an inversion layer,
the movement of the pollutants in the upward direction is restricted. The pollutants
move downwards. The resulting fumigation can lead to a high ground level
concentration downwind of the stack.
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Fumigation

As shown in Figure 1 (d), when the emission from the stack is under an inversion layer,
the movement of the pollutants in the upward direction is restricted. The pollutants
move downwards. The resulting fumigation can lead to a high ground level
concentration downwind of the stack.

Lofting

When the stack is sufficiently high and the emission is above an inversion layer, Figure
1 (e), mixing in the upward direction is uninhibited, but downward motion is restricted.
Such /ofting plumes do not result in any significant concentration at ground level.
However, the pollutants are carried hundreds of kilometers from the source.

Plume behavior

[he behavior of plume emitted from an elevated source such as a tal] stack

depends on:

I- The degree of instability of the atmosphere,
2- The prevailing wind turbulence.

Plume Types

he Common types of plume behavior under varions conditions of stability are:

I- Looping plume 2- coning plume
3- Fanning plume 4- fumigation slume
>- Lofting plume 6- trapping pl'me
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Ihe first three types of plumne behavior (loaping, coning, and fanning) arc observed

under conditions ol unitorm, lapse rate.
Ihe others plumes Clumipation, lolting, and trapping) are observed when the lapse

rate changes from stable (o unstable |

I. Looping plume: It ocewrs under super adiabatic conditions - with light to

moderate wind speeds on a hot suramer afternoon when large scale thermal-

ies are prosent. These oddiog mammy 270 :
R )\,/eddlcs are present. Fhese eddies carry portions of plume to the ground level
r/\,7 for short time periods, causing momentary high surface concentration of
pollution near the stack. i ‘ v
; .

- Height —

Temperature —p- ) :
Strong instabillty (looping)

2. Coning plume: It can occur under cloddy skies both during day and night
when the lapse rale cssentially ncutral. The plume shape is vertically
symmetrical about th2 plume line and a major part of pollutant concentration
is carried downwind fairly far before reaching the ground level. Coning is

often associated with moderate to high wind speeds.

T | e
— —
— — — —

Temperature —»
Near neutral stability (coning)
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3. Fanning plume: It occu hen 'he pl raed i the presence of
very light winds as a result of str ng atmi ons. If the density
of the plume is not significantly di ~ the surrounding
atmosphere, the plume travels parillel i ( flat, straight ribbon '/~
downwind. For high stack, fannii ¢ is co rable because the
i plume does not contribute

to grond po
observed at height and in carly mo ning. i

-
\
\ —— — —— ——
\ — e e =
. % = e = el SO
\
\ ]
\ |
\
\
\
\

Ternperature —3»

ning plume is often

Height —

Surface inversion (fanning)

Plume types are important because they lielp s understand under what
conditions there will be higher concentrations of contaminants at ground
level.,
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General ideas in air pollution control

Why is society so perturbed by air pollution?
The concern stems from a combination of sevefaktors:
1. Urbanization and industrialization have brougbgether large
numbers of people in small areas.

2. The pollution generated by people is most ofteteased at
locations close to where they live amabrk, which results in their
continuous exposure toelatively high levels of the pollutants.
3. The human population is still increasing atexiponential rate.

Thus, with the rapidly expanding industry, evaore urbanized
lifestyles, and an increagjmpopulation, concern over the control of
manmade air pollutants is now clearly a necessity.

Effective ways must be found both to redya#lution and to cope
with existing levels opollution.

C Alternatives
If we have an air pollution problem there are three control
options available:

1. Improve dispersion

2. Reduce Emissions by Process Change, Polletiewention
3. Use a Downstream Pollution Control Device

4 2
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1.1. Tall stacks
1.2. Intermittent control scheme
1.3. Relocate the plant

1. Improve dispersion
1.1.Tall Stacks
50 years ago, tall stacks to dilute the pollutants befag came to
ground ADilutipollsesttbaeaodosol ution
Today, it is still a measure, but not the only one
There are limitations for the minimum stack heighitewed
A high stack will also affect the effect area of a certaaility
A tall stack will decrease ground concentrations @hdge enough
to the emission source

1.2. Intermittent control schemes
Intermittent control schemes are:
- predictive,
- observational
- combined predictive-observational
To reduce emissions then, allogiemissions to return to normal
ratesat other, less critical times.
Shortterm emission reduction is brought about by
- A plant shutdown,
- Fuel switching,
- Production curtailment during the period of control.

1.3. Relocate the plants

It is hard to remove an existing plant, but a new plant
can be located where it is emissions will have their
greatest impact innon-populated areas.

4 3
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2.Reduce Emissions byrocess ChangeRollution Prevention

- Water base paints for some of their oil based paints and
greatly reduce their emissions.

- Copper smelters have replaced furnaces, which produce

low concentration SO

- What is Pollution Prevention?

APollution prevention is the elimination or prevention of wastes
(air emissions, water discharges, or solid/hazardous waste) at the
source.

Aln other words, pollution prevention is eliminating wastes before
they are generated.

APollution prevention approaches carbe applied to all pollution
generating activity: hazardous and nonhazardous, regulated and
unregulated.

APollution prevention does not include practices that create new
risks of concern.

Pollution Prevention Strategies

APollution prevention [vs. contrpbffers important
economic benefits and at the same time allows continued
protection of the environment.

AwWnhile most pollution control strategies cost money,
pollution prevention has saved many firms thousands of
dollars in treatment and disposal costs.

AMore importantly, pollution prevention should be viewed
as a means to increase company productivity.

Pollution Prevention Strategies
ABy reducing the amount of raw materials that are wasted
and disposed of; manufacturing processes become more

4 4
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efficient, resulting in cost savings to the company.
APollution prevention should be the first consideration in
planning for processes that emit air contaminants.
AUndertaking pollution prevention practices may reduce
emissions enough to allow a businesshdustry to avoid
classification as a major air emission source.

3.Use Downstream Pollution Control Devices

- Treat the contaminated gas stream,to remove or
destroy the contaminant to make the stream acceptable
for discharge into the ambient air.

C Resource Recovery

- If the pollutant is a valuable material or a fuel, it may
be more economical to collect and use it than to
discard it.

C The Ultimate Fate of Pollutants

- If possible, we prevent the formation of pollutants.
- If we cannotdo that, we hope to capture them and
put to some good use
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Efficiency, Penetration
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Consider a downstream control device that has a volumetric flow rate Q, inlet con-
taminant concentration cp, and outlet contaminant concentration c,. For such a de-
vice, the mass flow rate of contaminant into the device is Qcq, and the contaminant
flow out of it is Qc. If the volumetric flow rate changes as the waste stream passes
through thedevice (which will happen if the temperature or humidity changes), then
we will have to consider the inlet volumetric flow rate as Oy and outlet rate as Q).

But the Q¢ product still represents the mass flow rate of contaminant.
Given these definitions, we can now define two new terms:

Qoco — Q1 Oic

Control efficiency or, simply, efficiency = n = ———— =1 —

Qoco Joco
Qic

0Co
Obviously, if Q¢ = @, the Qs cancel out of these two definitions.

Penetration = p = | — efficiency =

46
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The Nature of Particulate Pollutant

The Nature of Particulate

Pollutants
By
Assist. Lectwrer Huda J. Jwimneedh

M.Sc. Remote Sensing

If a contaminated air stream is visible, the particles it
contains make it so.

If the air mass over a city is hazy, the particles in the air
cause the haze.

Particulate pollutants are not chemically uniform (as is,
for example, CO; one CO molecule is identical to
another) but rather comes in a wide variety of sizes,
shapes, and chemical compositions.

Some are much more harmful to health, property, and

visibility than others.
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Settling Velocity and Drag Forces

Buoyant
force

* A gravity settler is simply a long chambey Drag
through which the contaminated gas passes
slowly , allowing time for particles to settle
by gravity to the bottom.

¢ The important parameter is the terminal or
settling velocity of the particle , V, the
terminal velocity, is defined as the constant
downward speed that a particle attains in a
direction parallel to the Earths gravity field.

o If the particle is settling in a fluid at its
terminal velocity, three forces acting on it

Drag FD ’ Buoyancy FB ’ and Grav1ty Figure show the forces acting on a

F , forces. spherical particle settling through a
9 fluid under the influence of gravity.

The terminal settling velocity of the particles is found
from forces balance as :

Fg=Fp+Fy ,
where \e,

¥ = gravity force (:e':CiHa*y Mot

Gravity
force

:}_;7» prosercns pg'l/t 4 JL’
ps

L)

Fp = drag forc

Y e e e Pg E
Fp= DUuOoYyancy forcz = Fp= Tﬂ;3 ( Z— ) g

nE St e | 17
i, = mass o1 particie = j25 \/P

= gravitational a celeration, m’/s
p = gas density, kg/m’
pamc e density, kg/m’
LD = urag coerficient
V, = terminal velocity, m/s
A = frontal cross s&ctional area m’

V, = volume of palt*cle,
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substituting Fas -
ey ¢ l"j-w ‘,’ 4 and . In e gveral!

Pg . y
my (== )g (6)

PaViAC
0

-Ih . p
¢ general solution to Eq.6, in term of V,, is

8

The general drag coefficiert for sphericel particles may be represented by
relationships. iy

*» In Stocks Iaw region, laminar flow around the particle

> In iransition region, { 8.3<Re <1000
region and turbulent region
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Particle Size Distribution

« So far we have considered a
single particle, or a group of
particles, all with the same
size.

« But in particulate air pollution
problems we are concerned
with groups of particles g
haVing d Variety of sizes SEM image of a group of particles

collected from a furnace that bums
pulverized coal.

» To discuss such groups and to make useful calculations
about their behavior in collection devices, we need some
way of describing the particle size distributions.

8.3.2 The Gaussian, or Normal, Distribution

The most famous and most widely used distribution function is the Gaussian, or
normal, or error distribution function. It represents a great variety of observed dis-
tribution data well and is described by

do _ 1 - xmcan)z

PN [T]
Here @ has the same meaning as before (i.e., the fraction of the cumulative total
in the size range of interest), x is some suitable dimension or measure (e.g., age,
diameter, etc.), Xmean 1S the average value of x (a suitably chosen average; there are
several choices), and o2 is a quantity called the variance, which can be considered
as a constant for the purposes of Eq. (8.19).

(8.19)

z = number of standard deviations from the mean = (x—_xﬂl (8.20)
o

(z is sometimes called the number of probits from the mean.)
Substituting this definition into Eq. (8.19) and simplifying, we find

do 1 2
—_— = —exp| —— (8.21
dz V2 p( 2) ;

50
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8.3.3 The Log-Normal Distribution

[f we let x in Eq. (8.19) represent, not the particle diameter but its natural logarithm,
we will obtain the following log-normal distribution, which is almost as widely used
as the normal distribution:

do 1 (In D — In Dean)®
— - 8.23
N0 ey T [ 202 )
or, alternatively,
do 1 [In(D/Dyean) ]
— - 8.24
dinD ~ oom P [ 252 (8.2%
Many authors write Egs. (8.23) and (8.24) with the o replaced by In oy, i.e.,
do 1 [m(D/D.,-can)F]
= EexXp — 8.25
dinD ~ nogvam T [ 2(Inay)? el

The value of z that we defined in Eq. (8.20) for the normal distribution is
converted to the log-normal distribution of particle diameters by replacing every x

by In D, or
[(X = xmean)]
7 =|—-
o normal distribution
_ [(ln D — In Dpean) _ ln(D/Dmean)] (8.26)
o o= log—normal distribution

8.3.4 Distributions by Weight and by Number

If we determine the distribution by catching the particles on a greased microscope
slide and measuring the diameter of a suitable number of particles, our results will
be presented as the percent by number at various size ranges. That is not the most
common way of representing the data.
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Behavior of Particles in the Atmosphere

particles, with diameters 0.005
to 0.1 yu, enter the atmosphere
mostly by condensation of hot
vapors from combustion
sources.

Over time (usually several
hours) these smallest particles
grow, mostly by agglomeration
onto each other. [ Coisin 7] !
Some of this agglomeration ' Raineut | ;
occurs in the gas phase, ! L/ Sedimention
caused by Brownian motion | L L o i S
(diffusion) bringing them into Paricle diametcr micrometer

contact; some occurs inside i e —— 1 “";m"m“’j
cloud or fog droplets. Fine paricls

The fig. describes the behavior . il conversion. |
- . ot of gases to low-

of particles in the atmosphere. oty apors |

Condensation Lut- i

It shows that the finest 1 velly 1

rimary particles H

Homogeneous
nucleation

Windblown dust
.

i
|
V
/ l i
. i
C growth 1

of nuclei | .
H Emissions

EErCE
e
1 +
. i Sea spray
Coagulation ] .
1
: Volcanos
|

+
: Plant particles

d (surface area)/d (particle diameter)

Coarse particles

Fig. An estimate of the distribution of particles,
by surface area, in an industrial atmosphere

Midsized particles (0.1 to 1 ) are formed partly by the agglomeration
of finer particles and partly by chemical conversion of gases and
vapors to particles in the atmosphere.

These particles are large enough to be removed by rainout (capture
by drops in clouds) or washout (capture by falling raindrops).

Although they do grow by agglomeration to form larger particles, this
process is slow compared to rainout and washout.

The larger particles (2 to 100 p) are, as shown, mechanically
generated some are derived from industrial particle sources.

These larger particles are mostly removed by gravity settling, with or
without the action of clouds and rain.
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