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Administrative
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Administrative

• Facilities

– Rest Rooms

• Schedule/breaks

• Cell Phones
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Administrative

• Facilities

– Rest Rooms

• Schedule/breaks

• Telephones/Cell Phones   

• Lunch

• Sign-In Sheet



Introduction

• Materials

– Registration Form

– Notebooks/Agenda

– Evaluation form -

online

– Misc Info



• Ask questions

• Participate

• Provide instructors with 

benefit of your experience

• Be on Time

• Feedback on Evaluations

Ground Rules



Pre - Test



Air Quality Management

The Heart of the Process



AQ Modeling

Emission InventoriesAQ Monitoring
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U.S. Air Quality Management Process



Federal-Regional-State Roles
► National standards, rules, and enforcement

► Consistency of policies and programs

► Technical guidance

► Report on progress in reducing air pollution

► Ultimate authority & accountability

► State rules
► Source Permits

► Compliance & enforcement
► Implementation Plans

► Implement national rules & guidance
► Monitoring, modeling, emission inventories

► Conduct assessment and characterization
► Help develop multi-state strategies and 

trading programs
► Regional planning/coordination for 

implementation of national programs

FEDERAL

REGIONAL

STATE



Air Quality Management Cycle

WHAT REDUCTIONS 
ARE NECESSARY?

HOW  TO 
ACHIEVE

IMPLEMENT

EVALUATE

RESULTS

ESTABLISH

GOALS

-- 1970:  NSPS, FMVCP

-- 1977: Nonattainment 

designations, PSD, Auto I/M

-- 1990: More nonattainment, 

Market Based program for 

SO2, Mobile source controls, 

Fuels, MACT,CAIR

-- Voluntary programs

-- SIP credits

-- Regional approaches

-- Innovative State and local measures

-- Trends Analysis

-- Attainment demo’s

-- Expanded public 

information:

* AQI

* AIRNow

70’s: .08 ppm ozone & TSP

80’s: .12 ppm ozone & PM-10

Now: .08 ppm ozone & PM-2.5

-- Monitors:  better job with fewer 

monitors

-- Inventories: improved factors with 90, 

96, 99, 02 inventories

-- Modeling: EKMA > UAMV > CMAQ



Some Major Issues

►Regional and international transport of air 
pollution

►Effective market-based approaches for reducing 
air pollution

►Evaluating, communicating, and reducing risk to 
public health from air toxics

►Multi-pollutant effects 
►Multi-media approaches
►Balancing “carrot and stick“ in 

our regulations & programs



Citizen Involvement

►Public Participation
– Hearings on Rules/Permits

– Comment Periods on Proposed Rules

– Workshops

►Administrative Review
– Agency Review Boards

►Legal Review
– State Courts

– Federal Courts
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Summary

►Air Quality Standards/Goals and Timelines are 
key

►Technical Tools and Information are essential

►Air Quality Management Process is iterative 
and adaptable

►Transparency is important to maintain 
credibility

►Focus on results not just process



APTI Course 452

Principles and Practices of Air Pollution Control

Chapter 1: 

Control Program History



Chapter Overview

• Control Program History 

• Air Pollution Control Programs

• Hierarchy of Government Responsibilities

• Air Pollution Management

• Future Focus of Responsibilities





Air Pollution Control Programs

• Air Pollution Episodes

• Improvements in Science

• Changes in Society and Economy

• Environmental Activism and Public Awareness





Improvements in Science

• Health Effects

• Atmospheric Chemistry

• Air Monitoring

• Computers 



Changes in Society and Economy

• Longer Life Span

• Costs of a Higher Standard of Living

• An Affordable Luxury?



Environmental Activism and Public 
Awareness



Hierarchy of Government Responsibilities 
Pre/Post 1970

• Local

• State

• Federal



Legislative Landmarks

Clean Air Act Amendments of 1970

1955

1963 1967

19701965



Legislative Landmarks

Clean Air Act Amendments of 1977
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1965



Legislative Landmarks

1955

1963 1967

1970

1977

1990

Clean Air Act Amendments of 1990

1965



Regulatory Landmarks 

• 1993 Schedule to end CFC’s

• 1994 New HAP standards for Chemical plants 

• 1996 Lead out of Gasoline Rule 

• 1999 Regional Haze Rule 

• New Tailpipe Emissions Rule 

• 2004 Off Road Vehicle 

• 2005 Clean Air Interstate Rule (CAIR) 

• 2005 Clean Air Visibility Rule (CAVR) 



Regulatory Landmarks  

2006 NAAQS For Particulates 

2009 Greenhouse Gas Rule 

2011 New Boiler Regs 

Mercury Regs 

Cross-State Air Pollution Rule 

2012 Oil and Nat.Gas Rule (Fracking) 

2013 Power Plant Carbon Rule 

2014 New Ozone Standards (late 15)  



Air Pollution Management

• Strategies 

• Implementation



Types of Control Strategies 

• Emission Standard 

• Economic Incentive 

• Cost-Benefit 

• Air Quality Standard (Air Quality Management) 



Strategies:  A Comparison



Implementation

• National Ambient Air Quality Standards (NAAQS)

• Air Monitoring

• Source Inventories

• Air Pollution Modeling

• Enforcement



Future Focus of Responsibilities

• Current Situation - Control

• New Strategies - Prevention

• Other Issues



Chapter Summary

• Control Program History 

• Why Air Pollution Control Programs?

• Hierarchy of Government Responsibilities

• Air Pollution Management

• Future Focus of Responsibilities



Questions?



APTI Course 452

Principles and Practices of Air Pollution Control

Chapter 2: 

Human Health and Environmental Effects

Of Air Pollution



Chapter Overview

• Hazardous Effects of Air Pollutants on the Human Body 
Systems

• Criteria Pollutants

• Toxic Air Pollutants

• Environmental Effects of Air Pollution

• Risk Assessment



Hazardous Effects of Air Pollutants on 
the Human Body Systems

• Pollutant Movement Through the Body

• Upper Respiratory System

• Lower Respiratory System



Pollutant Movement Through 
the Body

• Entry Points

• Susceptible Groups

• Basic Health Effects



Pollutant Movement Through 
the Body (cont.)

• Entry Points

• Susceptible Groups

• Basic Health Effects



Upper Respiratory System

• Entry

• Defenses

– Cilia

• Affect



11 Microns and larger

7 to 11 Microns

4.7 to 7 Microns

3.3 to 4.7 Microns

2.1 to 3.3 Microns

1.1 to 2.1 Microns

0.65 to 1.1 Microns

0.43 to 0.65 Microns

Alveoli

Skin

Hair

Primary bronchus

Secondary bronchi

Pharynx

Trachea

Bronchioles

Respiratory System Penetration vs. Particle Size



Physical Diameter Comparison



Lower Respiratory System



Video, Part-1



Criteria Pollutants

O3:     Ozone

CO:    Carbon Monoxide

NOx:  Oxides of Nitrogen

SOx:  Oxides of Sulfur

PM10: Particulate Matter < 10 microns

Pb:     Lead
_



Criteria Pollutants

• Particulate Matter (PM)

• Lead (PB)

• Sulfur Dioxide (S02)

• Carbon Monoxide (CO)

• Nitrogen Dioxide (NO2)

• Ozone (O3)



Particulate Matter (PM)

• Health Effects

• Sources of Pollutant

• Trends in PM Levels



Health Effects of PM10/2.5



Lead (PB)

• Health Effects

• Sources of Lead

• Trends in Lead Levels



Sulfur Dioxide (SO2)

• Health Effects

• Sources of SO2

• Trends in SO2 Levels



Carbon Monoxide (CO)

• Health Effects

• Sources of CO

• Trends in CO Levels



Nitrogen Dioxide (NO2)

• Health Effects

• Sources of NO2

• Trends in NO2 Levels









New NASA Images Highlight U.S. Air Quality 

Improvement | NASA

http://www.nasa.gov/content/goddard/new-nasa-

images-highlight-us-air-quality-improvement/#.U8a-

VI1dVBY



Ozone (O3) Formation



Ozone (O3)

• Health and 
Environmental Effects

• Sources of 03

• Trends in Ozone 
Levels



_

(0.07ppm)



Effects of Criteria Pollutants



Toxic Air Pollutants

• Nature and Sources

• Health and Environmental Effects

• Trends in Toxic Air Pollutants



Toxic Air Pollutants (cont.)

• Nature and Sources

• Health and Environmental Effects

• Trends in Toxic Air Pollutants



Environmental Effects of 
Air Pollution

• Environmental Issues

• Acid Rain

• Visibility

• The Greenhouse Effect

• Stratospheric Ozone Depletion 



Environmental Issues

• Ecosystem

• Property Damage

• Quality of Life



Acid Rain

• Nature and Source of the Problem

• Health and Environmental Effects



Visibility

• Nature and Source of the Problem



The Greenhouse Effect

• Nature and Source of the Problem

• Health and Environmental Effects

• International Developments



The Greenhouse Effect (cont.)



The Greenhouse Effect (cont.)

• Nature and Source of the Problem

• Health and Environmental Effects

• International Developments 



The Greenhouse Effect (cont.)

• Nature and Source of the Problem

• Health and Environmental Effects

• International Developments 

• State of the Climate in 2015 

• http://www.climate.gov







Stratospheric Ozone Depletion

• Nature and Scope of the Problem

• Human Health Effects

• Programs to Restore the 
Stratospheric Ozone Layer

• Trends in Stratospheric Ozone 
Depletion



Stratospheric Ozone Depletion

• Nature and Scope of the Problem

• Human Health Effects

• Programs to Restore the 
Stratospheric Ozone Layer

• Trends in Stratospheric Ozone 
Depletion









Risk Assessment

• Health Risks

• Risk Assessment



Risk Assessment Process



Hazard Identification 

Animal Studies

Human Studies

Computer Models



Exposure Assessment 

• Exposure?

• Determine:

– Sources

– Amounts of toxins

– Number of people

– Pollution per person



Dose-Response Assessment



Risk Characterization



Uncertainty of Risk

• Extrapolation Issues

• Inaccuracy

• Making Assumptions

?

?

??
??



Chapter Summary

• Hazardous Effects of Air Pollutants on the Human Body 
Systems

• Criteria Pollutants

• Toxic Air Pollutants

• Environmental Effects of Air Pollution

• Risk Assessment



APTI Course 452

Principles and Practices of Air Pollution Control

Chapter 3: 

Transport and Dispersion of Air Pollution



Chapter Overview

• Wind Speed and Direction 

• Atmospheric Stability

• Topography

• New Sources



Essence of Air Pollution 
Meteorology



1) Release         2) Travel And Dilution         3) Receptor

Wind Temperature

AIR POLLUTION CYCLE



Video

I.  Introduction 

& 

II. Atmospheric Thermodynamics

(8:33) 

96





Wind Speed

• Horizontal Motion

• Effect on Pollutant 
Concentration

• Measurement



Wind Direction

• Importance 

• Tools

• Gathering Data
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Wind Direction- Wind Rose

North

0.4%

5%
10%

15%

Wind Speed and Direction (m/sec)

6-15 16-30 30+

% Calm

1-5

5.7%
Unclass.

0-6.8 6.8-9.1 >9.1

Carbon Monoxide Concentration (mg/m
3
)

North



Atmospheric Stability

• Vertical Movement of Air

• Differential Heating

• Conduction vs. Convection

• Turbulence 
– Thermal 
– Mechanical



Atmospheric Stability (cont.)

• Adiabatic Lapse Rate

• Environmental Lapse Rate

• Plumes

• Plume Types
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(INVERSION)
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ATMOSPHERIC STABILITY

´²T

EXISTING LAPSE
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SUNRISE SUNDOWN

INVERSIONS

RADIATIONAL MARINE

COOLING
AT NIGHT

COOLING
BY OCEAN

TEMPERATURE

Warming

1 2

3



EPISODE CONDITIONS ADEQUATE VOLUME

ALTITUDE (FEET)

3000

2000

1000
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Looping Plumes

• Unstable Atmosphere

• Changing Temperature 
and Pressure

• Sunny Days with Wind



Fanning Plumes

• Stable Conditions

• Wind moving horizontally

• Early Morning



Coning Plumes

• Neutral or Slightly 
Unstable Conditions

• Large Billows

• Partly Cloudy Days



Lofting Plumes

• Stable Conditions

• Above the Inversion Layer

• Smokestack Height

• Effective Dispersion



Fumigating Plumes

• Early Morning

• Below the Inversion Layer

• High Concentrations of 
Pollutants at the Surface



Trapping Plumes

• Clear and Sunny Days

• Inversion layer above and 
below

• Most Favorable Type
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10-2002
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10-2002
116
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NIGHTTIME

Pollution emitted from

high stacks spreads 

horizontally in stable

air

MORNING
As ground warms and air 

becomes unstable, vertical 

eddies develop and carry 

accumulated pollution to 

ground

Top of inversion 

Stable air

Temperature

0 5 10 0 5 10

Temperature ( oC )

Temperature
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Video

III. Atmospheric Moisture 

& 

IV. Meteorological Instruments

(11:57)

10-2002
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Video

III. Effects of Landforms

(7:39)

10-2002
121





Topography

• Lakes and Oceans

• Valleys

• Mountains



Topography (cont.)

• Lakes and Oceans

• Valleys

• Mountains



New Source Review (NSR)

• Prevention of Significant Deterioration (PSD)

• 40 CFR Part 51 Appendix W

– modeling



Chapter Summary

• Wind Speed and Direction

• Atmospheric Stability

• Topography

• Dispersion Modeling
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Principles and Practices of Air Pollution Control

Chapter 4:  

Indoor Air Pollution



Chapter Overview

• Sources and Effects of Indoor Air Pollution

• Sick Building Syndrome 

• Controls of Indoor Air Pollution

• EPA’s Approach and Progress 



Sources of Indoor Air Pollution



Sources and Effects of 
Indoor Air Pollution

• Biological 
Contaminants

• Radon 

• Environmental 
Tobacco Smoke

• Stoves, Heaters, 
Fireplaces and 
Chimneys

 Asbestos

 Pesticides

 Organic Chemicals

 Formaldehyde

 Lead

 Carbon Monoxide

Nitrogen Oxide



Biological Contaminants

• Sources
– Bacteria
– Molds, mildew
– Viruses
– Animal dander
– Dust mites, cockroaches
– Pollen
– House Dust
– Pets
– Poorly Maintained Air  

Conditioners 



Biological Contaminants

• Health Effects

– Asthma

– Eye, nose and throat irritation

– Shortness of breath

– Dizziness, lethargy

– Fever and humidifier fever

– Digestive problems

– Influenza and other infections

• Ways to Reduce Exposure



Radon



Radon

• Soil under buildings and groundwater

• Health Effects – Lung Cancer

• Ways to Reduce Exposure



Environmental Tobacco Smoke

• What is it?



Environmental Tobacco Smoke

• What is it?

– Cigarettes

– Cigars

– Pipes



Stoves, Heaters, Fireplaces and 
Chimneys

• What is it?

• Health Effects

• Ways to Reduce
Exposure



Asbestos

• What is it?

• Health Effects

• Ways to Reduce Exposure



Pesticides

• What are they?

• Health Effects

• Ways to Reduce Exposure



Organic Chemicals

• What are they?

• Health Effects

• Ways to Reduce Exposure



Formaldehyde 

• What is it?

• Health Effects

• Ways to Reduce Exposure



Formaldehyde 

• What is it?

• Health Effects

• Ways to Reduce Exposure



Lead

• What is it?

• Health Effects

• Ways to Reduce Exposure



Lead

• What is it?

• Health Effects

• Ways to Reduce Exposure



Carbon Monoxide

• What is it?

• Health Effects

• Ways to Reduce Exposure



Nitrogen Oxides
• What is it?

• Health Effects

• Ways to Reduce Exposure



Sick Building Syndrome 

• What is it?

• What its effects?

• What are its causes?



Sick Building Syndrome 

• What is it?

• What its effects?

• What are its causes?



Controls of Indoor Air Pollution

• Source Control

• Ventilation

• Air Cleaners



EPA’s Approach and Progress

• EPA Indoor Air Program

• Other Federal Agencies



Chapter Summary

• Sources  and Effects of Indoor Air Pollution

• Sick Building Syndrome

• Controls of Indoor Air Pollution

• EPA’s Approach and Progress 
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Principles and Practices of Air Pollution Control

Chapter 5: 

The United States Clean Air Act



Chapter Overview

• National Ambient Air Quality Standards

• Air Quality Control Regions

• State Implementation Plans (SIPs)

• New Source Review: Permit Requirements

• Hazardous Air Pollutants

• Federal Enforcement



National Ambient Air Quality Standards

• The Six Criteria Pollutants

• Primary NAAQS

• Secondary NAAQS



Air Quality Control Focus

• 1970 Clean Air Act-AQCRs

• 1977 CAAA-Attainment, Nonattainment or 
Unclassifiable

• 1990 CAAA-Nonattainment classifications

• Design Value



State Implementation Plans (SIPs)

• Historical Context

• Provisions

• Enforceability



SIPs- Historical Context
• 1970- Entire State

• 1977- Nonattainment Areas

• 1990-Nonattainment Areas

• NAAQS Changes



SIPs- Provisions

• Ambient air quality monitoring network

• Establish Emission Inventories

• Conduct air quality modeling

• Emission Control Strategies

• Demonstrate attainment

• Establish a permit system for new sources

• Enforcement procedures and policy



SIPs- Rulemaking Options

• EPA Approval

– Conditional

– Partial

– Full

• EPA Disapproval

– FIPs

– Sanctions

• Federal Weight 



Pre-Construction Review of New 
Sources

Attainment Pollutants

Nonattainment Areas



New Source Performance Standards 
(NSPS)

• New Source Performance Standards (NSPS)

– 65 Source Categories

– Apply everywhere

• Modification

– Changes that do not effect emissions

– Changes that effect emissions



Prevention of Significant Deterioration 
(PSD)

• Prevention of Significant Deterioration (PSD)

– Attainment Pollutants

– Major Sources

– Major Modifications



Requirements For Attainment 
Pollutants

• BACT(Best Available Control Technology)

– Economics a factor

• PSD Classification Areas

• Increment Consumption



Requirements for Non-attainment 
Pollutants

• Major Sources

• Major Modifications

• LAER (Lowest Achievable Emission Rate)
– Economics not a factor

• Common Ownership Compliance

• Emission Offsets 



Hazardous Air Pollutants

• Health Based Standards (1970 CAA)

– NESHAPS

• Technology Based Standards (1990 CAA)

– MACT

– Major Sources

• Residual Risk



Other CAAA Programs 

• Acid Rain Program

– Sulfur Dioxide Emission Reduction Program

– Nitrogen Oxides Emission Reduction Program

• Operating Permit Program

• Stratospheric Ozone Protection Program

• Visibility Protection Program

• Mobile Source and Fuels Program



Federal Enforcement

• Civil Action

• Administrative Penalties

• Criminal Action

• Citizen Suits

• EPA Emergency Powers



Other Strategies 

• Interstate Air Pollution

• Greenhouse Gas Emissions 



Chapter Summary

• National Ambient Air Quality Standards

• Air Quality Control Regions

• State Implementation Plans (SIPs)

• New Source Review: Permit Requirements

• Hazardous Air Pollutants

• Federal Enforcement



Questions?


