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Chapter 1 – Fundamentals of Air Quality 

Science Introduction 

Air quality management begins with understanding the behavior of pollutants in the 

atmosphere, how they are formed, how they travel, and how they impact human health and 

the environment. This chapter provides the scientific foundation necessary for 
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environmental professionals to apply regulatory requirements, select control technologies, 

and implement effective pollution prevention strategies. 

1.1 Atmospheric Structure and Chemistry 

Earth’s atmosphere consists of several layers, but most air quality issues occur in the 

troposphere, the lowest layer extending roughly 0–12 km. This is where emissions from 

industrial facilities, vehicles, agriculture, and natural sources mix and react. 

Key properties of the troposphere include: 

 High density of gases 

 Rapid vertical and horizontal mixing 

 Temperature decreases with altitude 

 Location of weather systems 

Above the troposphere lies the stratosphere, home to the ozone layer. While stratospheric 

ozone protects life by absorbing UV radiation, tropospheric ozone is a harmful pollutant. 

1.2 Pollutant Classifications 

Air pollutants are generally categorized into criteria pollutants, hazardous air pollutants, and 

greenhouse gases. 

Criteria Pollutants (regulated under NAAQS): 

1. Particulate Matter (PM10 and PM2.5) 

2. Ozone (O₃) 

3. Nitrogen Dioxide (NO₂) 

4. Sulfur Dioxide (SO₂) 

5. Carbon Monoxide (CO) 

6. Lead (Pb) 

 

Hazardous Air Pollutants (HAPs): 

 Defined under Section 112 of the Clean Air Act 

 Includes benzene, formaldehyde, mercury, chromium compounds, etc. 

 Regulated under NESHAP and MACT standards 
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Greenhouse Gases (GHGs): 

 CO₂, CH₄, N₂O, HFCs, PFCs, SF₆ 

 Managed under separate EPA programs and reporting rules 

1.3 Primary vs. Secondary Pollutants 

Primary pollutants are directly emitted (e.g., SO₂, NOx, VOCs, PM). 

Secondary pollutants form in the atmosphere through chemical reactions. 

Key Secondary Pollutants: 

 Ozone 

 Secondary PM (sulfates, nitrates) 

 Peroxyacetyl nitrate (PAN) 

 Organic aerosols 

1.4 Air Quality Index (AQI) 

AQI converts complex pollutant concentrations into a simple public health indicator. It is 

based on: 

 Ozone 

 PM2.5 / PM10 

 CO 

 NO₂ 

 SO₂ 

 

Values range from 0–500, with higher values indicating greater health concerns. 

 

 

1.5 Health and Environmental Impacts 

Health Effects: 

 PM2.5: Lung penetration, cardiovascular disease 

 Ozone: Airway irritation, reduced lung function 

 CO: Reduced oxygen delivery 

 NO₂/SO₂: Bronchial irritation 
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 HAPs: Carcinogenic effects 

Environmental Effects: 

 Acid rain 

 Smog formation 

 Ecosystem damage 

 Visibility reduction 

 Climate forcing 

1.6 Meteorology and Dispersion Fundamentals 

Critical factors influencing pollutant dispersion include wind speed, stability, inversions, 

terrain, and solar radiation. 

Chapter 1 Summary 

This chapter establishes the scientific foundation for understanding emissions, atmospheric 

reactions, and health impacts, enabling better regulatory interpretation and pollution 

control. 

Review Questions: 

1. What is the difference between primary and secondary pollutants? 

Answer: Primary pollutants are emitted directly; secondary pollutants form in the 

atmosphere through reactions. 

2. Which atmospheric layer is most relevant to air quality management and why? 

Answer: The troposphere, as it contains human emissions, weather, and pollutant reactions. 

 

 

Chapter 2 – Regulatory Framework & 

Compliance Overview  

Introduction 

Air quality management in the United States is grounded in one of the most comprehensive 

environmental regulatory systems. The Clean Air Act (CAA) establishes the structure for 
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controlling air emissions, protecting public health, and reducing pollution from stationery 

and mobile sources. 

 

2.1 The Clean Air Act (CAA): Structure and Purpose 
The Clean Air Act forms the foundation of U.S. air quality regulation. Its core objectives 

include protecting public health, reducing emissions, establishing national standards, and 

ensuring state compliance. EPA oversees national programs while states implement State 

Implementation Plans (SIPs). 

2.2 National Ambient Air Quality Standards (NAAQS) 
EPA establishes NAAQS for ozone, PM2.5/PM10, SO₂, NO₂, CO, and lead. Primary standards 

protect health; secondary standards protect welfare. Nonattainment areas must apply 

stricter controls and permitting requirements. 

2.3 New Source Performance Standards (NSPS) 
Under Section 111, NSPS sets emission limits for new or modified equipment across 

industrial categories, including boilers, refineries, landfills, and engines. NSPS requires 

monitoring, testing, and reporting. 

2.4 National Emission Standards for Hazardous Air 

Pollutants (NESHAP) 
NESHAP regulates hazardous air pollutants through MACT standards. Requirements include 

emission limits, SSM provisions, continuous monitoring, and reporting. Industries include 

chemical plants, metal fabrication, and gasoline distribution. 

2.5 State Implementation Plans (SIPs) 
SIPs outline how states achieve and maintain NAAQS. They include emission inventories, 

control strategies, monitoring networks, and enforcement provisions. SIPs are federally 

enforceable. 

2.6 Permitting Programs (Title V & New Source Review) 
NSR applies before construction. PSD (attainment areas) requires BACT and modeling; NNSR 

(nonattainment areas) requires LAER and emission offsets. Title V permits to consolidate all 

applicable air rules into one enforceable document. They require annual certification, 

extensive records, deviation reporting, and monitoring. 
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2.7 Monitoring, Reporting, and Recordkeeping 

Requirements 
Facilities must comply with stack testing, CEMS, COMS, fenceline monitoring, emissions 

inventories, deviation reporting, and SSM logs. Electronic reporting via CDX/CEDRI is 

required for many rules. 

 

2.8 Enforcement and Penalties 
Violations may result in administrative orders, civil penalties, criminal charges, and injunctive 

relief. EPA’s Audit Policy may reduce penalties for voluntary disclosure. 

 

2.9 Role of States, Tribes, and Local Agencies 
Air quality management is a cooperative system involving federal standards, state 

permitting, and local monitoring and enforcement. Environmental professionals must 

understand both federal and state rules. 

 

Chapter 2 Summary 
This chapter introduced the regulatory structure governing air quality in the U.S., including 

the Clean Air Act, NAAQS, NSPS, NESHAP, SIPs, permitting programs, monitoring, and 

enforcement mechanisms. 

 

Review Questions 
1. What is the purpose of a Title V Operating Permit? 

Answer: It consolidates all applicable air rules into one enforceable document and requires 

compliance certification, records, and deviation reporting. 

2. What is the difference between BACT and LAER? 

Answer: BACT applies in attainment areas and considers cost; LAER applies in nonattainment 

areas and is the most stringent level without cost consideration. 
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Chapter 3 – Industrial Emission Sources & 

Processes 

Introduction 

Industrial facilities emit a wide variety of air pollutants depending on their processes, raw 

materials, fuels, and control technologies. Understanding the origin of emissions is essential 

for accurate permitting, emissions inventories, and pollution control selection. 

 

3.1 Overview of Industrial Emission Categories 

Industrial emissions fall into three categories: 

1. Point Sources – stationary, identifiable sources with stacks or vents. 

2. Area Sources – widespread smaller sources such as tanks or small boilers. 

3. Mobile Sources – on-road and non-road equipment. 

 

3.2 Combustion Sources 

Combustion is one of the largest contributors to industrial emissions. Pollutants include NOx, 

SO₂, CO, PM, VOCs, CO₂, CH₄, and N₂O. 

 

3.3 Chemical Manufacturing Processes 

Chemical reactions can emit VOCs, HAPs, acid gases, and organics. High-emission sectors 

include petrochemical plants, polymer manufacturing, and fertilizer production. 

 

3.4 Metal Processing and Fabrication 

Metal melting, welding, and finishing produce PM, metal particulates, acid gases, VOCs, and 

NOx. 

 

3.5 Industrial Solvent Use 

Solvent-based operations emit VOCs and HAPs from degreasing, cleaning, coating, printing, 

and electronics operations. 
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3.6 Storage Tanks and Loading Operations 

Emissions occur from breathing losses, working losses, and vapor displacement. Common 

pollutants include VOCs and benzene. 

 

3.7 Fugitive Emissions 

Leaks from valves, pumps, compressors, and flanges contribute major VOC and HAP 

emissions. LDAR programs are often required. 

 

3.8 Wastewater Treatment and Biological Processes 

Wastewater systems emit VOCs during aeration, biological breakdown, and sludge handling. 

 

3.9 Indirect Sources and Facility Support Operations 

Support operations include generators, cooling towers, boilers, material handling, and 

landfills, which emit PM, VOCs, and chemicals. 

 

3.10 Greenhouse Gas (GHG) Emission Sources 

GHG sources include fossil fuel combustion, cement and steel processes, refrigerants, landfill 

gas, and nitric/adipic acid production. Facilities may need to comply with 40 CFR Part 98. 

 

Chapter 3 Summary 

Industrial emissions arise from many operations including combustion, chemical processes, 

metal work, solvents, tanks, wastewater, and fugitive leaks. Understanding these sources is 

critical for control technology selection and regulatory compliance. 

 

Review Questions: 

1. What are the three main categories of industrial emission sources? 

Answer: Point sources, area sources, and mobile sources. 

 

2. Why are fugitive emissions significant for industrial facilities? 
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Answer: Because leaks from equipment components can collectively emit large volumes of 

VOCs and HAPs. 

Chapter 4 – Air Monitoring Techniques & 

Instrumentation  

Introduction 

Air monitoring is essential for compliance, emissions management, and public health 

protection. This chapter covers stack testing, CEMS, ambient monitoring, fenceline systems, 

and modern technologies. 

4.1 Overview of Air Monitoring Types 

Air monitoring includes: 

1. Stack/Source Monitoring – measures emissions at stacks/vents. 

2. Ambient Monitoring – measures pollutant levels in surrounding areas. 

3. Fenceline Monitoring – measures pollutants at facility boundaries. 

4.2 Stack Testing (Performance Testing) 

Uses EPA-approved methods to measure emissions directly. 

Examples: 

 Method 5 – Filterable PM 

 Method 202 – Condensable PM 

 Method 7E – NOx 

 Method 6C – SO₂ 

 Method 10 – CO 

 Method 9 – Opacity 

 

Requirements include pre-test notifications, test plans, three test runs, isokinetic sampling, 

and QA/QC. 

4.3 Continuous Emissions Monitoring Systems (CEMS) 

CEMS measure pollutants continuously. 

Common parameters: SO₂, NOx, CO, CO₂, O₂. 
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Components include analyzers, sample systems, calibration gases, and DAHS. 

Requires linearity checks, daily QA, and RATAs. 

4.4 Continuous Opacity Monitoring Systems (COMS) 

Measures opacity using transmitted light. 

Used to detect visible emissions and ensure opacity compliance. 

4.5 Parametric Monitoring 

Tracks operating parameters instead of pollutant concentrations. 

Examples: temperature, pressure drop, pH, flow rate. 

4.6 Ambient Air Monitoring Networks 

Used to assess community exposure and NAAQS compliance. 

Techniques include PM monitors, ozone analyzers, nitrogen/sulfur dioxide monitors, 

speciation samplers, and meteorological towers. 

4.7 Fenceline Monitoring 

Used to measure pollutants at the facility boundary. 

Applications: benzene monitoring at refineries, community monitoring, leak detection. 

Instruments: open-path FTIR, UV systems, VOC canisters, passive samplers. 

4.8 Low-Cost Sensors and Emerging Technologies 

Includes optical particle sensors, laser PM counters, mobile monitoring, satellite data, IoT 

networks, and AI-based detection. 

4.9 Data Management and QA/QC Requirements 

Includes calibration checks, zero/span checks, audits, validation protocols, and electronic 

reporting through CDX/CEDRI. 

4.10 Selecting Appropriate Monitoring Methods 

Selection depends on regulatory requirements, pollutant type, stack configuration, 

operational needs, and cost. 
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Chapter 4 Summary 

Air monitoring includes stack testing, CEMS, ambient networks, fenceline systems, and 

advanced technologies. Accurate measurements and strong QA/QC are essential for 

compliance and emissions control. 

Review Questions: 

1. What is the primary purpose of stack testing? 

Answer: To measure emissions directly at stacks to demonstrate compliance with regulatory 

limits. 

2. What are CEMS used for? 

Answer: To continuously measure pollutant emissions in real time to meet regulatory 

requirements. 

Chapter 5 – Pollution Prevention Strategies 

Introduction 

Pollution prevention (P2) reduces emissions at the source and improves operational 

efficiency. This chapter covers P2 principles, process improvements, material substitution, 

energy efficiency, maintenance, and sustainability strategies. 

 

5.1 Principles of Pollution Prevention 

Pollution prevention hierarchy: 

1. Source Reduction 

2. Reuse/Recovery 

3. Recycling/Regeneration 

4. Treatment/Control 

5. Safe Disposal 
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5.2 Process Modification and Optimization 

Techniques include lower-temperature reactions, closed-loop systems, automation, 

improved reactor design, and transitioning from batch to continuous processes. 

5.3 Raw Material Substitution 

Examples include low-VOC solvents, sulfur-free fuels, water-based coatings, non-chlorinated 

solvents, and biobased materials. 

5.4 Energy Efficiency Improvements 

Measures include high-efficiency burners, combustion optimization, heat recovery, VFDs, 

high-efficiency motors, insulation upgrades, and LED lighting. 

5.5 Equipment Upgrades and Maintenance 

Includes burner replacement, heat exchanger cleaning, LDAR programs, tank seal 

maintenance, control system calibration, and upgraded filters. 

5.6 Solvent Management Strategies 

Includes controlled storage, enclosed cleaning systems, carbon adsorption, solvent recovery, 

compliant blends, and evaporation control. 

5.7 Combustion Optimization Techniques 

Techniques include low-NOx burners, FGR, optimized air/fuel ratios, O₂ trim controls, staged 

combustion, and ultra-low-NOx burners. 

 

5.8 Storage Tank Emission Reduction Strategies 

Methods include floating roof tanks, mechanical shoe seals, vapor recovery, conservation 

vents, leak-proof fittings, and insulation. 

5.9 Waste Minimization and Recycling 

Includes heat recovery, metal recycling, solvent reclamation, reusing chemicals, reducing off-

spec products, and minimizing purge cycles. 
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5.10 Corporate Sustainability and Emission Reduction 

Planning 

Strategies include ISO 14001 EMS, carbon reduction goals, Energy Star programs, GHG 

commitments, LCA, and green procurement. 

Chapter 5 Summary 

Pollution prevention reduces emissions through improved processes, material substitutions, 

maintenance, efficiency, and sustainability. P2 lowers regulatory burdens and operational 

costs. 

Review Questions: 

1. What is the highest priority in the pollution prevention hierarchy? 

Answer: Source reduction. 

2. How does energy efficiency contribute to pollution prevention? 

Answer: It reduces fuel consumption, lowering emissions of CO₂, NOx, SO₂, and PM. 

Chapter 6 - Control Technologies for 

Particulate Matter 

Introduction 
Particulate matter (PM) emissions originate from combustion, material handling, industrial 

operations, and atmospheric reactions. This chapter reviews PM control technologies, 

principles, performance, and applications. 

 

6.1 Overview of Particulate Matter 

PM types include: 

 TSP 

 PM10 

 PM2.5 

 Ultrafine particles 

Sources include boilers, kilns, smelters, grinding, chemical processes, and dust. 
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6.2 Cyclones (Inertial Separators) 

Cyclones use centrifugal force to separate coarse particles. 

Advantages: low cost, simple design, high-temperature tolerance. 

Limitations: ineffective for fine PM; used as pre-cleaners. 

6.3 Fabric Filters (Baghouses) 

Gas flows through fabric bags, trapping particles. 

Advantages: ≥ 99.9% efficiency, effective for fine/coarse PM. 

Limitations: sensitive to moisture/temperature; requires maintenance. 

6.4 Electrostatic Precipitators (ESPs) 

Particles are electrically charged and collected on plates. 

Advantages: very high efficiency; excellent for fine particles; low pressure drop. 

Limitations: high cost; sensitive to gas chemistry; not ideal for fluctuating loads. 

6.5 Wet Scrubbers 

Use liquid to capture PM. 

Types: Venturi, spray towers, packed beds. 

Advantages: cools gases, removes PM & some gases. 

Limitations: wastewater generation; corrosion concerns. 

 

6.6 Mechanical Collectors 

Includes settling chambers, multiclones, impingement separators. 

Advantages: low cost; low maintenance. 

Limitations: poor fine PM efficiency. 

6.7 HEPA and Cartridge Filters 

Used for high-efficiency fine PM control. 

Applications: pharmaceutical, food processing, laboratories, precision manufacturing. 
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6.8 Fugitive Dust Control Measures 

Methods include sprays, chemical suppressants, enclosed conveyors, barriers, paving, 

sweeping, and reducing drop heights. 

6.9 Selecting the Right PM Control Technology 

It depends on particle size, gas volume, temperature, moisture, corrosion, pressure drop 

limits, cost, and regulatory requirements. 

6.10 Integrated PM Control Solutions 

Includes process optimization, cyclones, baghouses/ESPs, polishing filters, fugitive controls, 

and maintenance programs. 

Chapter 6 Summary 

PM control relies on cyclones, baghouses, ESPs, scrubbers, mechanical collectors, and 

fugitive dust controls. Proper selection ensures compliance and operational efficiency. 

Review Questions: 

1. Why are fabric filters highly effective? 

Answer: They achieve ≥ 99.9% efficiency and capture fine and coarse PM. 

2. What is the major advantage of ESPs? 

Answer: Extremely high efficiency for fine particles with low pressure drop. 
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Chapter 7 - Control Technologies for Gaseous 

Pollutants 

Introduction 
Gaseous pollutants including VOCs, NOx, SO₂, CO, acid gases, and HAPs originate from 

combustion, chemical reactions, solvent use, and many industrial processes. This chapter 

reviews major technologies used to control gaseous pollutants. 

7.1 Overview of Gaseous Pollutants 

Includes VOCs, acid gases (HCl, HF, SO₂), NOx, CO, and HAPs. Understanding chemistry is 

critical for selecting the proper control method. 

7.2 Thermal Oxidizers (TOs) 

Operate at 1,400–1,600°F with 0.5–1 second residence time. 

Types: direct-fired, recuperative, regenerative (RTOs). 

Advantages: ≥ 98–99% destruction efficiency. 

Limitations: high fuel use. 

7.3 Catalytic Oxidizers 

Operate at 600–800°F using catalyst beds. 

Advantages: lower fuel consumption, high efficiency. 

Limitations: catalyst poisoning by sulfur, halogens, metals. 

 

7.4 Adsorption Systems (Activated Carbon) 

Captures pollutants on carbon beds. 

Advantages: high VOC removal, great for intermittent operations. 

Limitations: moisture sensitivity, carbon disposal/regeneration cost. 

7.5 Wet Scrubbers 

Absorb gases into liquid solutions. 

Controls SO₂, HCl, HF, ammonia, odors. 
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Advantages: removes gases and PM simultaneously. 

Limitations: wastewater generation, corrosion. 

7.6 Dry Sorbent Injection (DSI) and Dry Scrubbers 

Inject powdered sorbents (lime, sodium bicarbonate, trona). 

Advantages: low cost, no wastewater. 

Limitations: Requires downstream PM control. 

7.7 Selective Catalytic Reduction (SCR) 

Reduces NOx using ammonia/urea and a catalyst at 550–750°F. 

Advantages: up to 90% NOx reduction. 

Limitations: high cost, catalyst deactivation, ammonia slip. 

7.8 Selective Non-Catalytic Reduction (SNCR) 

Reduces NOx without catalyst at 1,600–2,000°F. 

Advantages: lower cost. 

Limitations: lower efficiency (30–50%). 

 

7.9 Condensers (Vapor Recovery) 

Used to condense VOC vapors into liquids. 

Advantages: recovery for reuse. 

Limitations: ineffective for low concentrations. 

7.10 Choosing the Right Technology 

It depends on pollutant type, concentration, temperature, moisture, particulates, cost, and 

regulatory requirements. 

Chapter 7 Summary 

Gaseous pollutant control technologies include oxidizers, adsorption, scrubbers, sorbent 

injections, SCR/SNCR, and condensers. Proper selection ensures compliance and emission 

reduction. 
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Review Questions: 

1. What is one key limitation of catalytic oxidizers? 

Answer: Catalyst poisoning from sulfur, halogens, or heavy metals. 

2. What is the primary advantage of SCR over SNCR? 

Answer: SCR provides far higher NOx reduction efficiency (up to 90%). 

Chapter 8 - Modelling & Risk Assessment 

Introduction 

Air dispersion modeling and human health risk assessment help predict pollutant 

concentrations, evaluate community impacts, and support regulatory compliance. 

8.1 Purpose of Air Dispersion Modeling 

Modeling is used to: 

 Predict ground-level pollutant concentrations 

 Demonstrate NAAQS compliance 

 Support PSD and NSR permitting 

 Evaluate facility modifications 

 Assess impacts on sensitive receptors 

 Model emergency releases 

 

8.2 Types of Air Dispersion Models 

AERMOD – primary regulatory model for near-field impacts. 

CALPUFF – used for long-range and complex terrain. 

SCREEN3/AERSCREEN – screening tools. 

HYSPLIT – used for accidental releases and plume tracking. 

8.3 Required Model Inputs 

Includes stack parameters, emission rates, building dimensions, terrain, meteorological data, 

and land use characteristics. 
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8.4 Building Downwash Effects (BPIP-PRIME) 

Nearby structures can cause plumes to be pulled downward, raising ground-level 

concentrations. BPIP-PRIME models have these effects. 

8.5 Health Risk Assessment Overview 

Two types: 

- Cancer risk (long-term exposure) 

- Non-cancer hazard assessment (acute/chronic effects) 

8.6 Risk Assessment Inputs 

Includes modeled concentrations, toxicity values, exposure scenarios, and averaging periods. 

8.7 Emergency and Worst-Case Release Modeling 

Used for unplanned releases, fire/explosion scenarios, tank failures, and pipeline leaks. 

8.8 Odor and Nuisance Modeling 

Use AERMOD, CALPUFF, and odor strength calculations to evaluate odor impacts. 

8.9 Environmental Justice (EJ) Considerations 

Incorporates evaluation of overburdened communities, cumulative impacts, and use of 

EJSCREEN indicators. 

8.10 Interpreting and Presenting Model Results 

Results include concentration tables, isopleth maps, receptor grids, and NAAQS comparison 

summaries. 

Chapter 8 Summary 

Modeling and risk assessment predict pollutant behavior, assess exposure risks, and inform 

permitting and mitigation decisions. 

Review Questions: 

1. What is the primary purpose of air dispersion modeling? 

Answer: To predict ground-level pollutant concentrations and demonstrate regulatory 

compliance. 

2. What is the difference between AERMOD and CALPUFF? 
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Answer: AERMOD is used for near-field impacts; CALPUFF is used for long-range and 

complex terrain. 

Chapter 9 - Air Quality Management Plans 

Introduction 
Air Quality Management Plans (AQMPs) provide structured, facility-level systems to 

manage air emissions, maintain compliance, and support continuous improvement. 

9.1 Purpose of an Air Quality Management Plan 

An AQMP ensures: 

- Regulatory compliance 

- Emissions tracking 

- Proper use of control technologies 

- Monitoring and reporting accuracy 

- Audit readiness 

- Continuous improvement 

 

9.2 Core Components of an AQMP 

1. Regulatory Applicability Summary 

2. Emission Source Inventory 

3. Control Device Inventory 

4. Monitoring and Testing Requirements 

5. Recordkeeping and Reporting Procedures 

6. Maintenance and Inspection Programs 

7. Staff Training Requirements 

8. Emergency Protocols 
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9.3 Developing an Air Quality Management Plan 

Key steps: 

- Identify all applicable regulations 

- Conduct full emissions inventory 

- Identify or verify required controls 

- Design monitoring strategy 

- Establish recordkeeping systems 

- Assign roles and responsibilities 

- Write procedures 

- Review and update annually 

9.4 Air Emission Inventories 

Required by state agencies, NEI, Title V, and GHG programs. Help identify trends and plan 

improvements. 

 

9.5 Compliance Tracking Systems 

Use calendars, logs, software, and databases to track deadlines, monitoring, reporting, and 

permit conditions. 

9.6 Maintenance and Inspection Programs 

Includes: 

 Bag leak detection 

 Pressure drop monitoring 

 Scrubber liquid analysis 

 Oxidizer temperature monitoring 

 Catalyst tracking 

9.7 Staff Training and Competency Requirements 

Staff training covers: 

 Permit conditions 

 Monitoring/testing methods 
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 Startup/shutdown procedures 

 Emergency response 

 Recordkeeping 

9.8 Emergency and Upset Condition Management 

Plans must be addressed: 

 Power failures 

 Control device malfunctions 

 Opacity events 

 Process upsets 

 Chemical releases 

9.9 Continuous Improvement and AQMP Audits 

Includes internal audits, corrective actions, data review, and optimization efforts. 

 

9.10 Integrating AQMPs with Corporate Sustainability 

Plans 

Organizations may align AQMPs with: 

 Carbon reduction goals 

 ISO 14001 

 Energy efficiency programs 

 Supply chain initiatives 

Chapter 9 Summary 

AQMPs provide structured systems for compliance, monitoring, training, maintenance, and 

emergency response, supporting long-term environmental performance. 

Review Questions: 

1. What is the primary purpose of an AQMP? 

Answer: To ensure regulatory compliance, manage emissions, and guide continuous 

improvement. 

2. Why are emission inventories important? 

Answer: They quantify emissions, identify trends, support reporting, and help plan 

reductions. 
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Chapter 10 - Emerging Trends & Advanced 

Technologies 

Introduction 
Air quality management is rapidly evolving due to technological innovation, regulatory 

changes, and climate-driven initiatives. This chapter highlights the most significant emerging 

trends shaping the future of emissions control and monitoring. 

10.1 Digital Transformation in Air Quality Management 

Includes cloud-based compliance platforms, automated emission calculations, real-time 

dashboards, predictive analytics, and automated alerts. 

 

10.2 Low-Cost Air Sensor Networks 

Used for fenceline surveillance, community monitoring, hotspot identification, and leak 

detection. 

Sensors detect PM2.5, PM10, ozone, NO₂, and VOCs. 

10.3 Artificial Intelligence (AI) and Machine Learning 

AI supports emission trend prediction, anomaly detection, combustion optimization, and 

analysis of large datasets (CEMS, LDAR, meteorology). 

10.4 Advanced Emission Control Technologies 

Examples include ultra-low-NOx burners, high-porosity catalysts, hybrid scrubbers, plasma 

VOC systems, and nanofiber particulate filters. 

10.5 Carbon Capture, Utilization, and Storage (CCUS) 

Methods include post-combustion capture, pre-combustion capture, direct air capture, 

mineralization, and geological sequestration. 

10.6 Hydrogen Fuel and Decarbonized Industrial Systems 

Benefits include lower CO₂ emissions and potential NOx reductions with appropriate burner 

technology. 
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10.7 Satellite-Based Air Monitoring 

Technologies include TROPOMI, MODIS, Sentinel 5P, and NASA TEMPO. 

Used for pollutant tracking, hotspot identification, and regulatory investigations. 

10.8 Mobile Air Monitoring Platforms 

Includes vehicle-mounted units, drones, handheld analyzers, and emergency response trailers. 

10.9 Climate–Air Quality Co-Benefit Strategies 

Examples: electrification, renewable energy use, energy efficiency, waste heat recovery, 

methane capture, and low-carbon manufacturing. 

10.10 Future Directions and Regulatory Trends 

Includes stricter PM and ozone standards, expanded GHG rules, environmental justice 

impacts, greater transparency, and increased continuous monitoring requirements. 

Chapter 10 Summary 

Emerging technologies including AI, satellite monitoring, CCUS, hydrogen systems, low-cost 

sensors, and advanced emission controls are transforming air quality management. 

Review Questions: 

1. What role does AI play in modern air quality management? 

Answer: AI predicts emission trends, identifies anomalies, optimizes combustion, and 

analyzes large datasets. 

2. What is one benefit of low-cost sensor networks? 

Answer: They provide broad, real-time monitoring coverage at low cost. 

Glossary 

AERMOD – EPAs preferred near-field dispersion model. 

AERSCREEN – Screening version of AERMOD. 

Adsorption – Pollutant molecules adhering to solid surfaces. 

Acid Gases – HCl, HF, SO₂ and similar gases. 

Air Quality Index (AQI) – Scale indicating daily air quality. 
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Ambient Monitoring – Measuring pollutant levels in the environment. 

BACT – Best Available Control Technology. 

Baghouse – Fabric filter used for PM control. 

BPIP-PRIME – Downwash modeling tool. 

CALPUFF – Long-range, non-steady-state dispersion model. 

Carbon Capture (CCUS) – Processes capturing and storing CO₂. 

Catalytic Oxidizer – VOC control using catalyst at low temp. 

CEMS – Continuous Emissions Monitoring System. 

COMS – Continuous Opacity Monitoring System. 

CO₂ – Carbon dioxide. 

Cyclone – PM control using centrifugal force. 

DSI – Dry Sorbent Injection. 

Electrostatic Precipitator (ESP) – PM control using electric charge. 

Environmental Justice (EJ) – Fair treatment regarding pollution impacts. 

EPA – Environmental Protection Agency. 

Fenceline Monitoring – Boundary monitoring for emissions. 

Fugitive Emissions – Uncontrolled leaks from equipment. 

GHG – Greenhouse gas. 

HEPA Filter – Removes ≥99.97% of 0.3-micron particles. 

HAP – Hazardous Air Pollutant. 

LDAR – Leak Detection and Repair. 

MACT – Maximum Achievable Control Technology. 

NAAQS – National Ambient Air Quality Standards. 

NESHAP – Toxic pollutant standards. 

NOx – Nitrogen oxides. 

NSPS – New Source Performance Standards. 
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Particulate Matter (PM) – Airborne particles. 

RTO – Regenerative Thermal Oxidizer. 

SCR – Selective Catalytic Reduction. 

SNCR – Selective Non-Catalytic Reduction. 

VOC – Volatile Organic Compound. 

 

Appendix 

Supplemental Technical Information 

Appendix A — Key Regulations 

Clean Air Act Sections 109, 111, 112, Title V. 

NAAQS, NSPS, NESHAP (MACT), PSD, GHG Reporting. 

Appendix B — Modeling Inputs 

Stack data, building dimensions, terrain, meteorological data. 

Appendix C — Conversion Factors 

ppm ↔ mg/m³ conversions. 

Mass conversions (lb, ton, kg). 

Appendix D — Control Device Efficiencies 

Baghouse ≥ 99.9%; ESP 95–99%+; RTO ≥ 98%. 

Appendix E — Opacity Guidelines 

Method 9, Method 22; typical limits 20–40%. 

Appendix F — Emission Inventory Components 

Point sources, fugitive components, mobile sources. 

Appendix G — Emergency Response Steps 

Identify source, isolate system, notifications, corrective actions. 
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Case Studies (Three) 

Case Study 1 — VOC Emissions Management 

Solvent-based coating plant exceeded VOC limits. 

Actions: material substitution, RTO installation, airflow balancing. 

Result: 65% emission reduction and restored compliance. 

 

Case Study 2 — NOx Reduction in Boilers 

Boilers exceeded new NOx limits. 

Actions: low-NOx burners, O₂ trim, tuning, SCR installation. 

Result: 80% NOx reduction. 

Case Study 3 — Odor Complaints and Fenceline Monitoring 

Food-processing facilities faced community odor issues. 

Actions: fenceline sensors, scrubber upgrades, enclosures. 

Result: 90% reduction in complaints. 

References 

Regulatory Sources: 

Clean Air Act; 40 CFR Parts 50, 60, 63, 70–71. 

EPA AP-42 Emission Factors. 

EPA Cost Manual. 

EPA Guideline on Air Quality Models (Appendix W). 

 

Modeling & Risk Assessment: 

AERMOD Technical Documentation. 

CALPUFF System Documentation. 

EPA Air Toxics Risk Assessment Library. 



 
 

34 

 

 

Monitoring & Testing: 

EPA Performance Specifications for CEMS/COMS. 

40 CFR Appendix A Test Methods (Method 1–5, 7E, 9, 202). 

 

 

 

 

 

Technical Literature: 

Seinfeld & Pandis — Atmospheric Chemistry and Physics. 

Cooper & Alley — Air Pollution Control Engineering. 

Turner — Workbook of Atmospheric Dispersion Estimates. 

 

Industry Guidance: 

AWMA, EPRI, API, NIST resources. 

 

 

 
 


	AIR QUALITY MANAGEMENT & POLLUTION CONTROL TECHNOLOGIES
	AIR QUALITY MANAGEMENT & POLLUTION CONTROL TECHNOLOGIES (1)
	Table of Contents
	Chapter 1 – Fundamentals of Air Quality Science Introduction
	1.1 Atmospheric Structure and Chemistry
	Key properties of the troposphere include:

	1.2 Pollutant Classifications
	Hazardous Air Pollutants (HAPs):
	Greenhouse Gases (GHGs):

	1.3 Primary vs. Secondary Pollutants
	Key Secondary Pollutants:

	1.4 Air Quality Index (AQI)
	1.5 Health and Environmental Impacts
	1.6 Meteorology and Dispersion Fundamentals
	Chapter 1 Summary
	Review Questions:

	Chapter 2 – Regulatory Framework & Compliance Overview  Introduction
	2.1 The Clean Air Act (CAA): Structure and Purpose The Clean Air Act forms the foundation of U.S. air quality regulation. Its core objectives include protecting public health, reducing emissions, establishing national standards, and ensuring state com...
	2.2 National Ambient Air Quality Standards (NAAQS) EPA establishes NAAQS for ozone, PM2.5/PM10, SO₂, NO₂, CO, and lead. Primary standards protect health; secondary standards protect welfare. Nonattainment areas must apply stricter controls and permitt...
	2.3 New Source Performance Standards (NSPS) Under Section 111, NSPS sets emission limits for new or modified equipment across industrial categories, including boilers, refineries, landfills, and engines. NSPS requires monitoring, testing, and reporting.
	2.4 National Emission Standards for Hazardous Air Pollutants (NESHAP) NESHAP regulates hazardous air pollutants through MACT standards. Requirements include emission limits, SSM provisions, continuous monitoring, and reporting. Industries include chem...

	Chapter 3 – Industrial Emission Sources & Processes
	Introduction
	3.1 Overview of Industrial Emission Categories
	3.2 Combustion Sources
	3.3 Chemical Manufacturing Processes
	3.4 Metal Processing and Fabrication
	3.5 Industrial Solvent Use
	3.6 Storage Tanks and Loading Operations
	3.7 Fugitive Emissions
	3.8 Wastewater Treatment and Biological Processes
	3.9 Indirect Sources and Facility Support Operations
	3.10 Greenhouse Gas (GHG) Emission Sources
	Chapter 3 Summary
	Review Questions:

	Chapter 4 – Air Monitoring Techniques & Instrumentation  Introduction
	Air monitoring is essential for compliance, emissions management, and public health protection. This chapter covers stack testing, CEMS, ambient monitoring, fenceline systems, and modern technologies.
	4.1 Overview of Air Monitoring Types
	4.2 Stack Testing (Performance Testing)
	4.3 Continuous Emissions Monitoring Systems (CEMS)
	4.4 Continuous Opacity Monitoring Systems (COMS)
	4.5 Parametric Monitoring
	4.6 Ambient Air Monitoring Networks
	4.7 Fenceline Monitoring
	4.8 Low-Cost Sensors and Emerging Technologies
	4.9 Data Management and QA/QC Requirements
	4.10 Selecting Appropriate Monitoring Methods
	Chapter 4 Summary
	Review Questions:

	Chapter 5 – Pollution Prevention Strategies
	Introduction (1)
	5.1 Principles of Pollution Prevention
	5.2 Process Modification and Optimization
	5.3 Raw Material Substitution
	5.4 Energy Efficiency Improvements
	5.5 Equipment Upgrades and Maintenance
	5.6 Solvent Management Strategies
	5.7 Combustion Optimization Techniques
	5.8 Storage Tank Emission Reduction Strategies
	5.9 Waste Minimization and Recycling
	5.10 Corporate Sustainability and Emission Reduction Planning
	Chapter 5 Summary
	Review Questions:

	Chapter 6 - Control Technologies for Particulate Matter Introduction
	6.1 Overview of Particulate Matter
	6.2 Cyclones (Inertial Separators)
	6.3 Fabric Filters (Baghouses)
	6.4 Electrostatic Precipitators (ESPs)
	6.5 Wet Scrubbers
	6.6 Mechanical Collectors
	6.7 HEPA and Cartridge Filters
	6.8 Fugitive Dust Control Measures
	6.9 Selecting the Right PM Control Technology
	6.10 Integrated PM Control Solutions
	Chapter 6 Summary

	Chapter 7 - Control Technologies for Gaseous Pollutants
	Introduction (2)
	7.1 Overview of Gaseous Pollutants
	7.2 Thermal Oxidizers (TOs)
	7.3 Catalytic Oxidizers
	7.4 Adsorption Systems (Activated Carbon)
	7.5 Wet Scrubbers
	7.6 Dry Sorbent Injection (DSI) and Dry Scrubbers
	7.7 Selective Catalytic Reduction (SCR)
	7.8 Selective Non-Catalytic Reduction (SNCR)
	7.9 Condensers (Vapor Recovery)
	7.10 Choosing the Right Technology
	Chapter 7 Summary
	Review Questions:

	Chapter 8 - Modelling & Risk Assessment
	Introduction
	8.1 Purpose of Air Dispersion Modeling
	8.2 Types of Air Dispersion Models
	8.3 Required Model Inputs
	8.4 Building Downwash Effects (BPIP-PRIME)
	8.5 Health Risk Assessment Overview
	8.6 Risk Assessment Inputs
	8.7 Emergency and Worst-Case Release Modeling
	8.8 Odor and Nuisance Modeling
	8.9 Environmental Justice (EJ) Considerations
	8.10 Interpreting and Presenting Model Results
	Chapter 8 Summary
	Review Questions:

	Chapter 9 - Air Quality Management Plans
	Introduction (3)
	9.1 Purpose of an Air Quality Management Plan
	9.2 Core Components of an AQMP
	9.3 Developing an Air Quality Management Plan
	9.4 Air Emission Inventories
	9.5 Compliance Tracking Systems
	9.6 Maintenance and Inspection Programs
	9.7 Staff Training and Competency Requirements
	9.8 Emergency and Upset Condition Management
	9.9 Continuous Improvement and AQMP Audits
	9.10 Integrating AQMPs with Corporate Sustainability Plans
	Chapter 9 Summary
	Review Questions:

	Chapter 10 - Emerging Trends & Advanced Technologies
	Introduction (4)
	10.1 Digital Transformation in Air Quality Management
	10.2 Low-Cost Air Sensor Networks
	10.3 Artificial Intelligence (AI) and Machine Learning
	10.4 Advanced Emission Control Technologies
	10.5 Carbon Capture, Utilization, and Storage (CCUS)
	10.6 Hydrogen Fuel and Decarbonized Industrial Systems
	10.7 Satellite-Based Air Monitoring
	10.8 Mobile Air Monitoring Platforms
	10.9 Climate–Air Quality Co-Benefit Strategies
	10.10 Future Directions and Regulatory Trends
	Chapter 10 Summary
	Review Questions:

	Glossary
	Appendix
	Appendix A — Key Regulations
	Appendix B — Modeling Inputs
	Appendix C — Conversion Factors
	Appendix D — Control Device Efficiencies
	Appendix E — Opacity Guidelines
	Appendix F — Emission Inventory Components
	Appendix G — Emergency Response Steps

	Case Studies (Three)
	Case Study 1 — VOC Emissions Management
	Case Study 2 — NOx Reduction in Boilers
	Case Study 3 — Odor Complaints and Fenceline Monitoring

	References
	Regulatory Sources:
	Modeling & Risk Assessment:
	Monitoring & Testing:


