EPA/625/R-97/001
April 1997

Handbook

Continuous Emission Monitoring Systems
for Non-criteria Pollutants

Center for Environmental Research Information
National Risk Management Research Laboratory
Office of Research and Development
U.S. Environmental Protection Agency
Cincinnati, OH 45268



Acknowledgments

This document was developed and prepared under EPA Contract No. 68-C3-0315, Work Assignment 3-39, by
Pacific Environmental Services, Inc. (PES) and its consultants, James A. Jahnke, Ph.D., Source Technology
Associates, and James W. Peeler, Emission Monitoring, Inc. (EMI), under contract to Eastern Research Group, Inc.
Dr. Jahnke and Mr. Peeler were the principal authors. Phillip J. Juneau and Laura L. Kinner, EMI, assisted with the
preparation of the handbook with Mr. Juneau writing Chapter 5 and Dr. Kinner preparing the initial version of
Chapter 7 and assisting with Chapter 3. The EPA project officer was Justice A. Manning, Center for Environmental
Research Information, Office of Research and Development. Special thanks are extended to Dan Bivins, EPA’s
Emissions Measurement Center, for this guidance and technical support during the preparation of the handbook.
Further technical and editorial support was provided by PES staff through John T. Chehaske, project manager. Mr.
Bivins and Tom Logan, Office of Air Quality Planning and Standards, and Robert G. Fuerst, National Exposure
Research Laboratory, ORD, provided peer review for the handbook. Lastly, Scott Evans, Clean Air Engineering; Paul
Reinermann, lll, Pavilion Technologies, and Gus Eghneim, Ph.D., P.E., Texas Natural Resource Conservation
Commission, were kind enough to provide comments on Chapter 4 of the document in a very timely manner. To
each person responsible for the final product sincere thanks are extended.

Notice

The information in this document has been compiled wholly, or in part, by the U.S. Environmental Protection
Agency (EPA) under Contract No. 68-C3-0315, Work Assignment No. 3-39, issued to Eastern Research Group, Inc.
(ERG). The work was performed by Pacific Environmental Services, Inc. (PES) and its consultants, Source
Technology Associates, and Emission Monitoring, Inc. under subcontract to ERG. This document has been
subjected to EPA’s peer and administrative review and has been approved for publication as an EPA document.
Mention of trade names or commercial products does not constitute endorsement or recommendation for use.



Contents

ACKNOWIEdgmMENtS . . L e e i
NOLICE . . o i
Chapter 1 Introduction . . . . . . . . . . e e e 1
1.1 Background and Objectives of the Handbook . .. ... ... ... ... ... ... ... ... 1

1.2 Evolution of Continuous Emission Monitoring - Regulatory Programs . .. ........... 1

1.3 Current Status of Continuous Emission Monitoring - Monitoring Technology .. ... .. .. 2

1.4 Organization of the Handbook . . . . ... .. ... ... 4

Chapter 2 Implementing Rules - Requirements for Installation of CEM Systems . . .. ... ............. 6
2.1 Clean Air Act, RCRA, and Other Federal Monitoring Requirements . . ... ........... 6

2.1.1  NSPS Requirements . . . . . .. .. . e 6

2.1.2 Acid Rain Program . . . . . . . . . e 13

2.1.3 NESHAP and Title Ill - MACT Standards . . . ........................ 14

2.1.4 Regulations for Sources Burning Hazardous Waste .. ................. 16

2.1.5 Part 503 Sewage Sludge Incinerators . ... .. .. ... ... .o 18

2.2 State and Local Agency Programs . . . . . . . . .. e e e 18

2.2.1 State and Regional Initiatives . . . . ... ... ... 19

2.2.2 Compliance Assurance Monitoring (CAM) Program . . ................. 23

2.2.3 Open Market Trading . . . . . . .. o e 24

Chapter 3 Monitoring Technology - Instrumentation . ... .. .. ... ... . ... . . ... 26
3.1 Monitoring Systems for Non-criteria Gases . . . . . . . . . .. i 26

3.1.1 Sampling Problems for Reactive and Condensable Gases . .............. 26

3.1.2 Solutions to Sampling Problems . . . ... ... .. .. 29

3.1.3 Analytical Techniques . . . . .. .. . ... e 34

3.2 Monitoring Systems for Particulate Matter . ... ... ... ... .. ... .. .. ... .. ... 43

3.2.1 Sampling Problems for Particulate Matter . . . ... ... ..... .. ........... 43

3.2.2 Continuous Particulate Monitoring . . . . ... .. ... .. ... .. 45

3.3 Monitoring for Metals . . . . . . . .. e 49

3.3.1 Sampling Problems for Metals ... ... ... ... .. ... . ... ... . . ... ... 49

3.3.2 Mercury Monitoring Methods . . . . ... ... ... 49

3.3.3  Multi-Metal Methods . . . ... ... .. . 51

Chapter 4 Alternatives to Monitoring Instrumentation . .. .. .. ... .. .. ... .. .. . ... . 56
4.1 Parameter Monitoring . . . . . . . .. . L e e 56

4.2 Parameters and Sensors . . . . . .. 57



Contents (continued)

4.3 Parameter Monitoring Used as an Indicator of Equipment Operation and Maintenance .. 58

4.4 Parameter Monitoring Used as a Surrogate for Emissions . ... ... ... ........... 58
4.4.1 Parameter Monitoring as a Surrogate for Reporting Excess Emissions . . . .. .. 58

4.4.2 Parameter Monitoring for Direct Compliance . ... ... ................. 59

4.5 Emission Modeling - Predictive Emissions Monitoring Systems . . . ... ... ........ 60
4.5.1 First Principle Models . . ... . ... 61

4.5.2 Empirical Modeling . . . .. .. e 61

4.5.3 Model Development . . . . .. e 64

4.5.4 Model Quality ASSUrance . . . .. ... .. .. e 64

455 Model LImitations . . . . . . ... 65

4.6 Issues in Parameter Monitoring . . . . . . . . . . . e 65
Chapter 5 System Control and Data Recording - Data Acquisition and Handling Systems . . ... ....... 70
51 Option 1: Simple Data Recording Device . . ... ... ... .. ... 70
5.2 Option 2: Plant Mainframe Computer System . . . .. .. ... ... ... . ... . . ... 71
5.3 Option 3: Commercial DAHS . . . . . .. e 71
5.3.1 Emission Data Recording . . ... ... ... ... 71

5.3.2 Emission Data Display . . . . . . .. . 72

5.3.3 Sampling System Control . .. ... . ... ... ... 73

5.3.4 Calibration Control and Recording . . . . ... .. ... ... ... 73

5.3.5  Alarms . .. 74

5.3.6 Plant Computer Interface . ... ... ... . .. ... 74

5.3.7 Report Generation . . . . . . . . . e 75

5.3.8 Multitasking . . . . . . .. e 76

5.3.9  EXPanSion . . . ... e 76

5.3.10 Hardware . .. .. ... ... 76

54 SUMMANY . o o e e e e e e e e e e e e e e e e 78
Chapter 6 CEM System Procurement, Installation, and Start-up ... ... ... .. ... ... .. .. ........ 80
6.1 Defining the Project Scope . . . . . . . . . e 80
6.2 Reviewing the Regulations and the Process . . ... ... ... .. ... ... . .. .. .. .... 83
6.3 Assessing the Site . . . . ... . e 83
6.4 Reviewing Monitoring Options . . . . . . . . .. .. 84
6.4.1 Extractive SyStems . . . . . . . . e 84

6.4.2 In-Situ SYStems . . . . . . L e 84

6.4.3 Parameter Monitoring Systems . . . . . ... 89

6.4.4 New Market Products and Systems under Research and Development .. .. .. 91



Contents (continued)

6.5 Evaluating Potential Bidders . . . . . . . . ... 91
6.6 Writing the Bid Specifications . . . . . . . . . .. . 93
6.7 Reviewing the Proposals and Making a Decision . .. ... ... ... ... ... .. ... ... 94
6.7.1 Areas for ReView . . . . . . .. ... 95
6.7.2 A Matrix Evaluation Technique . .. ... . ... ... ... ... . . . . . . ... .. 99
6.7.3 Normalizing the Issues . ... ... ... . . . . . . . 99
6.8 Installing the System . . . . . . .. 100
6.9 Approving/Certifying the System . . . . . .. .. . ... 101
6.10 Implementing the QA/QC Plan and Operating the System . . ... ............... 101
Chapter 7 Certification and Approval Mechanisms for Non-criteria Pollutant Monitoring Systems;
Calibration and Demonstration of Performance . . . . . . ... .. . ... . ... 104
7.1 INLrodUCTION . . . . . e 104
7.2 Instrument Calibration . . . . . . . . . . . . e 105
7.2.1  Instrument Function . ... ... . ... ... 105
7.2.2 Calibration Materials . ... ... ... .. . .. 106
7.2.3 Direct and System Calibration Procedures . . . ... ... ... .......... 109
7.3 Demonstration of Performance; Certification and Quality Assurance . ... ......... 110
7.3.1 EPA Performance Specifications for Non-criteria Pollutant Monitoring . . . . .. 111
7.3.2 Performance Specification Testing . ........... .. .. ... .. ... ..... 111
7.3.3 Ongoing Performance Checks and Quality Assurance . . . ... ........... 116
7.3.4 CEM System Approval Mechanisms in Germany . . ... ............... 118
7.3.5 International Standards Organization . .......... ... .. ... .......... 120
7.4 Suggested Approval Mechanisms and Approaches for Non-criteria Pollutant
and Application Testing . . . . . . . . . e 121
7.4.1 EPA Method 301 . .. ... . ... 121
7.4.2 Dynamic Analyte Spiking . . . . . ... 122
ApPPENdiX A ACIONYMIS . L o o i i i e e e e e e e e e e e e e e e e e e 126
Appendix B GlOSSary . . . . . .o e 128
Appendix C Bibliography and Additional Reading . . . . . . ... ... ... e 133
Appendix D Hazardous Air Pollutants - 1990 CAAA Title lll Listing . ... ... .. ... ... .. ... ...... 137
Appendix E Units of the Standard . . . . . . .. . . . 144
Appendix F Guide for Evaluating CEM System COStS . . . . . . .. . ... i e 149
Appendix G Effects of Sample Matrix on Analyte Spike . . .. .. . . ... ... .. 158



3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-8

3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20

5-1
5-2
5-3
5-4

Figures

Continuous Monitoring Methods . . . . . . . . . e 3
Hot/Wet Sampling Systems . . . . . . . . L e e e 30
In-stack Dilution Probe . . . . . . . 30
Out-of-Stack Dilution System . . . . . . . . . e 31
Close-coupled System . . . . . . e 32
Close-coupled Laser Monitoring System . . . . . . . . . e 33
Double-Pass TransmiSSOMELEr . . . . . . . . . e 33
Gas Chromatogram . . . . . . . . e 35
Flame [onization Detector . . . . . . . . . . e e e e e e e 36
Mass Spectrum of Meta-xylene . . . . . . . .. e 37
Linear Quadrupole Mass Analyzer . . . . . . . . e 38
Total lon Current Chromatogram . . . . . . . . L . e 38
TransmisSion SPeCTIUM . . . . . . . . L e e e e 39
Differential Optical Absorption Techniques . . . . . . . . . . . 40
lon-mobility Spectrometer . . . . . . . . L e 42
Angular Dependence . . . . . .. e e 47
Side-scattering Continuous Mass Emission Monitor . . . . . .. ... ... .. 48
Typical Beta Gauge Paper Tape Monitor . . . . . . . .. . e 48
Selection Process for Particulate Monitors . . . ... .. . . . 50
Inductively Coupled Plasma Technique . . . . .. .. . . ... . e 51
Laser Spark Spectrometry . . . . . . . e e 52
Uses of Parameter Monitoring in Regulatory Programs . . . . . .. ... .. .. ... 56
Operational Parameters Correlated to Emissions. . . . . . . . .. ... .. . 59
Test Data . . . . . . e e e 62
Linear Regression of Test Data . . . . . . . . . . . 62
Emissions Calculations (PEM system predictions) . . .. ... ... ... . .. . 67
Odessa Paperless Stripchart . . . . . . . .. e 70
Typical DAHS System . . . . . . e e 72
Example Historical Trend SCreen . . . . . . . . . e 73
Example Calibration Cycle Configuration Screen . . . .. .. . . .. ... i 74

Vi



3-1

7-1

Competing Demands for Processor Time . . . . . . . . . e 76

Custom CEM System Datalogger . . . . . . .. . e e e 77
Example Flow Diagram for CEM System Selection and Implementation .. .................. 81
Selection Considerations for Extractive Systems . . . . . . . . . ... .. 85
Selection Considerations for In-situ Systems . . . . . .. . ... 88
Considerations for Parameter Monitoring Systems . . . . . . . . ... e 90
Alternative Approach to Monitoring System Decision-making . ... ... .... ... ... .. ........ 92
Areas for Proposal RevView . . . . . . . . e 95
Cost Estimation Method for PEM System . . . . . . . . . e 97
Analysis of PEM System Lifetime Cost for Two Example Cases . . ... .. ... ... ... ....... 97
Simplified Example Matrix Evaluation . . . ... . . ... . . 99
Certification and Approval Mechanisms . . . . . . . . ... e 105
Instrument Function of Two Analyzers . . . . . . . . . . e 106
Generalized Schematic of a Permeation/Diffusion-Based Calibration Gas Generator . . . ... ... ... 107
Use of Calibration Transfer Standards (CTS) . . . ... . ... i e i e 108
Direct and System Calibrations . . . .. . . . ... e 109
Continuous Particulate Monitoring Calibration Line Specifications . . ... ... ............... 121
Analyte SpiKiNg . . . . . . e 123
Tables
NSPS Criteria Pollutant Monitoring Requirements . . . . . . . . . ... .. e 8
NSPS Non-criteria Pollutant Monitoring Requirements . . . .. ... .. ... .. ... . . . .. ... 10
Example NSPS Parameter Monitoring Requirements . . . . . . . . . ... . i 11
NSPS Appendix B Performance Specifications . . . ... .. ... . . ... .. ... 13
HON Rule Example Continuous Monitoring Requirements . . . . . . .. .. ... .. ... 16
Pennsylvania Specifications for Hydrogen Chloride Continuous Emission Monitoring Systems . . . .. 20
Pennsylvania General Parameter Source Monitoring Specifications . . . . .. ... ... . ... .. ..... 21
Automated Measurement Methods for Particulate Matter . . ... ........ ... ... .. .. ... .... 48
Existing Performance Specifications for Selected Pollutant Monitors . . ... ... ............. 112

Principal Performance Specifications for TUV Suitability Tests of Emission Monitoring

INSETUMIENTS . . . . o e e e e e e e e 119

vii



(This page intentionally left blank.)

viii



