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INTRODUCTION



INTRODUCTION
This report presents the resulis of the emissions tests performed for Recycling Solutions

Technologies on Unit 1 in Davella, Kentucky.

The purpose of the tests was to determine the emissions of the unit for compliance. The results

can be found in the Summary of Test Results section of this report.

The testing was performed bv Grace Consulting, Inc., located at 510 Dickson Street - Wellington,
OH, 44090. Present during the testing were Hal Stiles, Dale Vineyard, Brandon Peyton, Tony
Perrin and Jason Watkins from Grace Consulting, Inc. John Burke with Recycling Solutions
Technologies was present during testing. Also present during testing were John Jayne and Steve
Hall with the Kentucky DEQ.

The tests were performed on September 25-26, 2008. The testing was completed in accordance
with USEPA test methods as published in the July 1, 2008 Federal Register, - “Standards of
Performance for New Stationary Sources™ and subsequent revisions.

The sampling and analytical procedures can be found in the Sampling and Analytical Procedures
section of this report. The raw field data and the equations used to determine the final results are

presented in the Appendix section.



SUMMARY OF TEST RESULTS



SUMMARY OF TEST RESULTS
The following presents the results of the emissions tests performed for Recycling Solutions Technologies on Unit

1 in Davella, Kentucky.

PARTICULATE EMISSIONS

Method 5
mg/DSCM
Run # __Description Test Date Ib/idsct mg/DSCM Corrected 7% 02
1 Unit 1 09-25-08 4.88E-08 0.781 1.208
2 Unit 1 09-25-08 1.07E-07 1.708 3.49¢
3 Unit 1 09-25-08 5.69E-08 0.943 1.404
AVE. 7.14E-08 1.144 2.034
HCI EMISSIONS
Method 26A
Run # Description Test Date Ib/dscf ppm dry ppm @7% 02,

Unit 1 09-25-08 1.53E-06 16.18 25.02

2 Unit 1 09-25-08 1.31FE-06 13.87 28.35

3 Unit 1 09-25-08 1.24E-06 13.12 19.52

AVG. 1.36E-06 14.39 24.30
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VISIBLE EMISSIONS

Run # Test Date Times %Opacity
1 09-25-08 11:34-12:34 0.00%
z 09-25-08 14:00-15:00 0.40%
3 09-25-08 15:45-16:45 0.04%

The complete results can be found on the computer printouts following.



Grace ConsuLTING, INC.
Particulate Analysis

Method 5

Recycling Solutions Technology, LLC
Davella, KY
Unit 1
08-293
Run Number 1 2 3
Date 9/25/2008 9/25/2008 9/25/2008
Location Unit 1 Unit 1 Unit 1
Comment Method 5 Method 5 Methed 5
Start Time 11:35 14:00 15:45
End Time 12:48 15:05 16:48
Barometric Pressure In. Hg. Pb 29.53 29.53 29.53
Static Pressure In.H2O  Pf -0.21 -0.21 -0.21
Volume of Condensate mis. Vie 141.4 124.4 190.6
Volume Sampled dcf Vm 36.977 38.906 54.011
Meter Correction Factor Y 1.003 1.003 1.003
Square Root of Delta P 0.681 0.705 0.75
Orifice Pressure In. H20 1.24 1.38 2.685
Meter Temperature Degree F 76 88 82
Flue Temperature Degree F 191 193 202.4
Percent CO2 % 7.77 5.94 8.22
Percent 02 % 11.91 14.10 11.56
Diameter of Nozzle In. 0.250 0.250 0.292
Area of Flue Sq. fi. 12.566 12.5686 12.566
Sample Time min. 60 60 60
Weight Gain grams 0.0008 0.0018 0.0014
Absolute Flue Pressure in. Hg Ps 29.51 29.51 29.51
Corrected Sample Volume dscf Vms 36.17 37.24 52.43
Moisture of Flue Gas % Bws 15.54% 13.59% 14.61%
Molecular Weight Ib/lb-mole Ms 27.90 27.95 28.06
Velocity of Flue Gas fos Vs 43.48 45.04 48.17
Volume of Flue Gas ACFM Vo 32,785 33,961 36,318
Volume of Flue Gas DSCFM Qsd 22,154 23,407 24,385
Dust Concentration Ib/dscf wd 4.88E-08 1.07E-07 5.89E-08
Dust Concentration Ib/hr Wh 0.06 0.15 0.09
Dust Concentration grfacf Wa 2.31E-04 5.14E-04 2.77E-04
Dust Concentration gridscf Ws 3.41E-04 7.46E-04 4.12E-04
|sokinetic Rate % %l 100.3 97.8 96.9
PM Emissions mg/DSCM 0.781 1.708 0.943
PM Emissions Corrected 7% 02 1.208 3.490 1.404
Averages: Flue Temp.: 195.467 Part. Emis: Ib/dscf 7.14E-08

ACFM: 34,355 Ib/hr 1.00E-01

DSCFM: 23,315 mg/DSCM 1.144

Percent OZ; 12.52% Corrected 7% 02 2.034




Grace ConsuLTING, INC.

HCI Analysis
Method 26A

Recycling Solutions Technologies, LLC
Davella, KY
Unit 1
08-293
Run Number 1 2 3
Date 9/25/2008 9/25/2008 9/25/2008
Location Unit 1 Unit 1 Unit 1
Comment HCI HCI HCI
Start Time 11:35 14:00 15:45
End Time 12:48 15:05 16:48
Barometric Pressure In. Hg. Pb 29.53 29.53 29.53
Static Pressure In. H2O Pf -0.21 -0.21 -0.21
Volume of Condensate mis. Vie 141.4 124 .4 190.6
Volume Sampled dcf Vm 36.977 38.906 54.011
Meter Correction Factor Y 1.003 1.003 1.003
Square Root of Delta P 0.681 0.705 0.75
Orifice Pressure In. H20 1.24 1.38 2.685
Meter Temperature Degree F 76 88 82
Flue Temperature Degree F 191 193 2024
Percent CO2 % 777 5.94 822
Percent O2 Y% 11.91 14.1 11.56
Diameter of Nozzle In. 0.250 0.250 0.292
Area of Flue Sq. ft. 12.566 12.566 12.566
Sample Time min. 60 60 60
HCI Collected grams 0.0250600 0.0221100 0.0294450
Absolute Flue Pressure in. Hg Ps 29.51 29.51 29.51
Corrected Sample Volume dscf Vms 36.17 37.24 52.43
Moisture of Flue Gas % Bws 15.54% 13.59% 14.61%
Molecular Weight Ib/lb-mole Ms 27.90 27.95 28.06
Velocity of Flue Gas fps Vs 4348 45.04 48.17
Volume of Flue Gas ACFM Vo 32,785 33,961 36,318
Volume of Flue Gas DSCFM Qsd 22,154 23,407 24,385
HCI Concentration Ib/dscf Wd 1.53E-06 1.31E-06 1.24E-06
HCI Concentration ppm dry 16.18 13.87 13.12
HC! Concentration ppm @ 7% O2 25.02 28.35 19.52
HCI Concentration Ib/hr Wh 2.03 1.84 1.814
HCI Caoncentration gr/acf Wa 7.23E-03 6.32E-03 5.82E-03
HCI Concentration gridscf Ws 1.07E-02 9.17E-03 8.67E-03
Isokinetic Rate % %l 100.3 97.8 96.9
HCI Emissions mg/DSCM 24 474 20.975 19.837
HCI Emissions Carrected 7% 02 37.841 42.875 29.521
Averages:. Flue Temp.: 195.47 HCI Emissions: Ib/dscf 1.36E-06

ACFM: 34,355 Ib/hr 1.89

DSCFM: 23,315 ppm dry 14.39

Percent OZ: 12.52% ppm @ 7% O2 24.30




GRracte CoNsULTING, INC.

Cl2 Analysis
Method 26A

Recycling Solutions Technologies, LLC
Davella, KY
Unit 1
08-293
Run Number 1 2 3
Date 9/25/2008 9/25/2008 9/25/2008
Location Unit 1 Unit 1 Unit 1
Comment Cl2 Cl2 CI2
Start Time 11:35 14:00 15:45
End Time 12:48 15:05 16:48
Barometric Pressure fn. Hg. Pb 29.53 29.53 29.53
Static Pressure fn. H20 Pf -0.21 -0.21 -0.21
Volume of Condensate mis. Vie 141.4 124.4 190.6
Volume Sampled dcf Vm 36.977 38.908 54.011
Meter Correction Factor Y 1.003 1.003 1.003
Square Root of Delta P 0.681 0.705 0.75
Orifice Pressure In. H20 1.24 1.38 2.685
Meter Temperature Degree F 76 88 82
Flue Temperature Degree F 191 193 2024
Percent CO2 % 7.77 5.94 8.22
Percent 02 % 11.91 14.1 11.56
Diameter of Nozzle In. 0.250 0.250 0.292
Area of Flue Sq. ft. 12.566 12.566 12.566
Sample Time min. 60 60 60
Cl2 Collected grams 0.0125440 0.0108240 0.0135020
Absolute Flue Pressure in. Hg Ps 29.51 29.51 29.51
Corrected Sample Volume dscf Vms 36.17 37.24 52.43
Moisture of Flue Gas % Bws 15.54% 13.59% 14.61%
Molecular Weight ib/lb-mole Ms 27.90 27.95 28.06
Velocity of Flue Gas fps Vs 43.48 45.04 4817
Volume of Flue Gas ACFM Vo 32,785 33,961 36,318
Volume of Flue Gas DSCFM Qsd 22,154 23,407 24,385
Cl2 Concentration Ib/dscf Wwd 7.65E-07 6.41E-07 5.68E-07
CI2 Concentration ppm dry 8.10 6.79 6.01
CI2 Concentration ppm @ 7% 02 12.53 13.88 8.95
Cl2 Concentration Ib/hr Wh 1.02 0.90 0.83
Cl2 Concentration gr/acf Wa 3.62E-03 3.09E-03 2.67E-03
Cl2 Concentration gr/dscf Ws 5.35E-03 4 49E-03 3.97E-03
Isokinetic Rate % %l 100.3 97.8 96.9
CI2 Emissions mg/DSCM 12.251 10.268 9.096
Cl2 Emissions Corrected 7% 02 18.942 20.990 13.537
Averages: Flue Temp.: 195.47 CI2 Emissions: Ib/dscf 6.58E-07

ACFM: 34,355 lb/hr 0.62

DSCFM: 23,315 ppm dry 6.97

Percent O2: 12.52% ppm @ 7% 02 11.79




TABLE 3
EPA METHOD 23

TOTAL TEQ PC DIBENZO-P-DIOXINS / PC DIBENZOFURANS (PCDD/PCDF) EMISSION TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 945

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft?) 0.000465
Barometric Pressure (In. Hg) 29.27
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature {°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected {MI) 1814
Average CO2 Concentration (%) 8.5
Average O2 Concentration (%) 11.3
Average Square Root of Delta P {In. H20%%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) n/a
TEQ PCDD/PCDF Mass Concentration (ng) 3.538564

CALCULATED DATA

Absolute Pressure {In. Hg) 20.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 45.6
Stack Gas Flow Rate at Actual Conditions {ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,082
Isokinetic Sampling (%) 96.8
TEQ PCDD/PCDF Emission Concentration (Gr/DSCF) 1.10E-09
TEQ PCDD/PCDF Emission Concentration (Lb/DSCF) 1.57E-13
TEQ PCDD/PCDF Emission Rate (Lb/Hr) 2.18E-07
TEQ PCDD/PCDF Emission Rate (Lb/Run) 6.97E-07
TEQ 12 3467 89 - OCDF Emission Concentration (ng/DSCM) 2.5225

TEQ 12346789 - OCDF Emission Concentration (ng/DSCM@7% 02  3.6372

PROJECT NO 08-293

2
09/26/08
Unit 1
12:15
13:23
60

12.566
0.84
1.003
0.000465
29.27
-0.28
43.950
79.0
1.754
150.8
7.6
12.3
0.602
191.0

nfa
2.281080

29.25
42437
7.089
0.143
29.71
28.03
33.5
29,043
19,732
96.9

8.30E-10
1.19E-13
1.40E-07
4.49E-07
1.8987
3.0618

3
(9/26/08
Unit 1
14:25
15:30
60

12.566
0.84
1.003
0.000465
29.27
-0.28
42.248
77.0
1.585
124.7
7.6
12.3
0.576
187.0
n/a
2.305974

29.25
40.930
5.870
0.125
29.71
28.24
36.6
27,601
19,268
95.8

8.70E-10
1.24E-13
1.44E-07
4.59E-07
1.9902
3.2018

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
1401
6.1
141
0.600
185.0
nfa
1.483473

29.25
37.344
6.595
0.150
20.54
27.81
38.4
28,930
19,677
85.5

6.13E-10
8.76E-14
1.03E-07
3.31E-07
1.4032
2.8768



TABLE 3A
EPA METHOD 23

TOTAL TEQ POLYCHLORINATED DIBENZO-P-DIOXINS (PCDD) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1
INPUT DATA

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time (Minutes)

Stack Area (Ft)

Pitot Tube Coefficient (Unitless)

Dry Gas Meter Correction Factor (Unitless)
Nozzle Area (F1?)

Barometric Pressure (In. Hg)

Static Pressure (In. H20)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Qrifice Meter Delta H (In. H20)
Volume Condensate Collected (MI)
Average CO2 Concentration (%)}

Average 02 Concentration (%)

Average Square Root of Delta P {(In. H20%2)
Average Stack Gas Temperature (°F)
Toxic Equivalency Factor (TEF)

TEQ PCDD Mass Concentration (ng)

CALCULATED DATA

Absolute Pressure (In. Hg)

Dry Gas Meter Sample Volume at Standard Conditions (DSCF)
Water Vapor Volume at Standard Conditions (SCF)

Moisture Fraction (Unitless)

Dry Molecular Weight of Stack Gas (Lb/Lb-Mole)

Wet Molecular Weight of Stack Gas (L.b/Lb-Mole)

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions {ACFM)

Stack Gas Flow Rate at Dry Standard Conditions (DSCFM)
Isokinetic Sampling (%)

TEQ PCDD Emission Concentration (Gr/DSCF)

TEQ PCDD Emission Concentration (Lb/DSCF)

TEQ PCDD Emission Rate (Lb/Hr)

TEQ PCDD Emission Rate (Lb/Run)

TEQ 12 3467 89 - OCDF Emission Concentration (ng/DSCM)

TEQ 123467 89-OCDF Emission Concentration (ng/DSCM@7% 02)

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
2927
-0.28
50.393
70.0
2.350
181.4
8.5
11.3
0.710
196.0
n/a
0.687170

29.25
48.559
8.538
0.147
29.81
28.07
45.6
34,359
23,082
96.8

2.14E-10
3.06E-14
4.23E-08
1.35E-07
0.4898
0.7082

PROJECT NC08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43,950 42 248
79.0 77.0
1.754 1.595
150.6 124.7
7.6 76
12.3 12.3
0.602 0.576
191.0 187.0
nfa n/a
0.466644 0.439586
29.25 29.25
42 437 40,930
7.089 5.870
0.143 0.125
29.71 29.71
28.03 28.24
38.5 36.6
29,043 27,601
18,732 19,258
96.9 95.8
1.70E-10 1.66E-10
2.42E-14 2.37E-14
2.87E-08 2.74E-08
9.19E-08 8.76E-08
0.3884 0.3794
0.6263 0.6104

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
141
0.600
185.0
nfa
0.284127

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
855

1.17E-10
1.68E-14
1.98E-08
6.34E-08
0.2688
0.5510



TABLE 3B
EPA METHOD 23

TEQ 2 37 8 - TETRACHLORODIBENZQ-P-DIOXIN (TCDD) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1

INPUT DATA

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time (Minutes)

Stack Area (F)

Pitot Tube Coefficient (Unitless)

Dry Gas Meter Correction Factor (Unitless)
Nozzle Area (Ft?)

Barometric Pressure (In. Hg)

Static Pressure (In. H20)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Orifice Meter Delta H (In. H20)
Volume Condensate Collected (Ml)
Average CO2 Concentration {%)

Average 02 Concentration (%)

Average Square Root of Delta P (In. H20%%)
Average Stack Gas Temperature (°F)

Toxic Equivalency Factor (TEF)

TEQ 2 3 7 8 - TCDD Mass Concentration (ng)

CALCULATED DATA

Absolute Pressure {In. Hg) _
Dry Gas Meter Sample Volume at Standard Conditions (DSCF)
Water Vapor Volume at Standard Conditions (SCF)

Moisture Fraction (Unitless)

Dry Molecular Weight of Stack Gas (Lb/Lb-Mole)

Wet Molecular Weight of Stack Gas (Lb/Lb-Mole)

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions (ACFM)

Stack Gas Flow Rate at Dry Standard Conditions (DSCFM)
Isokinetic Sampling (%)

TEQ 2 3 7 8 - TCDD Emission Concentration (Gr/DSCF)

TEQ 2 3 7 8 - TCDD Emission Concentration (Lb/DSCF)

TEQ 2 3 7 8 - TCDD Emission Rate (Lb/Hr)

TEQ 2 3 7 8 - TCDD Emission Rate (Lb/Run)

TEQ 12 3467 89 - OCDF Emission Concentration (ng/DSCM)
TEQ12346789-0CDF Emission Concentration (ng/DSCM@7% O2

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
28.27
-0.28
50.393
70.0
2.350
1814
8.5
11.3
0.710
196.0
1.0
0.2680

29.25
49.559
8.538
0.147
29.81
28.07
45.8
34,359
23,082
96.8

8.35E-11
1.19E-14
1.65E-08
5.28E-08
0.1910
0.2754

PRCJECT NO.

2
09/26/08
Unit 1
1215
13:23
60

12.566
0.84
1.003
0.000465
29.27
-0.28
43.950
79.0
1.754
150.6
7.6
12.3
0.802
191.0
1.0
0.2020

29.25
42.437
7.089
0.143
29.71
28.03
38.5
28,043
18,732
96.9

7.35E-11
1.05E-14
1.24E-08
3.98E-08
0.1681
0.2711

08-293

3
09/26/08
Unit 1
14.25
15:30
60

12.566
0.84
1.003
0.000465
2927
-0.28
42.248
77.0
1.595
124.7
7.8
12.3
0.576
187.0
1.0
0.1710

29.25
40.930
5.870
0.125
29.71
28.24
36.6
27,601
198,258
958

6.45E-11
9.21E-15
1.06E-08
3.41E-08
0.1476
0.2374

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.985
83.0
1.417
140.1
6.1
14.1
0.600
185.0
1.0
0.1180

29.25
37.344
6.596
0.150
2954
27.81
384
28,930
19,677
85.5

4. 88E-11
6.97E-15
8.23E-09
2.63E-08
0.1116
0.2288



TABLE 3C
EPA METHOD 23

TEQ 1 2 37 8 - PENTACHLORODIBENZO-P-DIOXIN (PeCDD) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1

INPUT DATA

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time (Minutes)

Stack Area (Ft?)

Pitot Tube Coefficient (Unitless)

Dry Gas Meter Correction Factor (Unitless)
Nozzle Area (Ft?)

Barometric Pressure (In. Hg)

Static Pressure (In. H20)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Orifice Meter Delta H {In. H2O)
Volume Condensate Collected (MI)
Average CO2 Concentration (%)

Average 02 Concentration (%)

Average Square Root of Delta P (In. H20%%)
Average Stack Gas Temperature (°F)

Toxic Equivalency Factor (TEF)

TEQ 12 3 7 8 - PeCDD Mass Concentration {ng)

CALCULATED DATA

Absolute Pressure {In. Hg)

Dry Gas Meter Sample Volume at Standard Conditions (DSCF)
Water Vapor Volume at Standard Conditions (SCF)

Moisture Fraction (Unitless)

Dry Molecular Weight of Stack Gas (Lb/Lb-Mole)

Wet Molecular Weight of Stack Gas (Lb/Lb-Mole)

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions (ACFM)

Stack Gas Flow Rate at Dry Standard Conditions (DSCFM)
Isokinetic Sampling (%)

TEQ 1 2 3 7 8 - PeCDD Emission Concentration {(Gr/DSCF)

TEQ 12 37 8 - PeCDD Emission Concentration (Lb/DSCF)

TEQ 12 37 8 - PeCDD Emission Rate (Lb/Hr)

TEQ 12 3 7 8 - PeCDD Emission Rate (Lb/Run)

TEQ 12 3467 89-0OCDF Emission Concentration (ng/DSCM)

TEQ 12 346789 - OCDF Emission Concentration (ng/DSCM@7% O2)

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
29.27
-0.28
50.393
70.0
2.350
181.4
8.5
11.3
0.710
196.0
0.5
0.2790

29.25
49.559
8.538
0.147
29.81
28.07
45.8
34,358
23,082
96.8

8.69E-11
1.24E-14
1.72E-08
5.50E-08
0.1989
0.2867

PROJECT NC08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43.950 42.248
79.0 77.0
1.754 1.595
150.6 124.7
7.6 7.6
12.3 12.3
0.602 0.578
181.0 187.0
0.5 0.5
0.1865 0.1780
29.25 29.25
42.437 40.930
7.089 5.870
0.143 0.125
29.71 29.71
28.03 28.24
385 366
29,043 27,601
19,732 19,258
96.9 95.8
6.78E-11 6.71E-11
9.69E-15 9.59E-15
1.15E-08 1.11E-08
3.67E-08 3.55E-08
0.1552 0.1538
0.2503 0.2471

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
2027
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.600
185.0
05
0.1125

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
855

4.65E-11
6.64E-15
7.84E-09
2.51E-08
0.1084
0.2182



TABLE 3D

EPA METHOD 23

TEQ 12 34 7 8 - HEXACHLORODIBENZO-P-DIOXIN (HxCDD) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time (Minutes)

Stack Area (Ft?)

Pitot Tube Coefficient (Unitless)

Dry Gas Meter Correction Factor (Unitless)
Nozzle Area (Ft%)

Barometric Pressure {in. Hg)

Static Pressure (In. H20)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Orifice Meter Delta H (In. H20)
Volume Condensate Collected (MI)
Average C0O2 Concentration (%)

Average 02 Concentration (%)

Average Square Root of Delta P (In. H20%%)
Average Stack Gas Temperature (°F)
Toxic Equivalency Factor (TEF)

TEQ 12 347 8 - HXCDD Mass Concentration (ng)

Absolute Pressure (In. Hg)

INPUT DATA

CALCULATED DATA

Dry Gas Meter Sample Volume at Standard Conditions (DSCF)

Water Vapor Volume at Standard Conditions (SCF)

Moisture Fraction (Unitless)

Dry Molecular Weight of Stack Gas (Lb/Lb-Mole}
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole}

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions (ACFM)

Stack Gas Filow Rate at Dry Standard Conditions (DSCFM)

Isckinetic Sampling (%)

TEQ 12 347 8- HxCDD Emission Concentration {Gr/DSCF)
TEQ 12 347 8- HxCDD Emission Concentration (Lb/DSCF)

TEQ 12 347 8- HxCDD Emission Rate (Lb/Hr)
TEQ 12 347 8- HxCDD Emission Rata (Lb/Run)

TEQ 1234678 9-0CDF Emission Concentration (ng/DSCM)

TEQ 123467 89- OCDF Emission Concentration (ng/DSCM@7% 02)

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
29.27
-0.28
50.393
70.0
2.350
181.4
8.6
11.3
0.710
196.0
0.1
0.0336

29.25
49.558
8.538
0.147
29.81
28.07
456
34,359
23,062
96.8

1.04E-11
1.49E-15
2.06E-09
6.60E-09
0.0239
0.0344

PROJECT NO08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43.950 42.248
79.0 77.0
1.754 1.585
150.6 124.7
7.6 7.6
12.3 12.3
0.602 0.576
191.0 187.0
0.1 0.1
0.0191 0.0216
29.25 29.25
42.437 40.930
7.089 5.870
0.143 0.125
29.71 29.71
28.03 28.24
385 36.6
29,043 27,601
19,732 19,258
96.9 95.8
8.95E-12 8.15E-12
9.92E-16 1.16E-15
1.17E-09 1.34E-09
3.76E-09 4,30E-09
0.0159 0.0186
0.0256 0.0300

4
09/26/08
Unit 1
16:35
17.44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.600
185.0
0.1
0.0134

29.25
37.344
6.595
0.150
29.54
27.81
38.4
28,930
19,677
85.5

5.54E-12
7.91E-16
9.34E-10
2.99E-09
0.0127
0.0260



TEQ 12 36 7 8 - HEXACHLORODIBENZO-P-DIOXIN (HxCDD) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit1

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time {Minutes)

Stack Area (Ft?)

Pitot Tube Coefficient (Unitless)

Dry Gas Meter Correction Factor (Unitless)
Nozzle Area (Ft?)

Barometric Pressure (In. Hg)

Static Pressure {In. H20)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Orifice Meter Delta H (In. H20)
Volume Condensate Collected (M)
Average CO2 Concentration (%)

Average 02 Concentration {%)

Average Square Root of Delta P (In. H20%%)
Average Stack Gas Temperature (°F)
Toxic Equivalency Factor (TEF)

TEQ 12 367 8 - HxCDD Mass Concentration {ng)

Absolute Pressure (In. Hg)

TABLE 3E
EPA METHOD 23

INPUT DATA

CALCULATED DATA

Dry Gas Meter Sample Volume at Standard Conditions (DSCF)

Water Vapor Volume at Standard Conditions (SCF)

Moisture Fracticn (Unitless)

Dry Molecular Weight of Stack Gas (Lb/Lb-Mole)
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole)

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions (ACFM)

Stack Gas Flow Rate at Dry Standard Conditions (DSCFM)

{sokinetic Sampling (%)

TEQ 1 2 38 7 8 - HXCDD Emission Concentration (Gr/DSCF)
TEQ 12 36 7 8 - HxCDD Emission Concentration (Lb/DSCF)

TEQ 12 367 8 - HxCDD Emission Rate (Lb/Hr)
TEQ 12 367 8 - HXCDD Emission Rate (Lb/Run)

TEQ 12 3467 89 - OCDF Emission Concentration (ng/DSCM)

TEQ 12 346789 - OCDF Emission Concentration {ng/DSCM@7% 0%

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
29.27
-0.28
50.393
70.0
2.350
181.4
8.5
11.3
0.710
196.0
0.1
0.0534

29.25
48.559
8.538
0.147
29.81
28.07
456
34,359
23,082
96.8

1.66E-11
2.38E-15
3.29E-09
1.05E-08
0.0381
0.0549

PROJECT NO 08-283
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:16 14:25
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000485 0.000465
29.27 28.27
-0.28 -0.28
43.950 42.248
79.0 77.0
1.754 1.595
1560.6 124.7
7.6 76
12.3 12.3
0.602 0.576
191.0 187.0
0.1 0.1
0.0314 0.0347
29.25 29.25
42.437 40.930
7.089 5.870
0.143 0.125
29.71 29.7
28.03 28.24
38.5 36.6
298,043 27,601
19,732 19,258
96.9 95.8
1.14E-11 1.31E-11
1.63E-15 1.87E-15
1.93E-09 2.16E-09
6.18E-09 6.91E-09
0.0261 0.0299
0.0421 0.0482

4
09/26/08
Unit 1
16:35
17.44
80

12.566
0.84
1.003
0.000465
29.27
-0.28
38.985
83.0
1.417
140.1
6.1
14.1
0.600
185.0
01
0.0204

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
86.5

8.43E-12
1.20E-15
1.42E-09
4.55E-09
0.0183
0.0366



TABLE 3F

EPA METHOD 23
TEQ 12 37 8 9 - HEXACHLORODIBENZO-P-DIOXIN (HxCDD) EMISSIONS TEST RESULTS
CLIENT: Recycling Sclutions
SOURCE TESTED: Unit 1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time {Minutes) 60
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft*) 0.000465
Barometric Pressure (In. Hg) 2927
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
olume Condensate Collected (MI) 181.4
Average CO2 Concentration (%) 8.5
Average O2 Concentration (%) 11.3
Average Square Root of Delta P (In. H20%%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 0.1
TEQ 12 37 89 -HxCDD Mass Concentration (ng) 0.0351

CALCULATED DATA

Absolute Pressure (In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49,559
Water Vapor Volume at Standard Conditions (SCF) 8.638
Moisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 45.6
Stack Gas Flow Rate at Actual Conditions {ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,062
Isckinetic Sampling (%) 96.8
TEQ 12 37 8 9 - HXCDD Emission Concentration (Gr/DSCF) 1.09E-11
TEQ 1 2 37 8 9 - HxCDD Emission Concentration (Lb/DSCF) 1.56E-15
TEQ 12 37 8 9 - HXCDD Emission Rate (Lb/Hr) 2.16E-09
TEQ 12 37 89 - HxCDD Emission Rate (Lb/Run) 6.91E-09
TEQ 12 346789 - OCDF Emission Concentration (ng/DSCM) 0.0250

TEQ 12 3467 8 9 - OCDF Emission Concentration (ng/DSCM@7% 02 0.0361

PROJECT N 08-293

2
09/26/08
Unit 1
12:15
13:23
60

12.568
0.84
1.003
0.000465
20.27
-0.28
43.950
79.0
1.754
150.6
76
12.3
0.602
191.0
0.1
0.0191

29.25
42.437
7.089
0.143
2971
28.03
38.5
29,043
18,732
96.9

6.95E-12
9.92E-16
1.17E-09
3.76E-09
0.0159
0.0258

3
09/26/08
Unit 1
14:25
15:30
80

12.566
0.84
1.003
0.000465
29.27
-0.28
42248
77.0
1.595
1247
7.6
12.3
0.576
187.0
01
0.0223

29.25
40.930
5870
0.125
29.71
28.24
36.6
27,601
19,258
95.8

B41E-12
1.20E-15
1.39E-09
4.44E-09
0.0192
0.0310

4
09/26/08
Unit 1
16:35
17.44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.4
0.800
185.0
0.1
0.0128

290.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
85.5

5.29E-12
7.56E-16
8.92E-10
2.86E-09
0.0121
0.0248



TABLE 3G

EPA METHOD 23

TEQ 123467 8- HEPTACHLORODIBENZO-P-DIOXIN (HpCDD) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions PROJECT NC.08-293
SOURCE TESTED: Unit 1
INPUT DATA

Run Number 1 2 3
Date 09/26/08 00/26/08 09/26/08
Sampling Location Unit 1 Unit 1 Unit 1
Test Time, Start 9:45 12:15 14:25

Stop (24 Hour) 10:50 13:23 15:30
Sampling Time {Minutes) 60 60 60
Stack Area (Ft*) 12.566 12.566 12.566
Pitot Tube Coefficient (Unitless) 0.84 0.84 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003 1.003 1.003
Nozzle Area (Ff?) 0.000465 0.000465 0.000465
Baromeiric Pressure (In. Hg) 29.27 20.27 20.27
Static Pressure (In. H20) -0.28 -0.28 -0.28
Dry Gas Meter Sample Volume (DCF) 50.393 43.950 42248
Average Dry Gas Meter Temperature (°F) 70.0 79.0 77.0
Average Orifice Meter Delta H (In. H20) 2.350 1.754 1.595
Volume Condensate Collected (M) 181.4 150.6 124.7
Average CO2 Concentration (%) 8.5 76 7.6
Average 02 Concentration (%) 11.3 12.3 12.3
Average Square Root of Delta P {In. H20%2) 0.710 0.602 0.576
Average Stack Gas Temperature (°F) 196.0 191.0 187.0
Toxic Equivalency Factor (TEF) 0.01 0.01 0.01
TEQ 1234678 -HpCDD Mass Concentration (ng) 0.0170 0.0080 0.0112

CALCULATED DATA
Absolute Pressure {In. Hg) 29.25 29.25 20.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559 42.437 40.930
Water Vapor Volume at Standard Conditions (SCF) 8.538 7.089 5.870
Moisture Fraction (Unitless) 0.147 0.143 0.125
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81 29.71 29.71
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole) 28.07 28.03 28.24
Stack Gas Velocity (FPS) 45.6 38.5 36.6
Stack Gas Flow Rate at Actual Conditions (ACFM) 54,359 26,043 27,601
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,0e2 19,732 19,258
96.8 96.9 95.8

Isokinetic Sampling (%)

TEQ 123467 8- HpCDD Emission Concentration (Gr/DSCF)
TEQ12 346 78 - HpCDD Emission Concentration (Lb/DSCF)
TEQ 1234678 -HpCDD Emission Rate (Lb/Hr)

TEQ 1234678 -HpCDD Emission Rate (Lb/Run)

TEQ 12 3467 89 - OCDF Emission Concentration (ng/DSCM)
TEQ 12 3 467 89 - OCDF Emission Concentration (ng/DSCM@79

5.28E-12 2.82E-12 4.22E-12
7.56E-16 4 17E-16 6.03E-16
1.05E-09 4.94E-10 6.97E-10
3.35E-09 1.58E-09 2.23E-09
0.0121 0.0067 0.0097
0.0175 0.0108 0.0156

4
9/26/2008
Unit 1
16:35
17:44
0:00

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
141
0.600
185.0
0.01
0.0085

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
85.5

2.70E-12
3.86E-16
4.55E-10
1.46E-09
0.0062
0.0127



TABLE 3H

EPA METHOD 23
TEQ 123467 89- OCTACHLORODIBENZO-P-DIOXIN (OCDD) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft2) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft?) 0.000465
Barometric Pressure {In. Hg) 29.27
Static Pressure {In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (MI) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 11.3
Average Square Root of Deita P (In. H20'%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 0.001
TEQ 12346789 -0CDD Mass Concentration (ng) 0.001170

CALCULATED DATA

Absolute Pressure {In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction (Unitiess) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 456
Stack Gas Flow Rate ai Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,052
Isokinetic Sampling (%) 96.8

TEQ 12346789 -0CDD Emission Concentration (Gr/DSCF) 3.64E-13
TEQ 12346789 -0CDD Emission Concentration {Lb/DSCF) 5.21E-17

TEQ123467889-0CDD Emission Rate (Lb/Hr) 7.20E-11
TEQ12346789-0CDD Emission Rate (Lb/Run) 2.30E-10
TEQ 12 346 789 - OCDF Emission Concentration (ng/DSCM} 0.0008

TEQ 12 3 46 7 8 9 - OCDF Emission Concentration (ng/DSCM@7%  0.0012

PROJECT NO 08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 156:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000485
29.27 29.27
-0.28 -0.28
43.950 42,248
79.0 77.0
1.754 1.595
150.8 124.7
7.6 7.6
12.3 12.3
0.602 0.576
191.0 187.0
0.001 0.001
0.000514 0.000786
29.25 29.25
42.437 40,930
7.089 5.870
0.143 0.125
29.71 29.71
28.03 28.24
38.5 36.6
20,043 27,601
19,732 19,258
96.9 95.8
1.87E-13 2.96E-13
2.67E-17 4.23E-17
3.16E-11 4.89E-11
1.01E-10 1.57E-10
0.0004 0.0007
0.0007 0.0011

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
§3.0
1.417
140.1
6.1
14.1
0.600
185.0
0.001
0.000487

29.25
37.344
6.595
0.150
29.54
27.81
38.4
28,830
16,677
85.5

2.05E-13
2.93E-17
3.46E-11
1.11E-10
0.0005
0.0010



TABLE 3l

EPA METHOD 23
TOTAL TEQ POLYCHLORINATED DIBENZOFURANS (PCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit1
INFUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time {(Minutes) 60
Average Process Charge Rate (TPH)
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft*) 0.000465
Barometric Pressure (In. Hg) 2027
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (MI) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 11.3
Average Square Root of Delta P {In. H20'%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) n/a
TEQ PCDF Mass Concentration {(ng) 2.851794

CALCULATED DATA

Absolute Pressure {In. Hg) 20.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF}) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Muoisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas {Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 45.6
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,062
Isokinetic Sampling (%) 96.8
TEQ PCDF Emission Concentration (Gr/DSCF) 8.88E-10
TEQ PCDF Emission Concentration (Lb/DSCF) 1.27E-13
TEQ PCDF Emission Rate (Lb/Hr) 1.76E-07
TEQ PCDF Emission Rate (Lb/Run) 5.62E-07
TEQ 12 346789 - OCDF Emission Concentration (ng/DSCM) 2.0327

TEQ 12 3 46 7 89 - OCDF Emission Concentration (ng/DSCM@7%  2.9309

PROJECT NO 08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43.950 42,248
79.0 77.0
1.754 1.595
150.6 124.7
7.6 7.6
12.3 12.3
0.602 0.576
191.0 187.0
nfa nfa
1.814436 1.866388
29.25 29.25
42 437 40.930
7.089 5.870
0.143 0.125
29.71 29.71
28.03 28.24
38.5 36.6
29,043 27,601
18,732 19,258
96.9 95.8
6.60E-10 7.04E-10
9.43E-14 1.01E-13
1.12E-07 1.16E-07
3.57E-07 3.72E-07
1.5103 1.6108
2.4354 2.5914

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.600
185.0
nfa
1.199346

29.25
37.344
6.505
0.150
20.54
27.81
384
28,930
18,677
85.5

4.96E-10
7.08E-14
8.36E-08
2.68E-07
1.1345
2.3258



TABLE 3J

PROJECT NO.08-293

2
00/26/08
Unit 1
12:15
13:23
60

12.566
0.84
1.003
0.000465
28.27
-0.28
43.950
79.0
1.754
150.6
7.6
12.3
0.602
191.0
0.1
0.1220

29.26
42.437
7.089
0.143
28.71
28.03
38.5
29,043
19,732
96.9

4.44E-11
6.34E-15
7.50E-09
2.40E-08

EPA METHOD 23
TEQ 2 3 7 8 - TETRACHLORODIBENZOFURAN (TCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:.45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft2) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (F?) 0.000465
Barometric Pressure {In. Hg) 29.27
Static Pressure {In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (MI) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 11.3
Average Square Root of Delta P {In. H20%%) 0.710
Average Stack Gas Temperature {°F) 196.0
Toxic Equivalency Factor (TEF) 01
TEQ 2 3 7 8 - TCDF Mass Concentration (ng) 0.1570

CALCULATED DATA

Absolute Pressure {In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions {(SCF) 8.538
Moisture Fraction {Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas {Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 45.6
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,062
Isckinetic Sampling (%) 96.8
TEQ 2 3 7 8 - TCDF Emission Concentration (Gr/fDSCF) 4 89E-11
TEQ 2 3 7 8 - TCDF Emission Concentration (Lb/DSCF) 6.99E-15
TEQ 2 3 7 8 - TCDF Emission Rate (Lb/Hr) . 9.67E-09
TEQ 2 3 7 8 - TCDF Emission Rate (Lb/Run) 3.09E-08
TEQ 12 3467 89-OCDF Emission Concentration (ng/DSCM) 0.1119

TEQ 123467889 - OCDF Emission Concentration (ng/DSCM@7% 02  0.1614

0.1018
0.1638

3
09/26/08
Unit 1
14:25
15:30
60

12.566
0.84
1.003
0.000465
29.27
-0.28
42.248
77.0
1.585
124.7
7.6
12.3
0.576
187.0
0.1
0.1030

29.25
40.930
5.870
0.125
29.71
28.24
36.6
27,601
19,258
95.8

3.88E-11
5.65E-15
6.41E-09
2.05E-08
0.0889
0.1430

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
2927
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.800
185.0
0.1
0.0691

29.25
37.344
6.595
0.150
20.54
27.81
384
28,930
18,677
85.5

2.86E-11
4.08E-15
4.82E-09
1.54E-08
0.0654
0.1340



TABLE 3K
EPA METHOD 23

TEQ 12 37 8 - PENTACHLORODIBENZOFURAN (PeCDF) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time {Minutes)

Stack Area (Ft?)

Pitot Tube Coefficient {Unitless)

Dry Gas Meter Correction Factor (Unitless)
Nozzle Area (Fi%)

Barometric Pressure (In. Hg)

Static Pressure (In. H20)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Orifice Meter Deita H {In. H20)
Volume Condensate Collected (M)
Average CO2 Concentration (%)

Average 02 Concentration (%)

Average Square Root of Delta P (In. H20%2)
Average Stack Gas Temperature (°F)
Toxic Equivalency Factor {TEF)

TEQ 12 37 8 - PeCDF Mass Concentration (ng)

Absolute Pressure (In. Hg)

INPUT DATA

CALCULATED DATA

Dry Gas Meter Sample Veolume at Standard Conditions {DSCF)

Water Vapor Volume at Standard Conditions (SCF)

Moisture Fraction (Unitless)

Dry Molecular Weight of Stack Gas {Lb/Lb-Mole)
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole)

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions (ACFM)

Stack Gas Flow Rate at Dry Standard Conditions (DSCFM)

{sokinetic Sampling (%)

TEQ 12 3 7 8 - PeCDF Emission Concentraiion (Gr/DSCF)
TEQ 12 3 7 8 - PeCDF Emission Concentration (Lb/DSCF)

TEQ 12 37 8 - PeCDF Emission Rate (Lb/Hr)
TEQ 12 37 8 - PeCDF Emission Rate (Lb/Run)

TEQ 12346789 -0CDF Emission Concentration {ng/DSCM)

TEQ 123467 89-0CDF Emission Concentration (ng/DSCM@7% 02)

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
29.27
-0.28
50.393
70.0
2.350
181.4
8.5
11.3
0.710
196.0
0.05
0.0945

29.25
49.559
8538
0.147
28.81
28.07
45.6
34,359
23,062
96.8

2.94E-11
4.20E-15
5.82E-09
1.86E-08
0.0674
0.0971

PROJECT NC08-293

2
09/26/08
Unit 1
12:16
13:23
&0

12.566
0.84
1.003
0.000465
28.27
-0.28
43.950
79.0
1.754
150.6
7.6
12.3
0.602
191.0
0.05
0.0665

29.25
42.437
7.089
0.143
287
28.03
38.5
29,043
19,732
96.9

2.42E-1
3.46E-15
4.09E-09
1.31E-08
0.0554
0.0893

3
09/26/08
Unit 1
14:25
15:30
60

12.566
0.84
1.003
0.000465
29.27
-0.28
42.248
77.0
1.595
124.7
76
12.3
0.576
187.0
0.05
0.0630

29.25
40.930
5870
0.125
20.71
28.24
36.6
27,601
19,258
95.8

2.38E-11
3.39E-15
3.92E-09
1.25E-08
0.0544
0.0875

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
2027
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.600
185.0
0.05
0.0425

29.25
37.344
6.595
0.150
20.64
27.81
384
28,930
19,677
85.5

1.75E-11
2.51E-15
2.96E-09
9.47E-09
0.0402
0.0823



TABLE 3L

EPA METHOD 23
TEQ 2 34 7 8 - PENTACHLORODIBENZOFURAN (PeCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Fi?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (F1?) 0.000465
Barometric Pressure (In. Hg) 29.27
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF} 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H2O) 2.350
Volume Condensate Collected (MI) 181.4
Average CO2 Concentration {%) 85
Average O2 Concentration (%) 11.3
Average Square Root of Delta P (In. H20%2) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 05
TEQ 2 3 4 7 8 - PeCDF Mass Concentration (ng) 1.7350

CALCULATED DATA

Absolute Pressure (In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction (Unifless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole} 29.81
Wet Molecutar Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 456
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions {DSCFM) 23,062
Isokinetic Sampling (%) 96.8
TEQ 2 3 4 7 8 - PeCDF Emission Concentration (Gr/DSCF) 5.40E-10
TEQ 2 3 4 7 8 - PeCDF Emission Concentration (Lb/DSCF) 7.72E-14
TEQ 2 3 4 7 8 - PeCDF Emission Rate (Lb/Hr) 1.07E-07
TEQ 2 3 4 7 8 - PeCDF Emission Rate (Lb/Run) 3.42E-07
TEQ 12 346789 - OCDF Emission Concentration (ng/DSCM) 1.2367

TEQ 12 3467 8 9 - OCDF Emission Concentration (ng/DSCM@7% Oz  1.7832

PROJECT N(08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43.950 42.248
79.0 77.0
1.754 1.585
150.6 124.7
76 76
12.3 12.3
0.602 0.576
191.0 187.0
0.5 0.5
1.1350 1.1350
29.25 29.25
42.437 40.930
7.088 5.870
0.143 0.125
29.71 29.71
28.03 28.24
38.5 36.6
29,043 27,601
19,732 19,258
96.9 95.8
4.13E-10 4.28E-10
5.90E-14 6.11E-14
6.98E-08 7.07E-08
2.23E-07 2.26E-07
0.9448 0.9796
1.5234 1.5759

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.800
185.0
0.5
0.7400

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
85.5

3.08E-10
4.37E-14
5.16E-08
1.65E-07
0.7000
1.4351



TEQ 12 347 8-HEXACHLORODIBENZOFURAN (HXCDF) EMISSIONS TEST RESULTS

CLIENT: Recycling Sciutions
SOURCE TESTED: Unit 1

Run Number
Date
Sampling Location
Test Time, Start
Stop (24 Hour)
Sampling Time (Minutes)

Stack Area (Ft?)

Pitot Tube Coefficient (Unitless)

Dry Gas Meter Correction Factor {Unitless)
Nozzle Area (Ft?)

Barometric Pressure (In. Hg)

Static Pressure (In. H2Q)

Dry Gas Meter Sample Volume (DCF)
Average Dry Gas Meter Temperature (°F)
Average Orifice Meter Delta H (In. H20)
Volume Condensate Collected (M)
Average CO2 Concentration (%)

Average 02 Concentration (%)

Average Square Root of Delta P (In. H20%)
Average Stack Gas Temperature (°F)
Toxic Equivalency Factor (TEF)

TEQ 12 347 8 - HXCDF Mass Concentration (ng)

Absolute Pressure (In. Hg)

TABLE 3M
EPA METHOD 23

INPUT DATA

CALCULATED DATA

Dry Gas Meter Sample Volume at Standard Conditions (DSCF)

Water Vapor Volume at Standard Conditions (SCF)

Moisture Fraction (Unitless)

Dry Molecular Weight of Stack Gas (Lb/Lb-Mole)
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole)

Stack Gas Velocity (FPS)

Stack Gas Flow Rate at Actual Conditions (ACFM)

Stack Gas Flow Rate at Dry Standard Conditions (DSCFM)

Isokinetic Sampling (%)

TEQ 12347 8- HxCDF Emission Concentration (Gr/DSCF)
TEQ 12 3 4 7 8 - HXCDF Emission Concentration (Lb/DSCF)

TEQ 12347 8- HxCDF Emission Rate {Lb/Hr)
TEQ 12 347 8 - HxCDF Emission Rate (Lb/Run)

TEQ 123467 89-0CDF Emission Concentration (ng/DSCM)

TEQ 123467 89-0CDF Emission Concentration (ng/DSCM@7% 02

1
09/26/08
Unit 1
9:45
10:50
60

12.566
0.84
1.003
0.000465
29.27
-0.28
50.393
70.0
2.350
181.4
8.5
11.3
0.710
196.0
0.1
0.2340

29.25
49.559
8.538
0.147
29.81
28.07
45.6
34,359
23,062
96.8

7.29E-11
1.04E-14
1.44E-08
4. 61E-08
0.1668
0.2405

2
09/26/08
Unit 1
12:15
13:23
60

12.566
0.84
1.003
0.000465
29.27
-0.28
43.950
79.0
1.754
150.6
7.6
12.3
0.602
191.0
0.1
0.1380

29.25
42 437
7.089
0.143
29.71
28.03
385
29,043
19,732
96.9

5.02E-11
7.17E-15
8.49E-09
2.72E-08
0.1149
0.1852

PROJECT NO. 08-293

3
09/26/08
Unit 1
14:25
15:30
60

12.566
0.84
1.003
0.000485
29.27
-0.28
42248
77.0
1.595
124.7
7.6
12.3
0.576
187.0
0.1
0.1630

29.25
40.930
5.870
0.125
29.71
28.24
36.6
27,601
19,258
95.8

5.77E-11
8.24E-15
9.52E-09
3.05E-08
0.1320
0.2124

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.800
185.0
0.1
0.0943

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
19,677
85.5

3.90E-11
5.57E-15
6.57E-09
2.10E-08
0.0892
0.1829



TABLE 3N

PROJECT NO.: 08-293

2
09/26/08
Unit 1
12:15
13:23
60

12.568
0.84
1.003
0.000465
29.27
-0.28
43.950
79.0
1.754
150.6
7.6
12.3
0.802
191.0
0.1
0.1470

2925
42.437
7.089
0.143
20.71
28.03
38.5
29,043
19,732
96.9

5.36E-11
7.84E-15
9.04E-08
2.89E-08
0.1224

EPA METHOD 23
TEQ 12 367 8 - HEXACHLORODIBENZOFURAN (HxCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1
INFUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor {(Unitless) 1.003
Nozzle Area (Ft*) 0.000465
Barometric Pressure {In. Hg) 29.27
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H {In. H20) 2.350
Volume Condensate Collected (M) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 1.3
Average Square Root of Delta P (In. H20%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 0.1
TEQ 12 367 8 - HxCDF Mass Concentration (ng) 0.2500

CALCULATED DATA

Absolute Pressure {In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction {Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Moie) 29.81
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 456
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,062
Isokinetic Sampling (%) 96.8
TEQ 12 36 7 8 - HXCDF Emission Concentration (Gr/DSCF) 7.79E-11
TEQ 12 36 7 8 - HXCDF Emission Concentration (Lb/DSCF) 1.11E-14
TEQ 12 367 8 - HXCDF Emission Rate (Lb/Hr) 1.54E-08
TEQ 12 36 7 8 - HXCDF Emission Rate {(Lb/Run) 4.93E-08
TEGQ 12 3 467 89 - OCDF Emission Concentration (ng/DSCM) 0.1782

TEQ 12346789 - OCDF Emission Concentration (ng/DSCM@7% 02)  0.2569

0.1973

3
09/26/08
Unit 1
14:25
15:30
60

12.566
0.84
1.003
0.000465
2927
-0.28
42.248
77.0
1.585
1247
78
12.3
0.576
187.0
0.1
0.1650

29.25
40.930
5870
0.125
20.71
28.24
36.6
27,601
19,258
95.8

6.22E-11
8.89E-15
1.03E-08
3.29E-08
0.1424
0.2291

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
20.27
-0.28
38.995
83.0
1.417
1401
6.1
14.1
0.600
185.0
0.1
0.1010

29.25
37.344
6.595
0.150
29.54
27.81
38.4
28,930
19,677
85.5

4.17E-11
5.96E-15
7.04E-09
2.25E-08
0.0855
0.1959



TABLE 30

EPA METHOD 23
TEQ 2 346 7 8 - HEXACHLORODIBENZOFURAN (HxCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft2) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Fi?) 0.000465
Barometric Pressure (In. Hg) 29.27
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (Mi) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 11.3
Average Square Root of Delta P (In. H20%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 0.1
TEQ 2 3 4 6 7 8 - HXCDF Mass Concentration (ng) 0.2610

CALCULATED DATA

Absolute Pressure (In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas {Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 456
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,082
Isokinetic Sampling {%) 96.8
TEQ 2 3 4 6 7 8 - HXCDF Emissicn Concentration (Gr/DSCF) 8.13E-11
TEQ 2 3 4 6 7 8 - HXCDF Emission Concentration (Lb/DSCF) 1.16E-14
TEQ 2 34 6 7 8 - HXCDF Emission Rate {Lb/Hr) 1.61E-08
TEQ 2 3 4 6 7 8 - HXCDF Emission Rate {Lb/Run) 5.14E-08
TEQ 12 346789 -0OCDF Emission Concentration (hg/DSCM) 0.1860

TEQ 12 3467 89-OCDF Emission Concentration (ng/DSCM@7% 02  0.2682

PROJECT N(08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:15 14:25
13:23 15:30
60 60
12.568 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43.950 42.248
79.0 77.0
1.754 1.595
150.6 124.7
7.6 76
12.3 12.3
0.602 0.576
191.0 187.0
0.1 0.1
0.1450 0.1710
29.25 29.25
42.437 40.930
7.089 5.870
0.143 0.125
29.71 29.71
28.03 28.24
38.5 36.6
29,043 27,601
19,732 19,258
96.9 95.8
5.27E-11 6.45E-11
7.53E-15 9.21E-15
8.92E-09 1.06E-08
2.85E-08 3.41E-08
0.1207 0.1476
0.1946 0.2374

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003

0.000465
29.27
-0.28

38.995
83.0
1.417
140.1

6.1
14.1
0.600
185.0
0.1
0.1050

29.25
37.344
6.595
0.150
20.54
27.81
38.4
28,930
19.8677
85.5

4.34E-11
6.20E-15
7.32E-09
2.34E-08
0.0923
0.2036



TABLE 3P

EPA METHOD 23
TEQ 123789 -HEXACHLORODIBENZOFURAN (HxCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Soiutions
SOURCE TESTED: Unit 1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft?) 0.000465
Barometric Pressure (In. Hg) 29.27
Static Pressure (In. H2Q) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (M) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 11.3
Average Square Root of Delta P {In. H20%) 0.710
Average Stack Gas Temperature (°F) , 196.0
Toxic Equivalency Factor (TEF) 0.1
TEQ 12 37 89 -HxCDF Mass Concentration (ng) 0.06350

CALCULATED DATA

Absolute Pressure (in. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditicns (SCF) 8.538
Moisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas (L.b/Lb-Mole) 28.07
Stack Gas Velocity {FPS) 45.6
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,062
Isokinetic Sampling (%) 96.8
TEQ 12 37 89 - HXCDF Emission Concentration (Gr/DSCF) 1.98E-11
TEQ 1237 89 - HxCDF Emission Concentration (Lb/DSCF) 2.83E-15
TEQ 12 37 89 - HxCDF Emission Rate (Lb/Hr) 3.91E-09
TEQ 12 37 89 - HXCDF Emission Rate (Lb/Run) 1.25E-08
TEQ 123467 89 - OCDF Emission Concentration {(ng/DSCM) 0.0453

TEQ 12 3467 89 - OCDF Emission Concentration (ng/DSCM@7% 02  0.0653

PROJECT N(C08-293
2 3
09/26/08 09/26/08
Unit 1 Unit 1
12:16 14:26
13:23 15:30
60 60
12.566 12.566
0.84 0.84
1.003 1.003
0.000465 0.000465
29.27 29.27
-0.28 -0.28
43.950 42.248
79.0 77.0
1.754 1.585
150.6 124.7
7.6 7.6
12.3 12.3
0.802 0.576
191.0 187.0
0.1 0.1
0.03330 0.03%40
29.25 29.25
42 437 40.930
7.089 5.870
0.143 0.125
29.71 28.71
28.03 28.24
38.5 36.6
29,043 27,801
19,732 19,258
96.9 95.8
1.21E-11 1.49E-11
1.73E-15 2.12E-15
2.05E-09 2.45E-09
6.56E-09 7.85E-09
0.0277 0.0340
0.0447 0.0547

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.8600
185.0
0.1
0.02470

29.25
37.344
6.585
0.150
29.54
27.81
384
28,930
19,677
85.5

1.02E-11
1.46E-15
1.72E-09
5.51E-09
0.0234
0.0479



TABLE 3Q

EPA METHOD 23
TEQ 1234678 -HEPTACHLORODIBENZOFURAN (HpCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft) 0.000465
Barometric Pressure (In. Hg) 29.27
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.383
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (Mi) 181.4
Average CO2 Concentration (%) 8.5
Average 02 Concentration (%) 11.3
Average Square Root of Delta P {In. H20%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 0.01
TEQ 123467 8- HpCDF Mass Concentration (ng) 0.0511

CALCULATED DATA

Absolute Pressure (In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecular Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 456
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359
Stack Gas Flow Rate at Dry Standard Conditions {DSCFM) 23,062
Isokinetic Sampling (%) 96.8
TEQ 12 3487 8- HpCDF Emission Concentration (Gr/DSCF) 1.59E-11
TEQ 1234678 -HpCDF Emission Concentration (Lb/DSCF) 2.27E-15
TEQ 12 34678 -HpCDF Emission Rate (Lb/Hr) 3.15E-09
TEQ 12 3467 8 -HpCDF Emission Rate (Lb/Run) 1.01E-08
TEQ 123467889 - OCDF Emission Concentration {(ng/DSCM) 0.0364

TEQ 12346 789 - OCDF Emission Concentration (ng/DSCM@7% 02  0.0525

PROJECT N(08-293

2
09/26/08
Unit 1
12:15
13:23
60

12.586
0.84
1.003
0.000465
29.27
-0.28
43.950
79.0
1.754
150.6
76
12.3
0.602
191.0
0.01
0.0252

29.25
42.437
7.089
0.143
29.71
28.03
38.5
29,043
19,732
96.9

9.17E-12
1.31E-15
1.55E-09
4. 96E-09
0.0210
0.0338

3
09/26/08
Unit 1
14:25
15:30
60

12.566
0.84
1.003
0.000465
29.27
-0.28
42.248
77.0
1.595
124.7
76
12.3
0.576
187.0
0.01
0.0334

29.25
40.930
5.870
0.125
20.71
28.24
36.6
27,601
19,258
95.8

1.26E-11
1.80E-15
2.08E-09
6.65E-09
0.0288
0.0464

4
0g9/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
20.27
-0.28
38.995
83.0
1.417
140.1
6.1
14.1
0.600
185.0
0.01
0.0205

29.25
37.344
6.595
0.150
29.54
27.81
38.4
28,930
19,677
85.5

8.47E-12
1.21E-15
1.43E-09
4.57E-09
0.0194
0.0398



TABLE 3R
EPA METHOD 23
TEQ 1234789 -HEPTACHLORODIBENZOFURAN (HpCDF) EMISSIONS TEST RESULTS

CLIENT: Recycling Solutions PROJECT NO.08-293
SOQURCE TESTED: Unit 1
INPUT DATA

Run Number 1 2 3 4
Date 09/26/08 09/26/08 09/26/08 09/26/08
Sampling Location Unit 1 Unit 1 Unit 1 Unit 1
Test Time, Start 9:45 12:15 14:25 16:35

Stop (24 Hour) 10:50 13:23 15:30 17:44
Sampling Time (Minutes) 60 60 60 60
Stack Area (Ft?) 12.566 12.566 12.566 12.6566
Pitot Tube Coefficient (Unitless) 0.84 0.84 0.84 0.84
Dry Gas Meter Correction Factor {Unitless) 1.003 1.003 1.003 1.003
Nozzle Area (Ft%) 0.000465 0.000465 0.000465  0.000485
Barometric Pressure (In. Hg) 2927 29.27 29.27 29.27
Static Pressure {In. H2O) -0.28 -0.28 -0.28 -0.28
Dry Gas Meter Sample Volume (DCF) 50.393 43.950 42248 38.995
Average Dry Gas Meter Temperature (°F) 70.0 79.0 77.0 83.0
Average Orifice Meter Delta H (In. H20) 2.350 1.754 1.595 1.417
Volume Condensate Collected (MI} 181.4 150.6 124.7 140.1
Average CO2 Concentration (%) 85 76 76 6.1
Average O2 Concentration (%) 1.3 12.3 12.3 14.1
Average Square Root of Delta P (In. H20%%2) 0.710 0.602 0.576 0.600
Average Stack Gas Temperature (°F) 196.0 191.0 187.0 185.0
Toxic Equivalency Factor (TEF) 0.01 0.01 0.01 0.01
TEQ 12 347 89 -HpCDF Mass Concentration {ng) 0.00471 0.00206 0.00298 0.00187

CALCULATED DATA

Absolute Pressure (In. Hg) 29.25 29.25 29.25 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559 42.437 40.930 37.344
Water Vapor Volume at Standard Conditions (SCF) 8.538 7.089 5.870 6.595
Moisture Fraction {(Unitless) 0.147 0.143 0.125 0.150
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81 29.71 29.7 29.54
Wet Molecutar Weight of Stack Gas (Lb/Lb-Mole) 28.07 28.03 28.24 27.81
Stack Gas Velocity (FPS) 456 38.5 36.6 384
Stack Gas Flow Rate at Actual Conditions (ACFM) 34,359 29,043 27,601 28,930
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM) 23,062 19,732 19,258 19,677
Isokinetic Sampling (%) 96.8 96.9 95.8 855
TEQ 12 347889 - HpCDF Emission Concentration (Gr/DSCF) 1.47E-12 7.49E-13 1.12E-12  7.73E-13
TEQ 12347 89-HpCDF Emission Concentration {Lb/DSCF) 2.10E-16 1.07E-16 1.59E-16 1.10E-16
TEQ 12 34789 - HpCDF Emission Rate (Lb/Hr) 2.90E-10 1.27E-10 1.84E-10 1.30E-10
TEQ 12347889 - HpCDF Emission Rate (Lb/Run) 9.28E-10 4.06E-10 5.90E-10 4.17E-10
TEQ 123467 89-0CDF Emission Concentration {(ng/DSCM) 0.0034 0.0017 0.0026 0.0018

TEQ 12 3467 89- OCDF Emission Concentration (ng/DSCM@7% 02  0.0048 0.0028 0.0041 0.0036



TABLE 35

EPA METHOCD 23
TEQ12346789- OCTACHLORODIBENZOFURAN (OCDF) EMISSIONS TEST RESULTS
CLIENT: Recycling Solutions
SOURCE TESTED: Unit 1
INPUT DATA

Run Number 1
Date 09/26/08
Sampling Location Unit 1
Test Time, Start 9:45

Stop (24 Hour) 10:50
Sampling Time (Minutes) 60
Stack Area (Ft?) 12.566
Pitot Tube Coefficient (Unitless) 0.84
Dry Gas Meter Correction Factor (Unitless) 1.003
Nozzle Area (Ft?) 0.000465
Barometric Pressure (In. Hg) 29.27
Static Pressure (In. H20) -0.28
Dry Gas Meter Sample Volume (DCF) 50.393
Average Dry Gas Meter Temperature (°F) 70.0
Average Orifice Meter Delta H (In. H20) 2.350
Volume Condensate Collected (M) 181.4
Average C0O2 Concentration (%) 85
Average 02 Concentration (%) 11.3
Average Square Root of Delta P (In. H20%) 0.710
Average Stack Gas Temperature (°F) 196.0
Toxic Equivalency Factor (TEF) 0.001
TEQ 12346789 - OCDF Mass Concentration (ng) 0.000984

CALCULATED DATA

Absolute Pressure (In. Hg) 29.25
Dry Gas Meter Sample Volume at Standard Conditions (DSCF) 49.559
Water Vapor Volume at Standard Conditions (SCF) 8.538
Moisture Fraction (Unitless) 0.147
Dry Molecular Weight of Stack Gas (Lb/Lb-Mole) 29.81
Wet Molecuiar Weight of Stack Gas (Lb/Lb-Mole) 28.07
Stack Gas Velocity (FPS) 456
Stack Gas Flow Rate at Actual Conditions (ACFM} 34,359
Stack Gas Flow Rate at Dry Standard Conditions (DSCFM}) 23,062
Isokinetic Sampling (%) 96.8
TEQ 12346789 - OCDF Emission Concentration (Gr/DSCF) 3.06E-13
TEQ 1234867 89-0CDF Emission Concentration (Lb/DSCF) 4.38E-17
TEQ12346789-0OCDF Emission Rate (Lb/Hr) 6.06E-11
TEQ 12346789 -0OCDF Emission Rate (Lb/Run) 1.94E-10
TEQ 123467 885 - OCDF Emigsion Concentration (ng/DSCM) 0.0007

TEQ 12 34678 9-0CDF Emission Concentration (ng/DSCM@7% 02 0.0010

PROJECT NO. 08-293

2
09/26/08
Unit 1
12:16
13:23
60

12.566
0.84
1.003
0.000465
29.27
-0.28
43.950
79.0
1.754
150.6
7.6
12.3
0.602
191.0
0.001
0.000376

2925
42.437
7.089
0.143
29.71
28.03
385
29,043
19,732
96.9

1.37E-13
1.95E-17
2.31E-11
7.40E-11
0.0003
0.0005

3
09/26/08
Unit 1
14:25
15:30
80

12.566
0.84
1.003
0.000485
29.27
-0.28
42.248
77.0
1.595
124.7
7.6
12.3
0.576
187.0
0.001
0.000628

29.25
40.930
5.870
0.125
20.71
28.24
36.6
27,601
19,258
95.8

2.37E13
3.38E-17
3.91E-11
1.25E-10
0.0005
0.0009

4
09/26/08
Unit 1
16:35
17:44
60

12.566
0.84
1.003
0.000465
29.27
-0.28
38.9685
83.0
1.417
140.1
6.1
14.1
0.600
185.0
0.001
0.000426

29.25
37.344
6.595
0.150
29.54
27.81
384
28,930
18,677
85.5

1.76E-13
2.52E-17
2.97E-11
9.50E-11
0.0004
0.0008
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SAMPLING AND ANALYTICAL PROCEDURES



METHOD 3A - DETERMINATION OF OXYGEN AND CARBON DIOXIDE
CONCENTRATIONS IN EMISSIONS FROM STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 3A?

Method 3A is a procedure for measuring oxygen (O2) and carbon dioxide (CO,)
in stationary source emissions using a continuous instrumental analyzer. Quality
assurance and quality control requirements are included to assure that you, the tester,
collect data of known quality. You must document your adherence to these specific
requirements for equipment, supplies, sample collection and analysis, calculations, and
data analysis.

This method does not completely describe all equipment, supplies, and sampling
and analytical procedures you will need but refers to other methods for some of the
details. Therefore, to obtain reliable results, you should also have a thorough knowledge
of these additional test methods which are found in appendix A to this part:

(a) Method 1-—Sample and Velocity Traverses for Stationary Sources.

(b)  Method 3—Gas Analysis for the Determination of Molecular Weight.

(c) Method 4—Determination of Moisture Content in Stack Gases.

(d)  Method 7E—Determination of Nitrogen Oxides Emissions from
Stationary Sources (Instrumental Analyzer Procedure).

.1 Analytes. What does this method determine? This method measures the

concentration of oxygen and carbon dioxide.



Analyte CAS No. Sensitivity
Oxygen (O,) 7782-44-7 Typically <2% of Calibration Span
Carbon dioxide (CO,) 124-38-9 Typically <2% of Calibration Span

1.2 Applicability. When is this method required? The use of Method 3A may
be required by specific New Source Performance Standards, Clean Air Marketing rules,
State Implementation Plans and permits, where measurements of O; and CO,
concentrations in stationary source emissions must be made, either to determine
compliance with an applicable emission standard or to conduct performance testing of a
continuous emission monitoring system (CEMS). Other regulations may also require the
use of Method 3A.

1.3 Data Quality Objectives. How good must my collected data be? Refer to
Section 1.3 of Method 7E.

2.0 Summary of Method

In this method, you continuously or intermittently sample the effluent gas and
convey the sample to an analyzer that measures the concentration of 0 or CO;. You
must meet the performance requirements of this method to validate your data,

3.0 Definitions

Refer to Section 3.0 of Method 7E for the applicable definitions.

4.0 Interferences [Reserved]
5.0 Safety
Refer to Section 5.0 of Method 7E.

6.0 Equipment and Supplies



Figure 7E-1 in Method 7E is a schematic diagram of an acceptable measurement
System.

6.1 What do I need for the measurement system? The components of the
measurement system are described (as applicable) in Sections 6.1 and 6.2 of Method 7E,
except that the analyzer described in Section 6.2 of this method must be used instead of
the analyzer described in Method 7E. You must follow the noted specifications in
Section 6.1 of Method 7E except that the requirements to use stainless steel, Teflon, or
non-reactive glass filters do not apply. Also, a heated sample line is not required to
transport dry gases or for systems that measure the O, or CO, concentration on a dry
basis, provided that the system is not also being used to concurrently measure SO, and/or
NO,.

6.2 What analyzer must I use? You must use an analyzer that continuously
measures O, or CO; in the gas stream and meets the specifications in Section 13.0.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do I need? Refer to Sectjon 7.1 of
Method 7E for the calibration gas requirements. Example calibration gas mixtures are
listed below.

(a) CO» in nitrogen (N3).

{b) CO; in air.

(c) CO/SO; gas mixture in N,

(d) O/S0; gas mixture in N,.

(e) 02/CO2/SO, gas mixture in N».

(f) CO2/NOy gas mixture in Ny



(g) CO2/S805/NOy gas mixture in N,

The tests for analyzer calibration error and system bias require high-, mid-, and
fow-level gases.

7.2 Interference Check. What reagents do I need for the interference check?
Potential interferences may vary among available analyzers. Table 7E-3 of Method 7E
lists a number of gases that should be considered in conducting the interference test.

8.0 Sample Collection, Preservation, Storage, and T ransport

8.1 Sampling Site and Sampling Points. You must follow the procedures of
Section 8.1 of Method 7E to determine the appropriate sampling points, unless you are
using Method 3A only to determine the stack gas molecular weight and for no other
purpose. In that case, you may use single-point integrated sampling as described in
Section 8.2 of Method 3. If the stratification test provisions in Section 8.1.2 of Method
7E are used to reduce the number of required sampling points, the alternative acceptance
criterion for 3-point sampling will be + 0.5 percent CO; or O, and the alternative
acceptance criterion for single-point sampling will be + 0.3 percent CO;, or O,.

8.2 Initial Measurement System Performance Tests. You must follow the
procedures in Section 8.2 of Method 7E. Ifa dilution-type measurement system is used,
the special considerations in Section 8.3 of Method 7E apply.

8.3 Interference Check. The O, or CO, analyzer must be documented to show
that interference effects to not exceed 2.5 percent of the calibration span. The
interference test in Section 8.2.7 of Method 7E is a procedure than may be used to show

this. The effects of all potential interferences at the concentrations encountered during



testing must be addressed and documented. This testing and documentation may be done
by the instrument manufacturer.

8.4 Sample Collection. You must follow the procedures in Section 8.4 of
Method 7E.

8.5 Post-Run System Bias Check and Drift Assessment. You must follow the
procedures in Sections 8.5 of Method 7E.
9.6 Quality Control

Follow quality control procedures in Section 9.0 of Method 7E.
10.0 Calibration and Standardization

Follow the procedures for calibration and standardization in Section 10.0 of
Method 7E.
11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8),
additional discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the applicable procedures for calculations and data analysis in
Section 12.0 of Method 7E, substituting percent Q, and percent CO5 for ppmv of NO, as
appropriate.
13.0 Method Performance

The specifications for the applicable performance checks are the same as in
Section 13.0 of Method 7E except for the alternative specifications for system bias, drift,
and calibration error. In these alternative specifications, replace the term “0.5 ppmv”

with the term “0.5 percent O,” or “0.5 percent CO,” (as applicable).



14.0 Pollution Prevention [Reserved]

15.0 Waste Managerment [Reserved]

16.0 Alternative Procedures [Reserved]

17.0 References

A. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards” September 1997 as amended, EPA-600/R-97/121

18.0 Tables, Diagrams, Flowcharts, and Validation Data

Refer to Section 18.0 of Method 7E.
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METHOD 5 - DETERMINATION OF PARTICULATE MATTER
EMISSIONS FROM STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipment and supplies) and procedures
(e.g., sampling and analytical) essential to its
performance. Some material is incorporated by reference
from other methods in this part. Therefore, to obtain
reliable results, persons using this method should have a
thorough knowledge of at least the following additional test
methods: Method 1, Method 2, Method 3.

1.0 Scope and Application.

1.1 Analyte. Particulate matter (PM}. No CAS number
assigned.

1.2 Applicability. This method is applicable for the
determination of PM emissions from stationary sources.

1.3 Data Quality Objectives. Adherence to the
requirements of this method will enhance the quality of the
data obtained from air pollutant sampling methods.

2.0 Summary of Method.

Particulate matter is withdrawn isckinetically from the
source and ccllected on a glass fiber filter maintained at a

temperature of 120 4 14°C (248 % 25°F) or such other
temperature as specified by an applicable subpart of the
standards or approved by the Administrator for a particular
apprlication. The PM mass, which includes any material that
condenses at or above the filtration temperature, is
determined gravimetrically after the removal of uncombined
water.

3.0 Definitions. [Reserved]

4.0 Interferences. [Reserved]

5.0 Safety.

5.1 Disclaimer. This method may involve hazardous
materials, operations, and equipment. This test method may
not address all of the safety problems associated with its
use. It is the responsibility of the user of this test
method to establish appropriate safety and health practices
and to determine the applicability of regulatory limitations
prior to performing this test method.

6.0 Egquipment and Supplies.

6.1 Sample Collection. The following items are required
for sample collection:

6.1.1 Sampling Train. A schematic of the sampling train
used in this method is shown in Figure 5~1 in Section 18.0.
Complete construction details are given in APTD-0581
(Reference 2 in Section 17.0); commercial models of this
train are also available. For changes from APTD-0581 and
for allowable modifications of the train shown in Figure
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5-1, see the following subsections.

NOTE: The operating and maintenance procedures for the
sampling train are described in APTD-0576 (Reference 3 in
Section 17.0). Since correct usage is important in
obtaining valid results, all users should read APTD-0576 and
adopt the operating and maintenance procedures cutlined in
it, unless otherwise specified herein.

6.1.1.1 Probe Nozzle. Stainless steel (316) or glass with
a sharp, tapered leading edge. The angle of taper shall be

<£30° and the taper shall be on the outside to preserve a
constant internal diameter. The probe nozzle shall be of
the button-hook or elbow design, unless otherwise specified
by the Administrator. If made of stainless steel, the nozzle
shall be constructed from seamless tubing. Other materials
of construction may be used, subject to the epproval of the
Administrator. A range of nozzle sizes suitable for
isokinetic sampling should be available. Typical nozzle
sizes range from 0.32 to 1.27 cm (1/8 to 1/2 in) inside
diameter (ID) in increments of 0.16 cm {1/16 in). Larger
nozzles sizes are also available if higher volume sampling
trains are used. Each nozzle shall be calibrated, according
to the procedures ocutlined in Section 10.1.

6.1.1.2 Probe Liner. Borosilicate or quartz glass tubing
with a heating system capable of maintaining a probe gas

temperature during sampling of 120 + 14 °C (248 + 25 °F), or
such other temperature as specified by an applicable subpart
of the standards or as approved by the Administrator for a
particular application. Since the actual temperature at the
outlet of the probe is not usually monitcred during
sampling, probes constructed according to APTD-0581 and
utilizing the calibration curves of APTD-0576 (or calibrated
according to the procedure outlined in APTD-0576) will be
considered acceptable. FEither borosilicate or quartz glass
probe liners may be used for stack temperatures up to about
480 °C (900 °F}; quartz glass liners shall be used for
temperatures between 480 and 900 °C (900 and 1,650 °F).

Both types of liners may be used at higher temperatures than
specified for short periods of time, subject to the approval
of the Administrator. The softening temperature for
borosilicate glass is 820 °C (1500°F), and for quartz glass
it is 1500 °C (2700 °F). Whenever practical, every effort
should be made to use borosilicate or gquartz glass probe
liners. Alternatively, metal liners (e.g., 316 stainless
steel, Incocloy 825 or other corrosion resistant metals) made
of seamless tTubing may be used, subject to the approval of
the Administrator.
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6.1.1.3 Pitot Tube. Type S, as described in Section 6.1
of Method 2, or other device approved by the Administrator.
The pitot tube shall be attached to the probe (as shown in
Figure 5-1) to allow constant monitoring of the stack gas
velocity. The impact t(high pressure) opening plane of the
pitot tube shall be even with or above the nozzle entry
plane (see Method 2, Figure 2-7) during sampling. The Type
S pitot tube assembly shall have a known coefficient,
determined as outlined in Section 10.0 of Method 2.

6.1.1.4 Differential Pressure Gauge. Inclined manometer
or equivalent device (two), as described in Section 6.2 of
Method 2. One manometer shall be used for velocity head
(Ap) readings, and the other, for orifice differential
pressure readings.

6.1.1.5 Filter Holder. Borosilicate glass, with a glass
frit filter support and a silicone rubber gasket. Other
materials of construction (e.g., stainless steel, Teflon, or
Viton} may be used, subject to the approval of the
Administrator. The holder design shall provide a positive
seal against leakage from the outside or around the filter.
The holder shall be attached immediately at the ocutlet of
the probe (or cyclone, if used).

6.1.1.6 Filter Heating System. Any heating system capable
of maintaining a temperature around the filter holder of 120

+ 14 °C (248 + 25 °F) during sampling, or such other
temperalture as specified by an applicable subpart of the
standards cor approved by the Administrator for a particular
application.

6.1.1.7 Temperature Sensor. A temperature senscr capable
of measuring temperature to within *3 °C (5.4 °F) shall be
installed so that the sensing tip of the temperature sensor
is in direct contact with the sample gas, and the
temperature around the filter holder can be regulated and
monitored during sampling.

6.1.1.8 Condenser. The following system shall be used to
determine the stack gas moisture content: Four impingers
connected in series with leak-free ground glass fittings or
any similar leak-free noncontaminating fittings. The first,
third, and fourth impingers shall be of the Greenburg-Smith
design, modified by replacing the tip with a 1.3 cm (% in.}
ID glass tube extending to about 1.3 cm (* in.) from the
bottom of the flask. The second impinger shall be of the
Greenburg-Smith design with the standard tip. Modifications
(e.g., using flexible connections between the impingers,
using materials other than glass, or using flexible vacuum
lines to connect the filter holder to the condenser) may be
used, subject to the approval of the Administrator. The
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first and second impingers shall contain known quantities of
water (Section 8.3.1), the third shall be empty, and the
fourth shall contain a known weight of silica gel, or
equivalent desiccant. A temperature sensor, capable of

measuring temperature to within 1 °C (2 °F) shall be placed
at the outlet of the fourth impinger for monitoring
purposes. Alternatively, any system that cools the sample
gas stream and allows measurement of the water condensed and
moisture leaving the condenser, each to within 1 ml or 1 g
may be used, subject to the approval of the Administrator.
An acceptable technique involves the measurement of
condensed water either gravimetrically or volumetrically and
the determination of the moisture leaving the condenser by:

(1) monitoring the temperature and pressure at the exit of
the condenser and using Dalton's law of partial pressures;
or (2} passing the sample gas stream throuch a tared silica
gel (or equivalent desiccant) trap with exit gases kept

below 20 °C (68 °F) and determining the weight gain. If
means other than silica gel are used to determine the amount
of moisture leaving the condenser, it is recommended that
silica gel (or equivalent) still be used between the
condenser system and pump to prevent moisture condensation
in the pump and metering devices and to avoid the need to
make corrections for moisture in the metered volume.

NOTE: If z determination of the PM collected in the
impingers is desired in addition to moisture content, the
impinger system described above shall be used, without
modification. Individual States or control agencies
requiring this information shall be contacted as to the
sample recovery and analysis of the impinger contents.
6.1.1.9 Metering System. Vacuum gauge, leak-free pump,
temperature sensors capable of measuring temperature to

within 3 °C (5.4 °F), dry gas meter (DGM) capable of
measuring volume to within 2 percent, and related equipment,
as shown in Figure 5-1. Other metering systems capable of
maintaining sampling rates within 10 percent of isokinetic
and of determining sample velumes to within 2 percent may be
used, subject to the approval of the Administrator. When
the metering system is used in conjunction with a pitot
tube, the system shall allow periodic checks of isokinetic
rates.

©.1.1 10 Sampling trains utilizing metering systems
designed for higher flow rates than that described in APTD-
0581 or APTD-0576 may be used provided that the
specifications of this method are met.

6.1.2 Barometer. Mercury, aneroid, or other barometer
capable of measuring atmospheric pressure to within 2.5 mm
Hg (0.1 in.).
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NOTE: The barometric pressure reading may be obtained from
a nearby National Weather Service station. In this case, the
station value {(which is the absclute barometric pressure)
shall be requested and an adjustment for elevation
differences between the weather station and sampling point
shall be made at a rate of minus 2.5 mm Hg (0.1 in.) per

30 m (100 ft) elevation increase or plus 2.5 mm Hg (0.1 in)
per 30 m (100 ft) elevation decrease.

6.1.3 Gas Density Determination Equipment. Temperature
sensor and pressure gaude, as described in Sections 6.3 and
6.4 of Method 2, and gas analyzer, if necessary, as
described in Method 3. The temperature sensor shall,
preferably, be permanently attached to the pitot tube or
sampling probe in a fixed configuration, such that the tip
of the sensor extends beyond the leading edge of the probe
sheath and deces not touch any metal. Alternatively, the
sensor may be attached just prior tc use in the field.

Note, however, that if the temperature sensor is attached in
the field, the sensor must be placed in an interference-free
arrangement with respect to the Type S pitot tube openings
(see Method 2, Figure 2-4). As a second alternative, if a
difference of not more than 1 percent in the average
velocity measurement 1s to be introduced, the temperature
sensor need not be attached to the probe or pitot tube.
(This alternative is subject to the approval of the
Administrater.)

6.2 Sample Recovery. The following items are reguired for
sample recovery:

6.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon bristle
brushes with stainless steel wire handles. The probe brush
shall have extensions (at least as long as the probe)
constructed of stainless steel, Nylon, Teflon, or similarly
inert material. The brushes shall be properly sized and
shaped to brush out the probe liner and nozzle.

€.2.2 Wash Bottles. Two Glass wash bottles are
recommended. Alternatively, polyethylene wash bottles may be
used. It is recommended that acetone not be stored in
polyethylene bottles for longer than a month.

6.2.3 Glass Sample Storage Containers. Chemically
resistant, borcsilicate glass bottles, for acetone washes,
500 ml or 1000 ml. Screw cap liners shall either be rubber-
backed Teflion or shall be constructed so as to be leak-free
and resistant to chemical attack by aceteone. {(Narrow mouth
glass bottles have been found to be less prone tc leakage.)
Alternatively, polyethylene bottles may be used.

6.2.4 Petri Dishes. For filter samples; glass or
polyethylene, unless otherwise specified by the
Administrator.
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6.2.5 Graduated Cylinder and/or Balance. To measure
condensed water to within 1 ml or 0.5 g. Graduated
cylinders shall have subdivisions no greater than 2 ml.
6.2.6 Plastic Storage Containers. Air-tight containers to
Store silica gel.

6.2.7 Funnel and Rubber Policeman. To aid in transfer of
silica gel to container; not necessary if silica gel is
weighed in the field.

6.2.8 Funnel. Glass or polyethylene, to aid in sample
recovery.

6.3 BSample Analysis. The following equipment is required
for sample analysis:
.1 Glass Weighing Dishes.
.2 Desiccator.
-3 Aralytical Balance. To measure to within 0.1 mg.
.4 Balance. To measure to within 0.5 g.
.5 Beakers. 250 mi.
.6 Hygrometer. Tc measure the relative humidity of the
laboratory envircnment.

6.3.7 Temperature Sensor. To measure the temperature of
the laboratory environment.

7.0 Reagents and Standards.

7.1 Sample Collection. The following reagents are
required for sample collection:

7.1.1 Filters. Glass fiber filters, without organic
binder, exhibiting at least 99.95 percent efficiency {<0.05
percent penetiration) on 0.3 micron dioctyl phthalate smoke
particlies. The filter efficiency test shall be conducted in
accordance with ASTM Method D 2986-71, 78, or 95a
(incorporated by reference - see §60.17). Test data from
the supplier's quality control program are sufficient for
this purpecse. In sources containing SO; or S0s, the filter
material must be of a type that is unreactive to S0. or S0s.
Reference 10 in Section 17.0 may be used to select the
appropriate filter.

7.1.2 Silica Gel. Indicating type, 6 to 16 mesh. If

previously used, dry at 175 °C (35C °F) for 2 hours. New
silica gel may be used as received. Alternatively, other
types of desiccants (equivalent or better) may be used,
subject to the approval of the Administrator.

7.1.3 Water. When analysis of the material caught in the
impingers is required, deionized distilled water [to conform
to ASTM D 1193-77 or 91 Type 3 (incorporated by reference -
see §60.17)] shall be used. Run blanks prior toc field use
to eliminate a high blank on test samples.

7.1.4 Crushed Ice.

7.1.5 Stopcock Grease. Acetone-inscluble, heat-stable
silicone grease. This is not necessary if screw-on

6.3
6.3
6.3
6.3
6.3
6.3
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connectors with Teflon sleeves, or similar, are used.
Alternatively, other types of stopcock grease may be used,
subject to the approval of the Administrator.

7.2 Sample Recovery. Acetone, reagent grade, <0.001
percent residue, in glass bottles, is required. Acetone
from metal containers generally has a high residue blank and
should not be used. Sometimes, suppliers transfer acetone
to glass beottles from metal containers; thus, acetone blanks
shall be run prior to field use and only acetone with low

blank values (£0.001 percent) shall be used. In no case
shall a blank value of greater than 0.001 percent of the
weight of acetone used be subtracted from the sample weight.
7.3 Sample Analysis. The following reagents are required
for sample analysis:

7.3.1 Acetone. Same as in Section 7.2.

7.3.2 Desiccant. Anhydrous calcium sulfate, indicating
type. Alternatively, other types of desiccants may be used,
subject to the approval of the Administrator.

8.0 Sample Collection, Preservation, Storage, and
Transport,

8.1 Pretest Preparation. It is suggested that sampling
equipment be maintained accecrding to the procedures
described in APTD-0576.

8.1.1 Place 200 tc 300 g of silica gel in each of several
air-tight containers. Weigh cach container, including
silica gel, to the nearest 0.5 g, and reccrd this weight.
As an alternative, the silica gel need not be preweighed,
but may be weighed directly in its impinger or sampling
holder just prior to train assembly.

8.1.2 Check filters visually against light for
irregularities, flaws, or pinhole leaks. Label filters of
the proper diameter on the back side near the edge using
numbering machine ink. As an alternative, label the
shipping containers (glass or polyethylene petri dishes},
and keep each filter in its identified container at all
times except during sampling.

8.1.3 Desiccate the filters at 20 £ 5.6 °C (68 + 10 °F) and
ambient pressure for at least 24 hours. Weigh each filter
(or filter and shipping container) at intervals of at least

6 hours to a constant weight (i.e., <0.5 mg change from
previous weighing). Record results to the nearest 0.1 mg.
During each weighing, the period for which the filter is
exposed to the laboratory atmosphere shall be less than 2
minutes. Alternatively (unless otherwise specified by the

Administrator), the filters may be oven dried at 105 °C (220

°F) for 2 to 3 hours, desiccated for 2 hours, and weighed.
Procedures other than those described, which account for
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relative humidity effects, may be used, subject to the
approval of the Administrator.

8.2 Preliminary Determinations.

8.2.1 Select the sampling site and the minimum number of
sampling points according to Method 1 or as specified by the
Administrator. Determine the stack pressure, temperature,
and the range of velocity heads using Method 2; it is
recommended that a leak check of the pitot lines (see
Method 2, Section 8.1) be performed. Determine the moisture
content using Approximation Method 4 or its alternatives for
the purpose of making isokinetic sampling rate settings.
Determine the stack gas dry molecular weight, as described
in Method 2, Section 8.6; if integrated Method 3 sampling is
used for mclecular weight determination, the integrated bag
sample shall be taken simultanecusly with, and for the same
total length of time as, the particulate sample run.

8.2.2 Select a nozzle size based on the range of velocity
heads, such that it is not necessary t¢ change the nozzle
size in order to maintain isokinetic sampling rates. During
the run, do not change the nozzle size. Ensure that the
proper differential pressure gauge is chosen for the range
of velocity heads encountered (see Section 8.3 of Method 2).
8.2.3 Select a suitable probe liner and probe length such
that all traverse points can be sampled. For large stacks,
consider sampling from opposite sides of the stack to reduce
the required probe length.

8.2.4 Select a total sampling time greater than or equal
to the minimum total sampling time specified in the test
procedures for the specific industry such that (1) the
sampling time per point is not less than 2 minutes (or some
greater time interval as specified by the Administrator),
and (2) the sample volume taken (corrected to standard
conditions) will exceed the required minimum total gas
sample volume. The latter is based on an approximate
average sampling rate.

8.2.5 The sampling time at each point shall be the same.
It is recommended that the number of minutes sampled at each
point be an integer or an integer plus one-half minute, in
order to avold timekeeping errors.

8§.2.6 In scme circumstances (e.g., batch cycles) it may be
necessary to sample for shorter times at the traverse points
and to obtain smaller gas sample volumes. In these cases,
the Administrator's approval must first be obtained.

8.3 Preparation of Sampling Train.

8.3.1 During preparaticon and assembly of the sampling
train, keep all openings where contamination can occur
covered until just prior to assembly or until sampling is
about to begin., Place 100 ml of water in each of the first
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twe impingers, leave the third impinger empty, and transfer
approxXimately 200 to 300 g of preweighed silica gel from its
container to the fourth impinger. More silica gel may be
used, but care should be taken to ensure that it is not
entrained and carried out from the impinger during sampling.
Place the container in a clean place for later use in the
sample recovery. Alternatively, the weight of the silica
gel plus impinger may be determined to the nearest 0.5 g and
recorded.
8.3.2 Using a tweezer or clean disposable surgical gloves,
place a labeled (identified) and weighed filter in the
filter holder. Be sure that the filter is properly centered
and the gasket properly placed so as to prevent the sample
gas stream from circumventing the filter. Check the filter
for tears after assembly is completed.
8.3.3 When glass probe liners are used, install the
selected nozzle using a Viton A O-ring when stack

temperatures are less than 260 °C (500 °F) or a heat-
resistant string gasket when temperatures are higher. See
APTD-0576 for details. Other connecting systems using
either 316 stainless steel or Teflon ferrules may be used.
When metal liners are used, install the nczzle as discussed
above or by a leak-free direct mechanical connection. Mark
the probe with heat resistant tape or by some other method
fto denote the proper distance into the stack or duct for
each sampling point.

8.3.4 5Set up the train as shown in Figure 5-1, using (if
necessary) a very light coat of silicone grease on all
ground glass joints, greasing only the outer portion (see
APTD-0576) to aveid the possibility of contamination by the
silicone grease. Subject to the approval of the
Administrator, a glass cyclone may be used between the probe
and filter holder when the total particulate catch is
expected to exceed 100 mg or when water droplets are present
in the stack gas.

8.3.5 Place crushed ice around the impingers.

8.4 Leak-Check Procedures.

8.4.1 Leak Check of Metering System Shown in Figure 5-1.
That portion of the sampling train from the pump to the
orifice meter should be leak-checked prior to initial use
and after each shipment. Leakage after the pump will result
in less volume being recorded than is actually sampled. The
following procedure is suggested (see Figure 5-2): Close
the main valve on the meter box. Insert a one-hole rubber
stopper with rubber tubing attached into the orifice exhaust
pipe. Disconnect and vent the low side of the orifice
manometer. Close off the low side orifice tap. Pressurize
the system to 13 to 18 cm (5 to 7 in.) water column by
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blowing into the rubber tubing. Pinch off the tubing, and
observe the manometer for one minute. A loss of pressure on
the manometer indicates a leak in the meter box; leaks, if
present, must be corrected.

8.4.2 Pretest Leak Check. A pretest leak check of the
sampling train is recommended, but not required. If the
pretest leak check is conducted, the following procedure
should be used.

8.4.2,1 After the sampling train has been assembled, turn
on and set the filter and probe heating systems to the
desired operating temperatures. Allow time for the
temperatures to stabilize. If a Viton A O-ring or other
leak-free connection is used in assembling the probe nozzle
to the probe liner, leak-check the train at the sampling
site by plugging the nozzle and pulling a 380 mm (15 in.) Hg
vacuum.

NOTE: A lower vacuum may be used, provided that it is not
exceeded during the test.

8.4.2.2 If a heat-resistant string is used, do not connect
the probe to the train during the leak check. Instead,
leak-check the train by first plugging the inlet to the
filter holder (cycleone, if applicable) and pulling a 380 mm
(15 in.) Hg vacuum (see NOTE in Section 8.4.2.1). Then
connect the probe to the train, and leak-check at
approximately 25 mm (i1 in.) Hg vacuum; alternatively, the
probe may be leak-checked with the rest of the sampling
train, in one step, at 380 mm (15 in.) Hg vacuum. Leakage
rates in excess of 4 percent of the average sampling rate or
0.00057 m’/min (0.020 cfm), whichever is less, are
unacceptable.

8.4.2.3 The fcllowing leak-check instructicns for the
sampling train described in APTD-0576 and APTD-0581 may be
helpful. Start the pump with the bypass valve fully open
and the coarse adjust valve completely closed. Partially
open the coarse adjust valve, and slowly close the bypass
valve until the desired vacuum is reached. Do not reverse
the direction of the bypass valve, as this will cause water
to back up into the filter holder. If the desired vacuum is
exceeded, elither leak-check at this higher vacuum, or end
the leak check and start over.

£€.4.2.4 When the leak check 1s completed, first slowly
remove the plug from the inlet to the probe, filter holder,
or cyclone (if applicable), and immediately turn off the
vacuum pump. This prevents the water in the impingers from
being forced backward into the filter holder and the silica
gel from being entrained backward into the third impinger.
8.4.3 Leak Checks During Sample Run. If, during the
sampling run, a component (e.g., filter assembly or
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impinger) change becomes necessary, a leak check shall be
conducted immediately before the change is made. The leak
check shall be dcone according to the procedure outlined in
Section 8.4.2 above, except that it shall be done at a
vacuum egual to or greater than the maximum value recorded
up to that point in the test. If the leakage rate is found
to be no greater than 0.00057 m’/min (0.020 cfm) or 4
percent of the average sampling rate (whichever is less),
the results are acceptable, and no correcticn will need to
be applied to the teotal volume of dry gas metered; if,
however, a higher leakage rate is obtained, either record
the leakage rate and plan to correct the sample volume as
shown in Section 12.3 of this method, or void the sample
run.

NOTE: Immediately after component changes, leak checks are
opticnal. If such leak checks are done, the procedure
outlined in Section 8.4.2 above should be used.

§.4.4 Post-Test Leak Check. A leak check of the sampling
train is mandatory at the conclusion of each sampling run.
The leak check shall be performed in acceordance with the
procedures outlined in Section 8.4.2, except that it shall
be conducted at a vacuum equal to or greater than the
maximum value reached during the sampling run. If the
leakage rate is found to be no greater than 0.00057 m’/min
(0.020 cfm) or 4 percent of the average sampling rate
{(whichever is less), the results are acceptable, and no
correction need be applied to the total volume of dry gas
metered. If, however, a higher leakage rate is obtained,
elther record the leakage rate and correct the sample volume
as shown in Section 12.3 of this method, or void the
sampling run.

8.5 Sampling Train Operation. During the sampling run,
maintain an isokinetic sampling rate (within 10 percent of
true isokinetic unless otherwise specified by the
Administrator) and a temperature arcund the filter of

120 £ 14 °C (248 = 25 °F), or such other temperature as
specified by an applicable subpart of the standards or
approved by the Administrator.

8.5.1 For each run, record the data required on a data
sheet such as the one shown in Figure 5-3. Be sure to
record the initial DGM reading. Record the DGM readings at
the beginning and end of each sampling time increment, when
changes in flow rates are made, before and after each leak
check, and when sampling is halted. Take other readings
indicated by Figure 5-3 at least once at each sample point
during each time increment and additional readings when
significant changes (20 percent variation in velocity head
readings) necessitate additional adjustments in flow rate.
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Level and zerc the manometer. Because the manometer level
and zero may drift due to vibrations and temperature
changes, make periodic checks during the traverse.
8.5.2 Clean the portholes prior to the test run to
minimize the chance of collecting deposited material. To
begin sampling, verify that the filter and probe heating
systems are up to temperature, remove the nozzle cap, verify
that the pitot tube and probe are preoperly positioned.
Position the nozzle at the first traverse point with the tip
pointing directly into the gas stream. Immediately start
the pump, and adjust the flow to isckinetic conditions.
Nomographs are available which aid in the rapid adjustment
of the isckinetic sampling rate without excessive
computations. These nomographs are designed for use when
the Type S pitot tube coefficient (C,) is 0.85 = 0.02, and
the stack gas equivalent density [dry molecular weight (My)]
is equal to 29 + 4. APTD-0576 details the procedure for
using the nomographs. If C, and My are outside the above
stated ranges, do not use the nomographs unless appropriate
steps (see Reference 7 in Section 17.0) are taken to
compensate for the deviations.
8.5.3 When the stack is under significant negative
pressure (i.e., height of impinger stem), take care to close
the coarse adjust valve before inserting the probe into the
stack to prevent water from backing intc the filter holder.
If necessary, the pump may be turned on with the coarse
adjust valve closed.
8.5.4 When the probe is in position, block off the
openings around the probe and porthole to prevent
unrepresentative dilution of the gas stream.
8.5.5 Traverse the stack cross-section, as required by
Method 1 or as specified by the Administrator, being careful
not to bump the probe nozzle into the stack walls when
sampling near the walls or when removing or inserting the
probe through the portholes; this minimizes the chance of
extracting deposited material.
8.5.6 During the test run, make periodic adjustments to
keep the temperature around the filter holder at the proper
level; add more ice and, 1f necessary, salt to maintain a

temperature of less than 20 °C (68 °F) at the
condenser/silica gel outlet. Also, periodically check the
level and zerc of the manometer.

8.5.7 If the pressure drop across the filter becomes too
high, making isokinetic sampling difficult to maintain, the
filter may be replaced in the midst of the sample run. It
is recommended that another complete filter assembly be used
rather than attempting to change the filter itself. Before
a new filter assembly is installed, conduct a leak check
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(see Section 8.4.3). The total PM weight shall include the
summation of the filter assembly catches.

8.5.8 A single train shail be used for the entire sample
run, except in cases where simultaneous sampling is required
in two or more separate ducts or at two or more different
locations within the same duct, or in cases where equipment
failure necessitates a change of trains. In all other
situations, the use of two or more trains will be subject to
the approval of the Administrator.

NOTE: When two or more trains are used, separate analyses
of the front-half and (if applicable) impinger catches from
each train shall be performed, unless identical nozzle sizes
were used on all trains, in which case, the front-half
catches from the individual trains may be combined {as may
the impinger catches} and one analysis of front-half catch
and one analysis of impinger catch may be performed.

Consult with the Administrator for details concerning the
calculation of results when two or more trains are used.
8.5.9 At the end of the sample run, close the coarse
adjust valve, remove the probe and nozzle from the stack,
turn off the pump, record the final DGM meter reading, and
conduct a post-test leak check, as outlined in Section
§.4.4. Also, leak-check the pitot lines as described in
Method 2, Section 8.1. The lines must pass this leak check,
in order to validate the velocity head data.

8.6 Calculation of Percent Isokinetic. Calculate percent
isokinetic (see Calculations, Section 12.11) to determine
whether the run was valid or another test run should be
made. If there was difficulty in maintaining isokinetic
rates because of source conditions, consult with the
Administrator for possible wvariance on the isokinetic rates.
8.7 Sample Recovery.

8.7.1 Proper cleanup procedure begins as soon as the probe
is removed from the stack at the end c¢f the sampling period.
Allow the prcbe to cocl.

8.7.2 When the probe can be safely handled, wipe off all
external PM near the tip of the probe nozzle, and place a
cap over it to prevent losing or gaining PM. Do not cap off
the probe tip tightly while the sampling train is cocling
down. This would create a vacuum in the filter holder,
thereby drawing water from the impingers into the filter
holder.

8.7.3 Before moving the sample train to the cleanup site,
remove the probe from the sample train, wipe off the
silicone grease, and cap the open outlet of the probe. Be
careful not to lose any condensate that might be present.
Wipe off the silicone grease from the filter inlet where the
probe was fastened, and cap it. Remove the umbilical cord
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from the last impinger, and cap the impinger. If a flexible
line is used between the first impinger or condenser and the
filter holder, disconnect the line at the filter holder, and
let any condensed water or liquid drain inte the impingers
or condenser. After wiping off the silicone grease, cap off
the filter holder outlet and impinger inlet. Either ground-
glass stoppers, plastic caps, or serum caps may be used to
close these openings.

8.7.4 Transfer the probe and filter-impinger assembly to
the cleanup area. This area should be clean and protected
from the wind so that the chances of contaminating or losing
the sample will be minimized.

8.7.5 ©Save a portion of the acetone used for cleanup as a
blank. Take 200 ml of this acetone directly from the wash
bottle being used, and place i1t in a glass sample container
labeled "acetone blank.”

8.7.6 Inspect the train prior to and during disassembly,
and note any abnermal conditicons. Treat the samples as
follows:

8.7.6.1 Container No. 1. Carefully remove the filter from
the filter holder, and place it in its identified petri dish
container. Use a pair of tweezers and/or clean disposable
surgical gloves to handle the filter. If it is necessary to
fold the filter, do so such that the PM cake is inside the
fold. Using a dry Nylon bristle brush and/or a sharp-edged
blade, carefully transfer to the petri dish any PM and/or
filter fibers that adhere to the filter holder gasket. Seal
the container.

8.7.6.2 Container No. 2. Taking care toc see that dust on
the outside of the probe or other exterior surfaces does not
get into the sample, gquantitatively recover PM or any
condensate from the probe nozzle, probe fitting, probe
liner, and front half of the filter holder by washing these
components with acetone and placing the wash in a glass
container. Deionized distilled water may be used instead of
acetone when approved by the Administrator and shall be used
when specified by the Administrator. In these cases, save a
water blank, and fcllow the Administrator's directions on
analysis. Perform the acetone rinse as follows:

8.7.6.2.1 Carefully remcve the probe nozzle. Clean the
inside surface by rinsing with acetone from a wash bottle
and brushing with a Nylon bristle brush. Brush until the
acetone rinse shows no visible particles, after which make a
final rinse of the inside surface with acetone.

8.7.6.2.2 Brush and rinse the inside parts of the fitting
with acetone in a similar way until no visible particles
remain.

8.7.6.2.3 Rinse the probe liner with acetone by tilting
and rotating the probe while squirting acetone into its
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upper end so that all inside surfaces will be wetted with
acetone. Let the acetone drain from the lower end into the
sample ccntainer. A funnel (glass or polyethylene) may be
used to aid in transferring liquid washes to the container.
Follow the acetone rinse with a probe brush. Hold the
probe in an inclined pesition, squirt acetone inte the upper
end as the probe brush is being pushed with & twisting
action through the probe; hold a sample container underneath
the lower end cof the probe, and catch any acetone and
particulate matter that is brushed from the probe. Run the
brush through the probe three times or more until no visible
PM is carried out with the acetone or until none remains in
the probe liner on visual inspection. With stainless steel
or other metal probes, run the brush through in the above
prescribed manner at least six times since metal probes have
small creviceg in which particulate matter can be entrapped.
Rinse the brush with acetone, and quantitatively collect
these washings in the sample container. After the brushing,
make a final acetone rinse of the probe.
8.7.6.2.4 It is recommended that two people clean the
probe to minimize sample losses. Between sampling runs,
keep brushes clean and protected from contamination.
8.7.6.2.5 After ensuring that all joints have been wiped
clean of silicone grease, clean the inside of the front half
of the filter holder by rubbing the surfaces with a Nylon
bristle brush and rinsing with acetone. Rinse each surface
three times or more if needed to remove visible particulate.
Make a final rinse of the brush and filter holder.
Carefully rinse cut the glass cyclone, also (if applicable).
After all acetcne washings and particulate matter have been
cellected in the sample container, tighten the 1id on the
sample container so that acetone will not leak out when it
is shipped to the laboratory. Mark the height of the fluid
level to allow determination of whether leakage occurred
during transport. Label the container to identify clearly
its contents.
8.7.6.3 Container No. 3. Note the color of the indicating
silica gel to determine whether it has been completely
spent, and make a notation of its conditicn. Transfer the
silica gel from the fourth impinger to its original
container, and seal. A funnel may make it easier to pour
the silica gel without spilling. A rubber policeman may be
used as an aild in removing the silica gel from the impinger.
It is not necessary to remove the small amount of dust
particles that may adhere to the impinger wall and are
difficult to remove. Since the gain in weight is to be used
for moisture calculations, do not use any water or other
liquids to transfer the silica gel. If a balance is
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available in the field, folilow the procedure for Container
No. 3 in Section 11.2.3.

8.7.6.4 Impinger Water. Treat the impingers as follows:
Make a notation of any ccolor or film in the liquid catch.
Measure the liquid that is in the first three impingers to
within 1 ml by using a graduated cylinder or by weighing it
te within 0.5 g by using a balance. Record the volume or
weight of liguid present. This information is required to
calculate the moisture content of the effluent gas. Discard
the liquid after measuring and recording the volume or
weight, unless analysis of the impinger catch is required
(see NOTE, Section 6.1.1.8). If a different type of
condenser 1s used, measure the amount of molsture condensed
either volumetrically or gravimetrically.

8.8 Sample Transport. Whenever possible, containers
should be shipped in such a way that they remain upright at
all times.

9.0 Quality Control.

9.1 Miscellaneous Quality Control Measures.

Section Quality Control Measure Effect

8.4, Sampling equipment ieak Ensures accurate

10.1-10.¢ check and calibration measurement of stack
gas flow rate, sample
volume

9.2 Volume Metering System Checks. The fcllowing
procedures are suggested to check the volume metering system
calibration values at the field test site prior to sample
collection. These procedures are optional.

9.2.1 Meter Qrifice Check. Using the calibration data
obtained during the calibration procedure described in
Section 10.3, determine the AH¢ for the metering system

orifice. The AHe is the orifice pressure differential in

_ T 6°
AHg =0.0319 AH—"=
e Poar Y2V,
units of in. E.0 that correlates to 0.75 cfm of air at

528 °R and 29.92 in. Hg. The AHy, is calculated as
follows:where:

AH = Average pressure differential across the
orifice meter, in. H.0.
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Absclute average DGM temperature, °R.

Barometric pressure, in. Hg.

8 = Total sampling time, min.

DGM calibration factor, dimensionless.

Volume of gas sample as measured by DGM, dcf.
0.0319 = (0.0567 in. Hg/°R) (0.75 cfm)?

9.2.1.1 Before beginning the field test (a set of three

runs usually constitutes a field test), operate the metering

system (i.e., pump, volume meter, and orifice) at the AH,

pressure differential for 10 minutes. Record the volume

collected, the DGM temperature, and the barometric pressure.

g
o
=

<
(1

€

) 1
=E[o.0319 TmT
Vm Pba;

Calculate a DGM calibration check value, Y., as follows:
where:
Y. = DGM calibration check wvalue, dimensionless.
10 = Run time, min.
9.2.1.2 Compare the Y., value with the dry gas meter
calibration factor Y to determine that: 0.97Y < Y. < 1.03Y.
If the Y. value is not within this range, the volume
metering system should be investigated before beginning the
test.
9.2.2 Calibrated Critical Crifice. A critical orifice,
calibrated against a wet test meter or spirometer and
designed to be inserted at the inlet of the sampling meter
box, may be used as a check by following the procedure of
Section 16.2.
10.0 Calibration and Standardization.
NOTE: Maintain a laboratory log of all calibrations.
10.1 Probe Nozzle. Probe nozzles shall be calibrated
before their initial use in the field. Using a micrometer,
measure the ID of the nozzle to the nearest 0.025 mm (0,001
in.). Make three separate measurements using different
diameters each time, and obtain the average of the
measurements. The difference between the high and low
numbers shall not exceed 0.1 mm (0.004 in.). When nozzles
become nicked, dented, or corroded, they shall be reshaped,
sharpened, and recalibrated before use. Each nozzle shall
be permanently and uniquely identified.
10.2 Pitot Tube Assembly. The Type S pitot tube assembly
shall be calibrated according to the procedure outlined in
Section 10.1 of Methed 2.
10.3 Metering System.
10.3.1 Calibration Prior to Use. Before its initial use
in the field, the metering system shall be calibrated as
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follows: Connect the metering system inlet to the outlet of
a wet test meter that is accurate to within 1 percent. Refer
to Figure 5-4. The wet test meter should have a capacity of
30 liters/rev (1 ft’/rev). A spirometer of 400 liters (14
ft*) or more capacity, or equivalent, may be used for this
calibration, although a wet test meter is usually more
practical. The wet test meter should be periodically
calibrated with a spirometer or a liguid displacement meter
to ensure the accuracy of the wet test meter. Spirometers
or wet test meters of other sizes may be used, provided that
the specified accuracies of the procedure are maintained.
Run the metering system pump for about 15 minutes with the
orifice mancmeter indicating a median reading as expected in
field use to allow the pump to warm up and to permit the
interior surface of the wet test meter to be thoroughly
wetted. Then, at each of a minimum of three orifice
manometer settings, pass an exact guantity of gas through
the wet test meter and note the gas volume indicated by the
DGM. 2Alsc note the barometric pressure and the temperatures
of the wet test meter, the inlet of the DGM, and the outlet
of the DGM. Select the highest and lowest orifice settings
to bracket the expected field operating range of the
orifice. Use a minimum volume of 0.14 m® (5 ft*) at all
orifice settings. Record all the data on a form similar to
Figure 5-5 and celculate Y, the DGM calibration factor, and
AHg, the orifice calibration factor, at each orifice setting
as shown on Figure 5-5. Allowable tolerances for individual
Y and AH, values are given in Figure 5-5. Use the average
of the Y values in the calculations in Section 12.0.
10.3.1.1 Before calibrating the metering system, it is
suggested that a leak check be conducted. For metering
systems having diaphragm pumps, the normal leak-check
procedure will not detect leakages within the pump. For
these cases the following leak-check procedure is suggested:
make a 10-minute calibration run at 0.00057 m*/min (0.020
cfm) . At the end of the run, take the difference of the
measured wet test meter and DGM veolumes. Divide the
difference by 10 to get the leak rate. The leak rate should
not exceed 0.00057 m°/min (0.020 cfm).

10.3.2 Calibration After Use. After each field use, the
calibration c¢f the metering system shall be checked by
performing three calibration runs at a single, intermediate
orifice setting (based on the previous field test), with the
vacuum set at the maximum value reached during the test
series. To adjust the vacuum, insert a valve between the
wet test meter and the inliet of the metering system.
Calculate the average value cf the DGM calibration facteor.
If the value has changed by more than 5 percent, recalibrate
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the meter over the full range of corifice settings, as
detailed in Section 10.3.1.
NOTE: Alternative procedures (e.g., rechecking the orifice
meter coefficient) may be used, subject to the approval of
the Administrator.
10.3.3 Acceptablie Variation in Calibkraticon. If the DGM
coefficient values cbtained before and after a test series
differ by more than 5 percent, the test series shall either
be voided, or calculations fcor the test series shall be
performed using whichever meter coefficient value (i.e.,
before or after} gives the lower value of total sample
volume.
10.4 Probe Heater Calibration. Use a heat source to
generate air heated to selected temperatures that
approximate those expected to occur in the sources to be
sampled. Pass this air through the probe at a typical
sample flow rate while measuring the probe inlet and ocutlet
temperatures at various probe heater settings. For each air
temperature generated, construct a graph of prcbe heating
system setting versus probe outlet temperature. The
procedure outlined in APTD-0576 can alsoc be used. Probes
constructed according to APTD-0581 need not be calibrated if
the calibration curves in APTD-0576 are used. Also, probes
with outlet temperature monitcring capabilities do not
reguire calibration.
NOTE: The probe heating system shall be calibrated before
its initial use in the field.
10.5 Temperature 3Sensors. Use the procedure in Section
10.3 of Method 2 to calibrate in-stack temperature sensors.
Dial thermometers, such as are used for the DGM and
condenser outlet, shall be calibrated against mercury-in-
glass thermometers.
10.6 Barometer. Calibrate against a mercury barometer.
11.0 Analytical Procedure.
11.1 Record the data required on a sheet such as the one
shown in Figure 5-6.
11.2 Handle each sample container as follows:
11.2.1 Container No. 1. Leave the contents in the
shipping container or transfer the filter and any locse PM
from the sample container to a tared glass weighing dish.
Desiccate for 24 hours in a desiccateor containing anhydrous
calcium sulfate. Weigh to a constant weight, and report the
results to the nearest 0.1 mg. For the purposes of this
section, the term "constant weight™ means a difference of no
more than 0.5 mg or 1 percent of total weight less tare
weight, whichever is greater, between two consecutive
weighings, with no less than 6 hours of desiccation time
between weighings. Alternatively, the sample may be oven
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dried at 104 °C (220 °F) for 2 to 3 hours, cocled in the
desiccator, and weighed to a constant welght, unless
otherwise specified by the Administrator. The sample may be

oven dried at 104 °C (220 °F) for 2 to 3 hours. Once the
sample has cooled, weigh the sample, and use this weight as
a final weight.

11.2.2 Container No. 2. DNote the lewvel of liquid in the
container, and confirm cn the analysis sheet whether leakage
occurred during transpert. If a ncticeable amount of
leakage has occurred, either void the sample or use methods,
subject to the approval of the Administrator, to correct the
final results. Measure the liquid in this container either
volumetrically to = 1 ml or gravimetrically to = 0.5 g.
Transfer the contents to a tared 250 ml beaker, and
evaporate to dryness at ambient temperature and pressure.
Desiccate for 24 hours, and weigh to a constant weight.
Repori the results to the nearest 0.1 mg.

11.2.3 Container No. 3. Weigh the spent silica gel (or
silica gel plus impinger} to the nearest 0.5 g using a
balance. This step may be conducted in the field.

11.2.4 Acetone Blank Container. Measure the acetone in
this container either volumetrically or gravimetrically.
Transfer the acetone to a tared 250 ml beaker, and evaporate
fto dryness at ambient temperature and pressure. Desiccate
for 24 hours, and weigh to a constant weight. Report the
results to the nearest 0.1 mg.

NOTE: The contents of Container No. 2 as well as the
acetone blank container may be evapcrated at temperatures
higher than ambient. If evaporation is done at an elevated
temperature, the temperature must be below the boiling point
of the solvent; also, to prevent "bumping," the evaporation
process must be closely supervised, and the contents of the
beaker must be swirled occasionally to maintain an even
temperature. Use extreme care, as acetone is highly
flammable and has a low flash point.

12.0 Data Analysis and Calculations.

Carry out calculations, retaining at least one extra
significant figure beyvond that of the acguired data. Round
off figures after the final calculation. Other forms of the
equations may be used, provided that they give equivalent
results.

12.1 Nomenclature.

A, = (Cross-sectional area of nozzle, m® (ft?).

Bus = Water vapor in the gas stream, proportion by
volume.

Ca = Acetone blank residue concentration, mg/mg.

Cs = Concentration of particulate matter in stack

gas, dry basis, corrected to standard
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conditions, g/dscm (gr/dscf).

Percent of isokinetic sampling.

Individual leakage rate observed during the
leak-check conducted prior to the first
compconent change, m’/min (ft?/min)

Maximum acceptable leakage rate for either a
pretest leak-check or for a leak-check
following a component change; ecual to 0.00057
m’/min {0.020 cfm) or 4 percent of the average
sampling rate, whichever is less.

Individual leakage rate observed during the
leak-check conducted prior to the "ifh"
component change (i = 1, 2, 3...n), m°/min
(cfm) .

Leakage rate observed during the post-test
leak-check, m*/min (cfm).

Mass of residue of acetone after evaporation,
mng.

Total amount of particulate matter collected,
ng.

Molecular weight of water, 18.0 g/g-mole (18.0
ib/lb-mole) .

Barometric pressure at the sampling site, mm
Hg (in. Hg).

Absolute stack gas pressure, mm Hg (in. Hg).
Standard absolute pressure, 760 mm Hg (29,92
in. Hg).

Ideal gas constant, 0.06236

[ (mm Hg) (m*) ]/ (K) (g-mole)]

{21.85 [(in. Hg) (f£’}1/[(°R) (1b-mole)]}.
Absolute average DGM temperature (see Figure
5-3), K (°R).

Absolute average stack gas temperature (see
Figure 3-3), K (°R).

Standard absoclute temperature, 293 K (528 °R).
Volume cf acetone blank, ml.

Volume of acetone used in wash, ml.

Total volume of liquid collected in impingers
and silica gel (see Figure 5-6), ml.

Volume of gas sample as measured by dry gas
meter, decm (dcf).

Volume of gas sample measured by the dry gas
meter, corrected to standard conditions, dscm
(dscf).

Volume of water vapor in the gas sample,
cerrected to standard conditions, scm (scf).
Stack gas velocity, calculated by Method 2,
Equation 2-7, using datz obtained from
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Method 5, m/sec (ft/sec).

W = Weight of residue in acetone wash, mg.

Y = Dry gas meter calibration factor.

A" = Average pressure differential across the
orifice meter (see Figure 5-4), mm H,0 (in.
H,0) .

Pa = Density of acetone, mg/ml (see label on
bottle).

Pu = Density of water, 0.9982 g/ml
(0.002201 1lb/ml}.

6 - Total sampling time, min.

0, = Sampling time interval, from the beginning of
a run until the first component change, min.

6 = Sampling time interval, between twe successive
component changes, beginning with the interval
between the first and second changes, min.

0, = Sampling time interval, from the final (n*®)
component change until the end of the sampling
run, min.

13.6 = Specific gravity of mercury.

60 = Sec/min.

100 = Conversion to percent.

12.2 Average Dry Gas Meter Temperature and Average QOrifice
Pressure Drop. See data sheet (Figure 5-3}.
12.3 Dry Gas Volume. Correct the sample volume measured

by the dry gas meter to standard conditions (20 °C, 760 mm

To (PSUBbar + %)
Vm(sld) = Vm Y *

T Pstu

AH
+

m

=K1VmY

Hg or 68 °F, 29.92 in. Hg) by using Egquation 5-1.
where:
K, = 0.3858 °K/mm Hg for metric units,

= 17.64 °R/in. Hg for English units.
NOTE: Eguation 5-1 can be used as written unless the
leakage rate observed during any of the mandatory leak
checks (i.e., the post-test leak check or leak checks
conducted prior to component changes) exceeds L,. If L, or
L; exceeds L., Equation 5-1 must be medified as follows:
(a) Case I. Nc component changes made during sampling
run. In this case, replace V, in Equation 5-1 with the
expression:
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[V (L = La) 0]
(b) Case II. One or more component changes made during
the sampling run. In this case, replace V, in Equation 5-1

Vi~ (L1~La) 81- ) (Lsubi-1,) 6~ (Lp-La) 6
i=2

by the expression:
and substitute only for those leakage rates (L; or Lg) which
exceed L,.

p w R Tsld
M Psta
N K2 Vi

12,4 Volume of Water Vapor Condensed.

where:

K, = 0.001333 m’/ml for metric units,
= 0.04706 ft /ml for English units.

Vst = Vi

= Vi

Bws=———————
Vntatd) ¥ Vwista)

12.5 Moisture Content.

NOTE: In saturated or water drecplet-laden gas streams, two
calculations of the moisture content of the stack gas shall
be made, one from the impinger analysis (Equation 5-3), and
a second from the assumption of saturated conditions. The
lower of the two wvalues of B,. shall be considered correct.
The procedure for determining the moisture content based
upon the assumption of saturated conditions is given in
Section 4.0 of Method 4. For the purposes of this method,
the average stack gas temperature from Figure 5-3 may be
used to make this determination, provided that the accuracy

of the in-stack temperature sensor is + 1°C (2°F).

Ma
Vab,

Ca=

12.6 Acetone Blank Concentration.
12.7 Acetone Wash Blank.

Wy, = Ca Vaw Pa Eg. 5-5
12.8 Total Particulate Weight. Determine the total
particulate matter catch from the sum of the weights
cbtained from Containers 1 and 2 less the acetone blank (see
Figure 5-6}.
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NOTE: In nc case shall a blank vazlue of greater than 0.001
percent of the weight of acetone used be subtracted from the
sample weight. Refer to Section 8.5.8 to assist in
calculation of results inveolving two or more filter
assemblies or two or more sampling trains.
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Cﬁ:fﬁﬂh
Vm(std)
12.9 Particulate Concentration.
where:
Ky = 0.001 g/mg for metric units.
= 0.0154 gr/mg for English units.
12.10 Conversion Factors:

From To Multiply by
ft? m® 0.02832

gr mg 64.80004
gr/ft? mg/m’ 2288.4

mg g 0.001

gr 1b 1.429 x 10

12.11 Isockinetic Variation.

12.11.1 Calculation from Raw Data.
where:

K. = 0.003454 [(mm Hg) (m’)1/[(ml) (°K)] for metric units,
= 0.002669 [(in. Hg) (ft’)1/[ (ml) (°R)] for English units.

Ts Vimgstdy Psia 100
Tata Vs 6 AnPs 60 (1- Bws)

. T's Vinsidy
Ps ve An 9(1"Bws)

12.11.2 Calculation from Intermediate Values.
where:
Ks = 4.320 for metric units,

= 0.09450 fcr English units.

12.11.3 Acceptable Results. If 90 percent < I < 110
percent, the results are acceptable. If the PM results are
low in comparison to the standard, and "I" is over 110
percent or less than 90 percent, the Administrator may opt
to accept the results. Reference 4 in Section 17.0 may be
used to make acceptability judgments. If "I" is judged to

=K
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be unacceptable, reject the results, and repeat the

sampling run.

12.12 Stack Gas Velcocity and Velumetric Flow Rate.
Calculate the average stack gas velccity and volumetric flow
rate, if needed, using data obtained in this method and the
equations in Sections 12.3 and 12.4 of Methed 2.

13.0 Method Performance. [Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [Reserved]

16.0 Alternative Procedures.

16.1 Dry Gas Meter as & Calibraticn Standard. A DGM may
be used as a calibration standard for volume measurements in
place of the wet test meter specified in Section 10.3,
provided that i1t is calibrated initially and recalibrated
periodically as fcllows:

16.1.1 Standard Dry Gas Meter Calibration.

16.1.1.1. The DGM to be calibrated and used as a secondary
reference meter should be ¢f high quality and have an
appropriately sized capacity [e.g., 3 liters/rev (0.1
ft*/rev)]. A spirometer [400 liters (14 ft®) or more
capacity], or eguivalent, may be used for this calibration,
although a wet test meter is usually more practical. The
wet test meter should have a capacity of 30 liters/rev

(1 ft*/rev) and capable of measuring volume toc within 1.0
percent. Wet test meters should be checked against a
spircmeter or a liquid displacement meter toc ensure the
accuracy of the wet Lfest meter. Spircmeters or wet test
meters of other sizes may be used, provided that the
specified accuracies of the procedure are maintained.
16.1.1.2 Set up the components as shown in

Figure 5-7. A spilromefer, or equivalent, may be used in
rlace of the wet test meter in the system. Run the pump for
at least 5 minutes at a flow rate of about 10 liters/min
(0.35 cfm) to condition the interior surface of the wet test
meter. The pressure drop indicated by the manometer at the
inlet side of the DGM should be minimized [no greater than
100 mm H,O {4 in. H,O0) at a flow rate of 30 liters/min (1
cfm)]. This can be accomplished by using large diameter
tubing connections and straight pipe fittings.

16.1.1.3 Ccllect the data as shown in the example data
sheet (see Figure 5-8}. Make triplicate runs at each of the
flow rates and at no less than five different flow rates.
The range of flow rates should be between 10 and

34 liters/min (0.35 and 1.2 cfm) or over the expected
operating range.

16.1.1.4 Calculate flow rate, Q, for each run using the
wet test meter volume, V., and the run time, 0. Calculate
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the DGM ccefficient, Y4, for each run. These calculations

- Phar Vw
K T+ Ta®
are as follows:
- Vw (Tds + Tstd) Pbar
Yas = Ap
Vs (Tw + Tstd)[Phar + mj
where:
K = 0.3858 °C/mm Hg for metric units
= 17.64 °F/in. Hg for English units.
Ve = Wet test meter volume, liter (£t°)
Ves = Dry gas meter volume, liter (ft%).
Tas = Average dry gas meter temperature, °C (°F).
Tags = 273 °C for metric units
= 460 °F for English units.
Ty = Average wet test meter temperature, °C (°F)
Prar = Barometric pressure, mm Hg (in. Hg).
Ap = Dry gas meter inlet differential pressure,
mm H,O (in. H,0).
6 = Run time, min.

16.1.1.5 Compare the three Y., values at each of the flow
rates and determine the maximum and minimum values. The
difference between the maximum and minimum values at each
flow rate should be no greater than 0.03C. Extra sets of
triplicate runs may be made in order to complete this
requirement. In addition, the meter coefficients should be
between 0.95 and 1.05. If these specifications cannot be
met in three sets of successive triplicate runs, the meter
is not suitable as a calibration standard and should not be
used as such. If these specifications are met, average the
three Y;, values at each flow rate resulting in no less than
five average meter coefficients, Yu..

16.1.1.6 Prepare a curve of meter coefficient, Y4, versus
flow rate, Q, for the DGM. This curve shall be used as &
reference when the meter is used to calibrate other DGMs and
to determine whether recalibration is required.

16.1.2 Standard Dry Gas Meter Recalibration.

16.1.2.1 Recalibrate the standard DGM against a wet test
meter or spirometer annually or after every 200 hours of
operation, whichever comes first. This requirement is valid
provided the standard DGM is kept in a laboratory and, if
transported, cared for as any other laboratory instrument.
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Abuse to the standard meter may cause a change in the
calibration and will reguire more freguent recalibrations.
16.1.2.2 As an alternative to full recalibration, a two-
point calibration check may be made. Follow the same
procedure and equipment arrangement as for a full
recalibration, but run the meter at only two flow rates
[suggested rates are 14 and 30 liters/min (0.5 and 1.0
cfm)]. Calculate the meter coefficients for these two
points, and compare the values with the meter calibration
curve. If the two coefficients are within 1.5 percent of
the calibration curve values at the same flow rates, the
meter need not be recalibrated until the next date for a
recalibration check.

16.2 Critical Orifices As Calibration Standards. Critical
orifices may be used as calibration standards in place of
the wet test meter specified in Section 16.1, provided that
they are selected, calibrated, and used as follows:

16.2.1 8Selection of Critical Orifices.

16.2.1.1 The procedure that folliows describes the use of
hypodermic needles or stainless steel needle tubings which
have been found suitable for use as critical orifices.

Other materials and critical corifice designs may be used
provided the orifices act as true critical orifices (i.e., a
critical vacuum can be cbtained, as described in Section
16.2.2.2.3). Select five critical orifices that are
appropriately sized to cover the range of flow rates between
10 and 34 liters/min (0.35 and 1.2 cfm) or the expected
operating range. Two of the critical orifices should
bracket the expected operating range. A minimum of three
critical orifices will be needed to calilbrate a Method 5
DGM; the other two critical orifices can serve as spares and
provide better selection for bracketing the range of
operating flow rates. The needle sizes and tubing lengths
shown in Table 5-1 in Section 18.0 give the approximate flow
rates.

16.2.1.2 These needles can be adapted to a Method 5 type
sampling train as follows: Insert a serum bottle stopper,
13 by 20 mm sleeve type, into a ®-inch Swagelok {or
equivalent) quick connect. Insert the needle into the
stopper as shown in Figure 5-9.

16.2.2 Critical Orifice Calibration. The procedure
described in this section uses the Method 5 meter box
configuration with a DGM as described in Section 6.1.1.9 to
calibrate the critical orifices. Other schemes may be used,
subject to the approval of the Administrator.

16.2.2.1 Calibration of Meter Box. The critical orifices
must be calibrated in the same configuration as they will be
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used (i.e., there should be no connections to the inlet of
the orifice}.

16.2.2.1.1 Before calibrating the meter box, leak check
the system as follows: Fully open the coarse adjust valve,
and completely close the by-pass valve. Plug the inlet.
Then turn on the pump, and determine whether there is any
leakage. The leakage rate shall be zero {(i.e., no
detectable movement of the DGM dial shall be seen for 1
ninute) .

16.2.2.1.2 Check also for leakages in that portion of the
sampling train between the pump and the orifice meter. See
Section 8.4.1 for the procedure; make any corrections, if
necessary. If leakage is detected, check for cracked
gaskets, loose fittings, worn O-rings, etc., and make the
necessary repairs.

16.2.2.1.3 After determining that the meter box is
leakless, calibrate the meter box according to the procedure
given in Section 10.3. Make sure that the wet test meter
meets the requirements stated in Secticn 16.1.1.1. Check
the water level in the wet test meter. Record the DGM
calibration factor, Y.

16.2.2.2 Calibration of Critical Orifices. Set up the
apparatus as sheown in Figure 5-10,

16.2.2.2,1 Allow a warm-up time of 15 minutes. This step
is important to equilibrate the temperature conditions
through the DGM.

16.2.2.2.2 Leak check the system as in Section 16.2.2.1.1.
The leakage rate shall be zero.

16.2.2.2.3 Before calibrating the critical orifice,
determine its suitability and the appropriate operating
vacuum as follows: Turn on the pump, fully open the coarse
adjust valve, and adjust the by-pass valve to give a vacuum
reading corresponding to about half of atmospheric pressure.

Observe the meter box orifice manometer reading, AH.

Slowly increase the vacuum reading until a stable reading is
obtained on the meter bcx orifice mancmeter. Record the
critical vacuum for each orifice., Orifices that do not
reach a critical value shall not be used.

16.2.2.2,4 Obtain the barometric pressure using a
barometer as described in Section 6.1.2. Record the
barometric pressure, Prar, 1n mm Hg (in. Hg).

16.2.2.2.5 Conduct duplicate runs at a vacuum of 25 tgc 50
mm Hg (1 te 2 in. Hg) above the critical vacuum. The runs
shall be at least 5 minutes each. The DGM volume readings
shall be in increments of complete revolutions cf the DGM.
As a guideline, the times should not differ by more than 3.0
seconds (this inciudes allowance for changes in the DGM
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temperatures) to achieve * 0.5 percent in K' (see Eg. 5-11).

Record the information listed in Figure 5-11.

AH
K1 Vm Y (Pbar + "_") Tamb”2

K = 13.6
Pbar Trn e
16.2.2.2.6 Calculate K' using Eguation 5-11.
where:
K' = Critical orifice coefficient, [m®) (°K)*]/
[ (mm Hg) (min)} {[{ft®) (°R}™ 1/ (in. Hg) {min)]}.
T amb Absolute ambient temperature, °K (°R).
The

Calculate the arithmetic mean of the K' walues.
individual K' values should not differ by more than 0.5

percent from the mean value.
16.2.3 Using the Critical Orifices as Calibration

Standards.

16.2.3.1 Record the barometric pressure.

16.2.3.2 Calibrate the metering system according toc the
procedure outlined in Section 16.2.2. Record the
information listed in Figure 5-12.

16.2.3.3 Calculate the standard volumes of air passed
through the DGM and the critical corifices, and caliculate the

DGM calibration factor, Y, using the equations below:

where:

Voristay = Volume of gas sample passed through the

critical orifice, corrected to standard
conditions, dscm (dscf).
K1 = (0.3858 K/mm Hg for metric units

= 17.64 °R/in. Hg for English units.
16.2.3.4 Average the DGM calibration values for each of
the flow rates. The calibration factor, Y, at each of the
flow rates should not differ by more than * 2 percent from
the average.
16.2.3.5 To determine the need for recalibrating the
critical orifices, compare the DEM Y factors cobtained from
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two adjacent orifices each time a DGM is calibrated; for
example, when checking orifice 13/2.5, use orifices 12/10.2
and 13/5.1. If any critical crifice vields a DGM Y factor
differing by more than 2 percent from the others,
recalibrate the critical orifice according to

Section 16.2.2.
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.0 Tables, Diagrams, Flowcharts, and Validation Data.

TABLE 5-1. FLOW RATES FOR VARIQUS NEEDLE SIZES AND TUBE

LENGTHS.

Flow rate Flow rate

Gauge/cm liters/min. Gauge/cm liters/min.
12/7.6 32.56 14/2.5 19.54
12/10.2 30.02 14/5.1 17.27
13/2.5 25.77 14/7.6 l6.14
13/5.1 23.50 15/3.2 14.1¢
13/7.6 22.37 15/7.6 11.61

13/10.2 20.67 15/10.2 10.48
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Date: Metering System Identification:
Barometric pressure, P = in. Hg
Temperatures
Orifice manometer Spirometer {wet Dry gas meter
setting AH meter) gas volume, volume ,Vn, Spirometer Dry Ga
in. Hx0 Vi ft” (wet meter) Tu
ft? oF Inlet out
T T
QF o
Calculations
Y
AH
in Hz0
Average
Y Ratio of reading of wet test meter tc dry test meter; tolerance for

individual wvalues + 0.0Z from average.
AHp Orifice pressure differential that equates to 0.75 cfm of air @ 68°F and
29.92 inches of mercury, in. H;0; tolerance for individual values + 0.20 from

average.



Plant
Date
Run No.

Filter No.

Amount liquid lost during transport

Acetone blank volume, ml

Acetone blank concentration, mg/mg (Equation 5-4)

Acetone wash blank, mg (Equation 5-5)

Container Weight of particulate collected, mg
number ) .
Final weight | Tare weight | Weight gain
1.
2.
Total
Less
acetone blank
Weight of particulate matter
Volume of liquid water collected
Impinger wvolume, S8ilica gel weight,
‘ml lof
Final..........
Initial........
Liquid
collected
Total wvolume
collected.... g ml

‘Convert weight of water to volume by dividing total weight

increase, g
(1g/ml)

increase by density of water (1 g/ml).
Figure 5-6. Analytical Data Sheet.

= Volume water, mi
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Train ID
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Dry gas meter Run number
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Jar. pressure, Prar....
wmbient temperature,
Lo
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mm (in.) Hg...

.............

oooooo
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------

.......

.......

Figure 5-11. Data sheet

for determining K' factor.
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METHOD 6C - DETERMINATION OF SULFUR DIOXIDE EMISSIONS
FROM STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE})
1.0 Scope and Application
What is Method 6C?

Method 6C is a procedure for measuring sulfur dioxide (SO3) in stationary source
emissions using a continuous instrumental analyzer. Quality assurance and quality
control requirements are included to assure that you, the tester, collect data of known
quality. You must document your adherence to these specific requirements for
equipment, supplies, sample collection and analysis, calculations, and data analysis.

This method does not completely describe all equipment, supplies, and sampling
and analytical procedures you will need but refers to other methods for some of the
details. Therefore, to obtain reliable results, you should also have a thorough knowledge
of these additional test methods which are found in appendix A to this part:

(a) Method 1—Sample and Velocity Traverses for Stationary Sources.

(b)  Method 4—Determination of Moisture Content in Stack Gases.

©) Method 6—Determination of Sulfur Dioxide Emissions from Stationary
Sources.

(d)  Method 7TE—Determination of Nitrogen Oxides Emissions from
Stationary Sources (Instrumental Analyzer Procedure).
1.1 Analytes. What does this method determine? This method measures the

concentration of sulfur dioxide.



Analyte CAS No. Sensitivity

SO, 7446-09-5 Typically <2% of Calibration Span

1.2 Applicability. When is this method required? The use of Method 6C may
be required by specific New Source Performance Standards, Clean Air Marketing rules,
State Implementation Plans, and permits where SO, concentrations in stationary source
emissions must be measured, either to determine compliance with an applicable emission
standard or to conduct performance testing of a continuous emission monitoring system
(CEMS). Other regulations may also require the use of Method 6C.

1.3 Data Quality Objectives. How good must my collected data be? Refer to
Section 1.3 of Method 7E.

2.0 Summary of Method

In this method, you continuously sample the effluent gas and convey the sample
to an analyzer that measures the concentration of SO,. You must meet the performance
requirements of this method to validate your data.

3.0 Definitions

Refer to Section 3.0 of Method 7E for the applicable definitions.
4.0 Interferences

Refer to Section 4.1 of Method 6.

5.0 Safety
Refer to Section 5.0 of Method 7E.

6.0 Equipment and Supplies




Figure 7E-1 of Method 7E is a schematic diagram of an acceptable measurement
system.

6.1 What do I need for the measurement system? The essential components
of the measurement system are the same as those in Sections 6.1 and 6.2 of Method 7E,
except that the SO analyzer described in Section 6.2 of this method must be used instead
of the analyzer described in Section 6.2 of Method 7E. You must follow the noted
specifications in Section 6.1 of Method 7E.

6.2 What analyzer must I use? You may use an instrument that uses an
ultraviolet, non-dispersive infrared, fluorescence, or other detection principle to
continuously measure SO, in the gas stream and meets the performance specifications in
Section 13.0. The low-range and dual-range analyzer provisions in Section 6.2.8.1 of
Method 7E apply.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do I need? Refer to Section 7.1 of
Method 7E for the calibration gas requirements. Example calibration gas mixtures are
listed below.

(a) SOz in nitrogen (N,).

(b) SO; in air.

(¢} SO, and CO; in N».

(d) SO, andO; in N,.

(e) SO2/CO,/0; gas mixture in N».

() CO2/NO, gas mixture in N,



(g) CO2/SOy/NOy gas mixture in N,

7.2 Interference Check. What additional reagents do I need for the
interference check? The test gases for the interference check are listed in Table 7E-3 of
Method 7E. For the alternative interference check, you must use the reagents described
in Section 7.0 of Method 6.

8.0 Sample Collection, Preservation, Storage, and Transport

8.1 Sampling Site and Sampling Points. You must follow the procedures of
Section 8.1 of Method 7E.

8.2 Initial Measurement System Performance Tests. You must follow the
procedures in Section 8.2 of Method 7E. If a dilution-type measurement system is used,
the special considerations in Section 8.3 of Method 7E also apply.

8.3 Interference Check. You must follow the procedures of Section 8.2.7 of
Method 7E to conduct an interference check, substituting SO, for NOy as the method
pollutant, For dilution-type measurement systems, you must use the alternative
interference check procedure in Section 16 and a co-located, unmodified Method 6
sampling train.

8.4 Sample Collection. You must follow the procedures of Section 8.4 of
Method 7E.

8.5 Post-Run System Bias Check and Drift Assessment. You must follow the
procedures of Section 8.5 of Method 7E.

9.0 Quality Control

Follow quality control procedures in Section 9.0 of Method 7E.



10.0 Calibration and Standardization

Follow the procedures for calibration and standardization in Section 10.0 of
Method 7E.

11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8),
additional discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the applicable procedures for calculations and data analysis in
Section 12.0 of Method 7E as applicable, substituting SO, for NO, as appropriate.

13.0 Method Performance

13.1 The specifications for the applicable performance checks are the same as in
Section 13.0 of Method 7E.

13.2 Alternative Interference Check. When using this procedure, you must
document its successful completion for each source category that you test. The results
are acceptable if the difference between the Method 6C result and the modified Method 6
result is less than 7.0 percent of the Method 6 result for each of the three test runs. For
the purposes of comparison, the Method 6 and 6C results must be expressed in the same
units of measure.

14.0 Pollution Prevention [Reserved)
15.0 Waste Management [Reserved]

16.0 Alternative Procedures



16.1 Alternative Interference Check. You may perform an alternative
interference check consisting of at least three comparison runs between Method 6C and
Method 6. This check validates the Method 6C results at each particular source category
(type of facility) where the check is performed . When testing under conditions of low
concentrations (< 15 ppm), this alternative interference check is not allowed. Note: The
procedure described below applies to non-dilution sampling systems only. If this
alternative interference check is used for a dilution sampling system, use a standard
Method 6 sampling train and extract the sample directly from the exhaust stream at points
collocated with the Method 6C sample probe.

Build the modified Method 6 sampling train (flow control valve, two midget
impingers containing 3 percent hydrogen peroxide, and dry gas meter) shown in Figure
6C-1. Connect the sampling train to the sample bypass discharge vent. Record the dry
gas meter reading before you begin sampling. Simultaneously collect modified Method 6
and Method 6C samples. Open the flow control valve in the modified Method 6 train as
you begin to sample with Method 6C. Adjust the Method 6 sampling rate to 1 liter per
minute (+10 percent). The sampling time per run must be the same as for Method 6 plus
twice the average measurement system response time. If your modified Method 6 train
does not include a pump, you risk biasing the results high if you over-pressurize the
midget impingers and cause a leak. You can reduce this risk by cautiously increasing the
flow rate as sampling begins.

After completing a run, record the final dry gas meter reading, meter temperature,

and barometric pressure. Recover and analyze the contents of the midget impingers using



the procedures in Method 6. You must analyze performance audit samples as described
in Method 6 with this interference check. Determine the average gas concentration
reported by Method 6C for the run.
17.0 References

1. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards™ September 1997 as amended, EPA-600/R-97/121

18.0 Tables, Diagrams, Flowcharts, and Validation Data
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METHOD 7E - DETERMINATION OF NITROGEN OXIDES EMISSIONS
FROM STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 7E?

Method 7E is a procedure for measuring nitrogen oxides (NO,) in stationary
source emissions using a continuous instrumental analyzer. Quality assurance and
quality control requirements are included to assure that you, the tester, collect data of
known quality. You must document your adherence to these specific requirements for
equipment, supplies, sample collection and analysis, calculations, and data analysis.

This method does not completely describe all equipment, supplies, and sampling
and analytical procedures you will need but refers to other methods for some of the
details. Therefore, to obtain reliable results, you should also have a thorough knowledge
of these additional test methods which are found in appendix A to this part:

(a) Method 1—Sample and Velocity Traverses for Stationary Sources.

(b)  Method 4—Determination of Moisture Content in Stack Gases.

1.1 Analytes. What does this method determine? This method measures the

concentration of nitrogen oxides as NO,,



Analyte CAS No. Sensitivity

Nitric oxide (NO) 10102-43-9 Typically <2% of Calibration Span

Nitrogen dioxide (NO;) 10102-44-0

1.2 Applicability. When is this method required? The use of Method 7E may
be required by specific New Source Performance Standards, Clean Air Marketing rules,
State Implementation Plans, and permits where measurement of NO, concentrations in
stationary source emissions is required, either to determine compliance with an applicable
emissions standard or to conduct performance testing of a continuous monitoring system
(CEMS). Other regulations may also require the use of Method 7E.

1.3 Data Quality Objectives (DQO). How good must my collected data be?
Method 7E is designed to provide high-quality data for determining compliance with
Federal and State emission standards and for relative accuracy testing of CEMS. In these
and other applications, the principal objective is to ensure the accuracy of the data at the
actual emission levels encountered. To meet this objective, the use of.EPA traceability
protocol calibration gases and measurement system performance tests are required.

1.4 Data Quality Assessment for Low Emitters. Is performance relief granted
when testing low-emissior units? Yes. For low-emitting sources, there are alternative
performance specifications for analyzer calibration error, system bias, drift, and response
time. Also, the alternative dynamic spiking procedure in Section 16 may provide

performance relief for certain low-emitting units.



2.0 Summary of Method

In this method, a sample of the effluent gas is continuously sampled and conveyed
to the analyzer for measuring the concentration of NO,. You may measure NO and NO,
separately or simultaneously together but, for the purposes of this method, NO, is the sum
of NO and NO,.. You must meet the performance requirements of this method to validate
your data.

3.0 Definitions

3.1 Analyzer Calibration Error, for non-dilution systems, means the difference
between the manufacturer certified concentration of a calibration gas and the measured
concentration of the same gas when it is introduced into the analyzer in direct calibration
mode.

3.2 Calibration Curve means the relationship between an analyzer’s response to the
injection of a series of calibration gases and the actual concentrations of those gases.

3.3 Calibration Gas means the gas mixture containing NO at a known
concentration and produced and certified in accordance with “EPA Traceability Protocol
for Assay and Certification of Gaseous Calibration Standards,” September 1997, as
amended August 25, 1999, EPA-600/R-97/121 or more recent updates. The tests for
analyzer calibration error, drift, and system bias require the use of calibration gas prepared
according to this protocol.

3.3.1 Low-Level Gas means a calibration gas with a concentration that is less than

20 percent of the calibration span and may be a zero gas.



3.3.2 Mid-Level Gas means a calibration gas with a concentration that is 40 to 60
percent of the calibration span.

3.3.3 High-Level Gas means a calibration gas with a concentration that is equal to
the calibration span.

3.4 Caljbration Span means the upper limit of valid instrument response during
sampling. To the extent practicable, the measured emissions should be between 20 to 100
percent of the selected calibration span

3.5 Centroidal Area means the central area of the stack or duct that is no greafer
than I percent of the stack or duct cross section. This area has the same geometric shape as
the stack or duct.

3.6 Converter Efficiency Gas means a calibration gas with a known NO or NO,
concentration and of Traceability Protocol quality.

3.7 Daia Recorder means the equipment that permanently records the
concentrations reported by the analyzer.

3.8 Direct Calibration Mode means introducing the calibration gases directly into
the analyzer (or into the assembled measurement system at a point downstream of all
sample conditioning equipment) according to manufacturer’s recommended calibration
procedure. This mode of calibration applies to non-dilution-type measurement systems.

3.9 Drift means the difference between the measurement system readings obtained
in the pre-run and post-run system bias (or system calibration error) checks at 2 specific

calibration gas concentration level (i.e. low-, mid-, or high-).
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3.10 Gas Analyzer means the equipment that senses the gas being measured and
generates an output proportional to its concentration.

3.11 Interference Check means the test to detect analyzer responses to compounds
other than the compound of interest, usually a gas present in the measured gas stream, that
is not adequately accounted for in the calibration procedure and may cause measurement
bias.

3.12 Low-Concentration Analyzer means any analyzer that operates with a
calibration span of 20 ppm NOx or lower. Each analyzer mode! used routinely to measure
low NO, concentrations must pass a Manufacturer’s Stability Test (MST). A MST subjects
the analyzer to a range of potential effects to demonstrate its stability following the
procedures provided in 40 CFR 53.23, 53.55, and 53.56 and provides the information in a
summary format. A copy of this information must be included in each test report. Table
7E-5 lists the criteria to be met.

3.13 Measurement System means all of the equipment used to determine the NO,
concentration. The measurement system comprises six major subsystems: sample
acquisition, sample transport, sample conditioning, calibration gas manifold, gas analyzer,
and data recorder.

3.14 Response Time means the time it takes the measurement system to respond to
a change in gas concentration occurring at the sampling point when the system is operating
normally at its target sample flow rate or dilution ratio.

3.15 Run means a series of gas samples taken successively from the stack or duct,

A test normally consists of a specific number of runs.
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3.16 System Bias means the difference between a calibration gas measured in direct
calibration mode and in system calibration mode. System bias is determined before and
after each run at the low- and mid- or high-concentration levels. For dilution-type systems,
pre- and post-run system calibration etror is measured, rather than system bias.

3.17 System Calibration Ervor applies to dilution-type systems and means the
difference between the measured concentration of low-, mid-, or high-level calibration gas
and the certified concentration for each gas when introduced in system calibration mode.
For dilution-type systems, a 3-point system calibration error test is conducted in lieu of the
analyzer calibration error test, and 2-point system calibration error tests are conducted in
lieu of system bias tests.

3.18 System Calibration Mode means introducing the calibration gases into the
measurement system at the probe, upstream of the filter and all sample conditioning
components.

3.19 Test refers to the series of runs required by the applicable regulation.

4.0 Interferences

Note that interferences may vary among instruments and that instrument-specific
interferences must be evaluated through the interference test.
5.0 Safety

What safety measures should I consider when using this method? This method
may require you to work with hazardous materials and in hazardous conditions. We
encourage you to establish safety procedures before using the method. Among other

precautions, you should become familiar with the safety recommendations in the gas
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analyzer user’s manual. Occupational Safety and Health Administration {OSHA)
regulations concerning cylinder and noxious gases may apply. Nitric oxide and NO, are
toxic and dangerous gases. Nitric oxide is immediately converted to NO, upon reaction
with air, Nitrogen dioxide is a highly poisonous and insidious gas. Inflammation of the
lungs from exposure may cause only slight pain or pass unnoticed, but the resulting edema
several days later may cause death. A concentration of 100 ppm is dangerous for even a
short exposure, and 200 ppm may be fatal. Calibration gases must be handled with utmost
care and with adequate ventilation. Emission-level exposure to these gases should be
avoided.

6.0 Equipment and Supplies

The performance criteria in this method will be met or exceeded if you are properly
using equipment designed for this application.

6.1 What do I need for the measurement system? You may use any equipment
and supplies meeting the following specifications.

1) Sampling system components that are not evaluated in the system bias or system
calibration error test must be glass, Teflon, or stainless steel. Other materials are
potentially acceptable, subject to approval by the Administrator.

2) The intetference, calibration error, and system bias criteria must be met.

3) Sample flow rate must be maintained within 10 percent of the flow rate at which
the system response time was measured.

4) All system components (excluding sample conditioning components, if used)

must maintain the sample temperature above the moisture dew point.
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Section 6.2 provides example equipment specifications for a NO,, measurement
system. Figure 7E-1 is a diagram of an example dry basis measurement system that is
likely to meet the method requirements and is provided as guidance. For wet-basis systems,
you may use aiternative equipment and supplies as needed (some of which are described in
Section 6.2), provided that the measurement system meets the applicable performance
specifications of this method.

6.2 Measurement System Components

6.2.1 Sample Probe. Glass, stainless steel, or other approved material, of sufficient
length to traverse the sample points.

6.2.2 Particulate Filter. An in-stack or out-of-stack filter. The filter media must be
included in the system bias test and made of material that is non-reactive to the gas being
sampled. This particulate filter requirement may be waived in applications where no
significant particulate matter is expected (e.g., for emission testing of a combustion turbine
firing natural gas).

6.2.3 Sample Line. The sample line from the probe to the conditioning
system/sample pump should be made of Teflon or other material that does not absorb or
otherwise alter the sample gas. For a dry-basis measurement system (as shown in Figure
7E-1), the temperature of the sample line must be maintained at a sufficiently high level to
prevent condensation before the sample conditioning components. For wet-basis
measurement systems, the temperature of the sample line must be maintained at a

sufficiently high level to prevent condensation before the analyzer.
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6.2.4 Conditioning Equipment. For dry basis measurements, a condenser, dryer or
other suitable device is required to remove moisture continuously from the sample gas.

Any equipment needed to heat the probe or sample line to avoid condensation prior to the
sample conditioning component is also required.

For wet basis systems, you must keep the sample above its dew point either by: (1)
heating the sample line and all sample transport components up to the inlet of the analyzer
(and, for hot-wet extractive systems, also heating the analyzer) or (2) by diluting the sample
prior to analysis using a dilution probe system. The components required to do either of the
above are considered to be conditioning equipment.

6.2.5 Sampling Pump. For systems similar to the one shown in Figure 7E-1, a leak-
free pump is needed to pull the sample gas through the system at a flow rate sufficient to
minimize the response time of the measurement system. The pump may be constructed of
any material that is non-reactive to the gas being sampled. For dilution-type measurement
systems, an ejector pump (eductor) is used to create a vacuum that draws the sample
through a critical orifice at a constant rate.

6.2.6 Calibration Gas Manifold. Prepare a system to allow the introduction of
calibration gases either directly to the gas analyzer in direct calibration mode or into the
measurement system, at the probe, in system calibration mode, or both, depending upon the
type of system used. In system calibration mode, the system should be able to block the
sample gas flow and flood the sampling probe. Alternatively, calibration gases may be
introduced at the calibration valve following the probe. Maintain a constant pressure in the

gas manifold. For in-stack dilution-type systems, a gas dilution subsystem is required to
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transport large volumes of purified air to the sample probe and a probe controller is needed
to maintain the proper dilution ratio.

6.2.7 Sample Gas Manifold. For the type of system shown in Figure 7E-1, the
sample gas manifold diverts a portion of the sample to the analyzer, delivering the
remainder to the by-pass discharge vent. The manifold should also be able to introduce
calibration gases directly to the analyzer (except for dilution-type systems). The manifold
must be made of material that is non-reactive to the gas sampled or the calibration gas and
be configured to safely discharge the bypass gas.

6.2.8 NOyx Analyzer. An instrument that continuously measures NO, in the gas
stream and meets the applicable specifications in Section 13.0. An analyzer that operates
on the principle of chemiluminescence with an NO, to NO converter is one example of an
analyzer that has been used successfully in the past. Analyzers operating on other
principles may also be used provided the performance criteria in Section 13.0 are met.

6.2.8.1 Dual Range Analyzers. For certain applications, 2 wide range of gas
concentrations may be encountered, necessitating the use of two measurement ranges.
Dual-range analyzers are readily available for these applications. These analyzers are often
equipped with automated range-switching capability, so that when readings exceed the full-
scale of the low measurement range, they are recorded on the high range. As an alternative
to using a dual-range analyzer, you may use two segments of a single, large measurement
scale to serve as the low and high ranges. In all cases, when two ranges are used, you must
quality-assure both ranges using the proper sets of calibration gases. You must also meet

the interference, calibration error, system bias, and drift checks. However, we caution that
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when you use two segments of a large measurement scale for dual range purposes, it may
be difficult to meet the performance specifications on the low range due to signal-to-noise
ratio considerations.

6.2.8.2 Low Concentration Analyzer. When the calibration span is less than or
equal to 20 ppmv, the manufacturer’s stability test (MST) is required. See Table 7E-5.

6.2.9 Data Recording. A strip chart recorder, computerized data acquisition
system, digital recorder, or data logger for recording measurement data may be used.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do I need? Your calibration gas
must be NO in nitrogen and certified (or recertified) within an uncertainty of 2.0 percent in
accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous
Calibration Standards” September 1997, as amended August 25, 1999, EPA-600/R-97/121.
Blended gases meeting the Traceability Protocol are allowed if the additional gas
components are shown not to interfere with the analysis. The calibration gas must not be
used after its expiration date.

Except for applications under part 75 of this chapter, it is acceptable to prepare
calibration gas mixtures from EPA Traceability Protocol gases in accordance with Method
205 in M to part 51 of this chapter. For part 75 applications, the use of Method 205 is
subject to the approval of the Administrator. The goal and recommendation for selecting
calibration gases is to bracket the sample concentrations.

The following calibration gas concentrations are required:
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7.1.1 High-Level Gas. This concentration sets the calibration span and results in
measurements being 20 to 100 percent of the calibration span.

112 Mid-Level Gas. 40 to 60 percent of the calibration span.

7.1.3 Low-Level Gas. Less than 20 percent of the calibration sparn.

7.14 Converter Efficiency Gas. What reagents do I need for the converter
efficiency test? The converter efficiency gas for the test described in Section 8.2.4.1 must
have a concentration of NO, that is between 40 and 60 ppmv. For the alternative converter
efficiency tests in Section 16.2, NO is required. In either case, the test gas must be
prepared according to the EPA Traceability Protocol.

7.2 Interference Check. What reagents do I need for the interference check?
Use the appropriate test gases listed in Table 7E-3 (i.e., the potential interferents for the test
facility source category, as identified by the instrument manufacturer) to conduct the
interference check.

8.0 Sample Collection, Preservation, Storage, and T ransport
Emission Test Procedure

Since you are allowed to choose different options to comply with some of the
performance criteria, it is your responsibility to identify the specific options you have
chosen, to document that the performance criteria for that option have been met, and to
identify any deviations from the method.

8.1 What sampling site and sampling points do I select?

8.1.1 Unless otherwise specified in an applicable regulation or by the

Administrator, when this method is used to determine compliance with an emission
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standard, conduct a stratification test as described in Section 8.1.2 to determine the
sampling traverse points to be used. For performance testing of continuous emission
monitoring systems, follow the sampling site selection and traverse point layout procedures
described in the appropriate performance specification or applicable regulation (e.g.,
Performance Specification 2 in appendix B to this part).

8.1.2 Determination of Stratification. To test for stratification, use a probe of
appropriate length to measure the NO, (or pollutant of interest) concentration at twelve
traverse points located according to Table 1-1 or Table 1-2 of Method 1. Alternatively, you
may measure at three points on a line passing through the centroidal area. Space the three
points at 16,7, 50.0, and 83.3 percent of the measurement line. Sample for 2 minimum of
twice the system response time (see Section 8.2.6) at each traverse point. Calculate the
individual point and mean NO, concentrations. Ifthe concentration at each traverse point
differs from the mean concentration for all traverse points by no more than: (a) + 5.0
percent of the mean concentration; or (b) 0.5 ppm (whichever is less restrictive), the gas
stream is considered unstratified and you may collect samples from a single point that most
closely matches the mean. If the 5.0 percent or 0.5 ppm criterion is not met, but the
concentration at each traverse point differs from the mean concentration for all traverse
points by no more than: (a) + 10.0 percent of the mean; or (b) = 1.0 ppm (whichever is less
restrictive), the gas stream is considered to be minimally stratified, and you may take
samples from three points. Space the three points at 16.7, 50.0, and 83.3 percent of the
measurement line. Alternatively, if a twelve point stratification test was performed and the

emissions shown to be minimally stratified (all points within £ 10.0 percent of their mean
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or within & 1.0 ppm), and if the stack diameter (or equivalent diameter, for a rectangular
stack or duct) is greater than 2.4 meters (7.8 ft), then you may use 3-point sampling and
locate the three points along the measurement line exhibiting the highest average
concentration during the stratification test, at 0.4, 1.0 and 2.0 meters from the stack or duct
wall. If the gas stream is found to be stratified because the 10.0 percent or 1.0 ppm
criterion for a 3-point test is not met, locate twelve traverse points for the test in accordance
with Table 1-1 or Table 1-2 of Method 1.

8.2 Initial Measurement System Performance Tests. What initial performance
criteria must nty system meet before I begin coliecting samples? Before measuring
_emissions, perform the following procedures:

(a) Calibration gas verification,

(b) Measurement system preparation,

(c) Calibration error test,

(d) NO; to NO conversion efficiency test, if applicable,

{e) System bias check,

(f) System response time test, and

(g) Interference check

8.2.1 Calibration Gas Verification. How must I verify the concentrations of my
calibration gases? Obtain a certificate from the gas manufacturer and confirm that the
documentation includes all information required by the Traceability Protocol, Confirm that
the manufacturer certification is complete and current. Ensure that your calibration gases

certifications have not expired. This documentation should be available on-site for
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inspection. To the extent practicable, select a high-level gas concentration that will result in
the measured emissions being between 20 and 100 percent of the calibration span.

8.2.2 Measurement System Preparation. How do I prepare my measurement
system? Assemble, prepare, and precondition the measurement system according to your
standard operating procedure. Adjust the system to achieve the correct sampling rate or
dilution ratio (as applicable).

8.2.3 Calibration Error Test. How do I confirm my analyzer calibration is
correct? After you have assembled, prepared and calibrated your sampling system and
analyzer, you must conduct a 3-point analyzer calibration error test (or a 3-point system
calibration error test for dilution systems) before the first run and again after any failed
system bias test (or 2-point system calibration error test for dilution systems) or failed drift
test. Introduce the low-, mid-, and high-level calibration gases sequentially, For non-
dilution-type measurement' systems, introduce the gases in direct calibration mode. For
dilution-type measurement systems, introduce the gases in system calibration mode.

For non-dilution systems, you may adjust the system to maintain the correct flow
rate at the analyzer during the test, but you may not make adjustments for any other
purpose. For dilution systems, you must operate the measurement system at the appropriate
dilution ratio during all system calibration error checks, and may make only the adjustments
necessary to maintain the proper ratio.

Record the analyzer’s response to each calibration gas on a form similar to Table
7E-1. For each calibration gas, calculate the analyzer calibration error using Equation 7E-1

in Section 12.2 or the system calibration error using Equation 7E-3 in Section 12.4 (as
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applicable). The calibration error specification in Section 13.1 must be met for the low-,
mid-, and high-level gases. If the calibration error specification is not met, take corrective
action and repeat the test until an acceptable 3-point calibration is achieved.

8.2.4 NO; to NO Conversion Efficiency Test . Before each field test, you must
conduct an NO2 to NO conversion efficiency test if your system converts NO, to NO before
analyzing for NO,. Follow the procedures in Section 8.2.4. I,or 8.2.4.2. Ifdesired, the
converter efficiency factor derived from this test may be used to correct the test results for
converter efficiency if the NO, fraction in the measured test gas is known. Use Equation
7E-8 in Section 12.8 for this correction.

8.24.1 Introduce a concentration of 40 to 60 ppmv NO, to the analyzer in direct
calibration mode and record the NO, concentration displayed by the analyzer. If a dilution-
system is used, introduce the NO, calibration gas at a point before the dilution takes place.
Calculate the converter efficiency using Equation 7B-7 in Section 12.7. The specification
for converter efficiency in Section 13.5 must be met. The user is cautioned that state-of-
the-art NO; calibration gases may not be sufficiently stable and thus make it more difficult
to pass the 90 percent conversion efficiency requirement. The NO, must be prepared
according to the EPA Traceability Protocol and have an accuracy within 2.0 percent.

8.2.4.2 Alternatively, either of the procedures for determining conversion efficiency
using NO in Section 16.2 may be used.

8.2.5 Initial System Bias and System Calibration Error Checks. Before sampling
begins, determine whether the high-level or mid-level calibration gas best approximates the

emissions and use it as the upscale gas. Introduce the upscale gas at the probe upstream of
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all sample conditioning components in system calibration mode. Record the time it takes
for the measured concentration to increase to a value that is within 95 percent or 0.5 ppm
(whichever is less restrictive) of the certified gas concentration. Continue to observe the

gas concentration reading until it has reached a final, stable value. Record this value on a
form similar to Table 7E-2.

Next, introduce the low-level gas in system calibration mode and record the time
required for the concentration response to decrease to a value that is within 5.0 percent or
0.5 ppm (whichever is less restrictive) of the certified Jow-range gas concentration. If the
low-level gas is a zero gas, use the procedures described above and observe the change in
concentration until the response is 0.5 ppm or 5.0 percent of the upscale gas concentration
{(whichever is less restrictive).

Continue to observe the low-level gas reading until it has reached a final, stable
value and record the result on a form similar to Table 7E-2. Operate the measurement
system at the normal sampling rate during all system bias checks. Make only the
adjustments necessary to achieve proper calibration gas flow rates at the analyzer.

From these data, calculate the measurement system response time (see
Section 8.2.6) and then calculate the initial system bias using Equation 7E-2 in Section
12.3. For dilution systems, calculate the system calibration error in lieu of system bias
using equation 7E-3 in Section 12.4. See Section 13.2 for acceptable performance criteria
for system bias and system calibration error. If the initia] system bias (or system calibration
error) specification is not met, take corrective action. Then, you must repeat the applicable

calibration error test from Section 8.2.3 and the initial system bias (or 2-point system
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calibration error) check until acceptable results are éohievcd, after which you may begin
sampling, (Note: For dilution-type systems, data from the 3-point system calibration error
test described in Section 8.2.3 may be used to meet the initial 2-point system calibration
error test requirement of this section, if the calibration gases were injected as described in
this section, and if response time data were recorded).

8.2.6 Measurement System Response Time. As described in section 8.2.5, you
must determine the measurement system response time during the initial system bias (or 2-
point system calibration error) check. Observe the times required to achieve 95 perceht of a
stable response for both the low-level and upscale gases. The longer interval is the
response time.

8.2.7 Interference Check. Conduct an interference response test of the gas analyzer
prior to its initial use in the field. If you have multiple analyzers of the same make and
model, you need only perform this alternative interference check on one analyzer. You
may also meet the interference check requirement if the instrument manufacturer performs
this or similar check on the same make and model of analyzer that you use and provides
you with documented results.

You may introduce the appropriate interference test gases (that arg potentially
encountered during a test, see examples in Table 7E-3) into the analyzer (or measurement
system for dilution-type systems) separately or as mixtures. This test must be performed
both with and without NOy (NO and NO) (the applicable pollutant gas). For analyzers
measuring NOx greater than 20 ppm, use a calibration gas with an NOx concentration of 80

to 100 ppm and set this concentration equal to the calibration span. For analyzers
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measuring less than 20 ppm NO, select an NO concentration for the calibration span that
reflects the emission levels at the sources to be tested, and perform the interference check at
that level. Measure the total interference response of the analyzer to these gases in ppmv.
Record the responses and determine the interference using Table 7E-4. The specification in
Section 13.4 must be met.

A copy of this data, including the date completed and signed certification, must be
available for inspection at the test site and included with each test report. This interference
test is valid for the life of the instrument unless major analytical components (e.g., the
detector) are replaced. If major components are replaced, the interference gas check must
be repeated before returning the analyzer to service. The tester must ensure that any
specific technology, equipment, or procedures that are intended to remove interference
effects are operating properly during testing.

8.3 Dilution-Type Systems—Special Considerations. When a dilution-type
measurement system is used, there are three important considerations that must be taken
into account to ensure the quality of the emissions data. First, the critical orifice size and
dilution ratio must be selected properly so that the sample dew point will be below the
sample line and analyzer temperatures. Second, a high-quality, accurate probe controller
must be used to maintain the dilution ratio during the test. The probe controller should be
capable of monitoring the dilution air pressure, eductor vacuum, and sample flow rates.
Third, differences between the molecular weight of calibration gas mixtures and the stack
gas molecular weight must be addressed because these can affect the dilution ratio and

introduce measurement bias.
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8.4 Sample Collection. Position the probe at the first sampling point. Purge the
system for at least two times the response time before recording any data. Then, traverse all
required sampling points and sample at each point for an equal length of time, maintaining
the appropriate sample flow rate or dilution ratio (as applicable). You must record at least
one valid data point per minute during the test run. The minimum time you must sample at
each point is two times the system response time. Usually the test is designed for sampling
longer than this to better characterize the source’s temporal variation.

After recording data for the appropriate period of time at the first traverse point, you
may move to the next point and continue recording, omitting the requirement to wait for
two times the system response time before recording data at the subsequent traverse points.
For example, if you use a sampling system with a two-minute system response time,
initially purge the system for at least four minutes, then record a minimum of four one-
minute averages at each sample point. However, if you remove the probe from the stack,
you must recondition the sampling system for at least two times the system response time
prior to your next recording.

If at any time a measured one-minute average gas concentration exceeds the
calibration span value, you must at a minimum identify and report this as a deviation from
the method. Depending on the data quality objectives of the test, this event may require
corrective action before proceeding. If the average of any run exceeds the calibration span
value, the run is invalidated.

You may satisfy the multipoint traverse requirement by sampling sequentially using

a single-hole probe or a multi-hole probe designed to sample at the prescribed points with a
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flow within 10 percent of mean flow rate. Notwithstanding, for applications under part 75
of this chapter, the use of multi-hole probes is subject to the approval of the Administrator.

8.5 Post-Run System Bias Check and Drift Assessment. How do I confirm that
each sample I collect is valid? After each run, repeat the system bias check or 2-point
system calibration error check (for dilution systems) to validate the run. Do not make
adjustments to the measurement system (other than to maintain the target sampling rate or
dilution ratio) between the end of the run and the completion of the post-run system bias or
system calibration error check. Note that for all post-run system bias or 2-point system
calibration error checks, you may inject the low-level gas first and the upscale gas last, or
vice-versa.

If you do not pass the post-run system bias (or system calibration error) check, then
the run is invalid. You must diagnose and fix the problem and pass another initial 3-point
calibration error test (see Section 8.2.3) and another system bias (or 2-point system
calibration error) check (see Section 8.2.5) before repeating the run. In these additional
bias and calibration error tests, the gases may be injected in any order. Record the system
bias (or system calibration error) check results on a form similar to Table 7E-2.

After each run, calculate the low-level and upscale drift, using Equation 7E-4 in
Section 12.5 . If the post-run low- and upscale bias (or 2-point system calibration error)
checks are passed, but the low- or upscale drift exceeds the specification in Section 13.3,
the run data are valid, but a 3-point calibration error test and a system bias (or 2-point
system calibration error) check must be performed and passed before any more test runs are

done.
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For dilution systems, data from a 3-point system calibration error test may be used
to met the pre-run 2-point system calibration error requirement for the first run in a test
sequence. Also, the post-run bias (or 2-point calibration error) check data may be used as
the pre-run data for the next run in the test sequence at the discretion of the tester.

8.6 Alternative Interference and System Bias Checks (Dynamic Spike Procedure).
If I want to use the dynamic spike procedure to validate my data, what procedure
should I follew? Except for applications under part 75 of this chapter, you may use the
dynamic spiking procedure and requirements provided in Section 16.1 during each test as
an alternative to the interference check and the pre- and post-run system bias checks. The
calibration error test is still required under this option. Use of the dynamic spiking
procedure for Part 75 applications is subject to the approval of the Administrator.

8.7 Moisture correction. You must determine the moisture content of the flue gas
and correct the measured gas concentrations to a dry basis using Method 4 or other
appropriate methods, subject to the approval of the Administrator, when the moisture basis
(wet or dry) of the measurements made with this method is different from the moisture
basis of either: (1) the applicable emissions limit; or (2) the CEMS being evaluated for
relative accuracy. Moisture correction is also required if the applicable limit is in
Ib/mmBtu and the moisture basis of the Method 7E NO, analyzer is different from the
moisture basis of the Method 3A diluent gas (COy or Oy) analyzer.

9.0 Quality Control

What quality control measures must I take?
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The following table is a summary of the mandatory, suggested, and alternative
quality assurance and quality control measures and the associated frequency and acceptance

criteria. All of the QC data, along with the sample run data, must be documented and

included in the test report.
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10.0 Calibration and Standardization
What measurement system calibrations are required?

The initial 3-point calibration error test as described in Section 8.2.3 and the system bias
(or system calibration error) checks described in Section 8.2.5 are required and must meet the
spectfications in Section 13 before you start the test. Make all necessary adjustments to calibrate
the gas analyzer and data recorder. Then, after the test commences, the system bias or system
calibration error checks described in Section 8.5 are required before and after each run. Your
analyzer must be calibrated for all species of NO, that it detects. If your analyzer measures NO
and NO, separately, then you must use both NO and NO; calibration gases.

You must include a copy of the manufacturer’s certification of the calibration gases used
in the testing as part of the test report. This certification must include the 13 documentation
requirements in the EPA Traceability Protocol For Assay and Certification of Gaseous
Calibration Standards, September 1997, as amended August 25, 1999. When Method 205 is
used to produce diluted calibration gases, you must document that the specifications for the gas
dilution system are met for the test. You must also include the date of the most recent dilution
system calibration against flow standards and the name of the person or manufacturer who
carried out the calibration in the test report.

11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8), additional
discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the procedures for calculations and data analysis listed in this section.
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12.1 Nomenclature. The terms used in the equations are defined as follows:
ACE = Analyzer calibration error, percent of calibration span.

Bws = Moisture content of sample gas as measured by Method 4 or other approved
method, percent/100.

Cavg = Average unadjusted gas concentration indicated by data recorder for the test
run, ppmv

Co = Pollutant concentration adjusted to dry conditions, ppmv.

Cpir = Measured concentration of a calibration gas (Iow, mid, or high) when

introduced in direct calibration mode, ppmv.
Coes = Average effluent gas concentration adjusted for bias, ppmv.

Cm = Average of initial and final system calibration bias (or 2-point system
calibration error) check responses for the upscale calibration gas, ppmv.

Cma = Actual concentration of the upscale calibration gas, ppmv.

Co = Average of the initial and final system calibration bias (or 2-point system
calibration error) check responses from the low-level (or zero) calibration
gas, ppmv.

Cs = Measured concentration of a calibration gas (low, mid, or high) when

introduced in system calibration mode, ppmv.

Css = Concentration of NO, measured in the spiked sample, ppmv.

Cspie = Concentration of NOy in the undiluted spike gas, ppmv. ,

Ccae = Calculated concentration of NO, in the spike gas diluted in the sample,
ppmv.

Cy = Manufacturer certified concentration of a calibration gas (low, mid, or high),
ppmv.

Cw = Pollutant concentration measured under moist sample conditions, wet basis,
ppmv.

Cs = Calibration span, ppmv.
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D = Drift assessment, percent of calibration span.
Effno, = NO, to NO converter efficiency, percent.

NOrina = The average NO concentration observed with the analyzer in the NO mode
during the converter efficiency test in Section 16.2.2, ppmv.

NOxcor= The NOx concentration corrected for the converter efficiency, ppmv.

NOxFinal = The final NOx concentration observed during the converter efficiency test in
Section 16.2.2, ppmv

NOxpesx = The highest NOx concentration observed during the converter efficiency test
in Section 16.2.2, ppmv

Qspike = Flow rate of spike gas introduced in system calibration mode, L/min.
Qrowt = Total sample flow rate during the spike test, L/min.

R = Spike recovery, percent.

SB = System bias, percent of calibration span.

SB; = Pre-run system bias, percent of calibration span,

SBr = Post-run system bias, percent of calibration span.

SCE = System calibration error, percent of calibration span.

SCE; = Pre-run system calibration error, percent of calibration span.

SCEfipa = Post-run system calibration error, percent of calibration span.
12.2 Analyzer Calibration Error. For non-dilution systems, use Equation 7E-1 to

calculate the analyzer calibration error for the low-, mid-, and high-level calibration gases.

c -C
ACE==20"5 1100 Eq. 7B-1
Cs q
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12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system
bias separately for the low-level and upscale calibration gases.

_Gs —Cp,y

SB x100 Eq. 7B-2

12.4 System Calibration Error. Use Equation 7E-3 to calculate the system calibration
error for dilution systems. Equation 7E-3 applies to both the initial 3-point system calibration
error test and the subsequent 2-point between run tests.

C,-C,

SCE = SCS x100 Eq. 7E-3

12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and
upscale drift over each test run. For dilution systems, replace “SBgp,/” and “SB;” with “SCEfinat”

and “SCE,”, respectively, to calculate and evaluate drift.
D=\|SB,., —SB, Eq. 7E-4
12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic
average of all valid NO, concentration values (e.g., 1-minute averages). Then adjust the value of
Cavg for bias, using Equation 7E-5.

Cou

CGas = (CAvg - CO) _ﬁ-
M [

Eq. 7E-5

12.7 NO; - NO Conversion Efficiency. If the NO, converter efficiency test described in

Section 8.2.4.1 is performed, calculate the efficiency using Equation 7E-7.

C,
Eff o, = CD** x100 Eq. 7E-7

v
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12.8 NO; - NO Conversion Efficiency Correction. If desired, calculate the total NOy

concentration with a correction for converter efficiency using Equations 7E-8.

NO, -
NO,. _i_&

0!

. =NO+ x100 Eq. 7E-8

NO2

12.9 Alternative NO, Converter Efficiency. If the alternative procedure of Section

16.2.2 is used, calculate the converter efficiency using Equation 7E-9.

(NO inal N 0 ina,
EffNoz = XFinal Fi 1)

x 100 Eq.7E-9
(N OXPeak = N OXFina[ )

12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be

corrected to a dry basis.

Cy

o= Eq. 7E-10
>T1°B, 4

12.11 Calculated Spike Gas Concentration and Spike Recovery for the Example
Alternative Dynamic Spiking Procedure in Section 16.1.3. Use Equation 7E-11 to determine the

calculated spike gas concentration. Use Equation 7E-12 to calculate the spike recovery.

o )00

o = e ke ] Eq. 7E-11
e QTam[
CSS . Avg

R = ~E—*% x 100 Eq. 7B-12

Cale

13.0 Method Performance

13.1 Calibration Error. This specification is applicable to both the analyzer calibration
error and the 3-point system calibration error tests described in Section 8.2.3. At each calibration

gas level (low, mid, and high) the calibration error must either be within + 2.0 percent of the
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calibration span. Alternatively, the results are acceptable if |Cg, — Cy| or |Cs-Ch| (as applicable) is
< 0.5 ppmv.

13.2 System Bias. This specification is applicable to both the system bias and 2-point
system calibration error tests described in Section 8.2.5 and 8.5. The pre- and post-run system
bias (or system calibration error) must be within + 5.0 percent of the calibration span for the low-
level and upscale calibration gases. Alternatively, the results are acceptable if |Cs — Cyir| is <0.5
ppmv or if |C; - C,| is <0.5 ppmv (as applicable) .

13.3 Drift. For each run, the low-level and upscale drift must be less than or equal to 3.0
percent of the calibration span. The drift is also acceptable if the pre- and post-run bias (or the
pre- and post-run system calibration error) responses do not differ by more than 0.5 ppmv at each
gas concentration (i.e. ICs post-run — Cs pre-run| < 0.5 ppmv).

134 Interference Check. The total interference response (i.e., the sum of the
interference responses of all tested gaseous components) must not be greater than 2.50 percent of
the calibration span for the analyzer tested. In summing the interferences, use the larger of the
absolute values obtained for the interferent tested with and without the pollutant present. The
results are also acceptable if the sum of the responses does not exceed 0.5 ppmv for a calibration
span of 5 to 10 ppmv, or 0.2 ppmv for a calibration span < 5 ppmv.

13.5 NO; to NO Conversion Efficiency Test (as applicable). The NO, to NO conversion
efficiency, calculated according to Equation 7E-7 or Equation 7E-9, must be greater than or
equal to 90 percent.

13.6 Alternative Dynamic Spike Procedure. Recoveries of both pre-test spikes and post-

test spikes must be within 100 + 10 percent. If the absolute difference between the calculated
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spike value and measured spike value is equal to or less than 0.20 ppmv, then the requirements
of the ADSC are met.

14.0 Pollution Prevention [Reserved]

15.0 Waste Management [Reserved)

16.0 Alternative Procedures

16.1 Dynamic Spike Procedure. Except for applications under part 75 of this chapter,
you may use a dynamic spiking procedure to validate your test data for a specific test matr_ix in
place of the interference check and pre- and post-run system bias checks. For part 75
applications, use of this procedure is subject to the approval of the Administrator. Best results
are obtained for this procedure when source emissions are steady and not varying. Fluctuating
emissions may render this alternative procedure difficult to pass. To use this alternative, you
must meet the following requirements.

16.1.1 Procedure Documentation. You must detail the procedure you followed in the
test report, including how the spike was measured, added, verified during the run, and calculated
after the test.

16.1.2 Spiking Procedure Requirements. The spikes must be prepared from EPA
Traceability Protocol gases. Your procedure must be designed to spike field ;;amples at two
target levels both before and after the test. Your target spike levels should bracket the average
sample NO, concentrations. The higher target concentration must be less than the calibration
span. You must collect at least 5 data points for each target concentration. The spiking
procedure must be performed before the first run and repeated after the last run of the test

program,
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16.1.3 Example Spiking Procedure. Determine the NO concentration needed to generate
concentrations that are 50 and 150 percent of the anticipated NO, concentration in the stack at
the total sampling flow rate while keeping the spike flow rate at or below 10 percent of this total.
Use a mass flow meter (accurate within 2.0 percent) to generate these NO spike gas
concentrations at a constant flow rate. Use Equation 7E-11 in Section 12.11 to determine the
calculated spike concentration in the collected sample.

Prepare the measurement system and conduct the analyzer calibration error test as
described in Sections 8.2.2 and 8.2.3. Following the sampling procedures in Section 8.1,
determine the stack NQOx concentration and use this concentration as the average stack
concentration (Cayg) for the first spike level, or if desired, for both pre-test spike levels.
Introduce the first level spike gas into the system in system calibration mode and begin sample
collection. Wait for at least two times the system response time before measuring the spiked
sample concentration. Then record at least five successive |-minute averages of the spiked
sample gas. Monitor the spike gas flow rate and maintain at the determined addition rate.
Average the five I-minute averages and determine the spike recovery using Equation 7E-12.
Repeat this procedure for the other pre-test spike level. The recovery at each level must be
within the limits in Section 13.6 before proceeding with the test.

Conduct the number of runs required for the test. Then repeat the above procedure for
the post-test spike evaluation. The last run of the test may serve as the average stack
concentration for the post-test spike test calculations. The results of the post-test spikes must

meet the limits in Section 13.6.
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16.2 Alternative NO; to NO Conversion Efficiency Procedures. You may use either of
the following procedures to determine converter efficiency in place of the procedure in Section
8.2.4.1.

16.2.1 The procedure for determining conversion efficiency using NO in 40 CFR
86.123-78.

16.2.2 Tedlar Bag Procedure. Perform the analyzer calibration error test to document the
calibration (both NO and NOy modes, as applicable). Fill a Tedlar bag approximately half full
with either ambient air, pure oxygen, or an oxygen standard gas with at least 19.5 percent by
volume oxygen content. Fill the remainder of the bag with mid-level NO in nitrogen calibration
gas. (Note that the concentration of the NO standard should be sufficiently high that the diluted
concentration will be easily and accurately measured on the scale used. The size of the bag
should be large enough to accommodate the procedure and time required).

Immediately attach the bag to the inlet of the NOy analyzer (or external converter if
used). In the case of a dilution-system, introduce the gas at a point upstream of the dilution
assembly. Measure the NOx concentration for a period of 30 minutes. If the NOx concentration
drops more than 2 percent absolute from the peak value observed, then the NO; converter has
failed to meet the criteria of this test. Take corrective action. The highest Néx value observed is
considered to be NOxpear. The final NOy value observed is considered to be NOxgnai.

If the NOx converter has met the criterion of this test, then switch the analyzer to the NO
mode (note that this may not be required for analyzers with auto-switching). Document the

average NO concentration for a period of 30 seconds to one minute. This average value is
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NOgna. Switch the analyzer back to the NOx mode and document that the analyzer still meets
the criteria of not dropping more than 2 percent from the peak value.

In sequence, inject the zero and the upscale calibration gas that most closely matches the
NOx concentration observed during the converter efficiency test. Repeat this procedure in both
the NO and NOx modes. If the gases are not within 1 percent of scale of the actual values, reject
the converter efficiency test and take corrective action. If the gases are within this criterion, use
Equation 7E-9 to determine the converter efficiency. The converter efficiency must meet _the
specification in Section 13.5.

16.3 Manufacturer’s Stability Test. A manufacturer’s stability test is required for all
analyzers that routinely measure emissions below 20 ppm and is optional but recommended for
other analyzers, This test evaluates each analyzer model by subjecting it to the tests listed in
Table 7E-5 following the procedures in 40 CFR Part 53.23, 53.55, and 53.56 to demonstrate its
stability. A copy of this information in summary format must be included in each test report.
17.0 References

1. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards” September 1997 as amended, EPA-600/R-97/12].

18.0 Tables, Diagrams, Flowcharts, and Validation Datg
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Figure 7E-1. Measurement System
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Figure 7E-2. Testing Flow Chart

Calibration Gas Verification

Y

Pre-Test Preparation

Corrective Action

L 4

Analyzer Calibration Error
(or 3-point System
Calibration Error)’

Fail

J, Pass

Initial System Bias Check
(or 2-point System Calibration
Error)!

Fail

Discard

,  Pass

Y

Collect Run Data

A

Post-run System Bias Check
(or 2-point Systermn
Calibration Error)’

Run

Fail

v Pass

Drift Evaluation

Fail

! Pass

Proceed to next run?

' For dilution-type systems
? Continue until test is completed



40

Table 7E-1 - Analyzer (or System) Calibration Error Data

Source Identification:

Test personnel:

Analyzer' or System? calibration error data for

sampling runs;

Date: Analyzer Model No,
Time: Serial No.
Calibration Span (CS):
Manufacturer Analyzer Absolute Calibration Error
Certified Cylinder calibration difference {percent of
Value (indicate response (indicate units) calibration span)
units) (indicate
units)
A-B x 100
A B A-B CS

Low-level (or zerc) calibration gas

Mid-leve! calibration gas......

High-level calibration gas ...

! Refers to data from the analyzer calibration error test of 2 non-dilution system.
* Refers to data from a 3-point system calibration error test of a dilution system.
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Table 7E-2 - System Bias (or System Calibration Error) and Drift Data

Source Identification: Run Number:

Test personnel: Calibration Span:

Date: Response Time:

Analyzer Model No, Seriat No.,

Initial values Final values
Certified Sysiem System Bias' System System Bias’ Drift
Calibration Calibration Response or Calibration response or Calibration (%o of
Gas Level gas valoe (indicate Error? (% of (indicate Error? (% of calibration
(indicate units) units) calibration units) calibration span)
Span) span)

Low-level
BAS .covireens
Upscale
(high- or
mid-} level

R T r—

| Refers to the pre- and post-run system bias checks of a non-dilution system.
! Refers to the pre- and post-run system calibration error checks of a dilution system.
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Table 7E-3. Interference Check Gas Concentrations

Potential Sample Conditioning
Interferent | Type?

Hot Wet Dried
CO2 Sand 15% {5 and 15%
H20 25% 1 %
NO 15 ppmv 15 ppmy
NO2 15 ppmv 15 ppmv
N2O 10 ppmv 10 ppmv
CO 50 ppmv 50 ppmv
NH3 10 ppmyv 10 ppmv
CH4 50 ppmv 50 ppmv
S02 20 ppmv 20 ppmy
H2 50 ppmv 50 ppmv
HCi 10 ppmv 10 ppmv

Any of the above specific gases can be eliminated or tested at a lower level if the manufacturer
has provided reliable means for limiting or scrubbing that gas te a specified level.

For dilution extractive systems, use the Hot Wet concentrations divided by the minimum
targeted dilution ratio to be used during the test,
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Table 7E-4 - Interference Response

Date of Test:

Analyzer Type:

Model No.:

Serial No:

Calibration Span:

Test Gas Type

Concentration

(ppm)

Analyzer
Response

Sum of Responses

% of Calibration Span
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Table 7E-S. Manufacturer Stability Test

Each Model Must Be Tested Quarterly or Once Per 50 Production Units

TEST DESCRIPTION

Acceptance Criteria
(Note 1)

Thermal Stability

Temperature range when drift does not exceed 3.0% of analyzer
range over a 12-hour run when measured with NO, present @ >
80% of calibration span.

Fault Conditions

Identify conditions which, when they occur, result in performance
which is not in compliance with the Manufacturer’s Stability Test
criteria. These are to be indicated visually or electrically to alert
the operator of the problem.

Insensitivity to Supply
Voltage Variations

£10.0% (or manufacturers alternative) variation from nominal
voltage must produce a drift of <2.0% of calibration span for
either zero or concentration > 80% NO, present

Analyzer Calibration Error

For a low-, medium-, and high- calibration gas, the difference
between the manufacturer certified value and the analyzer
response in direct calibration mode, no more than 2.0% of
calibration span

Note 1. 1f the instrument is to be used as a Low Range analyzer, all tests must be performed at a

calibration span of 20 ppm or less.
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Prepared by Emission Measurement Branch EMTIC TM-009
Technical Support Division, QAQPS, EPA October 25, 1980

Method 9 - Visual Determination of the Opacity of Emissions
from Stationary Sources

INTRODUCIION

{a) Many stationary sources discharge visible emissions into the
atmosphere; these emissions are usually in the shape of a plume,
This method involves the determination of plume opacity by
qualified observers. The methods includes procedures for the
training and certification of observers and procedures to be used
in the field for determination of plume opacity.

{b}) The appearance of a plume as viewed by an observer depends
upon a number of variables, some of which may be controllable in
the field. Variables which can be controlled to an extent to which
they no longer exert a significant influence upon plume appearance
include: angle of the observer with respect to the plume; angle of
the observer with respect to the sun; point of observation of
attached and detached steam plume; and angle of the observer with
respect to a plume emitted from a rectangular stack with a large
length to width ratio. The method includes specific criteria
applicable to these variables.

(c)} Other variables which may not be controllable in the field are
luminescence and color contrast between the plume and the
background against which the plume is viewed. These wvariables
exert an influence upon the appearance of a plume as viewed by an
observer and can affect the ability of the observer to agsign
accurately opacity values to the obsgerved plume. Studies of the
theory of plume opacity and field studies have demonstrated that a
plume is most visible and presents the greatest apparent opacity
when viewed against a contrasting background. Accordingly, the
opacity of a plume viewed under conditions where a contrasting
background is present can be assigned with the greatest degree of
accuracy. However, the potential for a positive error is also the
greatest when a plume is viewed under such contrasting conditions.
Under conditions presenting a less contrasting background, the
apparent opacity of a plume is less and approaches zero as the

Page 1



color and luminescence contrast decrease toward zero. As a result,
significant negative bias and negative errors can be made when a
plume is viewed under less contrasting conditions. A negative bias
decreases rather than increases the possibility that a plant
operator will be incorrectly cited for a violation of opacity
standards as a result of observer error.

{(d} Studies have been undertaken to determine the magnitude of
positive errors made by gqualified observers while reading plumes
under contrasting conditions and using the procedures set forth in
this method. The results of these studies (field trials) which
involve a total of 769 sets of 25 readings each are as follows:

(1) For black plumes (133 sets at a smoke generator), 100 percent
of the sets were read with a positive error of less than 7.5
percent opacity; 99 percent were read with a positive error of less
than 5 percent opacity. (Note: For a set, positive error =
average opacity determined by observers' 25 observations -average
opacity determined from transmissometer's 25 recordings.)

(2) For white plumes {170 sets at a smoke generator, 168 sets at
a coal-fired power plant, 298 sets at a sulfuric acid plant), 89
percent of the sets were read with a positive error of less than
7.5 percent opacity; 95 percent were read with a positive error of
less than 5 percent opacity.

{e} The positive obgervational error associated with an average of
twenty-five readings is therefore established. The accuracy of the
method must be taken into account when determining possible
violations of applicable opacity standards.

l. PRINCIPLE AND APPLICABILITY

1.1 Principle. The opacity of emissions from stationary sources
is determined visually by a qualified cbserver.

1.2 Applicability. This method is applicable for the
determination of the opacity of emissions from stationary sources
pursuant to § 60.11(b} and for wvisually determining opacity of
emissions.

2. PROCEDURES

The observer qualified in accordance with Section 3 of this method
shall use the following procedures for visually determining the
opacity of emissions.

2.1 Position. The qualified observer shall stand at a distance

sufficient to provide a clear view of the emissions with the sun
oriented in the 140° sector to his back. Consistent with
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maintaining the above requirement, the observer shall, as much as
possible, make his observations from a position such that his line
of vision is approximately perpendicular to the plume direction
and, when observing opacity of emissions from rectangular outlets
(e.g., roof monitors, openrn baghouses, noncircular stacks),
approximately perpendicular to the longer axis of the outlet. The
observer's line of sight should not include more than one plume at
a time when multiple stacks are involved, and in any case the
observer should make his observations with his line of sight
perpendicular to the longer axis of such a set of multiple stacks
{e.g., stub stacks on baghouses).

2.2 Field Records. The observer shall record the name of the
plant, emission location, facility type, observer's name and
affiliation, and the date on a field data sheet (Figure 9-1). The
time, estimated distance to the emission location, approximate wind
direction, estimated wind speed, description of the sky condition
{presence and color of clouds), and plume background are recorded
on a field data sheet at the time opacity readings are initiated
and completed.
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Figure 5-1. Record of visual determination of opacity.

Company.

Location
Test No.
Date
Type Facility
Control Device

Hours of Observation

Observer
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Wind Direction
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Color
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Visual Determination of Opacity

Company Observer
Location Date
Job # Start Time
Run # End Time
0 15 30 45 0 15 30 45
0 30
1 31
2 32
3 33
4 M4
5 35
6 36
7 37
8 38
9 39
10 40
11 41
12 42
13 43
14 44
15 45
16 46
17 47
18 48
19 49
20 50
21 51
22 52
23 53
24 54
25 55
26 56
27 57
28 58
29 59
% Opacity

Comments:




2.3 Observations. Opacity observations shall be made at the point of
greatest opacity in that portion of the plume where condensed water
vapor is not present. The cobserver shall not look continuously at the
plume but instead shall observe the plume momentarily at 15-second
intervals.

2.3.1 Attached Steam Plumes. When condensed water vapor is present
within the plume as it emerges from the emission outlet, opacity
observations shall be made beyond the point in the plume at which
condensed water vapor is no longer visible. The obgerver shall record
the approximate distance from the emission ocutlet to the point in the
plume at which the observations are made.

2.3.2 Detached Steam Plume. When water vapor in the plume condenses
and becomes visible at a distinct distance from the emission outlet, the
opacity of emissions should be evaluated at the emission outlet prior to
the condensation ¢of water vapor and the formation of the steam plume.

2.4 Recording Observations. Opacity observations shall be recorded to
the nearest 5 percent at l5-gsecond intervals on an observational record
sheet. (See Figure 9-2 for an example.} A minimum of 24 cbservations
shall be recorded. Each momentary observation recorded shall be deemed
to represent the average opacity of emissions for a 15-second period.

2.5 Data Reduction. Opacity shall be determined as an average of 24
consecutive observations recorded at 1l5-second intervals. Divide the
observations recorded on the record sheet into sets of 24 consecutive

observations. A set is composed of any 24 consecutive observations.
Sets need not be consecutive in time and in no case shall two sets
overlap. For each set of 24 observations, calculate the average by

summing the opacity of the 24 observations and dividing this sum by 24.
If an applicable standard specifies an averaging time requiring more
than 24 observations, calculate the average for all observations made
during the specified time period. Record the average opacity on a
record sheet. (See Figure 9-1 for an example.)

3. OQUALIFICATION AND TESTING

3.1 Certification Requirements. To receive certification as a
qualified observer, a candidate must be tested and demonstrate the
ability to assign opacity readings in 5 percent increments to 25
different black plumes and 25 different white plumes, with an error not
to exceed 15 percent opacity on any one reading and average error not to
exceed 7.5 percent opacity in each category. Candidates shall be tested
according to the procedures described in Section 3.2. Smoke generators
used pursuant to Section 3.2 shall be equipped with a smoke meter which
meets the reguirements of Section 3.3. The certification shall be wvalid
for a period of & months, at which time the qualification procedure must
be repeated by any observer in order to retain certification.
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3.2 Certification Procedure. The certification test consists of
showing the candidate a complete run of 50 plumes--25 black plumes and
25 white plumes-generated by a smoke generator. Plumes within each set
of 25 black and 25 white runs shall be presented in random order. The
candidate assigns an opacity value to each plume and records his
observation on a suitable form. At the completion of each run of 50
readings, the score of the candidate is determined. If a candidate
fails to qualify, the complete run of 50 readings must be repeated in
any retest. The smoke test may be administered as part of a smoke
school or training program and may be preceded by training or
familiarization runs of the smoke generator during which candidates are
shown black and white plumes of known opacity.

3.3 Smoke Generator Specifications. Any smoke generator used for the
purposes of Section 3.2 shall be equipped with a smoke meter installed
to measure opacity across the diameter o©of the smoke generator stack.
The smoke meter output shall display in-stack opacity based upon a
pathlength egqual to the stack exit diameter, on a full 0 to 100 percent
chart recorder scale. The smoke meter optical design and performance
shall meet the specifications shown in Table 9-1. The smoke meter shall
be calibrated as prescribed in Section 3.3.1 prior to the conduct of
each smoke reading test. At the completion of each test, the zero and
gpan drift shall be checked and if the drift exceeds t+l1 percent opacity,
the condition shall be corrected prior to conducting any subsequent test
runs. The smoke meter shall be demonstrated, at the time of
installation, to meet the specifications listed in Table 9-1. This
demonstration shall be repeated following any subsequent repair or
replacement of the photocell or associated electronic circuitry
including the chart recorder or output meter, or every 6 months,
whichever occurs first.

TABLE 9%-1 - SMOKE METER DESIGN AND PERFORMANCE SPECIFICATICNS

Parameter Specification

a. Light Source Incandescent lamp operated at
nominal rated voltage

b. Spectral reponse of photocell | Photopic (daylight spectral
response of the human eye -
Citation 3)

c. Angle of view 150 maximum total angle
d. Angle of projection 150 maximum total angle
e. Calibration error +3% opacity, maximum

f. Zero and span drift +1% opacity, 30 minutes
g. Response time 5 seconds
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3.3.1 cCalibration. The smoke meter is calibrated after allowing a
minimum of 30 minutes warmup by alternately producing simulated opacity
of 0 percent and 100 percent. When stable response at 0 percent or 100
percent is noted, the smoke meter is adjusted to produce an output of 0
percent or 100 percent, as appropriate. This calibration shall be
repeated until stable 0 percent and 100 percent opacity values may be
produced by alternately switching the power to the light source on and
off while the smoke generator is not producing smoke.

3.3.2 Smoke Meter Evaluation. The smoke meter design and performance
are to be evaluated as follows:

3.3.2.1 Light Source. Verify from manufacturer's data and from voltage
measurements made at the lamp, as installed, that the lamp is operated
within +5 percent of the nominal rated voltage.

3.3.2.2 spectral Response of Photocell, Verify from manufacturer's
data that the photocell has a photopic response; i.e., the spectral
sensitivity of the cell ghall closely approximate the standard spectral-
luminosity in (b) of Table 9-1.

3.3.2.3 Angle of View. Check construction geometry to ensure that the
total angle of view of the smoke plume, as seen by the photocell, does
not exceed 15°. The total angle of view may be calculated from: » = 2
tan? {(d/2L), where * = total angle of view; d = the sum of the photocell
diameter + the diameter of the limiting aperture; and L = the distance
from the photocell to the limiting aperture. The limiting aperture is
the point in the path between the photocell and the smoke plume where
the angle of view is most restricted. In smoke generator smoke meters
this is normally an orifice plate.

3.3.2.4 Angle of Projection. Check construction geometry to ensure
that the total angle of projection of the lamp on the smoke plume does
not exceed 15°. The total angle of projection may be calculated from:
» = 2 tan?! (d/2L), where * = total angle of projection; d = the sum of
the length of the lamp filament + the diameter of the limiting aperture;
and L = the distance from the lamp to the limiting aperture,

3.3.2.5 Calibration Error. Using neutral-density filters of known
opacity, check the error between the actual response and the theoretical
linear response of the smoke meter. This check is accomplished by first
calibrating the smcke meter according to Section 3.3.1 and then
inserting a series of three neutral-density filters of nominal opacity
of 20, 50, and 75 percent in the smoke meter pathlength. Filters
calibrated within 2 percent shall be used. Care should be taken when
inserting the filters to prevent stray light from affecting the meter.
Make a total of five nonconsecutive readings for each filter. The
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maximum error on any one reading shall be 3 percent opacity.

3.3.2.6 Zero and Span Drift. Determine the zero and span drift by
calibrating and operating the smoke generator in a normal manner over a
l-hour period. The drift is measured by checking the zero and span at
the end of this period.

3.3.2.7 Response Time. Determine the response time by producing the
series of five simulated 0 percent and 100 percent opacity values and
observing the time required to reach stable response. Opacity values of
0 percent and 100 percent may be simulated by alternately switching the
power to the light source off and on while the smoke generator is not

operating.
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METHOD 10 - DETERMINATION OF CARBON MONOXIDE EMISSIONS FROM
STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 10?

Method 10 is a procedure for measuring carbon monoxide (CO) in stationary source
emissions using a continuous instrumental analyzer. Quality assurance and quality control
requirements are included to assure that you, the tester, collect data of known quality. You must
document your adherence to these specific requirements for equipment, supplies, sample
collection and analysis, calculations, and data analysis.

This method does not completely describe all equipment, supplies, and sampling and
analytical procedures you will need but refers to other methods for some of the details.
Therefore, to obtain reliable results, you should also have a thorough knowledge of these
additional test methods which are found in appendix A to this part:

(a) Method 1—Sample and Velocity Traverses for Stationary Sources.

()  Method 4—Determination of Moisture Content in Stack Gases.

(c) Method 7E—Determination of Nitrogen Oxides Emissions from Stationary
Sources (Instrumental Analyzer Procedure).

L.1 Analytes. What does this method determine? This method measures the

concentration of carbon monoxide,



Analyte ‘CAS No. Sensitivity

CO 630-08-0 Typically <2% of Calibration Span

1.2 Applicability. When is this method required? The use of Method 10 may be
required by specific New Source Performance Standards, State Implementation Plans, and
permits where CO concentrations in stationary source emissions must be measured, either to
determine compliance with an applicable emission standard or to conduct performance testing of
a continuous emission monitoring system (CEMS). Other regulations may also require the use
of Method 10.

1.3 Data Quality Objectives. Refer to Section 1.3 of Method 7E.

2.0 Summary of Method

In this method, you continuously or intermittently sample the effluent gas and convey the
sample to an analyzer that measures the concentration of CO. You must meet the performance
requirements of this method to validate your data.

3.0 Definitions
Refer to Section 3.0 of Method 7E for the applicable definitions.
4.0 Interferences
Substances having a strong absorption of infrared energy may interfere to some extent in

some analyzers. Instrumental correction may be used to compensate for the interference. You



may also use silica gel and ascarite traps to climinate the interferences. If this option is used,
correct the measured gas volume for the carbon dioxide (CO2) removed in the trap.
5.0 Safety
Refer to Section 5.0 of Method 7E.
6.0 Equipment and Supplies
What do I need for the measurement system?

6.1 Continuous Sampling. Figure 7E-1 of Method 7E is a schematic diagram of an
acceptable measurement system. The components are the same as those in Sections 6.1 and 6.2
of Method 7E, except that the CO analyzer described in Section 6.2 of this method must be used
instead of the analyzer described in Section 6.2 of Method 7E. You must follow the noted
specifications in Section 6.1 of Method 7E except that the requirements to use stainless steel,
Teflon, or non-reactive glass filters do not apply. Also, a heated sample line is not required to
transport dry gases or for systems that measure the CO concentration on a dry basis.

6.2 Integrated Sampling.

6.2.1 Air-Cooled Condenser or Equivalent. To remove any excess moisture.

6.2.2 Valve. Needle valve, or equivalent, to adjust flow rate.

6.2.3 Pump. Leak-free diaphragm type, or equivalent, to transport gas.

6.2.4 Rate Meter. Rotameter, or equivalent, to measure a flow range from 0 to 1.0 liter
per minute (0.035 cfm).

6.2.5 Flexible Bag. Tedlar, or equivalent, with a capacity of 60 to 90 liters (2 to 3 ft°).
Leak-test the bag in the laboratory before using by evacuating with a pump followed by a dry gas

meter. When the evacuation is complete, there should be no flow through the meter.



6.3 What analyzer must I use? You must use an instrument that continuously
measures CO in the gas stream and meets the specifications in Section 13.0. The dual-range
analyzer provisions in Section 6.2.8.1 of Method 7E apply.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do I need? Refer to Section 7.1 of
Method 7E for the calibration gas requirements.

7.2 Interference Check. What additional reagents do I need for the interference
check? Use the appropriate test gases listed in Table 7E-3 of Method 7E (i.e., potential
interferents, as identified by the instrument manufacturer) to conduct the interference check.

8.0 Sample Collection, Preservation, Storage, and Transport
Emission Test Procedure

8.1 Sampling Site and Sampling Points. You must follow Section 8.1 of Metheod 7E.

8.2 Initial Measurement System Performance Tests. You must follow the procedures in
Section 8.2 of Method 7E. If a dilution-type measurement system is used, the special
constderations in Section 8.3 of Method 7E also apply.

8.3 Interference Check. You must follow the procedures of Section 8.2.7 of Method 7E.

8.4 Sample Collection.

8.4.1 Continuous Sampling. You must follow the procedures of Section 8.4 of Method
7E.

8.4.2 Integrated Sampling. Evacuate the flexible bag. Set up the equipment as shown in
Figure 10-1 with the bag disconnected. Place the probe in the stack and purge the sampling line.

Connect the bag, making sure that all connections are leak-free. Sample at a rate proportional to



the stack velocity. If needed, the CO, content of the gas may be determined by using the Method
3 integrated sample procedures, or by weighing an ascarite CO, removal tube used and
computing CO; concentration from the gas volume sampled and the weight gain of the tube.
Data may be recorded on a form similar to Table 10-1.

8.5 Post-Run System Bias Check, Drift Assessment, and Alternative Dynamic Spike
Procedure. You must follow the procedures in Sections 8.5 and 8.6 of Method 7E.
9.0 Quality Control

Follow the quality control procedures in Section 9.0 of Method 7E.
10.0 Calibration and Standardization

Follow the procedures for calibration and standardization in Section 10.0 of Method 7E.
11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8), additional
discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the procedures for calculations and data analysis in Section 12.0 of
Method 7E, as applicable, substituting CO for NO, as applicable.

12.1 Concentration Correction for CO; Removal. Correct the CO concentration for CO,
removal (if applicable) using Eq. 10-1.

CAvg = CCO.mrck (1 - FCOZ)

Where:

Cavg = Average gas concentration for the test run, ppm.



Ccosucx = Average unadjusted stack gas CO concentration indicated by the data recorder
for the test run, ppmv.
Fcoz = Volume fraction of CO» in the sample, i.e., percent CO; from Orsat analysis
divided by 100.
13.0 Method Performance
The specifications for analyzer calibration error, system bias, drift, interference check,
and alternative dynamic spike procedure are the same as in Section 13.0 of Method 7E.
14.0 Pollution Prevention [Reserved)]
15.0 Waste Management [Reserved]
16.0 Alternative Procedures
The dynamic spike procedure and the manufacturer stability test are the same as in
Sections 16.1 and 16.3 of Method 7E
17.0 References
L. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards™ September 1997 as amended, EPA-600/R-97/121

18.0 Tables, Diagrams, Flowcharts, and Validation Data



Figure 10-1. Integrated Gas Sampling Train,
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TABLE 10-1 - FIELD DATA
Integrated Sampling

Location: Date:
Test: Operator:
Clock Time Rotameter Reading

liters/min (cfm)
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Method 23 - Determination of Polychlorinated Dibenzo-p-dioxins and
Polychlorinated Dibenzofurans from Municipal Waste Combustors

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability. This method is applicable to the determination of emissions of
polychlorinated dibenzo-p-dioxins (PCDD's) and polychlorinated dibenzofurans (PCDF's) from
stationary sources. Calibration standards are selected for regulated emission levels for municipal waste
combustors.

1.2 Principle. A sample is withdrawn isokinetically from the gas stream and collected in the
sample probe, on a glass fiber filter, and on a packed column of adsorbent material. The sample
cannot be separated into a particle and vapor fraction. The PCDD's and PCDF's are extracted from
the sample, separated by high resolution gas chromatography (HRCG), and measured by high
resohution mass spectrometry (HRMS).

2. APPARATUS

2.1 Sampling. A schematic of the sampling train is shown in Figure 23-1. Sealing greases
shall not be used in assembling the train. The train is identical to that described in Section 2.1 of
Method 5 of this appendix with the following additions:

2.1.1 Nozzle. The nozzle shall be made of nickel, nickel-plated stainless steel, quartz, or
borosilicate glass.

2.1.2 Sample Transfer Lines. The sample transfer lines, if needed, shall be heat traced,
heavy walled TFE (1/2 in. OD with 1/8 in. wall) with connecting fittings that are capable of forming
leak-free, vacunm-tight connections without using sealing greases. The line shall be as short as possible
and must be maintained at >120- C.

2.1.1 Filter Support. Teflon or Teflon-coated wire.

2.1.2 Condenser. Glass, coil type with compatible fittings. A schematic diagram is shown in
Figure 23-2,

2.1.3 Water Bath. Thermostatically controlled to maintain the gas temperature exiting the
condenser at <20+ C (68+ F).

2.1.4 Adsorbent Module. Glass container to hold up to 40 grams of resin adsorbent, A
schematic diagram is shown in Figure 23-2. Other physical configurations of the water-jacketed resin
trap/condenser assembly are acceptable. The connecting fittings shall form leak-free, vacuum tight
seals. A coarse glass fit is included to retain the adsorbent in the water-jacketed sorbent module.



2.1.5 Probe Liner. The probe liner shall be made of glass and a Teflon ferrule or Teflon
coated O-ring shall be used to make the seal at the nozzle end of the probe.

2.2 Sample Recovery.

2.2.1 Fitting Caps. Ground glass, Teflon tape, or aluminum foil (Section 2.2.6) to cap off the
sample exposed sections of the train and sorbent module,
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2.2.2 Wash Bottles. Teflon, 500-mi..

2:2.3 Probe Liner, Probe Nozzle, and Filter Holder Brushes. Inert bristle brushes with
precleaned stainless steel or Teflon handles. The probe brush shall have extensions of stainless steel or
Teflon, at least as long as the probe. The brushes shall be properly sized and shaped to brush out the
nozzle, probe liner, and transfer line, if used.

2.2.4 Filter Storage Container. Sealed filter holder, wide-mouth amber glass jar with
Teflon-lined cap, glass petri dish, or Teflon baggie.

2.2.5 Balance. Triple beam.

22,6 Aluminum Foil. Heavy duty, hexane-rinsed (Do not use to wrap or ship filter samples,
because it may react with particulate matter).

2.2.7 Metal Storage Container. Air tight container to store sifica gel.
2.2.8 Graduated Cylinder. Glass, 250-mL with 2-mL graduations.

2.2.9 Glass Sample Storage Containers. Amber glass bottles for sample glassware
washes, 500- or 1000-mL, with leak free Teflon-lined caps.

2.3 Analysis.

2.3.1 Sample Containers. 125- and 250-mL flint glass bottles with Teflon-lined caps.

2.3.2 Test Tubes. Glass.

2.3.3 Soxhiet Extraction Apparatus, Capable of holding 43 x 123 mm extraction thimbles.
2.3.4 Extraction Thimble, Glass, precleaned cellulosic, or glass fiber.

2.3.5 Pasteur Pipettes. For preparing liquid chromatographic columns.

2.3.6 Reacti-vials. Amber glass, 2-mL..

2.3.7 Rotary Evaporator. Buchi/Brinkman RF-121 or equivalent,

23.8 Kuderna-Danish Concentrator Apparatus,

2.3.9 Nitrogen Evaporative Concentrator. N-Evap Analytical Evaporator Mode] III or
equivalent,



2.3.10 Separatory Funnels. Glass, 2-liter.
2.3.11 Gas Chromatograph. Consisting of the following components:

2.3.11.1 Oven. Capable of maintaining the separation column at the proper operating
temperature £10= C and performing programmed increases in temperature at rates of at least
40+ C/min.

2.3.11.2 Temperature Gauges. To monitor column oven, detector, and exhaust
temperatures +1+C.

2.3.11.3 Flow Systems. Gas metering system to measure sample, fuel, combustion gas, and
carrier gas flows.

2.3.11.4 Capillary Columns. A fused silica column, 60 x 0.25 mm inside diameter (D),
coated with DB-5 and a fused silica column, 30 m x 0.25 mm ID coated with DB-225. Other column
systems may be substituted provided that the user is able to demonstrate,using calibration and
performance checks, that the column system is able to meet the specifications of Section 6.1.2.2.

2.3.12 Mass Spectrometer. Capable of routine operation at a resolution of 1:10000 with a
stability of +5 ppm.

2.3.13 Data System. Compatible with the mass spectrometer and capable of monitoring at
least five groups of 25 jons.

2.3.14 Analytical Balance. To measure within 0.1 mg.

3. REAGENTS
3.1 Sampling.

3.1.1 Filters. Glass fiber filters, without organic binder, exhibiting at least 99.95 percent
efficiency (<0.05 percent penetration) on 0.3-micron diocty] phthalate smoke particles. The filter
efficiency test shall be conducted in accordance with ASTM Standard Method D 2986-71
(Reapproved 1978) (incorporated by reference - see §60.17).

3.1.1.1 Precleaning. All filters shall be cleaned before their initia] use. Place a glass
extraction thimble and 1 g of silica gel and a plug of glass wool into a Soxhlet apparatus, charge the
apparatus with toluene, and reflux for a minimum of 3 hours. Remove the toluene and discard it, but
retain the silica gel. Place no more than 50 filters in the thimble onto the silica gel bed and top with the
cleaned glass wool. Charge the Soxhlet with toluene and reflux for 16 hours. After extraction, allow



the Soxhlet to cool, remove the filters, and dry them under a clean nitrogen (N,) stream. Store the
filters in a glass petri dishes and seal with Teflon tape.

3.1.2 Adsorbent Resin. Amberlite XAD-2 resin. Thoroughly cleaned before initial use. Do
not reuse resin. If precleaned XAD-2 resin is purchased from the manufacturer, the cleaning procedure
described in Section 3.1.2.1 is not required.

3.L.2.1 Cleaning. Procedure may be carried out in a giant Soxhlet extractor, An all-glass
filter thimble containing an extra-coarse frit is used for extraction of XAD-2. The fit is recessed 10-15
mm above a crenelated ring at the bottom of the thimble to facilitate drainage. The resin must be
carefully retained in the extractor cup with a glass wool plug and a stainless steel ring because it floats
on methylene chloride. This process involves sequential extraction in the following order.

Solvent Procedure

Water Initial Rinse: Place resin in a beaker, rinse once with HPLC
water, and discard water. Refill beaker with water, let stand
overnight, and discard water.

Water Extract with HPL.C water for & hours.

Methanol Extract with methanol for 22 hours.

Methylene Chloride ~ Extract with methylene chloride for 22 hours.
Methylene Chloride  Extract with methylene chloride for 22 hours.

3.1.2.2 Drying.
3.1.2.2.1 Drying Column. Pyrex pipe, 10.2 cm ID by 0.6 m long, with suitable retainers.

3.1.2.2.2 Procedure. The adsorbent must be dried with clean inert gas. Liquid nitrogen from
a standard commercial liquid nitrogen cylinder has proven to be a reliable source for large volumes of
gas free from organic contaminants. Connect the liquid nitrogen cylinder to the column by a length of
cleaned copper tubing, 0.95 cm ID, coiled to pass through a heat source. A convenient heat source is
a water-bath heated from a steam line. The final nitrogen temperature should only be warm to the
touch and not over 40+ C. Continue flowing nitrogen through the adsorbent until alt the residual solvent
is removed. The flow rate should be sufficient to gently agitate the particles, but not so excessive as to
cause the particles to fracture.

3.1.2.3 Quality Control Check. The adsorbent must be checked for residual methylene
chloride (MeCL) as well as PCDDs and PCDFs prior to use. The analyst may opt to omit this check
for precleaned XAD-2.

3.1.2.3.1 MeCl, Residue Extraction. Weigh a 1.0 g sample of dried resin into a small vial,
add 3 mL of toluene, cap the vial, and shake it well.



3.1.2.3.2 MeCl, Residue Analysis. Injecta 2 pl sample of the extract into a gas
chromatograph operated under the following conditions:

Column: 6 ft x 1/8 in stainless steel containing 10 percent  OV-101™ gn 100/120
Supelcoport.

Carrier Gas: Helium at a rate of 30 mI/min.

Detector: Flame ionization detector operated at a sensitivity of 4 x 10-!* A/mV.

Injection Port Temperature: 250+ C.

Detector Temperature: 305 C.

Oven Temperature: 30+ C for 4 min; programmed to rise at 40* C/min antil it reaches 250+ C;
retum to 30» C after 17 minutes.

Compare the results of the analysis to the results from the reference solution. Prepare the
reference solution by injecting 4.0 u! of methylene chloride into 100 mL of toluene. This corresponds to
100 pg of methylene chloride per g of adsorbent. The maximum acceptable concentration is 1000 pg/g
of adsorbent. If the adsorbent exceeds this level, drying must be continued until the excess methylene
chloride is removed.

3.1.2.3.3 PCDD and PCDF Check, Extract the adsorbent sample as described in Section
5.1. Analyze the extract as described in Section 5.3. If any of the PCDDs or PCDFs (tetra through
hexa) are present at concentrations above the target detection limits (TDLs), the adsorbent must be
recleaned by repeating the last step of the cleaning procedure. The TDLs for the various PCDD/PCDF
congeners are listed in Table 1.

3.1.2.4 Storage. After cleaning, the adsorbent may be stored in 2 wide mouth amber glass
container with a Teflon-lined cap or placed in glass adsorbent modules tightly sealed with glass
stoppers. It must be used within 4 weeks of cleaning. If precleaned adsorbent is purchased in sealed
containers, it must be used within 4 weeks after the seal is broken.

3.1.3 Glass Wool. Cleaned by sequential immersion in three aliquots of methylene chloride,
dried in a 110= C oven, and stored in a methylene chioride-washed glass container with a Teflon-lined
screw cap.

3.1.4 Water. Deionized distilled and stored in a methylene chloride-rinsed glass container
with a Teflon-lined screw cap.

3.1.5 Silica Gel. Indicating type, 6 to 16 mesh. If previously used, dry at 175¢ C (350+F)
for two hours. New silica gel may be used as received. Alternatively, other types of desiccants
(equivalent or better) may be used, subject to the approval of the Administrator.

3.1.6 Chromic Acid Cleaning Solution. Dissolve 20 g of sodium dichromate in 15 mL of
water, and then carefully add 400 mL of concentrated sulfuric acid.



3.1.7 HPLC Water.

3.2 Sample Recovery.

3.2.1 Acetone. Pesticide quality.

3.2.2 Methylene Chloride. Pesticide quality.

3.2.3 Toluene. Pesticide quality.

3.3 Analysis.

3.3.1 Potassium Hydroxide. ACS grade, 2-percent (weight/volume) in water.

3.3.2 Sodium Sulfate. Gramulated, reagent grade. Purify prior to use by rinsing with
methylene chloride and oven drying, Store the cleaned material in a glass container with a Teflon-lined
screw cap.

3.3.3 Sulfuric Acid. Reagent grade.

3.34 Sodium Hydroxide.1.ON. Weigh 40 g of sodium hydroxide into a 1-liter volumetric
flask. Dilute to 1 liter with water.

3.3.5 Hexane. Pesticide grade.

3.3.6 Methylene Chloride. Pesticide grade.

3.3.7 Benzene. Pesticide grade.

3.3.8 Ethyl Acetate.

3.3.9 Methanol. Pesticide grade.

3.3.10 Toluene. Pesticide grade.

3.3.11 Nonane. Pesticide grade.

3.3.12 Cyclohexane. Pesticide Grade.

3.3.13 Basic Alumina. Activity grade 1, 100-200 mesh. Prior to use, activate the alumina

by heating for 16 hours at 130 C. Store in a desiceator. Pre-activated alumina may be purchased
from a supplier and may be used as recejved.



3.3.14 Silica Gel. Bio-Sil A, 100-200 mesh. Prior to use, activate the silica gel by heating
for at least 30 minutes at 180+ C. Afier cooling, rinse the silica gel sequentially with methanol and
methylene chloride. Heat the rinsed silica gel at 50+ C for 10 minutes, then increase the temperature
gradually to 180 C over 25 minutes and maintain it at this temperature for 90 minutes. Cool at room
temperature and store in a glass container with a Teflon-lined screw cap.

3.3.15 Silica Gel Impregnated with Sulfuric Acid. Combine 100 g of silica gel with 44 g of
concentrated sulfuric acid in a screw capped glass bottle and agitate thoroughly. Disperse the solids
with a stiring rod until a uniform mixture is obtained. Store the mixture in a glass container with a
Teflon-lined screw cap.

3.3.16 Silica Gel Impregnated with Sodium Hydroxide. Combine 39 g of 1 N sodium
hydroxide with 100 g of silica gel in a screw capped glass bottle and agitate thoroughly. Disperse
solids with a stiming rod until a uniform mixture is obtained. Store the mixture in glass container with a
Teflon-lined screw cap.

3.3.17 Carbon/Celite. Combine 10.7 g of AX-21 carbon with 124 g of Celite 545 in a 250-
mL glass bottle with a Teflon-lined screw cap. Agitate the mixture thoroughly until a uniform mixture is
obtained. Store in the glass container.

3.3.18 Nitrogen. Ultra high purity.
3.3.19 Hydrogen. Ultra high purity.

3.3.20 Internal Standard Solution. Prepare a stock standard solution containing the
isotopically labelled PCDD's and PCDF's at the concentrations shown in Table 2 under the heading
"Internal Standards" in 10 mL. of nonane.

3.3.21 Surrogate Standard Solution. Prepare a stock standard solution containing the
isotopically labelled PCDD's and PCDF's at the concentrations shown in Table 2 under the heading
"Surrogate Standards” in 10 mL of nonane.

3.3.22 Recovery Standard Solution. Prepare a stock standard solution containing the
isotopically labelled PCDD's and PCDF's at the concentrations shown in Table 2 under the heading
"Recovery Standards" in 10 mL of nonane.

4. PROCEDURE

4.1 Sampling. The complexity of this method is such that, in order to obtain reliable results,
testers and analysts should be trained and experienced with the procedures.

4.1.1 Pretest Preparation.



4.1.1.1 Cleaning Glassware. All glass components of the train upstream of and including the
adsorbent module, shall be cleaned as described in Section 3A of the "Manual of Analytical Methods
for the Analysis of Pesticides in Human and Environmental Samples." Special care shall be devoted to
the removal of residual silicone grease sealants on ground glass connections of used glassware. Any
residue shall be removed by soaking the glassware for severa! hours in a chromic acid cleaning solution
prior to cleaning as described above,

4.1.1.2 Adsorbent Trap. The traps shall be loaded in a clean area to avoid contamination.
They may not be loaded i the field. Fill a trap with 20 to 40 g of XAD-2. Follow the XAD-2 with
glass wool and tightly cap both ends of the trap. Add 40 ul of the surrogate standard solution
(Section 3.3.21) to each trap for a sample that will be split prior to analysis or 20 * 1 of the surrogate
standard solution (Section 3.3.21) to each trap for samples that will not be split for analysis (Section
5.1). After addition of the surrogate standard solution, the trap must be used within 14 days. Keep the
spiked sorbent under refrigeration until use,

4.L1.3 Sampling Train. It is suggested that all components be maintained according to the
procedure described in APTD-0576.

4.1.1.4 Silica Gel. Weigh several 200 to 300 g portions of silica gel in air tight containers to
the nearest 0.5 g. Record the total weight of the silica gel plus container, on each container. As an
altemative, the silica gel may be weighed directly in the fifth impinger just prior to sampling,

4.1.1.5 Filter. Check each filter against light for irregularities and flaws or pinhole leaks.
Pack the filters flat in a clean glass container or Teflon baggie. Do not mark filter with ink or any other
contaminating substance,

4.1.2 Preliminary Determinations. Same as Section 4.1.2 of Method 5.

4.1.3 Preparation of Sampling Train.

4.1.3.1 During preparation and assembly of the sampling train, keep all train openings where
contamination can enter, sealed until sampling is about to begin. Wrap sotbent module with aluminum
foil to shield from radiant heat of sun light. (NOTE: Do not use sealant grease in assembling the train.)

4.1.3.2 Place approximately 100 mL of water in the second and third impingers, leave the first
and fourth impingers empty, and transfer approximately 200 to 300 g of preweighed silica gel from its
container to the fifth impinger.

4.1.3.3 Place the silica gel container in a clean place for later use in the sample recovery.

Alternatively, the weight of the silica gel plus the fifth impinger may be determined to the nearest 0.5 g
and recorded.

4.1.3.4 Assemble the sampling train as shown in Figure 23-1.



4.1.3.5 Tum on the adsorbent module and condenser coil recirculating pump and begin
monitoring the adsorbent module gas entry temperature. Ensure proper sorbent gas entry temperatire
before proceeding and before sampling is initiated. Tt is extremely important that the XAD-2 adsorbent
resin temperature never exceed 50+ C because thermal decomposition and breakthrough of surrogate
standards will occur. During testing, the XAD-2 temperature must not exceed 20+ C for efficient
capture of the PCDD's and PCDF's.

4.1.4 Leak-Check Procedure. Same as Method 5, Section 4.1.4.
4.1.5 Sampling Train Operation. Same as Method 5, Section 4.1.5.

4.2 Sample Recovery. Proper cleanup procedure begins as soon as the probe is removed
from the stack at the end of the sampling period. Seal the nozzle end of the sampling probe with Teflon
tape or aluminum foil.

When the probe can be safely handled, wipe off all external particulate matter near the tip of the
probe. Remove the probe from the train and close off both ends with aluminum foil. Seal off the inlet
to the train with Teflon tape, a ground glass cap, or aluminum foil.

Transfer the probe and impinger assembly to the cleanup area. This area shall be clean and
enclosed so that the chances of losing or contaminating the sample are minimized. Smoking, which
could contaminate the sample, shall not be allowed in the cleanup area. Cleanup personnel shall wash
their hands prior to sample recovery.

Inspect the train prior to and during disassembly and note any abnormal conditions, e.g.,
broken filters, colored impinger liquid, etc. Treat the samples as follows:

4.2.1 Container No. 1. Either seal the filter holder or carefully remove the filter from the filter
holder and place it in its identified container. Do not place the filter in aluminum foil. Use a pair of
cleaned tweezers to handle the filter. Ifit is necessary to fold the filter, do so such that the particulate
cake is inside the fold. Carefully transfer to the container any particulate matter and filter fibers which
adhere to the filter holder gasket, by using a dry inert bristle brush and a sharp-edged blade. Seal the
container with Teflon tape.

4.2.2 Adsorbent Module. Remove the module from the train, tightly cap both ends, label it,
and store it on ice for transport to the laboratory.

4.2,3 Container No. 2. Quantitatively recover material deposited in the nozzle, probe transfer
lines, the front half of the filter holder, and the cyclone, if used, first, by brushing while rinsing three times
with acetone and then, by rinsing the probe three times with methylene chloride. Collect all the rinses in
Container No. 2.

Rinse the back half of the filter holder three times with acetone. Rinse the connecting line
between the filter and the condenser three times with acetone. Soak the connecting line with three
separate portions of methylene chloride for 5 minutes each. If using a separate condenser and
adsorbent trap, rinse the condenser in the same manner as the connecting line. Collect all the rinses in
Container No. 2 and mark the level of the liquid on the container.



4.2.4 Container No. 3. Repeat the methylene chloride-rinsing described in Section 4.2.3
using toluene as the rinse solvent. Collect the rinses in Container No. 3 and mark the level of the liguid
on the container.

4.2.5 Impinger Water. Measure the liquid in the first four impingers to within 1 mL by using
a graduated cylinder or by weighing it to within 0.5 g by using a balance. Record the volume or weight
of liquid present. This information is required to calculate the moisture content of the effluent gas.
Discard the liquid after measuring and recording the volume or weight.

4.2.6 Silica Gel. Note the color of the indicating silica gel to determine if it has been
completely spent and make a mention of its condition. Transfer the silica gel from the fifth impinger to
its original container and sea).

5. ANALYSIS

All glassware shall be cleaned as described in Section 3A of the "Manual of Analytical
Methods for the Analysis of Pesticides in Human and Environmental Samples." All samples must be
extracted within 30 days of collection and analyzed within 45 days of extraction.

5.1 Sample Extraction. The analyst may choose to split the sample extract after the
completion of sample extraction procedures. One half of the sample can then be archived. Sample
preparation procedures are given for using the entire sample and for splitting the sample,

5.1.1 Extraction System. Place an extraction thimble (Section 2.3.4), 1 g of silica gel, and a
plug of glass wool into the Soxhlet apparatus, charge the apparatus with toluene, and reflux for a
minimum of 3 hours. Remove the toluene and discard it, but retain the silica gel. Remove the extraction
thimble from the extraction system and place it in a glass beaker to catch the solvent rinses.

5.1.2 Container No. 1 (Filter). Transfer the contents directly to the glass thimble of the
extraction system and extract them simultaneously with the XAD-2 resin.

5.1.3 Adsorbent Cartridge. Suspend the adsorbent module directly over the extraction
thimble in the beaker (See Section 5. 1.1). The glass frit of the module should be in the up position,
Using a Teflon squeeze bottle containing toluene, flush the XAD-2 into the thimble onto the bed of
cleaned silica gel. Thoroughly rinse the glass module catching the rinsings in the beaker containing the
thimble. If the resin is wet, effective extraction can be accomplished by loosely packing the resin in the
thimble. Add the XAD-2 glass wool plug to the thimble,

5.1.4 Container No. 2 (Acetone and Methylene Chloride). Concentrate the sample to a
volume of about 1-2 mL using a Kuderna-Danish concentrator apparatus, followed by N, blow down
at a temperature of less than 37+ C, Rinse the sample container three times with small portions of
methylene chloride and add these to the concentrated solution and concentrate further to near dryness.
This residue contains particulate matter removed in the rinse of the sampling train probe and nozzle.



Add the concentrate to the filter and the XAD-2 resin in the Soxhlet apparatus described in Section
5.1.1,

5.1.5 Extraction. For samples that are to be split prior to analysis add 40 ul of the internal
standard solution (Section 3.3.20) to the extraction thimble containing the contents of the adsorbent
cartridge, the contents of Container No. 1, and the concentrate from Section 5.14. Alternatively, 20 pl
of the internal standard solution (Section 3.3.20) for samples that are pot to be split prior to analysis.
Cover the contents of the extraction thimble with the cleaned glass wool plug to prevent the XAD-2
resin from floating into the solvent reservoir of the extractor. Place the thimb]e in the extractor, and add
the toluene contained in the beaker to the solvent reservoir. Add additional toluene to fill the reservoir
approximately 2/3 full. Add Teflon boiling chips and assemble the apparatus. Adjust the heat source to
cause the extractor to cycle three times per hour. Extract the sample for 16 hours. Afier extraction,
allow the Soxhlet to cool. Transfer the toluene extract and three 10-mL rinses to the rotary evaporator.
Concentrate the extract to approximately 10 mL. If decided to split the sample, store one half for
future use, and analyze the other half according to the procedures in Sections 5.2 and 5.3. In either
case, use a nitrogen evaporative concentrator to reduce the volume of the sample being analyzed to
near dryness. Dissolve the residue in 5 mL of hexane.

3.1.6 Container No. 3 (Toluene Rinse). Add 40 ul of the internal standard solution
(Section 3.3.20) for samples that are to be split prior to analysis to the contents of the container.
Alternatively, add 20 pl of the internal standard solution (Section 3.3.20) for samples that are not to be
split prior to analysis. Concentrate the sample to a volurne of about 1-5 mL using the rotary evaporator
apparatus at a temperature of less than 37+ C. Rinse the sample container three times with small
portions of toluene and add these to the concentrated solution and concentrate further to near dryness.
Analyze the extract separately according to the procedures in Sections 5.2 and 5.3, but concentrate the
solution in a rotary evaporator apparatus rather than a nitrogen evaporative concentrator.

5.2 Sample Cleanup and Fractionation.

5.2.1 Silica Gel Column, Pack one end of a glass column, 20 mm x 230 mm, with glass
wool. Add in sequence, 1 g silica gel, 2 g of sodium hydroxide impregnated silica gel, 1 gsilicagel, 4 g
of acid-modified silica gel, and 1 g of silica gel. Wash the column with 30 mL. of hexane and discard.
Add the sample extract, dissolved in 5 mL of hexane to the column with two additional 5-mL rinses.
Elute the column with an additional 90 mL of hexane and retain the entire eluate. Concentrate this
solution to a volume of about 1 mL using the nitrogen evaporative concentrator {Section 2.3.9).

5.2.2 Basic Alumina Column. Shorten a 25-mL disposable Pasteur pipette to about 16 mL.
Pack the lower section with glass wool and 12 g of basic alumina. Transfer the concentrated extract
from the silica gel column to the top of the basic alumina column and elute the column sequentially with
120 mLL of 0.5 percent methylene chloride in hexane followed by 120 mL of 35 percent methylene
chloride in hexane. Discard the first 120 mL of eluate. Collect the second 120 mL of eluate and
concentrate it to about 0.5 mL using the nitrogen evaporative concentrator. Transfer this extract with
hexane to "13 mL tubes".



5.2.3 AX-21 Carbor/Celite 545 Column. Remove the bottom 0.5 in. from the tip of a 2-mL
disposable Pasteur pipette. Insert a glass fiber filter disk or glass wool plug in the top of the pipette 2.5
c¢m from the constriction. Add sufficient carbon/Celite™ mixture to form a 2 em column (the 0.6 mL
mark column. Top with a glass wool plug. In some cases AX-21 carbon fines may wash through the
glass wool plug and enter the sample. This may be prevented by adding a celite plug to the exit end of
the column. Pre-elute the column with 5 ml. toluene, followed by 1 mL of a 50:50 methylene
chloride/cyclohexane mixture, followed by 5 mL, of hexane, Load in sequence, the sample extract in |
mL hexane, 2x0.5 mL rinses in hexane, 2 mI. of 50 percent methylene chloride in hexane and 2 ml of
30 percent benzene in ethyl acetate and discard the eluates. Invert the column and elute in the reverse
direction with 13 mL of toluene. Collect this eluate. Concentrate the eluate in a nitrogen evaporator at
45+ Cto about 1 mL. Transfer the concentrate to a Reacti-vial using a toluene rinses and concentrate
to near dryness (less than 20 * 1) using a stream of N,. Store extracts at room temperature, shielded
from light, until the analysis is performed.

5.3 Analysis. Analyze the sample with a gas chromatograph coupled to a mass spectrometer
(GC/MS) using the instrumental parameters in Sections 5.3.1 and 5.3.2. Immediately prior to analysis,
add a 20 pl aliquot of the recovery standard solution from Table 2 to each sample. A 2 ul aliquot of the
extract is injected into the GC. Sample extracts are first analyzed using the DB-5 capillary column to
determine the concentration of each isomer of PCDD's and PCDF's (tetra-through octa-). If2,3,7,8-
TCDF is detected in this analysis, then analyze another aliquot of the sample in a separate run, using the
DB-225 column to measure the 2,3,7,8 tetra-chloro dibenzofuran isomer. Other column systems may
be used, provided that it can be demonstrated using calibration and performance checks that the
column system is able to meet the specifications of Section 6.1.2,

5.3.1 Gas Chromatograph Operating Conditions. The recommended conditions are
shown in Table 4.

5.3.2 High Resolution Mass Spectrometer.

5.3.2.1 Resolution. 10,000 resolving power or 100 ppm mass/mass.
5.3.2.2 Ionization Mode. Electron impact.

5.3.2.3 Source Temperature 250« C.

5.3.2.4 Monitoring Mode. Selected jon monitoring. A list of the various ions to be
monitored is presented in Table 5.

5.3.2.5 Identification Criteria. The following identification criteria shall be used for the
characterization of polychlorinated dibenzodioxins and dibenzofiirans.

1. The integrated ion-abundance ratio (M/M+2 or M:+2/M+4) shall be within 15 percent of
the theoretical value. The acceptable ion-abundance ratio ranges (+£15%) for the identification of



chlorine-containing compounds are given in Table 6. If the ion-abundance ratio ranges are the outside
those in Table 6, the source has the option of using the resuits if the concentration is determined using
procedures in Section 9.3 or redoing the analysis to eliminate the unacceptable ion-abundance ratio,

2. The retention time for the analytes must be within 3 seconds of the corresponding *C-
labeled internal standard or surrogate standard.

3. The monitored ions, shown in Table 5 for a given analyte, shall reach their maximum within 2
seconds of each other.

4. The identification of specific isomers that do not have corresponding *C-labeled standards
is done by comparison of the relative retention time (RRT) of the analyte to the nearest internal standard
retention time with reference (i.e., within 0.005 RRT units) to the comparable RRT's found in the

5. The signal to noise ratio for all monitored ions must be greater than 2.5.

6. The confirmation of 2, 3, 7, 8-TCDF shall satisfy all of the above identification criteria.

7. Any PCDF coeluting (+2 s) with a peak in the corresponding PCDPE channel, of intensity
10% or greater compared to the analyte peak is evidence of a positive interference, the source may opt
keep the value to calculate CDD/CDF concentration or conduct a complete reanalysis in an effort to
remove or shift the interference. If a reanalysis is conducted, all values from the reanalyzed sample will
be used for CDD/CDF concentration calculations.

8. Set the mass spectrometer lock channels as specified in Table 5. Monitor the quality controf
check channels specified in Table 5 to verify instrument stability during the analysis. If the signal varies
by more than 25 percent from the average response, results for all isomers at corresponding residence
time shall be invalid. The source has the options of conducting additional cleanup procedures on the
other portion of the sample for split samples or diluting the original sample. In any case, a complete
reanalysis shall be conducted and all concentration calculations shall be based on the reanalyzed
sample.

5.3.2.6 Quantification. The peak areas for the two ions monitored for each analyte are
summed to yield the total response for each analyte. Fach internal standard is used to quantify the
indigenous PCDD's or PCDF's in its homologous series. For example, the 13C,3-2,3,7,8-tetra
chlorinated dibenzodioxin is used to calculate the concentrations of all ofher tetra chlorinated isomers.
Recoveries of the tetra- and penta- internal standards are calculated using the 3C,,-1,2,3 4-TCDD.
Recoveries of the hexa- through octa- internal standards are calculated using *Cy,-1,2,3,7,8,9-
HxCDD. Recoveries of the surrogate standards are calculated using the corresponding homolog from
the internal standard. When no peak is detected, the noise level, as measured by the intensity of the
noise in a clear zone of the chromatogram, is used to calculate the detection limit. Tables 7, 8, and 9
summarize the quantification relationships for the unlabeled analytes, internal standards and surrogate
standards, respectively.

6. CALIBRATION
Same as Method 5 with the following additions.

6.1 GC/MS System.



6.1.1 Initial Calibration. Calibrate the GC/MS system using the set of five standards shown
in Table 3. The relative standard deviation for the mean response factor from each of the unlabeled
analytes (Table 3) and of the internal and surrogate standards shall be less than or equal to the values in
Table 6. The signal to noise ratio for the GC signal present in every selected ion current profile shall be
greater than or equal to 10. The ion abundance ratios shall be within the contro] limits in Table 5.

6.1.2 Daily Performance Check.

6.1.2.1 Calibration Check. Inject 2 ptl of solution Number 3 from Table 3. Calculate the
relative response factor (RRY) for each compound and compare each RRF to the corresponding mean
RRF obtained during the initial calibration. The analyzer performance is acceptable if the measured
RRF's for the labeled and untabeled compounds for the daily rum are within the limits of the mean values
shown in Table 10. In addition, the ion-abundance ratios shall be within the allowable controt limits
shown in Table 6.

6.1.2.2 Column Separation Check. Inject 2 « 1 of a solution of a mixture of PCDD's and
PCDF's that documents resolution between 2,3,7,8-TCDD and other TCDD isomets. Resolution is
defined as a valley between peaks that is less than 25 percent of the lower of the two peaks. Identify
and record the retention time windows for each homologous seties. Perform a similar resohution check
on the confirmation column to document the resolution between 2,3,7,8 TCDF and other TCDF
isomers.

6.2 Lock Channels. Setmass spectrometer lock channels as specified in Table 5. Monitor
the quality control check channels specified in Table 5 to verify instrument stability during the analysis.

7. QUALITY CONTROL

7.1 Sampling Train Collection Efficiency Check. Add 40 pl of the surrogate standards in
Table 2 for samples split for analysis or 20 * 1 of the surrogate standards for sample not split for analysis
to the adsorbent cartridge of each train before collecting the field samples.

7.2 Internal Standard Percent Recoveries. A group of nine carbon-labeled PCDDs and
PCDFs representing the tetra- through octachlorinated homologues, is added to every sample prior to
extraction. The role of the fnternal standards is to quantify the native PCDD's and PCDF's present in
the sample as well as to determine the overall method efficiency. Recoveries of the internal standards
shall be between 40 to 130 percent for the tetra- through hexachlorinated compounds while the range is
25 to 130 percent for the hepta- and octachlorinated homologues.

7.3 Swrrogate Standard Recoveries. The five surrogate compounds in Table 3 are added
to the resin in the adsorbent sampling cartridge before the sample is collected. The surrogate
recoveties are measured relative to the internal standards and are a measure of the sampling train
collection efficiency. They are not used to measure the native PCDD's and PCDFs. All surrogate
‘standard recoveries shall be between 70 and 130 percent. Poor recoveries for all the surrogates may



be an indication of breakthrough in the sampling train. If the recovery of all standards is below 70
percent, the sampling runs must be repeated. As an altemnative, the sampling runs do not have to be
repeated if the final results are divided by the fraction of swrogate recovery (on a homolog group
basis). Poor recoveries of isolated surrogate compounds should not be grounds for rejecting an entire
set of samples.

7.4 Toluene QA Rinse. Report the results of the toluene QA rinse separately from the total
sample catch. Do not add it to the total sample.

7.5 Detection Limits. Calculate the detection limits using the equation in Section 9.8. If the
detection limits meet the Target Detection Limits (TDLs) in Table 1, then they are considered
acceptable. If the TDLs are not met, the impact of the detection limits shall be calculated using the
procedures in Section 9.9. If the maximum potential vatue of the sum of the summed detection limits is
less then 50 percent of the emission standard, the detection limits are acceptable. Ifthe value is greater
than 50 percent of the emission standard, then the analysis and/or sampling and analysis must be
repeated until acceptable detection limits are obtained.

8. QUALITY ASSURANCE

8.1 Applicability. When the method is used to analyze samples to demonstrate compliance
with a source emission regulation, an audit sample must be analyzed, subject to availability.

8.2 Audit Procedure, Analyze an audit sample with each set of compliance samples. The
audit sample contains tetra through octa isomers of PCDD and PCDF. Concurrently analyze the audit
sample and a set of compliance samples in the same manner to evaluate the technique of the analyst and
the standards preparation. The same analyst, analytical reagents, and analytical system shall be used
both for the compliance samples and the EPA audit sample.

8.3 Audit Sample Availability. Audit samples will be supplied only to enforcement agencies
for compliance tests. Audit samples may be obtained by writing:

Source Test Audit Coordinator (MD-77B)

Quality Assurance Division

Atmospheric Research and Exposure Assessment Laboratory
U.S. Environmental Protection Agency

Research Triangle Park, NC 27711

or by calling the Source Test Audit Coordinator (STAC) at (919) 541-7834. The audit sample request
must be made at least 30 days prior to the scheduled compliance sample analysis.

8.4 Audit Results. Calculate the audit sample concentration according to the calculation
procedure provided in the andit instructions included with the audit sample. Fill in the audit sample
concentration and the analyst's name on the audit response form included with the audit instructions.



Send one copy to the EPA Regional Office or the appropriate enforcement agency and a second copy
to the STAC. The EPA Regional office or the appropriate enforcement agency will report the results of
the audit to the laboratory being audited. Include this response with the results of the compliance
samples in relevant reports to the EPA Regional Office or the appropriate enforcement agency.
9. CALCULATIONS

Same as Method 5, Section 6 with the following additions.

9.1 Nomenclature.

Az = Integrated ion current of the noise at the retention time of the analyte.

Ag =  Integrated ion current of the two ions characteristic of compound 1 in the jth calibration
standard,

A'g=  Integrated ion current of the two ions characteristic of the infemal standard i in the jth
calibration standard.

Ay =  Integrated ion current of the two ions characteristic of surrogate compound j in the
calibration standard,

A;= Integrated ion current of the two jons characteristic of compound i in the sample.
A= Integrated ion current of the two ions characteristic of internal standard i in the sample.
Ay=  Integrated ion current of the two ions characteristic of the recovery standard.

A;=  Integrated ion current of the two ions characteristic of surrogate compound i in the
sample.
i = Concentration of PCDD or PCDF i in the sample, pg/M?.
Cy = Total concentration of PCDD's or PCDF's in the sample, pg/M>.

DL = Detection limit, pg/sample.
DLy, =  Detection limit for each homologous series, pg/sample.
DLy = Sum ofall isomers times the corresponding detection limit, ng/m’.
Hy=  Summed heights of the noise at the retention time of the analyte in the two analyte
channels.

m; =  Mass of compound i in the calibration standard injected into the analyzer, pg.
my=  Mass of labeled compound i in the calibration standard injected into the analyzer, pg.
m’;=  Mass of internal standard i added to the sample, pg.
m, = Mass of recovery standard in the calibration standard injected into the analyzer, pg.
= Mass of surrogate compound in the sample to be analyzed, pg.
m; =  Mass of surrogate compound i in the calibration standard, pg.
RRF;=  Relative response factor for compound i.
RRF,=  Recovery standard response factor.

RRF,=  Surrogate compound response factor.
V= Metered volume of sample run, dscm.
1000 = pgperng.

9.2 Average Relative Response Factor.
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9.8 Detection Limit (DL). The detection limit can be calculated based on either the height of the
noise or the area of the noise using one of the two equations.

Detection limit using height for the DB-225 column. Three and one half times the height has been
empirically determined to give area.

L. 25 (3.5xH) m

. Eg. 23-7
Aci RRFi

Detection limit using height for the DB-5 column. Five times the height has been empirically determined
to give area.

2.5 (5 xH_.) m,
DL » - al_ i Eq. 23-8
A, RRF,

Detection limit using area of the noise,
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DL -

- Eq. 23-9
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9.9 Summed Detection Limits. Calculate the maximum potential value of the summed detection
limits. If the isomer (group of unresolved isomers) was not detected, use the value calculated for the

detection limit in Section 9.8 above. If the isomer (group of unresolved isomers) was detected, use the
value (target detection limit) from Table 1.



DLgyy * (13 DLyey, ® 16 DLy * 12 DL, .o

Sum

* 14 DLppe® 7 DLyyepp © 12 DLy, enp

. . Eg.23-10
* 2 DLHpCDD 4 DLHpC‘DF ‘DLOCDD
- DLOCDF) / 1000 Vm(std)

Note: The number of isomers used to calculate the summed detection limit represent the total number
of isomers typically separated and not the actual number of isomers for each series.

9.10 Total Concentration of PCDD's and PCDF's in the Sample.

c. o . C, Eg., 23-11

Any PCDDs or PCDFs that are reported as nondetected (below the DL) shall be counted as zero for
the purpose of calculating the total concentration of PCDDs and PCDFs in the sample.
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TABLE 23-1. TARGET DETECTION LIMITS (TDLs)

W444444444444444444444444444444444444444444444444

TDL (pg/Sample Train)
SDIMIMMMMINDIMNINIININNIN I
TCDD/TCDF 50
PeCDD/PeCDF 250
HxCDD/HXCDF 250
HpCDD/HpCDF 250
OCDD/OCDF 500

W444444444444444444444444444444442444444444444444]



TABLE 23-2. COMPOSITION OF THE SAMPLE FORTIFICATION AND RECOVERY

STANDARDS SOLUTIONS"
#44444444444444444444444444444444444444444444444444444444
Analyte Concentration

(pg/ul)
SOOI
Internal Standards
13C,,-2,3,7,8-TCDD 100
1*Cy;-1,2,3,7,8-PeCDD 100
BC-1,2,3,6,7,8-HxCDD 100
‘3C12-1,2,3,4,6,7,8-HpCDD 100
BC,,~0CDD 100
13C,;-2,3,7,8-TCDF 100
3Cy,-1,2,3,7,8-PeCDF 100
BC15-1,2,3,6,7,8-HxCDF 100
#Cy;-1,2,3,4,6,7,8-HpCDF 100
Surrogate Standards
1CL-2,3,7,8-TCDD 100
BC-1,2,3,4,7,8-HxCDD 100
C-2,3,4,7,8-PeCDF 100
13Cy,-1,2,3,4,7,8-HXCDF 100
5C\2-1,2,3,4,7,8,9-HpCDF 100
Recovery Standards
13C;-1,2,3,4-TCDD 100
1Cy,-1,2,3,7,8,9-HxCDD 100

W44444444444444444444444444444444444444444444444444444444
*Calibration levels are specific for samples at the MWC compliance standard level.



TABLE 23-3. COMPOSITION OF THE INITIAL CALIBRATION SOLUTIONS
W4444444444444444444444444444444444444444444444444 4444444 44444444 4444)

Concentrations
(pg/ul)

Compound  Solution No. 1 2 3 4 5
SN
Uniabeled Analytes
2,3,7,8-TCDD 0.5 1 5 50 100
2,3,7,8-TCDF 05 1 50 100
1,2,3,7,8-PeCDD 25 5 25 250 500
1,2,3,7,8-PeCDF 25 5 25 250 500
2,3,4,7,8-PeCDF 25 5 25 250 500
1,2,3,4,7,8-HxCDD 25 5 25 250 500
1,2,3,6,7,8-HxCDD 25 5 25 250 500
1,2,3,7,8,9-HxCDD 25 5 25 250 500
1,2,3,4,7,8-HxCDF 25 5 25 250 500
1,2,3,6,7,8-HxCDF 25 5 25 250 500
1,2,3,7,8,9-HxCDF 25 5 25 250 500
2,3,4,6,78-HxCDD 25 5 25 250 500
1,2,3,4,6,7,8-HpCDD 25 5 25 250 500
1,2,3,4,6,7,8-HpCDF 25 5 25 250 500
1,2,3,4,7,8,9-HpCDF 25 5 25 250 500
OCDD 50 10 50 500 1000
OCDF 50 10 50 500 1000
Internal Standards
3C,-2,3,7,8-TCDD 100 100 100 100 100
5C1,-1,2,3,7,8-PeCDD 100 100 100 100 100
3C-1,2,3,6,7,8-HxCDD 100 100 100 100 100
C-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100
3C,,~OCDD 200 200 200 200 200
%Cy,-2,3,7,8-TCDF 100 100 100 100 100
*C~1,2,3,7,8-PeCDF 100 100 100 100 100
BC,-1,2,3,6,7,8-HxCDF 100 100 100 100 100

5C12-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100
SOOI



(Continued)

TABLE 23-3. (Continued)
W44444444444444444444444444444444444444444444444444444444444444444444[!

Concentrations
(pghl)

Compound  Solution No. 1 2 3 4 5
SN0
Surrogate Standards
%1C),-2,3,7,8-TCDD 60 80 100 120 140
3C2-2,3,4,7,8-PeCDF 60 80 100 120 140
3Cy,~1,2,3,4,7,8-HXCDD 60 80 100 120 140
13C\,-1,2,3,4,7,8-HxCDF 60 80 100 120 140
13(312—1,2,3,4,7‘,8,9-HpCDF 60 80 100 120 140
Recovery Standards
13C,-1,2,3,4-TCDD 100 100 100 100 100
BC,-1,2,3,7,8,9-HxCDD 100 100 100 100 100

W444444444444444 4444444444444444444444444444444444444444444444444444)



TABLE 23-4. RECOMMENDED GC OPERATING CONDITIONS

44444444444444444444444444444 44444444444 444 4444444444444440444444444))

Column Type - DB-5 DB-225
SO
Length (m) 60 30

1.d. (mm) 0.25 0.25
Film Thickness (* m) 0.25 0.25
Carrier Gas Helum Helium
Carrier Gas Flow (mL/min) 1-2 1-2
Injection Mode <-- splitless -->
Valve Time (min) 25 25

Initial Temperature (N C) 150 130
Initial Time (min) 0.5 25
Rate 1 (deg. C/min) 60 50
Temperature 2 (deg. C) 170 170
Rate 2 (deg. C/min) 3 4
Final Temperature (deg. C) 300 250

W444444444444444444444444444444444444444444444444 44444444 4444424 44444)



TABLE 23-5. ELEMENTAL COMPOSITIONS AND EXACT MASSES OF THE IONS MONITORED BY
HIGH RESOLUTION MASS SPECTROMETRY FOR PCDD's AND PCDF's
44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444

Descriptor Accurate fon Elemental

Number Mass Type Composition Analyte

))))))))))))})))))JJ)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

2 2929825 LOCK C,Fy, PFK

303.9016 M C,H*CLO TCDF
305.8987 M+2 C,H3CP0O TCDF
3159419 M BC,H,*CL0 TCDF (8)
317.9389 M+2 BC,H¥CL¥ClO TCDF (8)
319.8965 M C,H,¥Cl0, TCDD
321.8936 M+2 C,.H,¥CL¥CIO, TCDD
327.8847 M C,H"CL0, TCDD (8)
330.9792 QC C,F, PFK
331.9368 M 13C,.H*CL0, TCDD (8)
333.9339 M+2 13C,,H,**CP’CIO, TCDD (8)
339.8597 M+2 CoH;**CL3CiO PECDF
341.8567 M+4 Ci.H,*CL*CLO PeCDF
351.9000 M2 BC,H;¥CLCI0 PeCDF (S)
353.8970 M+4 PC,,H,**CL¥CLO PeCDF (8)
355.8546 M+2 C,H,;*CL37CI0, PeCDD
357.8516 M+4 C:H,**CL¥’CLO, PeCDD
367.8949 M+2 1*C,,H,**CL¥ClO, PeCDD (S)
369.8919 M+4 B3C,,H;¥CL*CLO, PeCDD (S)
375.8364 M+2 C,H*CL¥Cl0 HxCDPE
409.7974 M+2 C,H,*CI*"Clo HpCPDE

%)Z)O)Iit)il)lzl)g(}))))))))))))))))))))))))))))))))))))))}))))))))))))))))



TABLE 23-5. {Continued)

W444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444

4
Descriptor Accurate
number mass

f)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

3 373.8208
375.8178
383.8639
385.8610
389.8157
391.8127
392.9760
401.8559
403.8529
4457555
430 9729

QC
SC))) ed) IIDDRDINIINIDINIINIDI DI

Ion Elemental
type composmo Analyte
INDNIDNIDINDINIMNIIMNIININNNININ

M+2 C,,H,35CL*CIO HxCDF
M+4 C,,H,*CI*’CLO HxCDF
M 13C,H,*CLO HxCDF (S)
M+2 B3CL,H,»*CLYCIO HxCDF (S)
M+2 C,H,*CL¥ClO, HxCDD
M+4 C,,H,*CL*"CL0, HxCDD
LOCK CoF; PFK
M+2 BC,H,*CL¥Clo, HxCDD (8S)
M+ 13C,H,**CL¥"CLO HxCDD (S)
M+4 C,H,*CL>"CLO OCDPE

C,Fy, PFK



TABLE 23-5. (Continued)

WA44444444444444444444444444444444444444 44444444 4444444 44444444444

4
Descriptor
number

4

Accurate
mass

407.7818
409.7789
417.8253
389.8157

391.8127
392.9760
401.8559
403.8529
445.7555
430.9729
407.7818
409.7789
417.8253
419.8220
423.7766
425.7737
435.8169
437.8140
479.7165
430.9729
441.7428
443.7399
457.7377
459.7348
469.7779
471.7750
513.6775
4429728

Ion
e

M2
M+4
M

M+2

M+4
LOCK
M2
M4
M+4
QC
MH2
M+4

M+2
M+2
M+4
M2
M-+4
M+4
LOCK
M+2
M4
M+2
M+4
M+2
M4
M+4
QC

Elemental
osition

C.H¥*C>"Cl0
C,, H¥CLCLO
13C,H»CLO
C,,H,*CL"ClO,

C,,H,*CL¥CLO,
CyF,s
13C,,H,3CL¥CIO,
13C,,H,%C),YCLO
C,,H,¥CL¥"CLO
C9F]7
C,,H¥*CL"CIO
C,,H*CL CLO
13C,,H*CLO
13C,,H*CL¥CIO
C,,H*CL7CIO,
C,,H*CL'CLO,
13C,2H35C]637C102
3¢, H¥CL¥CLO,
C,,H*CL¥CLO
CoF,,
C,,*CLYCIO
C,,*CLYCLO
C,,*CL¥CIO,
C,,CK¥CLO,
3¢, 3 CLYCIO,
13C,,35CLICLO,
C,,*CLYCLO,
CyoFis

4444444444444444444444444444444444444444444444

Analyte

typ comp
)S))))))))))))J))))))))))))))))))))))))))))))))))))))))))))))}))))}))))))))))))))))))))))))))))))))))))))))))))))

HpCDF
HpCDF
HpCDF (S}
HxCDD

HxCDD
PFK
HxCDD (S)
HxCDD (8)
OCDPE
PFK
HpCDF
HpCDF
HpCDF (8)
HpCDF (§)
HpCDD
HpCDD
HpCDD (8)
HpCDD (S)
NCPDE
PFK
OCDF
OCDF
OCDD
OCDD
GCDD (8)
OCDD (8)
DCDPE
PFK



W44444444444 44444444444444444440444 44444444 4444444444444 4444444 444444444 4404444444444 444444444 444444444444 444444
4

The following nuclidic masses were used:

H= 1007825 0=15994914 C=12.000000 3Cl=34.968853

13C =13.003355 *'Cl=36.965903 F =18.9984 S = Labeled Standard

QC = Ion selected for monitoring instrument stability during the GC/MS analysis.



TABLE 23-6. ACCEPTABLE RANGES FOR ION-ABUNDANCE

RATIOS OF PCDD's AND PCDF's
W444444444444444444444444444444444444444444444444444444444444444444444
Number of

Chlorine Ion Theoretical Control Limits

Atoms Type Ratio Lower  Upper
SN
4 M/M+2 077 065 0.89

5 M+2/M+4 155 132 1.78

6 M+2/M-+4 124 105 143

6 M/M+2 .51 043 0.59

i M/M+2 044 037 0.51
7 M+2/M+4 104 088 1.20

8 M+2/M+4 089 0.76 1.02

W4444444444444944444444444444444444444444444444444444 4444444 444 4444444
* Used only for *C-HxCDF.
® Used only for *C-HpCDF.



TABLE 23-7. UNLABELED ANALYTES QUANTIFICATION RELATIONSHIPS
W44444444444444444444444444444444444444444444444444444444444444444444))
Analyte Internal Standard Used During Quantification

SN

2,3,7,8-TCDD
Other TCDDs

1,2,3,7.8-PeCDD
Other PeCDDs

1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
Other HxCDDs

1,2,3,4,6;7,8-HpCDD
Other HpCDD

OCDD

2,3,7,8-TCDF
Other TCDFs

1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
Other PeCDFs

1,2,34,7,8-HxCDF
1,23,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
Other HxCDFs

1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
Other HpCDFs

OCDF

13C,,-2,3,7,8-TCDD
13C),-2,3,7,8-TCDD

13C,,-1,2,3,7,8-PeCDD
13C,,-1,2,3,7,8-PeCDD

13C ,-1,2,3,6,7,8-HxCDD

13C,,-1,2,3,6,7,8-HxCDD

13C,,-1,2,3,6,7,8-HxCDD
13C,,-1,2,3,6,7,8-HxCDD

13C,,-1,2,3,4,6,7,8-HpCDD
13C,,-1,2,3,4,6,7,8-HpCDD

13C12-OCDD

13C,,-2,3,7,8-TCDF
l3(:12"2,3,‘7‘,8"I‘CJDF‘

13C,-1,2,3,7,8-PeCDF
13C,,-1,2,3,7,8-PeCDF
13C,,-1,2,3,7,8-PeCDF

13C,,-1,2,3,6,7,8-BxCDF
13C\,-1,2,3,6,7,8-HxCDF
13C4,-1,2,3,6,7,8-HxCDF
13Cy,-1,2,3,6,7,8-HxCDF
13C),-1,2,3,6,7,8-HxCDF

13C12- 1 !2:3 !4!6:7:8'HPCDF
3C1,-1,2,3,4,6,7,8-HpCDF
13C|2'1,2:3 :436,7;8'HPCDF

l'3(:12'()C]3D

#44444444444444444444444444444444444444444444444444444444444444444444)



TABLE 23-8. INTERNAL STANDARDS QUANTIFICATION RELATIONSHIPS

W44444444444444444444444444444444444444444444444444444444444444444444U

Internal Standard Used During Percent

Standard ' Recovery Determination
S))))))))))))))))))))))))))))))))J)))))))))))))))))))))))))))))))))))Q
13C,,-2,3,7.8-TCDD 3C,,-1,2,34-TCDD
13C\,-1,2,3,7,8-PeCDD 1%C),-1,2,3,4-TCDD
13C\,-1,2,3,6,7,8-HxCDD 13C\5-1,2,3,7,8,9-HxCDD
‘3C,2-1,2,3,4,6,-7,8-HpCDD 13C,,-1,2,3,7,8,9-HxCDD
13C,,-0CDD 13Cy,-1,2,3,7.8,9-HxCDD
#2C,,-2,3,7,8-TCDF ¥C1,-1,2,34-TCDD
13C,,-1,2,3,7,8-PeCDE 1C,,-1,2,34-TCDD
13C,,-1,2,3,6,7,8-HxCDF 13C},-1,2,3,7,8,9-HxCDD
BC, »-1,2,3,4,6,7,8-HpCDF 13C),-1,2,3,7,8,9-HxCDD

H’44444444444444444444444444444444444444444444444444444444444444444444U

TABLE 23-9. SURROGATE STANDARDS QUANTIFICATION RELATIONSHIPS

W44444444444444444444444444444444444444444444444444444444444444444444U

Surrogate Standard Used During Percent
Standard Recovery Determination
S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
1C1-2,3,7,8-TCDD 13C\,-2,3,7,8-TCDD
1Cy,-2,3,4,7,8-PeCDF 1*C\2-1,2,3,7,8-PeCDF
C,y-1,2,3,4,7,8-HxCDD 1*C|,-1,2,3,6,7,8-HxCDD
8C,,-1,2,3,4,7,8-HxCDF 13C1,-1,2,3,6,7,8-HxCDF

1C\,-1,2,3,4,7,8,9-HpCDF #C1,-1,2,3,4,6,7,8-HpCDF
W44444444444444444444444444444444444444444444444444444444444444444444U



TABLE 23-10. MINIMUM REQUIREMENTS FOR INITIAL AND DAILY CALIBRATION
RESPONSE FACTORS
W44444444444444 44444444 444444444444444444444444444444444444 44444444444
Relative Response Factors

Initial Calibration Daily Calibration

Compound RSD % Difference
SN
Unlabeled Analytes
2,3,7,8-TCDD 25 25
2,3,7,8-TCDF 25 25
1,2,3,7,8-PeCDD 25 25
1,2,3,7,8-PeCDF 25 25
2,3,4,7,8-PeCDF 25 25
1,24,5,7,8-HxCDD 25 25
1,2,3,6,7,8-HxCDD 25 25
1,2,3,7,8,9-HxCDD 25 25
1,2,3,4,7,8-HxCDF 25 25
1,2,3,6,7,8-HxCDF 25 25
1,2,3,7,8,9-HxCDF 25 25
2,3,4,6,7,8-HxCDF 25 25
1,2,3,4,6,7,8-HpCDD 25 25
1,2,3,4,6,7,8-HpCDF 25 25
OCDD 25 25
OCDF 30 30

ternal Standards
13C,-2,3,7,8-TCDD 25 25
BC,,-1,2,3,7,8-PeCDD 30 30
13C,,-1,2,3,6,7,8-HxCDD 25 25
BC,,-1,23,4,6,78-HpCDD 30 30
13C,,-OCDD 30 30
13C,,-2,3,7,8-TCDF 30 30
1*C,,-1,2,3,7,8-PeCDF 30 30
13C,,-1,2,3,6,7,8-HxCDF 30 30
BC\,-1,2,3,4,6,7,8-HpCDF 30 30

SN



TABLE 23-10. (Continued)
$444444444444444444444444444444444444444444444 4444444444444 44444444444
Relative Response Factors
Initial Calibration Daily Calibration

Compound RSD % Difference
SN
te s

¥1CL-2,3,7,8-TCDD 25 25
13C,,-2,3,4,7,8-PeCDF 25 25
1*C,,-1,2,3,4,7,8-HxCDD 25 25
13C,,-1,2,3,4,7,8-HxCDF 25 25
13C\,-1,2,3,4,7,8,9-HpCDF 25 25

W44444444444444444444444444444444444444444444444444444444444444 4444444
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METHOD 26A - DETERMINATION OF HYDROGEN HALIDE AND

HALOGEN EMISSIONS FRCM STATIONARY SOURCES
ISOKINETIC METHOD

NOTE: This method does not include all of the
specifications (e.g. equipment and supplies) and procedures
(e.g. sampling and analytical) essential to its performance.
Some material is incorporated by reference from other
methods in this part. Therefore, to obtain reliable
results, persons using this method should have a thorough
knowledge of at least the following additional test methods:
Method 2, Method 5, and Method 26.

1.0 Scope and Application.

1.1 Analytes.

Analvytes CAS No.

Hydrogen Chloride (HC1) 7647-01-0
Hydrogen Bromide (HBr) 10035-10-6
Hydrogen Fluoride (HF) 7664-39-3
Chlorine (Cl,) 7882-50-5
Bromine (Br,) 7726-95-6

1.2 This method is applicable for determining
emissions of hydrogen halides {(HX) [HCl, HBr, and HF] and
halogens (X;} [Cl, and Br,] from stationary sources when
specified by the applicable subpart. This method collects
the emission sample isckinetically and is therefore

particularly suited for sampling at sources, such as those
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controlled by wet scrubbers, emitting acid particulate
matter (e.g., hydrogen halides dissoclved in water droplets).

1.3 Data Quality Objectives. BAdherence to the
requirements of this method will enhance the quality of the
data obtained from air pollutant sampling methods.

2.0 Summary of Method.

2.1 Principle. Gaseous and particulate pollutants
are withdrawn isokinetically from the source and collected
in an optional cyclone, on a filter, and in absorbing
sclutions. The cyclone collects any liquid droplets and is
not necessary if the scource emissions do not contain them;
however, it is preferable to include the cyclone in the
sampling train to protect the filter from any liquid
present. The filter collects particulate matter including
halide salts but is not routinely recovered or analyzed.
Acidic and alkaline absorbing sclutions collect the gaseous
hydrogen halides and halogens, respectively. Following
sampling of emissions containing liquid droplets, any
halides/halogens dissolved in the liquid in the c¢yclone and
on the filter are vaporized to gas and collected in the
impingers by pulling conditioned ambient air through the
sampling train. The hydrogen halides are solubilized in the
acidic solution and form chloride (Cl-), bromide (Br-), and

fluoride (F') ions. The halogens have a very low solubility
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in the acidic solution and pass through to the alkaline
solution where they are hydrolyzed to form a proton (H'),
the halide ion, and the hypchalous acid (HClO or HBrQ).
Sodium thiosulfate is added to the alkaline solution to
assure reaction with the hypohalous acid to form a second
halide ion such that 2 halide ions are formed for each
molecule of halogen gas. The halide ions in the separate
solutions are measured by ion chromatography (IC). If
desired, the particulate matter recovered from the filter
and the probe is analyzed following the procedures in
Method 5.

NOTE: If the tester intends to use this sampling
arrangement to sample concurrently for particulate matter,
the alternative Teflon probe liner, cyclone, and filter
holder should not be used. The Teflon filter support must
be used. The tester must also meet the probe and filter
temperature requirements of both sampling trains.

3.0 Definitiong. [Reserved]
4.0 Interferences.

4.1 Volatile materials, such as chlorine dioxide
(Cl0;) and ammonium chloride (NH,Cl), which produce halide
iong upon dissolution during sampling are potential
interferents. Interferents for the halide measurements are

the halogen gases which disproportionate to a hydrogen
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halide and an hypohalous acid upon dissolution in water.
The use of acidic rather than neutral or basic solutions for
collection of the hydrogen halides greatly reduces the
dissolution of any halogens passing through this solution.

4.2 The simultaneous presence of both HBr and Cl, may
cause a positive bias in the HCl result with a corresponding
negative bias in the Cl, result as well as affecting the
HBr/Br, split.

4.3 High concentrations of nitrogen oxides (NO,) may
produce sufficient nitrate (NO,”) to interfere with
measurements of very low Br™ levels.

4.4 There is anecdotal evidence that HF may be
outgassed from new Teflon components. If HF is a target
analyte then preconditioning of new Teflon components, by
heating, should be considered.

5.0 &Kafety.

5.1 Disclaimer. This method may involve hazardous
materials, operations, and equipment. This test method may
not address all of the safety problems associated with its
use. It is the responsibility of the user to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations before performing

this test method.
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5.2 Corrosive Reagents. The following reagents are
hazardous. Personal protective equipment and safe
procedures are useful in preventing chemical splashes. If
contact occurs, immediately flush with copious amounts of
water for at least 15 minutes. Remove clothing under shower
and decontaminate. Treat residual chemical burns as thermal
burns.

5.2.1 Sodium Hydroxide (NaOH). Causes severe damage
to eyes and skin. Inhalation causes irritation to nose,
throat, and lungs. Reacts exothermically with limited
amounts of water.

5.2.2 Sulfuric Acid (H,50,). Rapidly destructive to
body tissue. Will cause third degree burns. Eye damage may
result in blindness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May cause lung
tissue damage with edema. 1 mg/m® for 8 hours will cause
lung damage or, in higher concentrations, death. Provide
ventilation to limit inhalation. Reacts violently with
metals and organics.

6.0. Eguipment and Supplies.

NOTE: Mention of trade names or specific products

does not constitute endorsement by the Environmental

Protection Agency.
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6.1 Sampling. The sampling train is shown in Figure
26A-1; the apparatus is similar to the Method 5 train where
noted as follows:

6.1.1 Probe Nozzle. Borosilicate or quartz glass;
constructed and calibrated according to Method 5, Sections
£6.1.1.1 and 10.1, and coupled to the probe liner using a
Teflon union; a stainless steel nut is recommended for this
unicn. When the stack temperature exceeds 210°C (410°F), a
one-piece glass nozzle/liner assembly must be used,

6.1.2 Probe Liner. Same as Method 5, Section
6.1.1.2, except metal liners shall not be used. Water-
cooling of the stainless steel sheath is recommended at
temperatures exceeding 500°C (932°F). Teflon may be used in
limited applications where the minimum stack temperature
exceeds
120°C (250°F) but never exceeds the temperature where Teflon
is estimated to become unstable [approximately 210°C
(410°F) ] .

6.1.3 Pitot Tube, Differential Pressure Gauge, Filter
Heating System, Metering System, Barometer, Gas Density
Determination Equipment. Same as Method 5, Sections
6.1.1.3, 6.1.1.4, 6.1.1.6, 6.1.1.9, 6.1.2, and 6.1.3.

6.1.4 Cyclone (Optional). Glags or Teflon. Use of

the cyclone is required only when the sample gas stream is
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saturated with moisture; however, the cyclone is recommended
to protect the filter from any liquid droplets present.

6.1.5 Filter Holder. Borosilicate or quartz glass,
or Teflon filter holder, with a Teflon filter support and a
sealing gasket. The sealing gasket shall be constructed of
Teflon or equivalent materials. The holder design shall
provide a positive seal against leakage at any point along
the filter circumference. The holder shall be attached
immediately to the outlet of the cyclone.

6.1.6 Impinger Train. The following system shall be
used to determine the stack gas moisture content and to
collect the hydrogen halides and halogens: five or six
impingers connected in series with leak-free ground glass
fittings or any similar leak-free noncontaminating fittings.
The first impinger shown in Figure 26A-1 (knockout or
condensate impinger) is optional and is recommended as a
water knockout trap for use under high moisture conditions.
If used, this impinger should be constructed as described
below for the alkaline impingers, but with a shortened stem,
and should contain 50 ml of 0.1 N H,80,. The following two
impingers (acid impingers which each contain 100 ml of 0.1 N
H,80,) shall be of the Greenburg-Smith design with the
standard tip (Method 5, Section 6.1.1.8). The next two
impingers (alkaline impingers which each contain 100 ml of

0.1 N NaOH} and the last impinger {containing silica gel)
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shall be of the modified Greenburg-Smith design (Method 5,
Section 6.1.1.8). The condensate, acid, and alkaline
impingers shall contain known quantities of the appropriate
absorbing reagents. The last impinger shall contain a known
weight of silica gel or equivalent desiccant. Teflon
impingers are an acceptable alternative.

6.1.7 Heating System. Any heating system capable of
maintaining a temperature around the probe and filter holder
greater than 120 °C (248 °F) during sampling, or such other
temperature as specified by an applicable subpart of the
standards or approved by the Administrator for a particular
application.

6.1.8 BAmbient Air Conditioning Tube (Optional). Tube
tightly packed with approximately 150 g of fresh 8 to 20
mesh sodium hydroxide-coated silica, or equivalent,
(Ascarite II has been found suitable) to dry and remove acid
gases from the ambient air used to remove moisture from the
filter and cyclone, when the cyclone is used. The inlet and
outlet ends of the tube should be packed with at least 1-cm
thickness of glass wool or filter material suitable to
prevent escape of fines. Fit one end with flexible tubing,
etc. to allow connection to probe nozzle following the test
run.

6.2 Sample Recovery.
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6.2.1 Probe-Liner and Probe-Nozzle Brushes, Wash
Bottles, Glass Sample Storage Containers, Petri Dishes,
Graduated Cylinder and/or Balance, and Rubber Policeman.
Same as Method 5, Sections 6.2.1, 6.2.2, 6.2.3, 6.2.4,
6€.2.5, and 6.2.7.

6.2.2 Plastic Storage Containers. Screw-cap
polypropylene or polyethylene containers to store silica
gel. High-density polyethylene bottles with Teflon screw
cap liners to store impinger reagents, 1l-liter.

6.2.3 Funnels. Glass or high-density polyethylene,
to aid in sample recovery.

6.3 Sample Preparation and Analysis.

6.3.1 Volumetric Flasks. Class A, various sizes.

6.3.2 Volumetric Pipettes. Class A, assortment. To
dilute samples to calibration range of the ion chromatograph
(IC).

6.3.3 Ion Chromatograph (IC). Suppressed or
nonsuppressed, with a conductivity detector and electronic
integrator operating in the peak area mode. Other
detectors, a strip chart recorder, and peak heights may be
used.

7.0 Reagents and Standards.
NOTE: Unless otherwise indicated, all reagents must

conform to the specifications established by the Committee
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on Analytical Reagents of the American Chemical Society (ACS
reagent grade). When such specifications are not available,
the best available grade shall be used.

7.1 Sampling.

7.1.1 Filter. Teflon mat (e.g., Pallflex TX40HI4S5)
filter. When the stack gas temperature exceeds 210°C
(410°F) a quartz fiber filter may be used.

7.1.2 Water. Deionized, distilled water that
conforms to American Society of Testing and Materials (ASTM)
Specification D 1193-77 or 91, Type 3 (incorporated by
reference - see § 60.17).

7.1.3 Acidic Absorbing Solution, 0.1 N Sulfuric Acid
(H,80,) . To prepare 1 L, slowly add 2.80 ml of concentrated
17.9 M H,80, to about 900 ml of water while stirring, and
adjust the final volume to 1 L using additiocnal water.

Shake well to mix the soclution.

7.1.4 Silica Gel, Crushed Ice, and Stopcock Grease.
Same as Method 5, Sections 7.1.2, 7.1.4, and 7.1.5,
respectively.

7.1.5 Alkaline Absorbing Soclution, 0.1 N Sodium
Hydroxide (NaOH). To prepare 1 L, dissolve 4.00 g of solid
NaOH in about 900 ml of water and adjust the final volume to
1 L using additional water. Shake well to mix the solution.

7.1.6 Sodium Thiosulfate, (Na,$,0.3'5 H,0).

7.2 Sample Preparation and Analysis.
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7.2,1 Water. Same asg in Section 7.1.2.

7.2.2 Absorbing Solution Blanks. A separate blank
solution of each absorbing reagent should be prepared for
analysis with the field samples. Dilute 200 ml of each
absorbing solution (250 ml of the acidic absorbing solution,
if a condensate impinger is used) to the same final volume
as the field samples using the blank sample of rinse water.
If a particulate determination is conducted, collect a blank
sample of acetone.

7.2.3 Halide Salt Stock Standard Solutions. Prepare
concentrated stock solutions from reagent grade sodium
chloride (NaCl), sodium bromide (NaBr), and sodium fluoride
(NaF} . Each must be dried at 110°C (230°F) for two or more
hours and then cooled to room temperature in a desiccator
immediately before weighing. Accurately weigh 1.6 to 1.7 g
of the dried NaCl to within 0.1 mg, dissolve in water, and
dilute to 1 liter. Calculate the exact Cl- concentration
using Equation 26A-1 in Section 12.2. 1In a similar manner,
accurately weigh and solubilize 1.2 to 1.3 g of dried NaBr
and 2.2 to 2.3 g of NaF to make 1-liter solutions. Use
Equations 26A-2 and 26A-3 in Section 12.2, to calculate the
Br- and F- concentrations. Alternately, solutions
containing a nominal certified concentration of 1000 mg/L
NaCl are commercially available as convenient stock

solutions from which standards can be made by appropriate
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volumetric dilution. Refrigerate the stock standard
solutions and store no longer than one month.

7.2.4 Chromatographic Eluent. Same as Method 26,
Section 7.2.4.

7.2.5 Water. Same as Section 7.1.1.

7.2.6 Acetone. Same as Method 5, Section 7.2

7.3 Quality Assurance Audit Samples. When making
compliance determinations, and upon availability, audit
samples may be obtained from the appropriate EPA regional
Office or from the responsible enforcement authority.

NOTE: The responsible enforcement authority should be
notified at least 30 days prior to the test date to allow
sufficient time for sample delivery.

8.0 Sample Collection, Preservation, Storage, and
Transport.

NOTE: Because of the complexity of this method,
testers and analysts should be trained and experienced with
the procedures to ensure reliable results.

8.1 Sampling.

8.1.1 Pretest Preparation. Follow the general
procedure given in Method 5, Section 8.1, except the filter
need only be desiccated and weighed if a particulate

determination will be conducted.
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8.1.2 Preliminary Determinations. Same as Method 5,
Section 8.2.

8.1.3 Preparation of Sampling Train. Follow the
general procedure given in Method 5, Section 8.1.3, except
for the following variations: Add 50 ml of 0.1 N H,80, to
the condensate impinger, if used. Place 100 ml of 0.1 N
H,SO, in each of the next two impingers. Place 100 ml of
0.1 N NaOH in each of the following two impingers. Finally,
transfer approximately 200-300 g of preweighed silica gel
from its container to the last impinger. Set up the train
as in Figure 26A-1. When used, the optional cyclone is
inserted between the probe liner and filter holder and
located in the heated filter box.

8.1.4 Leak-Check Procedures. Follow the leak-check
procedures given in Method 5, Sections 8.4.2 (Pretest Leak-
Check), 8.4.3 {(Leak-Checks During the Sample Run), and 8.4.4
(Post-Test Leak-Check).

8.1.5 Sampling Train Operation. Follow the general
procedure given in Method 5, Section 8.5. It isg important
to maintain a temperature around the probe, filter (and
cyclone, if used) of greater than 120°C (248 °F) since it is
extremely difficult to purge acid gases off these
components. (These components are not quantitatively
recovered and hence any collection of acid gases on these

components would result in potential undereporting these
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emissions. The applicable subparts may specify alternmative
higher temperatures.) For each run, record the data
required on a data sheet such as the one shown in Method 5,
Figure 5-3. If the condensate impinger becomes too full, it
may be emptied, recharged with 50 ml of 0.1 N H,50,, and
replaced during the sample run. The condensate emptied must
be saved and included in the measurement of the volume of
moisture collected and included in the sample for analysis.
The additional 50 ml of absorbing reagent must also be
considered in calculating the moisture. Before the sampling
train integrity is compromised by removing the impinger,
conduct a leak-check as described in Method 5, Section
8.4.2.

8.1.6 Post-Test Moisture Removal (Optional). When
the optional cyclone is included in the sampling train or
when liquid is visible on the filter at the end of a sample
run even in the absence of a cyclone, perform the following
procedure. Upon completion of the test run, connect the
ambient air conditioning tube at the probe inlet and operate
the train with the filter heating system at least 120°C
(248 °F) at a low flow rate (e.g., AH = 1 in. H,0) to
vaporize any liquid and hydrogen halides in the cyclone or
on the filter and pull them through the train into the
impingers. After 30 minutes, turn off the flow, remove the

conditioning tube, and examine the cyclone and filter for
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any visible liquid. If liquid is visible, repeat this step
for 15 minutes and observe again. Keep repeating until the
cyclone is dry.

NOTE: It is critical that this is repeated until the
cyclone is completely dry.

8.2 BSample Recovery. Allow the probe to cool. When
the probe can be handled safely, wipe off all the external
surfaces of the tip of the probe nozzle and place a cap
loosely over the tip to prevent gaining or losing
particulate matter. Do not cap the probe tip tightly while
the sampling train is cooling down because this will create
a vacuum in the filter holder, drawing water from the
impingers into the holder. BRefore moving the sampling train
to the cleanup site, remove the probe from the sample train,
wipe off any silicone grease, and cap the open outlet of the
impinger train, being careful not to lose any condensate
that might be present. Wipe off any silicone grease and cap
the filter or cyclone inlet. Remove the umbilical cord from
the last impinger and cap the impinger. If a flexible line
is used between the first impinger and the filter holder,
disconnect it at the filter holder and let any condensed
water drain into the first impinger. Wipe off any silicone
grease and cap the filter holder outlet and the impinger

inlet. Ground glass stoppers, plastic caps, serum caps,
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Teflon tape, Parafilm, or aluminum foil may be used to close
these openings. Transfer the probe and filter/impinger
agsembly to the cleanup area. This area should be clean and
protected from the weather to minimize sample contamination
or loss. Inspect the train prior to and during disassembly
and note any abnormal conditions. Treat samples as follows:

8.2.1 Container No. 1 (Optional; Filter Catch for
Particulate Determination). Same as Method 5, Section
8.7.6.1, Container No. 1.

8.2.2 Container No. 2 (Optional; Front-Half Rinse for
Particulate Determination}. Same as Method 5, Section
8.7.6.2, Container No. 2.

8.2.3 Container No. 3 (Knockout and Acid Impinger
Catch for Moisture and Hydrogen Halide Determination) .
Disconnect the impingers. Measure the liguid in the acid
and knockout impingers to +1 ml by using a graduated
cylinder or by weighing it to +0.5 g by using a balance.
Record the volume or weight of liquid present. This
information is required to calculate the moisture content of
the effluent gas. Quantitatively transfer this liquid to a
leak-free sample storage container. Ringe thege impingers
and connecting glassware including the back portion of the
filter holder (and flexible tubing, if used) with water and
add these rinses to the storage container. Seal the

container, shake to mix, and label. The fluid level should
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be marked so that if any sample is lost during transport, a
correction proportional to the lost volume can be applied.
Retain rinse water and acidic absorbing solution blanks to
be analyzed with the samples.

8§.2.4 Container No. 4 (Alkaline Impinger Catch for
Halogen and Moisture Determination). Measure and record the
liguid in the alkaline impingers as described in
Section 8.2.3. Quantitatively transfer this liquid to a
leak-free sample storage container. Rinse these two
impingers and connecting glassware with water and add these
rinses to the container. Add 25 mg of sodium thiosulfate
per ppm halcgen anticipated to be in the stack gas
multiplied by the volume (dscm) of stack gas sampled (0.7
mg/ppm-dscf). Seal the container, shake to mix, and label;
mark the fluid level. Retain alkaline absorbing solution
blank to be analyzed with the samples.

NOTE: 25 mg per sodium thiosulfate per ppm halogen
anticipated to be in the stack includes a safety factor of
approximately 5 to assure complete reaction with the
hypohalous acid to form a second Cl ion in the alkaline
solution.

8.2.5 Container No. 5 (Silica Gel for Moisture
Determination). Same as Method 5, Section 8.7.6.3,

Container No. 3.
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8.2.6 Container Nos. 6 through 9 (Reagent Blanks).
Save portions of the absorbing reagents (0.1 N H,S0, and 0.1
N NaOH) equivalent to the amount used in the sampling train;
dilute to the approximate volume of the corresponding
samples using rinse water directly from the wash bottle
being used. Add the same ratio of sodium thiosulfate
solution used in container No. 4 to the 0.1 N NaOH absorbing
reagent blank. Also, save a portion of the rinse water
alone and a portion of the acetone equivalent to the amount
used to rinse the front half of the sampling train. Place
each in a separate, prelabeled sample container.

8.2.7 Prior to shipment, recheck all sample
containers to ensure that the caps are well-secured. Seal
the lids of all containers around the circumference with
Teflon tape. Ship all liquid samples upright and all
particulate filters with the particulate catch facing

upward,
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8.0 Quality Control.

9.1 Miscellaneocus Quality Control Measures.

- _ - I
Quality Control
Section Measure Effect
8.1.4, Sampling equipment Ensure accurate
10.1 leak-check and measurement of stack gas
calibration flow rate, sample volume
11.5 Audit sample Evaluate analyst's
analysis technique and standards
preparation

9.1 Volume Metering System Checks. Same as Method 5,
Section 9.2.

10.0 Calibration and Standardization.

NOTE: Maintain a laboratory log of all calibrations.

10.1 Probe Nozzle, Pitot Tube Assembly, Dry Gas
Metering System, Probe Heater, Temperature Sensors, Leak-
Check of Metering System, and Barometer. Same as Method 5,
Sections 10.1, 10.2, 10.3, 10.4, 10.5, 8.4.1, and 10.6,
respectively.

10.2 Ion Chromatograph.

10.2.1 To prepare the calibration standards, dilute
given amounts (1.0 ml or greater) of the stock standard
solutions to convenient volumes, using 0.1 N H,S0, or
0.1 N NaCH, as appropriate. Prepare at least four

calibration standards for each absorbing reagent containing
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the three stock sclutions such that they are within the
linear range of the field samples.

10.2.2 Using one of the standards in each series,
ensure adequate baseline separation for the peaks of
interest.

10.2.3 Inject the appropriate series of calibration
standards, starting with the lowest concentration standard
first both before and after injection of the quality control
check sample, reagent blanks, and field samples. This
allows compensation for any instrument drift occurring
during sample analysis. The values from duplicate
injections of these calibration samples should agree within
5 percent of their mean for the analysis to be wvalid.

10.2.4 Determine the peak areas, or height, of the
standards and plot individual values versus halide ion
concentrations in ug/ml.

10.2.5 Draw a smooth curve through the points. Use
linear regression to calculate a formula describing the
resulting linear curve.

11.0 Analytical Procedures.

NOTE: the liquid levels in the sample containers and
confirm on the analysis sheet whether or not leakage
occurred during transport. If a noticeable leakage has

occurred, either void the sample or use methods, subject to
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the approval of the Administrator, to correct the final
results.

11.1 Sample Analysis,

11.1.1 The IC conditions will depend upon analytical
column type and whether suppressed or non-suppressed IC is
used. An example chromatogram from a non-suppressed system
using a 150-mm Hamilton PRP-X100 anion column, a 2 ml/min
flow rate of a 4 mM 4-hydroxy benzoate solution adjusted to
a pH of 8.6 using 1 N NaOH, a 50 ul sample loop, and a
conductivity detector set on 1.0 uS full scale is shown in
Figure 26-2.

11.1.2 Before sample analysis, establish a stable
baseline. Next, inject a sample of water, and determine if
any Cl°, Br’, or F  appears in the chromatogram. If any of
these ions are present, repeat the load/injection procedure
until they are no longer present. Analysis of the acid and
alkaline absorbing solution samples requires separate
standard calibration curves; prepare each according to
Section 10.2. Ensure adequate baseline separation of the
analyses.

11.1.3 Between injections of the appropriate series
of calibration standards, inject in duplicate the reagent
blanks, quality control sample, and the field samples.
Measure the areas or heights of the Cl°, Br", and ¥ peaks.

Use the mean response of the duplicate injections to
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determine the concentrations of the field samples and
reagent blanks using the linear calibration curve. The
values from duplicate injections should agree within 5
percent of their mean for the analysis to be valid. If the
values of duplicate injections are not within 5 percent of
the mean, the duplicator injections shall be repeated and
all four values used to determine the average response.
Dilute any sample and the blank with equal volumes of water
if the concentration exceeds that of the highest standard.

11.2 Container Nos. 1 and 2 and Acetone Blank
(Optional; Particulate Determination). Same as Method 5,
Sections 11.2.1 and 11.2.2, respectively.

11.3 Container No. 5. Same as Method 5, Section
11.2.3 for silica gel.

11.4 Audit Sample Analysis.

11.4.1 When the method is used to analyze samples to
demonstrate compliance with a source emission regulation, a
set of two EPA audit samples must be analyzed, subject to
availability.

11.4.2 Concurrently analyze the audit samples and the
compliance samples in the same manner to evaluate the
technique of the analyst and the standards preparation.

11.4.3 The same analyst, analytical reagents, and
analytical system shall be used for the compliance samples

and the EPA audit samples. If this condition is met,
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duplicate auditing of subsequent compliance analyses for the
same enforcement agency within a 30-day period is waived.
An audit sample set may not be used to validate different
sets of compliance samples under the jurisdiction of
separate enforcement agencies, unless prior arrangements
have been made with both enforcement agencies.

11.5 Audit Sample Results.

11.5.1 Calculate the concentrations in mg/L of audit
sample and submit results following the instructions
provided with the audit samples.

11.5.2 Report the results of the audit samples and
the compliance determination samples along with their
identification numbers, and the analyst's name to the
responsible enforcement authority. Include this information
with reports of any subsequent compliance analyses for the
same enforcement authority during the 30-day period.

11.5.3 The concentrations of the audit samples
obtained by the analyst shall agree within 10 percent of the
actual concentrations. TIf the 10 percent specification is
not met, reanalyze the compliance and audit samples, and
include initial and reanalysis values in the test report.

11.5.4 Failure to meet the 10 percent specification
may require retests until the audit problems are resolved.
However, if the audit results do not affect the compliance

or noncompliance status of the affected facility, the
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Administrator may waive the reanalysis requirement, further
audits, or retests and accept the results of the compliance
test. While steps are being taken to resolve audit analysis
problems, the Administrator may also choose to use the data
to determine the compliance or noncompliance status of the
affected facility.
12.0. Data Analysis and Calculations.

NOTE: Retain at least one extra decimal figure beyond
those contained in the available data in intermediate
calculations, and round off only the final answer
appropriately.

12.1 Nomenclature. Same as Method 5, Section 12.1.
In addition:

By- = Mass concentration of applicable absorbing
solution blank, pg halide ion (Cl-, Br-, F7)/ml,
not to exceed 1 ug/ml which is 10 times the
published analytical detection limit of 0.1
pg/ml. (It is also approximately 5 percent of
the mass concentration anticipated to result
from a one hour sample at 10 ppmv HCl.)

C = Concentration of hydrogen halide (HX) or halogen
(X;), dry basis, mg/dscm.

K = 10"% mg/ug.

Kyp = 1.028 (ug HCl/pg-mole)/(ug Cl /ug-mole).
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Kigr = 1.013 (ug HBr/pg-mole)/(ug Br /ug-mole) .

Ky= = 1.053 (ug HF/ug-mole)/(ug F/ug-mole).

My = Mass of HCl, HBr, or HF in sample, ug.

my, = Mass of Cl, or Br, in sample, ug.

Sx- = Analysis of sample, ug halide ion (Cl°, Br-,
F)/ml.

Ve = Volume of filtered and diluted sample, ml.

12.2 Calculate the exact Cl-, Br, and F-
concentration in the halide salt stock standard solutions
using the following equations.

g Cl/ml = g of NaCl x 10® x 35.453/58.44 Eg. 26A-1

¢g Br/ml g of NaBr x 10° x 79.904/102.90 Eq. 26A-2

g of NaF x 10°® x 18.998/41.99 Eg. 26A-3

g F/ml

12.3 Average Dry Gas Meter Temperature and Average
Orifice Pressure Drop. See data sheet (Figure 5-3 of
Methed 5).

12.4 Dry Gas Volume. Calculate V . and adjust for
leakage, if necessary, using the egquation in Section 12.3 of
Method 5.

12.5 Volume of Water Vapor and Moisture Content,
Calculate the volume of water vapor V,.. and moisture
content B, from the data obtained in this method
(Figure 5-3 of Method 5); use Equationg 5-2 and 5-3 of

Method 5.
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12.6 Isokinetic Variation and Acceptable Results.
Use Method 5, Section 12.11.

12.7 Acetone Blank Concentration, Acetone Wash Blank
Residue Weilght, Particulate Weight, and Particulate
Concentration. For particulate determination.

12.8 Total ug HCl, HBr, or HF Per Sample.

Myy = Kaca, wor, ¢ Vs (Syx- - Bx-) Eg. 26A-4

12.9 Total pg Cl, or Br, Per Sample.

My, = Vg (Sy - Byg-) Eg. 26A-5

12.10 Concentration of Hydrogen Halide or Halogen in
Flue Gas.

C = K My, x/Vasty Eq. 26A-6

12.11 Stack Gas Velocity and Volumetric Flow Rate.
Calculate the average stack gas velocity and volumetric flow
rate, if needed, using data obtained in this method and the
equations in Sections 12.3 and 12.4 of Method 2.

3.0 Method Performance.

13.1 Precision and Bias. The method has a possible
measurable negative bias below 20 ppm HCl perhaps due to
reaction with small amounts of moisture in the probe and
filter. Similar bias for the other hydrogen halides is
posgsible.

13.2 BSample Stability. The collected Cl° samples can

be stored for up to 4 weeks for analysis for HC1 and Cl,



1385
13.3 Detection Limit. A typical analytical detection
limit for HC1 is 0.2 pg/ml. Detection limits for the other
analyses should be similar. Assuming 300 ml of liquid
recovered for the acidified impingers and a similar amounts
recovered from the basic impingers, and 1 dscm of stack gas
sampled, the analytical detection limits in the stack gas

would be about 0.04 ppm for HCl and Cl2, respectively.
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14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [Reserved]
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Figure 26A-1. Sampling Train
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SAMPLE CALCULATIONS

Recycling Solutions Technologies
Davella, Kentucky
Unit 1
RUN 1

Ps =Pb+ P
[13.6J

29.51 = 29.53 + 21
13.6

Vm = (Final Dry Gas Meter reading — Initial Dry Gas Meter reading) x Y

37.087931 = (229.314 — 192.337) x 1.003

DeltaH
528 Pb+ 138

Tm+460 | 29.92

Vm(std) = Vmx

sog | 2953 124
36.17 = 37.087931 x x 13.6
536 29.92

Vwe = .04706 x VI
Vwsg = .04715 x Wsg

Vwcelstd) = Vwe + Vwsg

6.155448 = 04706 x 130.8 m! of condensate
49979 = 04715 x 10.6 g. of silica gel

6.655238 Vwc(std) = 6.155448 + 49979



Vwe(std)
Bws =
Vwe(std) + Vm(std)

6.655238
1554 =
6.655238 +36.17

%M = Bws x 100

156.54% = .1654 x 100

%N_ dry = 100 — (%CO; + %0, + %CO)

80.32% =100 - (7.77% + 11.91% + 0)

Md = (.44 x %C02) + (.32 x %02) + (.28 x (%N2+%CO))

29.7196 = (.44 X 7.77%) + (.32 x 11.91%) + (.28 x 80.32%)

Ms = Md (1-Bws} + (18.0 x Bws)

27.90=29.7196 x (1 - .1554) + (18.0 x 1554}

Ts
PsxMs

Vs = 85.49 X Cp X VAP x

651

4348=8549x .84x 681 x ,|———
29.51x27.90



ACFM =60 x Vs x A
32,785 =60 x43.48 x 12.566

DSCEM = 5 s 4cEM x2S x (1= Bws)
Pst, Ts
22,154=—52—8 X 32,785 x 29;1 x(1-.1554)

Wg = Weight gain in grams

Wg = 0.0008

Wp = 002205 x Wg
.000001764 = .002205 x 0.0008

WP (bidsch)
Vm(std)

Wd =

4.88E-08 = 000001764
36.17

Wh = Wd x Qsd (Ib/hr)
.06 = 4.88E-08 x 1,329,240



Ws = Wd x 7000 (gr/dscf)

3.41E-04 = 4. 88BE-08 x 7000

- f —factor x20.9 xWd

Ib/mmBt
D= 209-%0g MRV
N/A
1,667 x Ts x 002669 x Vi + 7Y (Pbar | Deftat J
%l = 13.6
*xVs x Psx An

1.667x 651x.002669x 1414 42027/ x 1003 g 55 1.24

100.3% = 536 13.6

60x43.48x29.51x.0003408843316



Ibs
Ib-mole

VAP
scf
scm

L1 L I TR |

NOMENCLATURE

cross-sectional area of stack, (ftz)

actual cubic feet

actual cubic feet per minute

cross-sectional area of nozzle, (ftz)

water vapor in the gas stream, proportion by volume

acetone blank residue concentration, mg/mg

pitot tube coefficient, dimensionless

type S pitot tube coefficient, dimensionless

standard pitot tube coefficient; use 0.99

concentration of particulate matter in stack gas, dry basis,
corrected to standard conditions, (gr/dscf)

equivalent diameter

dust loading per heat input, (Ilb/mmBiu)

dry standard cubic feet

dry standard cubic meters

feet per second

grams

gram-mole

grains

orifice pressure drop in inches water, average

hour

percent of isokinetic sampling

inches mercury

length.

Individual leakage relate observed during the leak-check conducted
prior to the first component change, (ftalmin)

maximum acceptable leakage rate for either a pretest leak-check or
for a leak-check following a component change; equal to 0.00057
m>/min (0.020 cfm) or 4 percent of the average sampling rate,
whichever is less

pounds

pound-mole

Individual ieakage rate observed during the leak-check conducted
prior to the “i™ component change (i = 1, 2, 3..n), (cfm)
leakage rate observed during the post-test leak-check, (¢cfm)
percent moisture by volume

mass of residue of acetone after evaporation, mg

molscular weight of stack gas, dry basis, (Ib/lb-mole)

million Btu

totai amount of particulate matter collected, mg

molecular weight of stack gas, wet basis, (Ib/lb-mole)
molecular weight of water, (18.0 Ib/lb-mole)

total number of traverse points

barometric pressure at the sampling site, (in Hg)

static pressure in flue in inches water, average

stack static pressure, (in. Hg)

absolute stack gas pressure, (in. Hg)

standard absolute pressure, (29.92 in. Hg)

dry volumetric stack gas flow rate corrected to standard conditions,
{dscf/hr)

ideal gas constant, 121.85 [(in Hg) (ft)] / [(°R) (Ib-mole)]}
square root of velocity head in inches water, average
standard cubic feet

standard cubic meters

sensitivity factor for differential pressure gauges



13.6
100

1] 1l

absolute average DGM temperature, (°R)

absolute average stack gas temperature, (°R)

standard absoiute temperature, (528 °R)

volume of acetone blank, mil

volume of acetone used in wash, ml

volume of condensate through the impingers, mi

total volume of liquid collected in impingers and silica gel, ml
volume of gas sample as measured by dry gas meter, (dcf)
volume of gas sample measured by the dry gas meter, corrected to
standard conditions, (dscf)

velume of flue gas at actual conditions in cubic feet per minute
volume of water vapor in the gas sample, corrected to standard
conditions, (scf)

volume of water condensed in impingers corrected to standard
conditions

volume of water collected in silica gel corrected to standard conditions
average stack gas velocity, (ft/sec)

width

weight of residue in acetone wash, mg

weight of dust collected per unit volume, (Ib/dscf)

weight of dust cellected in grams

weight of dust collected per unit volume, (Ib/hr), dry basis

weight of dust collected in pounds

weight of dust collected per unit volume, (gr/dscf)

weight gain of impinger silica gel in grams

dry gas meter calibration factor

density of acetone, mg/mi

total sampling time, min

sampling time interval, from the beginning of a run until the first
component change, min

sampling time interval, between two successive component
changes, beginning with the interval between the first and second
changes, min

sampling time interval, from the final (") component change until
the end of the sampling run, min

specific gravity of mercury

sec/min

conversion to percent



NO, CALCULATION

(O, Based)
Ib/dscf =1.194 x 107 x PPM
Ib/mmBtu = |b/dscf x f-factor x L
20.9-%0-
Ib/hour = Ib/dscf x dscfm x 60 min./hr
NO, CALCULATION AT 7% O,
209-7

/ = _
NO, ppm at 7% O, corrected ppm x 0.9~ %03



SO, CALCULATION

(O, Based)
Ib/dscf =1.660 x 107 x PPM
Ib/mmBtu = |b/dscf x f-factor x A
20.9 —%0:>
Ib/hour = |b/dscf x dscfm x 60 min./hr
S0, CALCULATION AT 7% O,
209-7

COppmat 7% O = corrected ppm x —
PP Tz X 0.9—%0:



CO CALCULATION

(O, Based)
Ib/dscf =.726 x 107 x ppm
Ib/mmBtu = |b/dscf x f-factor x —ﬂ :
20.9-%0-
Ib/hour = Ib/dscf x dscfm x 60 min./hr
CO CALCULATION AT 7% O,
209-7

COppmat 7% O = corrected ppmx ———
PP e PP X 0.9—%0s



Eq. 6C-1

Cma

SAMPLING SYSTEM BIAS CORRECTION

EMISSION CALCULATION
(CFR 40, Part 60, Appendix A)

Cma

Caas :(6 - Co) oG

Effluent gas concentration, dry basis, ppm.

Average gas concentration indicated by gas analyzer, dry basis, ppm.
Average of initial and final system calibration bias check responses for
the zero gas, ppm.

Average of initial and final system calibration bias check responses for
the upscale calibration gas, ppm.

Actual concentration of the upscale calibration gas, ppm.
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Field Data Sheet *

B4
Client: T . BSrsatAnalysis
Project No: 0% CO% { O 0%
Sampling Location: Sdszir ~ARunNo: | - 1.
Filter No.: T ~Ypy Impinger Box No: G¢ Condensate: 120,83 mot® | 7.77 ' 97
Barometric Pressure: 2.9, $.3 Static Pressure: ~ (),2 | [SlicaGel: 1©. & g - I
Nozzle Diameter. ~ [),2-39 J5D|Nozzle Number: G~ ~ 2 ) Pitot Number: - r ' '
Meter Corr. Factor:  /, 00 3 Pitot Coefficient: -5, ¥iMeterNo. /4 A ' RM: 5/24A4
Sample Pt. Time: 1.5 Meter Orifice: 3,2b201 |Date Calibrated: §~22-0€|Flue Area: /2566 ft2
Assumed % Moisture; L Delta Hg: |, "7 2 3 - | 1 1
Saturated Gas Stream: Y or Leak Test Initial: g{&z fi3@ (S "Hog(1 min) _|Final: 0,001 3@ . "Hg(1 min.}
: A Temperaiure (Degrees Fahrenheitt ||  DryGas
| Sample : .Rt Probe [Imp.Out] Oven [ Meter | Meter -| Vac.Pr| Meter Readin
| “Point | pettap ﬂ_ta P | DeftaH | Stack | 223373 26_@ 223273| In ubi ’
StartTime: [\:39 [ . . . _ - " Eilpgr  Jnital DGM Reading Z.227
. : 0;;1' ¢l :
Ay 10942 8535 o 1199 [ LY 71ha (25T [ MA 173 |2 1[P3.%21|
2 0481063 126 117C 1296 [f2 T4k | , 17Y 12 /95, Y20
S 0.y [06@L {12y [LFe (290 |46 [2Y47 24 1 2 /86, F0(
Y _10.45 106711120 193 {281 |93 [24% 25 2 119%.
S 1095 lptallno llg] 1252 5% 24% 125 % LG 9D
b 105 (o _&QD |€{ 1259 |5~ Zgo \_125 2035
7 _10.3571009]0.96 | | %! 15‘5’ I EXY 15 | & [202,25]
4 10,55 10.5%92]032 19 (296 (89 |252 ) 2 (204 130D |
9 25057241099 1\9Y | 297 181 1250 15 | R 235,450
| 32 [0.566 [ 0.g4 119y V254 [S2 294 25 |2 |20€ £S5
H_®.39 109921992119 Vaeblgt [297] / 195 | 2 ;’0%‘3;4,_}_
R J0.3s[4.s92(p.92 (96 1254 |&) 2L [ V¥ [25 | 2 [207%17
0 [2.55 0929 (.39 (9% 25t [S2 (245 |44 |27 |2 2.0
2 10¢S psoe 23149 12520 162 24l 7 7€ |2 212 2%
2 105y 2621159 1192 1252 |S1 [zv4] | 29 1| 2 121Y, 6%
9 10649 0%0 {20 1721251 191 (2451 \ (2% | "2 |Zz¢6, 2
s [0 (p%261 .62 /%7 10l |52 (246 | \ 9% | £ 12¢(2.7%
L lobs logor [[714192 (257 (52 [247 \ 2 | 2 1202350
7 Q.ﬁ% 22101% 119 12549 153 2,44 \ 2« 1 2 12Z2), 304 ]
4 Iny6 [0.695311.2211972 1252199 [245 \ o | 2 60
7 10.yg npCod|l22119L 17261 15Y 247 24 | 2 224,861
(0 to.ql [o.cMol[od 1194 (266 ISy |24b6 7% 12 |z 202
U 1042 0694 [ U 1195 1252 | 2\vb 2 2. 122
2 1p.M0 [Deaz| [pe[1g2 252|852 |24 /7% | & [ 228319
‘\ —— T T .
Stop Time: | & 1 B L oo d b b e s T e e e T T T T T
avg's. | ' .ggﬁﬂ f24 1 (191 | | § | | 2 | I %6.977
. , . . s
[Pitot Tube Leak Test: ‘Stable for 15 seconds at 3.0" H,0  [lnitial L~ Final__(/ !

Grace Consulting, Inc.



Field Data Sheet

Client: Recishetvn  Sntubion s [Date: 9-~2.5 0% Orsat Analysis _
Project No: %0_3 J293 |Operator: 3 ; T CO% | O, 0%
Sampling Location: < -t RunNo: .7 2 |

FiterNo.. - T~ 4p % Impinger Box No: 2 € Condensate: | 16.5 mior@) || 594 jt, |

Barometric Pressure: 2.9, Static Pressure. ~(), 2] |Siicacel: 7.9 g |

Nozzle Diameter: . 250Nozzle Number: - 2 3 |Pitot Number: S _ :

Meter Com. Factor. [/, 00O |Pitot Coefficient: ©. €\  IMeterNo. /£ A RM: S51Z26A

Sample Pt. Time: 2.5 Meter Orifice: 3, 2.6 20 ([Date Calibrated: ¢ - 22 -0B/Flue Area: _ .2

Assumed % Moisture: | ¢ DeltaHg: [, 72 | | , 1 1

Saturated Gas Stream: Y or N Leak Test Initial: Q.m fi3@ {7 "Hg(1 min.) Final: ft3 "Hg(1 mir.)

) _____Temperature (Degrees Fahrenhelt) Dry Gas
N samplel - | sq.Rt Probe |Imp. Out] Oven | Mefer | Meter [ Vac.Pr{ Meter Reading
| Point | DeltaP | DetaP | DeltaH | Stack | 223-273 | <68 [ 223-273 In Qut in. HG Cubic Feef
Start Time: 4:00 - [ -~ . . o - T Eiper . lnibal DGM Reading : .

: ' i 'E.X-lt — .

D I0LY 10400 [Z.(0 [195 1262 |40 (737 |AMAg |36 | 2 =231 367
2 064 19.§0012.09 196 1261 |SYy 296 | f 148 | "2 1205 450
KEAY AF) .20 1192 1264153 |2v4 | | [7 2 |=235.4/72
M 12,20 10657 S I¥L 1257152 (72458 gE | 2 |237./5
= . ¢q 10900 [hed gl 257152 [297 [\ 1wé | L 12330
b ot gt [ 771,90 (252 Sz |z | \ (g2 | 2 [240.5%
2 [gusloeni|lag 1192 l25%1 83 >v% ¥ 7 | % 242,340
¥ 1040 201192 1257151 244 v Z 243 %<

9 lg.Mblper4]y 20197 128397 {297 €2 2 1248 45D
0 1092 10.0%4 0949 1251192 294 G2 | 2 |24%.%37
H lo3% o6l o] 94 [ 2567 | % 244 {7_ g% 2 12y%.2<]
12 10.3%[0.6(L ,oo/, 19 1254 1S 51245 % 2 [RY¢. 4649

A1 10Y2[0euglin| 1142 (252154 (242 M4 [ ¥ | 2 125/ 030
2 I03L[0to0 g9k (9] 129) 1S3 [951] s |87 Q-J%izg,
2 8.57 025511, 521 1%2 262 g2 [z | [ €5 | = [257.20
M_10.6310.7994 91 1% 1291 152 25D g9 | 2 Rss5.224
> 10.6% 10251163 | | 2501851 [24% oD .2 24222.2?3,
L 10400123 g2 (249 (g2 [2s1 1\ [P0 |2 239 Y50

_% 05 B (2T lz2.8f {21252 | 120 | 2 \

033 10.592 (092 J177 1252181 |28 2] 2 262 .72
9 loak]pbép [0.9Y [269 |2.60 | 52 [ 260 9 2 262972
19 10,3410.5¢3 pg2 [ 204 {26l | SO 25D 21 2 | ¢S5 /%y
v 0975106501 1,13 | 285 123%F | € [2Y 921 L _l126g. 9
(2 1DYO[0.632] 10517205457 1s0 |29 V¥ |94 2 | 266, 3]
StopTime: 19 109 L o . o o T T e e e L]
avgs. | T gos 1,38 [ 1921 1 [ i 1 8% | | 2% -904

[Pitot Tube Leak Test. -Stable for 15 seconds at 3.0"H,0 __|[Initial_ g/~ Final_ZZ&__|

Grace Consulting, Inc.



Field Data Sheet

Client: L e sy cAing Yions lDate: 9¢-25-0%. ﬂ ~ Orsat Analysis
Project No: 0g -7 2 |Operator: [ an ey, [ CO% | O 0.%
Sampling Location: el Run No; -° " l ‘
Fiter No.. - T-405 impinger Box No: 4 A Condensate:| )V . Zmiorg || 9.2+ \E5
Barometric Pressure: " 1.0, § > |Static Pressure: = I\ SiicaGel: |4 g [ b Sl
Nozzle Diameter: ) 2.9 Nozzle Number: 6 ~ 34, |Pitot Number: N -
Meter Corr. Factor:  ].003 Pitot Coefficient: D.BY |MeterNo. & A ; RM:
Sample Pt. Time: 1.5 Meter Orifice: ‘3 2 62 0| |Date Calibrated: @-220%9 _|Fiue Area: _ ft.2
Assumed % Moisture: [} DeltaHg: | 727D | . ' o]
Saturated Gas Stream: Y or N Leak Test Inifial: ft3 "Hg(1 min. Final: @, fis@ 7 "Hg(1 min.)
— Temperature (Degrees Fahrenheit)=% Dry Gas
| Sample Sq. Rt Probe |Imp. Out] Oven | Meter | Meter - Vac. Pr| Meter Reading
Point | DeltaP | DeltaP | DeltaH | Stack | 223273 | <68 ]223-273] |In Out | (in. HG Cubic Feef
Stat Time: {5+ %6 | - .o o o ¢ e ~ . inital.DGM Reading] 269,
A 10.53 0729|255 gﬁ% Z5¢C bo [200 | WA | B2 | D> [290.5D
2 087075512021 t9%¥ 1259 152 250 | ¢ 1&82 | "9 (277, ‘tﬁ?__@_
3 9.8 0747 [2.92. 12906 ¥263 | 5) [2y® [ y 1225, (87
v 10.60]079%12 96 |Z26% 252 lgt [247 $2 1Y 12722392
S 10.65 190406 [»095 17069 | 25b |49 (2.4 T 229 . %2
b .63 18.79912.95 (265 | 264 149 (249 | | Z 19 [2%2.2%(
2 1037 10.26%[2291 202 ] 2ol | M4 (292 | | < % 2%4.2029
$ 1012[069¥[1.99 [ 281 12672 1 Y9 |9 \ 4 2%6 .33
b 39060 .0 [ 2031260 | 47 |24% 2 | > |24, 4o
0 loa% 0,616 | (K0 [203 [258 160 [2Y2 g2 | 3 299,312
it 1. Y2 [9.ME1 199 (201 [2ée [ SO [24F T2 | 5 R, 22
12 [6.42[09642(1.99 |20) 1»E7 |51 (2497 %2 | 2 |2eY. 304
Bl 10.5¢ Z 1560 g0 |24  MAIF2 1y [20¢ 471
2 106°% (1 22202750 187 (2401 / g2 1Y |REGK0D
3 10.72]1 08499124 | 202 111 1Se | 2.4b 2 1. 5 [381L.4F
Y 0273 Lﬁs_(,_ 202 | 262157 |2.MX 2 15 |3y <250
s 0560267 [2.751202125% ish 1245 | \ 162 | 4 ;
b 10.62107%7(2.931205 |77 |16 | 2y $2 | 4 22
7 0.825]2.2 1204 125¢ 1S4 |2M % | s .
‘39_ o.w QEDid 204 'Lg;! 5% 1292 4:::2 S 2 47?7
ANy 2 |72064 |2 ) Y ¥ Y Al b P
10 10.55 [ 9292 %'e,o 269 115b {S¢ 1243 42 | 4 | HLE. 502
11 1044 |0.69312.27] 202 {257 | 3% 2 | g 1220.30>
12 lo4%l0£69212n27][202]1259% 57( Z2YD | ¥ Y w22 31%
A
~
~
Stop Time: Jp tq 8 | 7 o ol e oo e o n e S e T L ]
mvgs | 10750 | 0wB202.4] ] [ | [$2 1 5. 01

IPitot Tube Leak Test: Stable for 15 seconds at 3.0"H,0 linitial __ 0% Final __04<__|

Grace Consulting, Inc.



Field Data Sheet

= 2
Client; [ggc,,!d% Solo b S [Date: 9-26 -0 1 __OrsatAnalysis
Project No: 0%’ 293 |Operator. {5 rom, : l CO% | O 0%
Sampling Location: Stack RunNo; .- [ - | | _
Filter No.: R~ | Impinger Box No: 713 Condensate: |5 @r , ‘
Barometric Pressure: "2 9, 2 ~7 . |Static Pressure: = », 2% [SilicaGel: W4+ g | !
Nozzie Diameter: ~ ), 2 972 ‘Nozzle Number: /57 - Pitot Number: e ' :
Meter Corr. Factor:  J, OD 3 “|Pitot Cosfficient: 0. € Y |MeterNo. ££ A4 RM. 23 .
Sampie Pt. Time: 2.5 Meter Orifice: 3.2 6201 [Date Calibrated: §~22-0 & |Flue Area: fi.2
Assumed % Moisture: /¢, Delia Hg: 27 | , L
Saturated Gas Stream: Y or N Leak Test Initial: 0.6 Oft I 5 "Hg(1 min. Final:{) 0D 2 ft3 2, "Hg(1 min.)
. _____Temperature {Degrees Fahrenheit Dry Gas
Sample | saq.Rt Probe_|imp. Out] Oven Meter | Vac. Pr{ Meter Reading
| Point | DeltaP | DeltaP | DeftaH | Stack | 223-273 | <68 | 223-273 |_Out_|(in. HG Cubic Feet
Start Time: 7:45 e e T e Inial DGV Reading]
' - . . CoNASNGEr] : _
2\ 1052 0521 |23% 11e% (29 (&L 240 | %0 | 65 1.5 ,}.32_.‘5?_2_
2 10.5C 029%]12.56 [¥9 [21€ |52 [26/ | 9 |65 | 5  |33Y 67|
3 - 2l 1(€F|25¢c |98 2591 9/ €5 | 5 13374 690
Yy 637 107551266 [1 ¥ 125 [97 1299 144 |65 | B 3,_3?_._3'_%_
o 08¢ [pgaSn12 [[e2 (2564 197 1256 | Yi le2 1§ 139135
> 10.62 {0792 191 |es3 M7 |59 Y |6 |3 1342,26
7 o yLl8.69532.2) {973 |24 [Us |2s52 [ 4+ [€g | “ 1345.726
< 0yn [9.656](1. 9% 191 | 250142 256 |40 [ 6% %__ 32,26
9 10vub [ee7gl2. (219 | 24%[y72 287 | Mt |6 2
70 _1p. M2 |0:64 (193 1194 | 249147 N67 [ 41 |62 1 13351.62¢4
[ 10.44 10.69912.52 1200 [&%I[947, 268 |4, |62 |y |253.692
1Z_[oygL 10675212200 (296 [ud 266 | 41 oo [ M 1 D33, F42
AL 1063 713.00 700 |2y2 4o |25/ | yq |70 | g [358. i50
%122 69|z arl 2ol 242150 [2Z5( (43 [ 21 [T :5.4%.—761
.?{ 9.672 zu;:?:s.oq Zog %}‘L 5( |26 :}21 g‘ .33'2 O 2/
35 0.%_‘6 522{_ 2,90 ﬁl 298150 |29 1MUY 22 | O (362 70
_LFQO'% 8212672120 (2472150 [2ep [49 122 | S | 370,28
2104 L9 19¢ 1o yglue 1260 [yq (75 1Y 13921402
& 10210600 | LLL [200 124914l 28K 141123 | 3 1525.7%0
T 102N 060K] 1.2/ 1192 1248 | 4& (258 | My 152 [ 5 1325.62]
0 1035]05%2[1.62 192 1249 [ «q (267 4y |73 |3 . SO
i 190,340,543 1.9 M3 [ 50 | 2s21Uq [ 25 | B 13929.020
1. |03Y 9,55 |.5% | 12€]12Sp S0 [Rsd (441723 | 5 13¢0.29)
Stop Time: 7 :5D T e R o e R R e T e
avg's. | T ol z2=5] 1961 ] I | [ 70 1| [ _50.393

[Ptot Tube Leak Test. Stable for 15 seconds at 3.0"H,0 __[Intial__8Z€_____ Final O-4€_ |

Grace Consulting, Inc.



Field Data Sheet

—

Qrsat Analysis

Client: e, ¥ [Date: 9~ 2~ og.. ,
Project No: V4 Q‘E |Opetator ﬂrmge,n He o I CO.% |. O, 0.%
[Sampling Location: S 4104( RunNo: 4 "2
FiterNo.. K .72 Impinger Box No: R & Condensate@lml org
Barometric Pressure: L 9.72."7  |Static Pressure: ~ ﬂlzc‘ Silicagel: 12, g
Nozzle Diameter: Q.2 92 Nozzle Number: Pitot Number: j_r '
Meter Corr. Factor:© [ O 0D Pitot Coefficient: 0. %Y MeterNo. /6 A ' RM: .
Sample PL Time: 2.9 Meter Orifice: %, 1&@[ Date Caiibrated: ¥ - 220 ¥ {Flue Area: _ ft.2
Assumed % Moisture: [ & Delta Hg: ¥ | . ] ]
Saturated Gas Stream: Y or N Leak Test Inmal § { "Hg(1 min. Final: 2 00 | ft3@ j -2 "Ha(1 min.)
. Temperature (Degrees Fahrenheit Dry Gas
1 Sample - { sq.Rt Probe |Imp. Out] Oven | Meter | Meter -f Vac. Pr| Meter Reading
Point | DeltaP | DeltaP | DeltaH | Stack | 223-273 | <68 [ 223-273 in Out in. HG (Cubic Feet)
Start Time: 1241% R R W Iniial DEN éadmgm
A‘- 1 19.95 QA%.' 2.5 l?‘} 2521672 24K (ML 122 3 a2 %
_Z_J%,:L%_Q.& 2 99 [ Z251lep [R4s| o (79 | 3 |3%E
3 0310606 [[451190 |2.50156 |=2gp| [ 1290 1|5 1392,
y 'gj% n.%b z.gz (9 { 7—51'? .52 299 1] 1292 [ % [3%0.20D
: [ L 24 |2 S 2.4% 129 1 3 232 ,-%Qé
6 W24 %,5((2 AS1192 (2162|159 (247 2X |5 | %73 F/[L
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Field Data Sheet

{Client: ﬂgga!d‘ms Se (oI __|pate: 9-2 b-O0%. Orsat Analysis
Project No: n&g“- A93 {Operator: : [+ T R ' fCO% | O 0%
Sampling Location: _ - Seett RunNo: ¥ =2
Filter No.: R-~3 Impinger Box No: {0 A Condensate: //3, & mtorg
Barometric Pressure: 719,27 |Static Pressure: ~0. 2% [SlicaGel: (2, 9
Nozzle Diameter. " 0,292 Nozzle Number: Pitot Number: i '
Meter Corr. Factor: ¢, 90 % |Pitot Coefficient: () s5¢7 |Meter No. l& A RM: 238
Sample Pt. Time: 2.5 Meter Onf'oe 62.0; Date Calnbmmm— 22 ~og(Flue Area: ft.2
Assumed % Moisture: b Delta Hg: | 1
Saturated Gas Stream: Y or N- LeakTest Imt:al 0002&3@ I € "Hg(1 min.) lnal {24)52&3 % "Hg(1 min.)
A Temperature (Degrees Fahrenheit) ] Dry Gas
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Field Data Sheet

Client: gg“‘tg\lhe h‘u‘i@’"ﬁ [Date: 9- 2¢-0%.. || OrsatAnalysis
Project No: Dx? 193 [Operator: 3, hve ' J1Co% | O 0.%
Sampling Location: & 4 <. RunNo: .- Y-

Filter No.: ~ limpingerBoxNo: ' € __|Condensate: /2§ Zmi or

Barometric Pressure: 2.7, 2 7__|StaticPressure: —~ 0. 2 & |SilicaGe: \\H g

Nozzle Diameter. . 2992  |Nozzle Number: Pitot Number:

Meter Corr. Factor: [ @03 Pitot Coefficient: @ ¥  |MeterNo. -Jh 4 RM:

Sample Pt. Time; 2. Meter Orifice: 32620 |pate Calibrated: §-22 Flue Area: fi.2

Assumed % Moisture: /65_ ______|Delta Hg: _Ll 3_—L [ : H| |

Saturated Gas Stream: Y orf BV Leak Test Initia: 0 { #t3 "Hg(1 min. Final: d. ~/7 "Ha{1 min.)

, . Temperam=re &rees Fahrenheif) Dry Ga_s
| Sample | Sq.Rt Probe |Imp. Out] Oven | ; Meter | Vac. Pr| Meter Reading
Point | DeltaP | DeltaP | DettaH _Stack 223273 | <B8 1223273| Cut in. HG Cubic Feet
Start Time: | '_33 ST T T T et | jottial DeMReading! Y3 2,
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Test Run 1 Begin. STRATA Version 2.0

Operator: h stiles
Plant Name: Recycling Solutions
Location: Stack
02 co2
% %
Start Averaging
9/25/2008 11:36:06 13.34 6.37
8/25/2008 11:37:03 13.77 6.05
9/25/2008 11:38:03 14.03 5.84
9/25/2008 11:39:.04 14.32 5.62
9/25/2008 11:40:04 14.28 5.66
9/25/2008 11:41:04 14.15 5.75
9/25/2008 11:42:04 13.65 6.14
9/25/2008 11:43:04 13,51 6.27
9/25/2008 11:44:04 12.97 6.75
9/25/2008 11:45:04 12.25 7.41
9/25/2008 11:46:04 11.98 7.65
9/25/2008 11:47:04 11.85 7.79
9/25/2008 11:48:04 11.65 8.01
9/25/2008 11:49:04 11.06 8.58
9/25/2008 11:50:04 10.29 9.23
9/25/2008 11:51:04 10.14 9.35
9/25/2008 11:52:04 10.12 9.39
9/25/2008 11:53:04 10.29 9.26
9/25/2008 11:54:04 10.38 9.20
9/25/2008 11:55:04 10.37 9.21
9/25/2008 11:56:04 10.25 9.31
9/25/2008 11:57:04 9.96 9.54
9/25/2008 11.58:04 9.60 9.83
9/25/2008 11:59:05 9.54 9.84
9/25/2008 12:00:05 9.80 9.57
9/25/2008 12:01:05 10.08 9,31
9/25/2008 12:02:05 10.84 8.67
9/25/2008 12:03:05 11.19 8.38
9/25/2008 12:04:05 11.21 8.38
9/25/2008 12:05:05 10.90 8.66
8/25/2008 12:06:05 10.45 9.04
9/25/2008 12:07:05 10.02 9.39
9/25/2008 12:08:05 9.95 9.43
9/25/2008 12:09:05 9.94 9.41
9/25/2008 12:10:05 9.99 9.36
9/25/2008 12:11:05 10.18 9.19
9/25/2008 12:12:05 10.72 8.72
9/25/2008 12:13:05 11.70 7.89
9/25/2008 12:14:05 13.05 6.75

9/25/2008 12:15:05 14.28 5.82



9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008

Test Run 1 End

Average

12:16:05
12:17:05
12:18:06
12:19:03
12:20:03
12:21:03
12:22:04
12:23:04
12:24:04
12:25:04
12:26:04
12:27:04
12:28:04
12:29:04
12:30:04
12:31:04
12:32:04
12:33:04
12:34:04
12:35:04

14.93
15.35
15.35
15.14
14.89
14.58
14.21
13.60
13.24
12.80
12.58
12.27
12.09
12.06
12,11
12.02
11.88
11.23
12.06
12.27

12.05

531
4,98
5.03
5.25
5.48
5.75
6.04
6.51
6.75
7.08
7.25
7.52
7.66
7.68
7.66
7.76
7.90
7.86
7.74
7.55

7.68



Test Run 2 Begin. STRATA Version 2.0

Operator: h stiles
Plant Name: Recycling Solutions
Location: Stack
02 cO2
% %
Start Averaging
9/25/2008 14:01:25 14.16 6.04
9/25/2008 14:02:25 14.07 6.12
9/25/2008 14:03:25 13.98 6.18
9/25/2008 14:04:25 13.64 6.43
9/25/2008 14:05:25 13.13 6.81
9/25/2008 14:06:25 12.61 7.23
9/25/2008 14:07:26 12.45 7.36
9/25/2008 14:08:26 12.56 7.20
9/25/2008 14:09:2¢6 12.83 6.93
9/25/2008 14:10:26 13.74 6.19
9/25/2008 14:11:26 15.18 4.99
9/25/2008 14:12:26 16.45 3.92
9/25/2008 14:13:26 1741 3.13
8/25/2008 14:14:26 18.09 2.58
9/25/2008 14:15:26- 18.54 2.18
9/25/2008 14:16:26 18.83 1.91
9/25/2008 14:17:26 19.02 1.75
9/25/2008 14:18:26 18.46 2.29
9/25/2008 14:19:26 17.69 2.97
9/25/2008 14:20:26 17.06 3.50
9/25/2008 14:21:24 16.35 4.10
9/25/2008 14:22:24 15.71 4.62
9/25/2008 14:23:24 15.46 4.82
9/25/2008 14:24:24 15.16 5.08
9/25/2008 14:25:24 14.95 5.25
9/25/2008 14:26:24 14.59 5.52
9/25/2008 14:27:24 14.03 5.95
9/25/2008 14.:28:24 13.36 6.45
9/25/2008 14:29:24 13.12 6.64
9/25/2008 14:30:25  12.42 7.32
9/25/2008 14:31:25 11.64 8.11
9/25/2008 14:32:25 11.24 8.50
9/25/2008 14:33:25 10.98 8.73
9/25/2008 14:34:25 10.56 9.07
9/25/2008 14:35:25 10.43 9.20
9/25/2008 14:36:25 10.37 9.28
9/25/2008 14:37:25 10.66 5.06
9/25/2008 14:38:25 10.55 9.15
9/25/2008 14:39:25 10.27 8.32
9/25/2008 14:40:25 10.20 9.30



9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008

Test Run 2 End

Average

14:41:25
14:42:25_
14:43:25
14:44:25
14:45:25
14:46:25
14:47:25
14:48:25
14:49:25
14:50:26
14:51:26
14:52:26
14:53:26
14:54:26
14:55:26
14:56:26
14:57:26~
14:58:26
14:59:26
15:00:26

10.12
9.90
9.84
9.77
9.84

10.68

11.85

12.68

13.92

15.37

16.63

17.55

18.24

18.43

17.79

17.30

16.92

16.61

1631

16.09

14.13

9.27
9.37
9.40
9.40
9.30
8.62
7.64
6.93
5.98
4.76
371
2.98
2.42
2.27
2.86
3.28
3.61
3.88
4,12
4.28

5.92



Test Run 3 Begin. STRATA Version 2.0

Operator: h stiles
Plant Name: Recycling Solutions
Location: Stack
02
%
Start Averaging
9/25/2008 15:46:59 13.94
9/25/2008 15:47:59 13.04
9/25/2008 15:48:59 12.47
9/25/2008 15:49:59 12.02
9/25/2008 15:50:59 11.72
9/25/2008 15:51:59 11.51
9/25/2008 15:52:59 11.44
9/25/2008 15:53:55 11.35
9/25/2008 15:54:59 11.34
9/25/2008 15:55:59 11.56
9/25/2008 15:56:59 11.67
9/25/2008 15:57:59 11.87
9/25/2008 15:58:59 11.89
9/25/2008 15:59:59 11.75
9/25/2008 16:00:59 11.75
9/25/2008 16:01:59 11.68
9/25/2008 16:03:00 11.60
9/25/2008 16:04:00 11.42
9/25/2008 16:05:00 11.41
9/25/2008 16:06:00 11.39
9/25/2008 16:07:00 11.52
9/25/2008 16:08:00 11.70
9/25/2008 16:09:00 11.72
9/25/2008 16:10:00 11.73
9/25/2008 16:10:58 11.83
9/25/2008 16:11:58 11.89
9/25/2008 16:12:58 11.95
9/25/2008 16:13:58 11.99
9/25/2008 16:14:58 12.03
9/25/2008 16:15:58 11.91
9/25/2008 16:16:58 11.77
9/25/2008 16:17:58 11.46
9/25/2008 16:18:58 11.22
9/25/2008 16:19:58 11.11
9/25/2008 16:20:58 11.10
9/25/2008 16:21:58 11.27
9/25/2008 16:22:58 11.66
9/25/2008 16:23:58 11.87
9/25/2008 15:24:59 11.90
9/25/2008 16:25:59 12.01

co2
%

6.14
6.83
7.30
7.70
7.98
3.17
8.23
3.30
8.31
3.12
8.03
7.87
7.87
8.00
8.00
8.06
8.13
8.27
8.25
8.25
8.12
7.95
7.94
7.92
7.82
7.75
7.69
7.66
7.65
7.78
7.92
8.23
8.45
8.53
8.52
8.39
8.06
7.90
7.88
71.79



9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008
9/25/2008

Test Run 3 End

Average

16:26:59
16:27:59
16:28:59
16:29:59
16:30:59
16:31:59
16:32:59
16:33:59
16:34:59
16:35:55
16:36:59
16:37.59
16:38:59
16:39:59
16:40:59
16:41:59
16:42:59
16:43:59
16:45:00
16:46:00

12.16
12,19
11.96
11.74
11.51
11.27
11.06
10.87
10.66
10.65
10.65
10.70
10.91
11.14
11.22
11.16
10.97
10.75
10.46
10.22

11.54

7.65
7.65
7.87
8.08
3.27
3.47
8.63
8.78
8.97
8.98
897
8.92
8.74
8.53
3.46
8.50
8.65
8.82
9.02
9.17

8.15



Test Run 1 Begin. STRATA Version 2.0

Operator:
Plant Name:
Location:

Start Averaging

9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008

h stiles

Recycling Solutions

Stack

9:46:04
9:47:04
9:48:04
9:49:04
9:50:04
9:51:04
9:52:04
9:53:04
9:54:04
9:55:04
9:56:05
9:57:05
9:58:05
9:59:05
10:00:05
10:01:05
10:02:05
10:03:05
10:04:05
10:05:05
10:06:05
10:07:05
10:08:03
10:09:03
10:10:03
10:11:03
10:12:03
10:13:03
10:14:03
10:15:03
10:16:03
10:17:03
10:18:03
10:19:04
10:20:04
10:21:04
10:22:04
10:23:.04
10:24:04
10:25:04

02

11.05
11.22
11.38
11.47
11.35
11.11
10.87
10.57
10.23
10.22
10.14
10.50
11.19
11.63
11.69
11.33
10.80
10.52
10.61
11.20
11.94
12.27
12.17
11.38
10.60

9.78
10.40
10.84
11.28
11.77
11.94
11.81
11.49
11.04
10.35

9.87
10.09
10.83
11.37
11.75

co2
%

8.67
8.57
8.45
8.38
8.49
8.68
8.87
9.09
9.27
9.35
941
9.13
8.55
8.17
8.11
3.42
8.78
9.09
9.01
8.53
7.90
7.62
7.73
8.43
9.05
9.61
8.09
8.75
3.39
8.00
7.87
8.00
8.27
8.63
9.15
9.50
9.32
8.75
8.30
7.98

co
PP

7.23
7.46
7.46
6.97
6.50
6.49
6.20
6.99
33.20
93.91
163.61
124 46
77.46
47.50
31.72
28.82
63.66
120.92
201.84
133.58
79.00
49.48
32.21
31.46
192.72
499.86
499.85
499.84
499.83
438.72
261.88
160.95
89.64
69.03
436.16
499.79
499.79
499,78
499.77
493.46

502
pRm

1.27
1.17
1.27
1.16
1.17
1.26
1.21
124
1.18
1.16
1.13
1.16
1.16
1.16
1.15
1.16
1.12
1.00
1.10
1.14
1.13
1.07
1.10
1.05
1.10
1.12
1.10
1.08
1.06
1.14
1.10
113
1.10
1.07
1.09
0.99
1.06
1.00
0.80
0.95

NOx
ppm

74.71
76.59
78.27
78.38
78.87
79.11
78.20
76.92
75.11
73.48
72.30
74.10
83.56
87.22
86.95
86.26
84.71
81.91
79.83
81.44
84.96
88.15
89.25
88.19
81.40
£69.92
69.51
82.11
89.17
91.56
94.00
84.64
91.52
88.11
79.88
70.70
68.89
79.34
85.24
91.90



9/26/2008 10:26:04 12.00 7.78 347.92 0.96 92.84

9/26/2008 10:27:04 11.54 8.21 207.86 1.03 92.68
9/26/2008 10:28:04 11.06 8.64 128.51 0.86 88.51
9/26/2008 10:29:04 10.71 8.92 95.72 0.99 82.70
9/26/2008 10:30:04 10.58 8.99 67.26 0.99 77.92
9/26/2008 10:31:04 10.92 3.67 43.76 1.03 74.43
9/26/2008 10:32:04 11.45 8.23 30.78 0.91 69.21
9/26/2008 10:33:04 11.99 7.80 22.85 0.94 65.86
9/26/2008 10:34:04 12.34 7.56 17.52 0.90 64.60
9/26/2008 10:35:04 12.38 7.58 13.79 0.99 63.41
9/26/2008 10:36:04 12.54 7.50 11.58 0.89 62.43
9/26/2008 10:37:04 12.59 7.48 5.10 0.90 61.93
9/26/2008 10:38:04 12.59 7.47 7.67 0.93 62.66
9/26/2008 10:39:05 12.46 7.57 6.93 0.90 64.42
9/26/2008 10:40:05 12.28 7.69 6.31 0.93 66.01
9/26/2008 10:41:05 12,13 7.80 5.83 0.82 68.24
9/26/2008 10:42:05 12.03 7.88 5.51 0.92 69.89
9/26/2008 10:43:05 11.63 8.20 10.40 0.97 69.89
9/26/2008 10:44:05 11.35 3.41 28.21 0.85 68.66
9/26/2008 10:45:05 11.06 8.63 92.47 0.88 67.27

Test Run 1 End
Average 11.30 8.44 144.55 1.06 78.33



Test Run 2 Begin. STRATA Version 2.0

Operator: h stiles
Plant Name: Recycling Solutions
Location: Stack
02
%
Start Averaging

9/26/2008 12:16:02 12.68
9/26/2008 12:17:02 12.69
9/26/2008 12:18:02 12.72
9/26/2008 12:19:03 12.74
9/26/2008 12:20:03 12.63
9/26/2008 12:21:03 12.61
9/26/2008 12:22:03 12.63
9/26/2008 12:23:03 12.70
9/26/2008 12:24:03 12.78
9/26/2008 12:25:03 1291
9/26/2008 12:26:03 12.96
9/26/2008 12:27:03 13.04
9/26/2008 12:28:03 13.08
9/26/2008 12:29:03 13.15
9/26/2008 12:30:03 13.20
9/26/2008 12:31:03 13.16
9/26/2008 12:32:03 13.21
9/26/2008 12:33:03 13.24
9/26/2008 12:34:03 13.27
9/26/2008 12:35:03 13.20
9/26/2008 12:36:03 13.12
9/26/2008 12:37:03 12.94
9/26/2008 12:38:03 12.76
9/26/2008 12:39:04 12.58
9/26/2008 12:40:01 12.45
9/26/2008 12:41:01 12.29
9/26/2008 12:42:02 1211
9/26/2008 12:43:02 11.95
9/26/2008 12:44:02 11.85
9/26/2008 12:45:02 11.71
9/26/2008 12:46:02 11.47
9/26/2008 12:47:02 11.33
9/26/2008 12:48:02 11.13
9/26/2008 12:49:02 11.07
9/26/2008 12:50:02 11.08
9/26/2008 12:51:02 11.00
9/26/2008 12:52:02 10.88
9/26/2008 12:53:02 10.82
9/26/2008 12:54:02 10.94
9/26/2008 12:55:02 11.05

Co2
%

7.09
7.06
7.02
7.00
7.11
7.12
7.11
7.04
6.96
6.86
6.83
6.76
6.72
6.66
6.63
6.64
6.59
6.61
6.64
6.73
6.82
7.00
7.18
7.35
7.48
7.64
7.81
7.95
8.03
3.15
8.36
8.46
8.62
8.67
8.66
8.73
8.81
3.85
8.75
8.66

co
ppm

2.48
2.46
2.16
1.98
1.98
1.98
1.98
1.98
1.98
1.97
1.97
1.97
1.97
1.80
1.65
1.66
l.64
1.49
1.49
1.49
1.49
1.48
1.49
1.49
1.49
1.49
1.49
1.49
1.48
1.48
1.34
1.17
1.00
1.00
1.00
0.99
0.99
0.99
0.99
0.99

502
ppm

1.18
1.20
1.21
1.35
1.15
121
1.10
1.19
1.18
1.14
1.18
1.15
1.08
1.16
1.02
1.09
0.93
0.84
0.76
0.75
0.70
0.60
0.67
0.59
0.54
0.47
0.61
0.53
0.53
0.53
0.68
0.51
0.58
0.62
0.56
0.51
0.52
0.47
0.52
0.44

NQOx
ppm

52.02
51.66
51.30
51.63
52.40
53.15
53.45
53.31
52.72
52.04
51.89
51.55
51.06
51.17
51.20
51.23
51.24
50.54
50.32
50.75
51.42
52.18
53.77
55.17
56.83
59.04
61.71
63.93
65.78
67.17
68.46
69.35
69.73
70.25
70.19
69.33
68.34
67.61
67.41
68.05



9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26,/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008

Test Run 2 End

Average

12:56:02
12:57:02
12:58:02
12:59:02
13:00:02
13:01:02
13:02:03
13:03:03
13:04:03
13:05:03
13:06:03
13:07:03
13:08:03
13:09:03
13:10:03
13:11:03
13:12:03
13:13:03
13:14:03
13:15:03

11.29
11.33
11.30
11.54
11.92
12.26
12.59
12.85
12.98
13.13
13.08
12.98
12.82
12.66
12.34
11.98
11.66
11.48
11.47
11.32

12.27

8.48
8.47
8.49
8.28
7.95
7.66
7.36
7.13
7.01
6.88
6.91
7.00
7.16
7.30
7.56
7.86
8.12
8.27
8.28
8.41

7.56

0.99
0.99
0.99
0.99
0.99
0.98
0.98
0.98
0.98
0.98
0.97
0.97
0.97
0.97
0.96
0.56
0.96
0.96
0.95
1.02

1.38

0.50
0.44
0.47
0.47
0.42
c.49
0.46
0.44
0.45
0.41
0.42
0.41
0.43
0.43
041
0.41
0.40
0.30
0.41
0.34

0.69

68.63
69.01
68.93
68.08
66.52
64.86
63.02
61.44
61.07
60.73
60.64
62.19
64.41
67.68
69.84
71.44
71.76
71.68
72.51
73.30

60.80



Test Run 3 Begin. STRATA Version 2 0

Opaerator: h stiles
Plant Name: Recycling Solutions
Location: Stack
02
%

Start Averaging
9/26/2008 14:27:14 13.40
9/26/2008 14:28:15 13.22
9/26/2008 14:29:15 12.83
9/26/2008 14:30:15 12.49
9/26/2008 14:31:15 12.19
9/26/2008 14:32:15 11.86
9/26/2008 14:33:15 11.63
9/26/2008 14:34:15 11.44
9/26/2008 14:35:13 11.22
9/26/2008 14:36:13 10.90
9/26/2008 14:37:13 10.64
9/26/2008 14:38:13 10.26
9/26/2008 14:39:13 10.37
9/26/2008 14:40:13 11.64
9/26/2008 14:41:13 12.44
9/26/2008 14:42:13 12.73
9/26/2008 14:43:13 12.50
9/26/2008 14:44:13 12.08
9/26/2008 14:45:13 11.52
9/26/2008 14:46:13 11.27
9/26/2008 14:47:13 12.00
9/26/2008 14:48:13 12.25
9/26/2008 14:49:13 13.16
9/26/2008 14:50:14 13.83
9/26/2008 14:51:14 14.27
9/26/2008 14:52:14 14.38
9/26/2008 14:53:14 14.40
9/26/2008 14:54:14 14.42
9/26/2008 14:55:14 14.19
9/26/2008 14:56:14 13.88
9/26/2008 14:57:14 13.42
9/26/2008 14:58:14 13.02
9/26/2008 14:59:14 12.81
9/26/2008 15:00:14 12.62
9/26/2008 15:01:14 12.43
9/26/2008 15:02:14 12.24
9/26/2008 15:03:14 11.99
9/26/2008 15:04:14 11.52
9/26/2008 15:05:14 11.46
9/26/2008 15:06:14 11.50

coz
%

6.62
6.84
7.10
7.41
7.67
7.96
8.14
8.28
8.46
8.70
8.90
9.19
9.07
7.97
7.26
6.98
7.18
753
7.98
8.15
7.51
7.25
6.54
6.15
5.91
5.89
5.91
5.92
6.13
6.37
6.71
7.03
7.21
7.38
7.53
7.69
7.91
8.32
8.36
8.33

co
ppm

2.20
1.98
1.98
1.98
1.61
1.50
1.50
1.50
3.11
19.83
117.86
252.32
462.26
326.07
155.34
79.51
4597
29.59
30.02
26.31
16.97
10.97
7.30
4.84
3.56
2.74
2.20
197
1.77
1.50
1.50
1.50
1.50
1.18
1.01
1.01
1.01
1.01
1.01
1.01

502
pPpm

0.62
0.52
0.68
0.68
0.61
0.60
0.56
0.65
0.68
0.73
0.70
0.66
0.72
0.73
0.80
0.77
0.90
0.85
0.82
0.89
0.90
1.00
0.73
0.60
0.49
0.45
0.46
0.54
0.50
0.56
0.44
0.47
0.50
0.44
0.41
0.48
0.49
0.49
0.46
0.46

NOx
ppm

60.49
63.57
65.90
68.00
70.14
71.49
71.62
71.34
70.56
69.33
67.35
65.17
62.38
71.12
76.47
76.69
77.30
77.19
74.18
69.48
64.83
59.08
49.85
44.44
41.94
41.83
43.97
47.22
50.55
54.44
56.91
59.06
61.13
62.17
62.27
62.29
62.42
62.72
63.97
64.45



9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008

Test Run 3 End
Average

15:07:14
15:08:14
15:09:14
15:10:14
15:11:14
15:12:15
15:13:15
15:14:15
15:15:15
15:16:15
15:17:13
15:18:13
15:19:13
15:20:13
15:21:13
15:22:13
15:23:13
15:24:13
15:25:13
15:26:13

11.33
11.27
11.30
11.50
11.77
12.10
12.36
12,51
12.66
12.83
12.79
12.65
12.46
12.34
12.16
11.95
11.69
11.50
11.33
11.27

12.27

8.46
8.47
8.43
8.22
7.99
7.70
7.49
7.37
7.26
7.14
7.20
7.35
7.51
7.60
7.74
7.91
8.13
3.30
3.47
8.53

7.58

1.01
101
101
101
101
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.02
1.01
1.01
1.14
1.50

27.51

0.38
0.50
0.50
0.53
0.46
0.50
0.43
0.50
0.46
0.46
0.58
0.54
0.44
0.48
0.50
0.48
0.50
0.49
0.55
0.41

0.58

65.23
63.67
61.86
60.54
59.86
60.29
61.04
61.15
60.54
59.53
558.51
59.98
60.60
61.18
61.61
61.96
62.28
61.91
61.55
61.53

62.35



Test Run 4 Begin. STRATA Version 2.0

Operator: h stiles
Plant Name: Recycling Solutions
Location: Stack
02
%
Start Averaging
9/26/2008 16:36:43 13.60
9/26/2008 16:37:43 13.35
9/26/2008 16:38:43 13.09
9/26/2008 16:39:43 12.76
9/26/2008 16:40:43 12.42
9/26/2008 16:41:43 12.08
9/26/2008 16:42:43 11.76
9/26/2008 16:43:43 11.53
9/26/2008 16:44:43 11.03
9/26/2008 16:45:43 10.77
9/26/2008 16:46:43 12.35
9/26/2008 16:47:43 13.94
9/26/2008 16:48:43 15.41
9/26/2008 16:49:43 16.69
9/26/2008 16:50:44 17.42
9/26/2008 16:51:44 17.84
9/26/2008 16:52:44 17.98
9/26/2008 16:53:44 17.93
9/26/2008 16:54:44 17.69
9/26/2008 16:55:44 17.25
9/26/2008 16:56:44 16.72
9/26/2008 16:57:44 16.19
9/26/2008 16:58:44 15.62
9/26/2008 16:59:44 14.96
9/26/2008 17:00:42 14.57
9/26/2008 17:01:42 14.23
9/26/2008 17:02:42 13.84
9/26/2008 17:03:42 1343
9/26/2008 17:04:42 13.16
9/26/2008 17:05:42 12.99
9/26/2008 17:06:42 12.84
9/26/2008 17:07:42 12.67
9/26/2008 17:08:42 12.50
9/26/2008 17:09:42 12.30
9/26/2008 17:10:42 12.01
9/26/2008 17:11:42 11.50
9/26/2008 17:12:42 10.92
9/26/2008 17:13:43 10.54
9/26/2008 17:14:43 11.60
9/26/2008 17:15:43 12.50

co2
%

6.50
6.69
6.91
7.22
7.55
7.85
8.15
8.34
8.73
8.86
7.45
6.10
4.84
3.74
3.16
2.84
2.75
2.81
3.03
3.43
3.90
4.36
4.88
5.47
5.79
6.06
6.35
6.64
6.83
6.94
7.08
7.23
7.40
7.59
7.85
8.30
8.76
9.03
8.13
7.33

co
ppm

0.54
0.63
0.73
0.66
0.54
0.54
1.15
41.52
241.54
479.90
321.34
174.29
89.63
41.40
24.58
17.22
11.83
3.81
6.72
5.00
3.97
3.21
2.52
1.97
1.62
1.49
1.49
1.23
1.01
1.01
1.00
1.00
1.00
1.00
1.39
26.36
268.49
499.89
469.23
294.25

502
ppm

0.51
0.44
0.63
0.53
0.53
0.45
0.59
0.63
0.49
0.38
0.58
0.47
0.51
0.34
0.42
0.39
0.43
0.45
0.45
0.45
0.41
0.41
0.37
0.30
0.48
0.29
0.39
0.31
0.33
0.46
0.41
0.45
0.47
0.43
0.44
0.46
0.47
0.38
0.35
0.38

NOx
ppm

58.05
61.66
64.23
66.26
67.58
68.02
67.83
66.14
60.33
55.88
53.47
50.68
40.99
28.73
23.76
21.10
20.14
20.83
22,19
24.54
26.21
27.91
32.01
42.80
45.34
47.77
52.29
56.33
60.34
63.06
64.94
66.13
67.35
68.25
68.68
68.30
65.16
61.61
64.82
72.83



9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008
9/26/2008

Test Run 4 End

Average

17:16:43
17:17:43
17:18:43
17:19:43
17:20:43
17:21:43
17:22:43
17:23:43
17:24:43
17:25:43
17:26:43
17:27:43
17:28:43
17:29:43
17:30:43
17:31:43
17:32:43
17:33:44
17:34:44
17:35:44

12.96
13.26
13.23
13.10
13.63
14.36
14.92
15.29
15.60
16.00
16.39
16.48
16.35
16.05
15.42
14.83
14.21
13.63
13.35
13.35

14.07

6.91
6.67
6.66
6.73
6.31
5.74
5.26
494
4.67
4.33
4.03
4.00
4.15
4.45
5.06
5.59
6.10
6.53
6.69
6.64

6.07

166.20
104.41
73.48
48.37
30.13
17.32
12.06
9.43
7.42
5.45
4.18
3.30
2.65
2.21
1.96
1.60
149
1.48
148
1.27

59.16

0.46
0.45
0.32
0.39
0.41
0.40
0.46
0.26
0.46
0.57
0.38
0.37
0.36
0.48
0.49
0.43
0.36
0.33
0.28
0.29

0.43

72.65
72.59
71.37
70.05
67.00
57.75
48.35
39.97
35.70
30.57
25.59
23.36
24.23
25.60
26.09
26.75
28.35
30.89
33.18
35.17

48.50
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'Visual Deterriinaiion of Opacity (page 2)

Company
Location

Job#- Og-2
Test Date T g’-zraﬂ [4

Type of Faoiiity
Observer

o

OESERVER LOCATIGN -

Distance to discharge £ VAY 0’ P '

Direction from discharge BF S

Height of observetion point - (e’
BACKEROUND DESGRIPTION - 5%.’.

WEATHER CONDITIONS -
Wind Direction NE

Wind Speed o
Arhbient Temperature Z

SKY CONDITIONS @ overcast, % clouds, etc.)

PLEIMEGESCRIPTION -
Color Y B

Distaftice Visible

Sun Direchon @
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Company Mﬂi@ﬂ@_
Location M,?_g £y '
Job g pg-293 -

Test Date _O9-25-p0% .

Type of Facility 2

Observer Ve : Q;Z,
OBSERVER LOCATION - Y

Distance io discharge 229 M i s

Direction from discharge <& :

Height of observation point 10O

BACKGROUNED DESCRIPTION - 3 '%/

WEATHER CONDITIONS -
Wind Direction NE

\Wind Speed A2 .

Ambient Temperature Bl

BKY CONDITIONS overcast, % ciouds, etc.)
PLMESESCRIPTION -

Ceior _ NA

Disteftioe Visible
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‘Visual Detefmiination of Opacity {page 2)

Company
Looation

Job #

Test Date
Type of Fadlily
Obsetver

OBSERVERLOCATION - -

Distance fo discharge. 1] inr oo e
Direction from discharge ; .

Height of observation point  +_jpe).

SACKGROUND DESGRIPTION - S 4~

Arnibient Temperature

WEATHER CONDITIONS - N —
Wind Direction Y _t'_
Wind Spesd g{:&. ke ¥

SKY CONDITION (Cieér pvercast, % dlouds, ste.)

PLEEMERESCRIPTION -

Coler A
Distatice Visible T

Sun DirecBon @




GCI Calibration Data



Co2 Cal Sheet 1

Client Recycling Solutions Test Date  9/25/2008
Davella, KY Project # 08-293

Source Identification _Baghouse Exit Operator stiles
Calibration Data For Cylinder Cylinder Analyzer | Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference |% of Span
Gas Type: co2 % or PPM % or PPM
Span: 17.9
Zero Gas 0.00 0.03 0.03 0.168
Low-Range Gas
Mid-Range Gas 9.11 9.30 0.19 1.061
[High-Range Gas 17.90 17.83 0.07 0.391
Run #: 1 Initial Values Final Values
Gas Type: CO2 Analyzer | System System System System
Span: 17.9 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.03 0.05 0.11 0.05 0.11 0.00
Upscale Gas 9.3 8.92 -2.12 9.05 -1.40 0.73
Run #: 2 Initial Values Final Values
Gas Type: Cco2 Analyzer | System System System System
Span: 17.9 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.03 0.05 0.11 0.06 0.17 0.06
Upscale Gas 9.3 9.05 -1.40 9.03 -1.51 -0.11
Run #: 3 Initial Values Final Values
Gas Type: CO2 Analyzer System System System System
Span: 17.9 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.03 0.06 0.17 0.04 0.06 -0.11
Upscale Gas 9.3 9.03 -1.51 9.00 -1.68 -0.17

Page 1




02 Cal Sheet 1

Client Recycling Solutions Test Date  9/25/2008
Davella, KY Project # 08-293

Source Identification Baghouse Exit Operator stiles
Calibration Data For Cylinder | Cylinder | Analyzer | Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference | % of Span
Gas Type: 02 % or PPM % or PPM
Span: 225
Zero Gas 0.00 0.02 0.02 0.089
Low-Range Gas
Mid-Range Gas 10.90 11.09 0.19 0.844
[High-Range Gas 22.50 22.45 0.05 0.222
Run #: 1 Initial Values Final Values
Gas Type: 02 Analyzer | System System System System
Span: 225 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.02 0.59 2.53 0.29 1.20 -1.33
Upscale Gas 11.09 11.13 0.18 11.00 -0.40 -0.58
Run #: 2 1 Initial Values Final Values
Gas Type: Q2 Analyzer | System System System Systemn
Span: 225 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.02 0.29 1.20 0.31 1.29 0.09
Upscale Gas 11.09 11.00 -0.40 10.98 -0.49 -0.09
Run #: 3 Initial Values Final Vatues
Gas Type: 02 Analyzer | System System System System
Span: 22.5 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.02 0.31 1.29 0.25 1.02 -0.27
Upscale Gas 11.09 10.98 -0.49 10.82 -1.20 -0.71
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Nox Cal Sheet 1

Client Recycling Solutions TestDate  9/26/2008
Davella, KY Project # 08-293

Source Identification Baghouse Exit Operator stiles
Calibration Data For Cylinder Cylinder Analyzer | Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference |% of Span
Gas Type: NOx % or PPM % or PPM
Span: 228
Zero Gas 0.00 0.44 0.44 0.193
NO, Gas 1648 51.20 50.98 0.22 99.57% PASS
Mid-Range Gas 1923 98.60 98.60 0.00 0.000
[High-Range Gas 1569 228.00 228.40 0.40 0.175
Run #: 1 Initial Values Final Values
Gas Type: NOx Analyzer | System System System System
Span: 228 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.44 1.90 0.64 1.80 0.64 0.00
Upscale Gas 98.6 95.20 -1.49 93.80 -2.11 -0.61
Run # 2 Initial Values Final Values
Gas Type: NOx Analyzer | System System System System
Span: 228 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.44 1.90 0.64 1.80 0.60 -0.04
Upscale Gas 98.6 93.80 -2.11 94.10 -1.87 0.13
Run #: 3 Initial Values Final Values
Gas Type: NOx Analyzer | System System System System
Span: 228 Response | Response | Cal Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.44 1.80 0.60 1.80 0.60 0.00
Upscale Gas 98.6 94.10 -1.97 95.20 -1.49 0.48
Run #: 4 Initial Values Final Values
Gas Type: NOx Analyzer | System System System System
Span: 228 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span] % of Span
Zero Gas 0.44 1.80 0.60 1.0 0.64 0.04
Upscale Gas 98.6 85.20 -1.49 94.15 -1.95 -0.46
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So2 Cal Sheet 1

Client Recycling Solutions TestDate  9/26/2008
Davella, KY Project # 08-293

Source Identification _Baghouse Exit Operator stiles
Calibration Data For Cylinder Cylinder | Analyzer { Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference | % of Span
Gas Type: S02 % or PPM % or PPM
Span: 230
Zero Gas 0.00 0.26 0.26 0.113
Low-Range Gas
Mid-Range Gas 1811 95.90 85.50 0.40 0.174
High-Range Gas 1758 230.00 226.00 4.00 1.739
Run#: 1 Initial Values Final Values
Gas Type: 302 Analyzer | System System System System
Span; 230 Respeonse | Response | Cal. Bias | Response | Cal. Bias Drrift

% of Span % of Span| % of Span
Zero Gas 0.26 1.20 0.41 0.79 0.23 -0.18
Upscale Gas 95.5 88.10 -3.22 86.70 -3.83 -0.61
Run #: 2 Initial Values Final Values
Gas Type: S02 Analyzer System System System System
Span: 230 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span] % of Span
Zero Gas 0.26 0.79 0.23 0.11 -0.07 -0.30
Upscale Gas 95.5 86.70 -3.83 85.50 -4.35 -0.52
Run #: 3 ] Initial Values Final Vaiues
Gas Type: 502 Analyzer | System System System System
Span: 230 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span|% of Span
Zero Gas 0.26 0.11 -0.07 0.50 0.10 0.17
Upscale Gas 95.5 85.50 -4.35 85.00 -4.57 -0.22
Run #: 4 Initial Values Final Values
Gas Type: S02 Analyzer | System System System System
Span: 230 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span|% of Span
Zero Gas 0.26 0.50 0.10 0.27 0.00 -0.10
Upscale Gas 95.5 85.00 -4.57 84.80 -4.65 -0.09
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Co Cal Sheet 1

Client Recyzling Solutions TestDate  9/26/2008
Davella, KY Project # 08-293

Source ldentification Baghouse Exit Operator stiles
Calibration Data For Cylinder Cylinder Analyzer | Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference |% of Span
Gas Type: Co % or PPM % or PPM
Span: 453.7
Zero Gas 0.00 0.50 0.50 0.110
Mid-Range Gas 1831 209.00 217.00 8.00 1.763
[High-Range Gas 1362 453.70 451.00 2.70 0.595
Span Gas
Run #: 1 Initial Values Final Values
Gas Type: CO Analyzer | System System System System
Span: 453.7 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.5 1.10 0.13 -0.07 -0.13 -0.26
Upscale Gas 217 215.580 -0.33 215.70 -0.29 0.04
Run #: 2 Initial Values Final Values
Gas Type: CO Analyzer Systemn System System System
Span: 453.7 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.5 -0.07 -0.13 -0.09 -0.13 0.00
Upscale Gas 217 215.70 -(0.29 218.40 0.31 0.60
Run #: 3 | initial Values Final Values
Gas Type: CO | Analyzer | System System System System
Span: 453.7 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.5 -0.09 -0.13 -0.02 0.11 0.02
Upscale Gas 217 218.40 0.31 217.40 0.09 -0.22
Run #: 4 Initial Values Final Values
Gas Type: CO Analyzer | System System System System
Span: 453.7 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.5 -0.02 -0.11 -0.05 -0.12 -0.01
Upscale Gas 217 217.40 0.09 218.40 0.31 0.22
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Co2 Cal Sheet 1

Client Recycling Solutions Test Date  5/26/2008
Davella, KY Project # 08-283

Source Identification _Baghouse Exit Operator stiles
Calibration Data For Cylinder Cylinder Analyzer | Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference | % of Span
Gas Type: cOo2 % or PPM % or PPM
Span: 17.9
Zero Gas 0.00 0.05 0.05 0.279
Low-Range Gas
Mid-Range Gas 1680 9.11 9.25 0.14 0.782
High-Range Gas 1695 17.90 17.81 0.09 0.503
Run #: 1 Initial Values Final Values
Gas Type: cO2 Analyzer System Systemn System System
Span: 17.9 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.05 0.12 0.39 0.08 0.17 -0.22
Upscale Gas 9.25 9.03 -1.23 9.04 -1.17 0.06
Run #: 2 Initial Values Final Values
Gas Type: CcOo2 Analyzer | System System System System
Span: 17.9 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.05 0.08 0.17 0.07 0.11 -0.06
Upscale Gas 9.25 9.04 -1.17 9.05 -1.12 0.06
Run #: 3 Initial Values Final Values
Gas Type: COo2 Analyzer System System System System
Span: 17.9 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.05 0.07 0.11 0.08 0.17 0.06
Upscale Gas 9.25 9.05 -1.12 9.07 -1.01 0.11
Run #: 4 Initial Values Final Values
Gas Type: cOz2 Analyzer System System System System
Span: 17.9 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.05 0.08 0.17 0.09 0.22 0.06
Upscale Gas 9.25 9.07 -1.01 5.04 -1.17 -0.17
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02 Cal Sheet 1

Client Recycling Solutions Test Date  9/26/2008
Davella, KY Project # 08-283

Source |dentification Baghouse Exit Operator stiles
Calibration Data For Cylinder Cylinder Analyzer | Absolute |Difference
Sampling Runs: 1- Number Value Response | Difference |% of Span
Gas Type: 02 % or PPM % or PPM
Span: 22.5
Zero Gas 0.00 0.04 0.04 0.178
Low-Range Gas
Mid-Range Gas 1680 11.00 11.03 0.03 0.133
High-Range Gas 1695 22.50 22.45 0.04 0.178
Run #: 1 Initial Values Final Values
Gas Type: 02 Analyzer Systemn System System System
Span: 22.5 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.04 0.48 1.96 0.40 1.60 -0.36
Upscale Gas 11.03 11.07 0.18 11.03 0.00 -0.18
Run #: 2 Initial Values Final Values
Gas Type: 02 Analyzer | System System System System
Span: 225 Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.04 0.40 1.60 0.38 1.51 -0.09
Upscale Gas 11.03 11.03 0.00 11.04 0.04 0.04
Run #: 3 | initial Values Final Values
Gas Type: o2 Analyzer | System System System System
Span: 22.5 | Response | Response | Cal. Bias | Response | Cal. Bias Drift

% of Span % of Span| % of Span
Zero Gas 0.04 0.38 1.51 0.34 1.33 -0.18
Upscale Gas 11.03 11.04 0.04 11.05 0.09 0.04
Run #: 4 Initial Values Final Values
Gas Type: Q2 Analyzer | System System System System
Span: 22.5 | Response | Response | Cal. Bias | Response | Cal. Bias Drrift

% of Span % of Span| % of Span
Zero Gas 0.04 0.34 1.33 0.36 1.42 0.09
Upscale Gas 11.03 11.05 0.08 11.03 0.00 -0.09
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Calibration Sheets/Gas Certification Sheets



Date: 8/22/2008
Model: ES
Serial: 16A

Grace Consulting, Inc.
EPA Method 5
522 Series Meter Box Calibration
Calibration Orifice Method
English Meter Box Units, English K’ Factor

Barometric Pressure:

29.5

{in Hg)

Theoretical Critical Vacuum;

13.92

{in Hg)

IMPORTANT For valid test results, the Actual Vacuum should be 1 to 2 in. Hg greater than the Theoretical Crifical Vacuum shown above.
IMPORTANT The Critical Orifice Coefficient, K', must be entered in English units, {i)*3*(deg R)*0.5/((in.Hg)*(min)).

DRY GAS METER READINGS Critical Orifice Readings
Volume Volume Volume Temp Temp K' Orifice Actual |AMBIENT TEMPERATURE
di Time Initial Final Total Initial Final Orifice | Coefficient| Vacuum tnitial Final | Average
{in H2O) {rnin} {cu ft} {cu fi) {cu ft) (deg F) | (deg F) | Serial #| (see above)] (in Ha) {deg F) | (deg F) | (deg F)
0.61 22.7 823.100 { 833.537 | 10.437 74 76 48 0.3449 20 74 73 73.5
1.00 16.6 833.600 | 843.625 | 10.025 76 77 55 0.4595 19 73 74 73.5
1.80 13 843.700 | 853.770 | 10.070 77 78 63 0.5958 17 74 74 74
3.40 9.50 853.800 | 863.817 | 10.017 78 79 73 0.8215 14 74 74 74
CORRECTED VOLUME ORIFICE Crifice for Calc.
DRY GAS DRY GAS METER CALIBRATION FACTOR 3.26201
METER ORIFICE CALIBRATION dH
Vm(std}) Ver(std) FACTOR Y Value Variation
(cu ft) {cu ft) Vaiue [Variation (in H20) (in H20)
10.167 9.989 0.983 | -0.020 1.768 0.046
9.748 8.742 0.999 | -0.0039 1.633 -0.089
9.793 9.888 1.010 | 0.0064 1.750 0.028
9.762 9.963 1.021 | 0.0173 1.739 0.016
|Average 1.003 | |Average  1.723 |

Note: For Calibration Factor Y, the ratio of the reading of the calibration meter to the dry gas meter,
acceptable tolerance of individual values from the average is +-0.02.

For Orifice Calibration Factor dH@, the orifice differential pressure in inches of H20 that equates to 0.75 cfm of air
at 68 F and 29.92 inches of Hg, acceptable tolerance of individual values from the average is +-0.2.

SIGNED:

ﬁ,ﬁ YA

Vawey=17.647,)

AH
Pot ——

13 .6
t, + 460

Date: 5:;"& 2-0 r

Vo) =K'

P

tos + 460

Y =

Ver (s )
Vm (st )

AH, =AH

750

cr(m‘d )




Grace Consulting, Inc.
EPA Method 5
522 Series Meter Box Calibration
Calibration Orifice Method
English Meter Box Units, English K' Factor

Date: 10/21/2008
Model: ES
Serial: 16A

Barometric Pressure:

29.45

IMPORTANT For valid test restlts, the Actual Va
IMPORTANT The Critical Orifice Coefficient, K',

Theoretical Critical Vacuum:

13.88

{in H
(inH

cuum should be 1 to 2 in. Hg greater than the Theoretical Critical Vacuum shown above.
must be entered in English units, (H*3*(deg RY*0.5/((in.Hg)*(min)).

DRY GAS METER READINGS Critical Orifice Readings
Volume Volume Volume Temp Temp K' Orifice Actual |AMBIENT TEMPERATURE
dH Time Initial Final Total Inttial Finai Orifice | Coefficient| Vacuum Initial Final | Average
{in H20) {min) {cu it) {cu ft) {cu ft} (degF) | (deg F) | Serial # (see above)) {in Hg) (deg F) | (deg F) (deg F)
0.57 22.8 810.500 | 820.575 | 10.075 56 57 48 0.3449 20 57 58 57.5
1.00 17.2 §20.600 ! 830.822 | 10.022 57 59 56 0.4595 19 58 59 58.5
1.70 13.3 830.700 | 840.715 { 10.015 59 60 63 0.5958 17 59 59 59
3.30 9.9 840.800 | 850.900 | 10.100 60 62 73 0.8215 14 59 60 60
CORRECTED VOLUME ORIFICE Crifice for Cale, -
DRY GAS DRY GAS METER CALIBRATION FACTCR 3.19731
METER ORIFICE CALIBRATICON dH@
Vm(std) Ver{std) FACTOR Y Value Variation
{cu ft) {cu ft) Value |Variation (in H20) {in H20)
10.148 10.180 1.003 | -0.015 1.608 -0.007
10.076 10.222 1.014 | -0.0033 1.593 -0.022
10.057 10.244 1.019 | 0.0007 1.612 -0.003
10.154 10.508 1.035 | 0.0171 1.648 0.032
|Average 1.018 [Average  1.675 |
Note: For Calibration Factor Y, the ratio of the reading of the calibration meter to the dry gas meter,
acceptabie tolerance of individual values from the average is +-0,02. o
For Orifice Calibration Facior dH@, the orifice differentia) pressure in inches of H20 that equates to 0.75 c¢fm of air
at 68 F and 29.92 inches of Hg, acceptabie tolerance of individual values from the average is +-0.2.
/ . - =
SIGNED: C ﬁ % ,7 Date: /9 ‘2/ e ?
AH
P+ — ! Pbg Vr.'r {sid )
Viuay = 17 .64 (¥, )— 136 Vcr(,,d) =K Yy = —gbd) B 756
» G ) - AH_ = AH
2, + 460 Vs + 460 Vo (s ) @ V o)




Pitot Tube Assembly

Pitot #
Pitot Coefficient:

PITOT CALIBRATION

Post Calibration

new Visual Inspection
0.84 Recalibrated

Adjusted Cp

OK

N/A
N/A



Date: 8-14-07/ 8-18-07

Grace Consulting,Inc.
Nozzle Calibration Sheet

Glass Nozzles

Measurement
Box Nozzie ¥ A B C Average
1 G1-1C 0.124 0.125 0.126 0.125
1 G1-1B 0.154 0.153 0.154 0.154
1 G1-2A 0.213 0.214 0.213 0.213
1 G1-2D 0,255 0.255 0.226 0.245
1 G1-3A 0.311 0.312 0.313 0.312
1 G1-5A 0.498 0.499 0.498 0.498
2 G241 0.120 0.122 0.123 0.122
2 G2-21 0.190 0.191 0.191 0.191
2 G2-31 0.247 0.246 0.249 0.247
2 G2-3A 0.309 0.308 0.308 0.308
2 G2-41 0.369 0.366 0.367 0.367
2 G2-4 0.431 0.429 0.431 0.430
2 G2-6 0.741 0.742 0.746 0.743
3 G3-1 0.129 0.128 0.128 0.128
3 G3-2A 0.183 0.181 0.181 0.182
3 G3-3 0.183 0.184 0.183 0.183
3 G3-2C 0.255 0.255 0.256 0.255
3 G3-31 0.305 0.306 0.307 D.306
3 G3-34 0.361 0.380 0.360 0.360
3 G3-5B 0.381 0.393 0.392 0.392
3 G3-6 0.500 0.499 0.501 0.500
5 G5-1 0.151 0.151 0.151 0.151
5 G5-3 0.182 0.181 0.181 0.181
5 G5-2B 0.217 0.217 0.218 0.217
5 G5-4 0.252 0.251 0.253 0.252
5 G5-41 0.304 0.308 0.304 0.305
5 G5-5C 0.376 0.377 0.377 0.377
] G6-1 0.128 0.128 0.130 0.129
6 G6-2 0.187 0.186 0.185 0.186
6 G6-3 0.224 0.225 0.224 0.224
6 G6-3A 0,291 0.292 0.292 0.292
6 G6-4 0.252 0.254 0.255 0.254
6 G6-5 0.282 0.282 0.282 0.282
6 G6-6 0.312 0.311 0.312 0.312
6 G6-7 0.377 0.377 0.378 0.377
7 G7-1 0.144 0.144 0.144 0.144
7 G7-2 0.185 0.186 0.185 0.185
7 G7-21 0.214 0.212 0.213 0.213
7 G7-23 0.250 0.250 0.250 0.250
7 G7-32 0.307 0.307 0.307 0.307
7 G7-33 0.300 0.300 0.299 0.300
7 G7-41 0.377 0.377 0.378 0.377
8 GB-1 0.181 0.181 0.183 0.182
8 G8-3A 0.248 0.248 0.248 0.248
9 G9-1 0.112 0.112 0.112 0.112
) G9-2 0.191 0.192 0.192 0.192
9 G9-2B 0.225 0.226 0.225 0.225
9 G9-3 0.255 0.254 0.256 0.255
9 G9-4B 0.319 0.315 0.319 0.318
9 G8-5A 0.371 0.374 0.375 0.373
9 G9-6 0.228 0.227 0.227 0.227
9 Go-7 0.491 0.491 0.493 0.492




SPECIALTY GASES OF AMERICA, INC,

: AMERICAN INDUSTRIAL GASES, INC.
- AMERICAN RARE GASES, INC.
: 6055 BRENT DR. TOLEDC, OH 43611
- 418-728-7732 FAX 419-729-2411
THE /AMERICAN GAS GROUP www.americangasgroup.com
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".’“ Certificate ID: 080607006 Date: 8/6/2007
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Customer Name: Grace Consulting, Inc.
Customer Address: 510 Dickson St.
Wellington OH 44090
Purchase Order: 80300 Work Order: 065808-00
Lot Number: 12018D06 Product Name: 2-Component Mixture, EPA Protocol
Size: 1A Pressure: 2250 psig @ 85 Deg F
Content: NA
Serial #: EB0002339
Analysis Date: 12/28/2008
Shelf Life: 24 months Expiration Date: 12/28/2008
Component Nominal Actual Accuracy Method
Nitrogen Dioxide 45 ppm 51.2 ppm +- 0.3 ppm Chemiluminescence
Nitric Oxide 1.50 ppm +/- 0.01 ppm Chemiluminescence
Nitrogen Oxides (NOx) 52.7 ppm +/- 0.2 ppm Chemiluminescence
Nitrogen Balance Balance
REFERENCE STANDARD  Std Type Std # Cyl # Concentration Exp Date
GMIS 12065C05 EBO001281 46.79 ppm 3/18/2008
GMIS 1206SC05 EBODD1281 48.99 ppm 3/16/2008
INSTRUMENTATION Instrument / 1D Component
Rosemount 851A NO
Rosemount 951A NOx

Note: *ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION
OF GASEQUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1
* DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG
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SPECIALTY GASES OF AMERICA, INC.
AMERICAN INDUSTRIAL GASES, INC.
AMERICAN RARE GASES, INC.

6055 BRENT DR. TOLEDOC, OH 43611
419-729-7732 FAX 419-729-2411

THE AMERICAN GAS GROUP www.americangasgroup.com

Pf‘,m.n_u.a....a. N i A i i R i I e
E!';' ANALYTICAL REPORT q
l’"‘ Certificate ID: 090308007 Date: 9/3/2008 B.*
:f Customer Name: Grace Consulting, Inc. a:
h‘ Customer Address: 510 Dickson St. .‘
g Weliington OH 44090 g
I" Purchase Order: 08290800 Work Order: 080496-03 Itl
"‘f Lot Number: 0818HEOD8 Product Name: 2-Component Mixture, EPA Protocol II‘J
w Size: 31A Pressure: 2015 psig @ 70 Deg F b“
W Content: N/A %
i‘ Serial #: CC286603 I!‘I
"§' Analysis Date: 8/28/2008 °F
D.‘ Shelf Life: 24 months Expiration Date: 8/28/2010 T
3 Component Nominal Actual Accuracy Method h}‘
I Nitric Oxide 100 ppm 98.4 ppm +/- 1% rel Chemiluminescence l“
Ii"'l Nitrogen Oxides (NOx} 100 ppm 98.6 ppm +~ 1% rel Chemiluminescence :

. Nitrogen Balance Balance g
@ s
* REFERENCE STANDARD Std Type Std # Cyl # Concentration Exp Date :s

GMIS 0411HI08 CC275880 248.7 ppm 6/19/2010 K

w GMIS 0411HIO8 CC275880 249.0 ppm 6/19/2010 F‘F
' )
E; INSTRUMENTATION Instrument / ID Component E
w Rosemount 951A NO w
W Rosemount 951A NOx w
%' Note: * ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION )
0;.‘ OF GASEQUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1 l"
T * DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG w
e | g
3 Protocal 'S
L‘E Epacaily Sases of & inc Issued by: M QMM [‘1
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8055 BRENT DR. TOLEDO, OH 43611
419-729-7732 FAX 419-T20-2411

SPECIALTY GASES OF AMERICA, INC.
AMERICAN INDUSTRIAL GASES, INC.
AMERICAN RARE GASES, INC.
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THE AMERICAN GAS GROUP www.americangasgroup.com
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q
a ANALYTICAL REPORT
"i‘ Certificate ID: 050707003 Date: 5/7/2007
* Customer Name: Grace Consulting, Inc.
D‘i Customer Address: 510 Dixon
% Wellington OH 44090
w Purchase Order: 42400 Work Order: 062057-01
w Lot Number: 04245B07 Product Name: 2-Component Mixture, EPA Protocol
b‘-‘ Size: A Pressure; 2200 psig @ 85 Deg F
* Content: NA
b‘I Serial #: EB0005127
"' Analysis Date: 5/7/2007
.‘i Shelf Life: 24 months Expiration Date: 5/7/2009
¥ Component Nominal Actual Accuracy Method
! Nitrogen Oxides (NOx) 225 ppm 228 ppm +/- 1% rel Chemiluminescence

Nitrogen Balance Balance

&
)
@ REFERENCE STANDARD Std Type Std # Cyl # Concenfration Exp Dafe
" GMIS 1116SD05 EB0O001294 989.8 ppm 3/17/2008
)
;i‘ INSTRUMENTATION Instrument / 1D Component
p.q Rosemount 951A NOx
“' Note: *ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION
"" OF GASEQUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1
i‘I * DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG 1 569
:i
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SPECIALTY GASES OF AMERIGA, ING.
AMERICAN INDUSTRIAL GASES, INC,
AMERICAN RARE GASES, INC.

6055 BRENT DR, TOLEDO, OH 43811
419-720-7732 FAX 419-729-2411
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-- THE AMERICAN GAS GROUP www.arnericangasgroup.com
N e e e e S mm;
:g: ANALYTICAL REPORT E
P‘l Certificate ID: 040408025 Date: 4/4/2008 Bf
* Customer Name: Grace Consulting, Inc. ¥
w Customer Address: 510 Dickson St. D.l

) i )
% Wellington OH 44090 P_.!
" Purchase Order: 3180800 Work Order: 073859-01 b‘|
%' Lot Number: 03245D08 Product Name:  2-Component Mixture, EPA Protocol s
"1 Size: 31A Pressure: 2200 psig@ 78 Deg F .'!
¥ Content: N/A
i‘ Serial #: EB0002695
&' Analysis Date: 4/4/2008 vg

1
IT Shelf Life: 24 months Expiration Date: 4/4/2010 .‘
E Component Nominal Actual Accuracy Method @
i Sulfur Dioxide 100 ppm 95.9 ppm +- 1% rel NDUV ﬁ‘l
D‘-" Nitrogen Balance Balance T

q

I , b

REFERENCE STANDARD Std Type Std # Cvl # Concentration Exp Date

H GMIS 1002HGO7 EBO005452 108.0000 10/2/2009 i'.l
% INSTRUMENTATION Instrument / 1D Component g
"4 Ametek WR Series 900 S02 [‘d
:% %
’§' Note: * ANALYZED ACCORDING TO EPA TRAGEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION Y
"" OF GASEQUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1 ll,."
w * DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIC 1 81 1 “l‘
il Protocal . &
\ . Sumen of s Issued by: M goxrm, ]-‘{
7
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SPECIALTY GASES OF AMERICA, INC.
AMERICAN INDUSTRIAL GASES, INC,
AMERICAN RARE GASES, INC.

6055 BRENT DR, TOLEDQ, OH 43811
419-729-7732 FAX 419-728-2411

THE AMERICAN GAS GROUP www.ametricangasgroup.com
ﬁmm}}
(]
'-,!, ANALYTICAL REPORT E
Certificate ID: 022208026 Date: 2/2212008 !J"
; Customer Name: Grace Consulting, In¢. ?
. ¥,
w Customer Address: 510 Dickson St. w
g Wellington CH 44090 l:g
K ) )
l“* Purchase Order: 2070801 Work Order: 072345-01 w
ll# Lot Number: 02095B08 Product Name: 2-Component Mixture, EPA Protocol w
:‘ Size: 31A Pressure: 2000 PSIG @ 70 DEGF w
;,f Content: NA *
b‘ Serial #: EB0O004163 .‘
'§' Analysis Date: 2/21/2008 "%
h‘ Shelf Life: 24 MO Expiration Date: 2/21/2010 .‘
L!: Component Nominal Actual Accuracy Method E
f Sulfur Dioxide 230 PPM 230 PPM +/- 1% REL NDUV b‘
'i Nitrogen Balance Balance I‘f
b,
s s
:i: REFERENCE STANDARD Std Type Std # Cyl# Concentration Exp Date *
"‘ GMIS 11098D05 EB0O0D9133 425.4 ppm 21472010 .#
g INSTRUMENTATION Instrument / ID Compansnt E
p“ Ametek WR Series 900 502 '.4
[ ¥
s 3
) g
" Note: *ANALYZED ACCORDING TO EPA TRACEABILITY PROTQOCOL FOR ASSAY AND CERTIFICATION "“
I's' OF GASEOUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1 7 58 P,.'
* DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG 1 T
3 D'-l

A
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SPECIALTY GASES OF AMERICA, INC.
AMERICAN INDUSTRIAL GASES, INC.
AMERICAN RARE GASES, INC.

6055 BRENT DR. TOLEDQ, OH 43611
MB-F29-7732 FAX 418-729.24'11
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THE AMERICAN GAS GROUP www.americangasgroup.com
%ﬁmzwl $mmﬁ
K ANALYTICAL REPORT 5!"
5.! Certificate ID: 050108016 Date: 5/1/2008 P‘I
* Customer Name: Grace Consulting, Inc. *
D‘l Customer Address: 510 Dickson St. ’ t
Dq Wellingion OH 44090 “:
s 3
b‘i Purchase Order: 5010800 Work Order: 075644-01 b‘
h‘: Lot Number: 0414HGO8 Product Name: 2-Component Mixture, EPA Protocol ﬂ"

\] ]
b-.- Size: J1A Pressure: 2015 psig @ 70 Deg F b‘
¥ Content: N/A *
I‘i Serial #: CC275815 ;‘4
% Analysis Date: 4/25/2008 bg
g‘w‘; Shelf Life: 36 months Expiration Date: 4252011 ﬁ“
1:24 Component Nominal Actual Accuracy Method %
I Carbon Monoxide 230 ppm 209 ppm +/- 1% rel NDIR w
U.- Nitrogen Balance Balance "

(]

% @
- 4
a: REFERENCE STANDARD Std Type Std # Cyl # Concentration Exp Date *
h‘ GMIS 1011BK05 EBQOQC830 998 ppm 10/16/2009 .‘ﬂ
% INSTRUMENTATION Instrument / 1D Component :g
],.4 Horiba VA-3000 co ,5‘1
"' Note: *ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION p‘l
?."1 OF GASEQUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1 P,.‘
w * DO NOT USE STANDARD WHEN PRESSURE [S BELOW 150 PSIG D‘
> Erotocal " )

BOOCIANY (Ens. Of SITRIFCE, NS lssued by: Q Q@m h ';
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Airgas Great Lakes, Inc.

Certificate of Analysis: EPA Protocol Gas Mixture 2009 Beltaire Ave,
Royal Oak, M| 48067

Cylinder Number: CC147780  Reference Number: 32-112465146-1 Ph: (248) 398-9150
Cylinder Pressure:  2000.6 PSIG Expiration Date:  3/29/2009 E%_/(f"s) 5g$‘§gt%m
Certification Date:  3/29/2006 Laboratory: MIC - Royal Oak - Ml : Argas.
Certified Concentrations

Component Concentration Accuracy Analytical Principle Procedure

CARBON MONOXIDE 453.7 PPM +-1% Nondispersive Infrared (NDIR) G1

NITROGEN Balance

Certification performed in accordance with "EPA Traceability Protocol (Sept. 1987)" using the assay procedures listed.
Analytical Methodology does not require correction for analytical interferences.

Notes: CLEVELAND

De net use cylinder below 150 psig. Approval Signature jﬁt‘ ¥
Reference Standard Information
Type Balance Gas Component Cyl.Number Caoncentration
NTRM 81681 NITROGEN CARBON MONOXIDE ~ XC014020B 981 PPM

Analytical Results
1st Component CARBON MONOXIDE

1st Analysis Date:  03/22/2008

R 9.82 S 4.54 Z0.00 Conc 453.5 PPM
S4.54 Z0.00 R 9.82 Conc 453.5 PPM
Z0.00 R 9.82 S4.54 Conc 453.5 PPM

AVG: 453.5 PPM
2nd Analysie Date:  03/29/2005 —

R 9.82 5454 Z0.00 Conc 454 PPM
5 4.54 Z 0.00 R 9.82 Conc 454 PPM
Z 0,00 R 9.82 34.54 Caonc 454 PPM

AVG: 454 PPM

1362



SPECIALTY GASES DF AMERICA, INC.

et AMERICAN INDUSTRIAL GASES, iNC.
o ol AMERICAN RARE GASES, INC,
: : 60565 BRENT DR. TOLEDQ, OH 43611
- e 419-728-7732 FAX 418-728-2411
THE AMERICAN GAS GROUP www.americangasgroup.com
N L = Gt B L Ll L s R L L i G e B L L
i
a‘ ANALYTICAL REPORT
I*,.‘ Certificate ID: 082107011 Date: 8/21/2007

Customer Name: Grace Consulting, inc.
Customer Address: 510 Dickson St.

AEAE OO a0

Wellington CH 44090

LA

Purchase Order: DALE VINEYARD 8/21/07 Work Order: 066333-00
Lot Number; 0507SE07 Product Name: 3-Component Mixture, EPA Protocol
Size: A Pressure: 2200 psig@ B85 Deg F

#l+ Content: NA

3

0 O 50T 8
C UL LT L

1 Serial #: EB0004369 }‘\
%' Analysis Date: 5/7/2007 )
D“ Shelf Life: 36 months Expiration Date: 57712010 D“
E Component Nominal Actual Accuracy Method ¥
: Carbon Dioxide 9% 9.11% +£- 1% rel NDIR .'4

Oxygen 11% 11.0% +- 1% rel Paramagnestic
T Nitrogen Balance Balance “
'E )
g 'g
@ REFERENCE STANDARD Std Type Std # Cyl # Concentration Exp Date '{

/ GMIS 1206BL05 EB0O001508 15.16% 1/31/2008
h‘ GMIS 1011SHO5 EBOQOQ0776 7.53% 2/3/2008 h"

Ll L
LU

INSTRUMENTATION Instrument /1D Component

Rosemount 755R 02
GOWMAC-580 TCD co2

'Fg
L Ll

e

* ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION
OF GASEOUS CALIBRATION STANDARDS - SEPTEMBER 1997.G1
* DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG

N
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1
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SPECIALTY GASES OF AMERICA, INC.

: AMERICAN INDUSTRIAL GASES, INC,
- AMERICAN RARE GASES, INC.
) : 6055 BRENT DR, TOLEDO, OH 43611
-1 418-729-7732 FAX 418-728-2411
THE AMERICAN GAS GROUP www.americangasgroup.com
qﬁ+ﬂmﬂﬁm5m*@h§§1mmg!
bad
$ ANALYTICAL REPORT ?
P‘“ Certificate ID: 101007014 Date: 10/10/2007 l‘f
* Customer Name: Grace Consulting, Inc. :ft
i |
w Customer Address: 510 Dickson St. .‘1
[ .
[.f Wellington OH 44090 :g:
&'f Purchase Order: 928000 Work Order: 067760-01 b‘i
'i‘ Lot Number: 1002HC07 Product Name: 3-Component Mixture, EPA Protocol "
!" Size: 31A Pressure: 2200 psig @ 95 Deg F ’t
a: Content; NA :f
I-‘I Serial #: EB0002968 g
"' Analysis Date: 10/10/2007 g
.if Shelf Life: 36 months Expiration Date: 10/10/2010 ."
:'f'“ Component Nominal Actual Accuracy Method D'r‘
£ Carbon Dioxide 18% 17.9% +[- 1% rel GC-TCD Inmd
: Oxygen 22.5% 22.5% +- 1% rel Paramagnetic
:., Nitrogen Balance Balance %:
$ :
* REFERENCE STANDARD 8td Tvype Std # Cvl # Concentfration Exp Date $
GMIS 1011SH05 EBQOO0O776 7.53% 2/3/2008 4
.," GMIS 1206B0O05 EB0O001025 2517% 1/27/2008 h.
w e e %
p‘l INSTRUMENTATION Instrument /1D Component w
F‘| GOWMAC-580 TCD co2 .'1
,‘1 Rosemount 755R 02 .‘
'8 A
"1 Note: *ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION "‘
"“ OF GASEQUS CALIBRATION STANDARDS - SEPTEMBER 1997:G1 ';"
b‘ * DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG ‘1
hR &
SpOGUIY GRS OF AMDNGS, 1o Issued by: Q(M})], QM?,QA, l“";
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SPECIALTY GASES OF AMERICA, INC.

: AMERICAN INDUSTRIAL GASES, INC.
s AMERICAN RARE GASES, INC.
z 6055 BRENT OR. TOLEDO, OH 43611
sl 419-729-7732 FAX 418-729-2411
THE AMERICAN GAS GROUP www.americangasgroup.c_:om
“i?_‘?_ﬁ-r"_,ﬁ S e WA@&QLMAE’AW.JE;Q{*M}E
Ef ANALYTICAL REPORT E
Certificate ID: 011607005 Date: 1/16/2007 Ir‘i
:ﬁ Customer Name: Grace Consulting, Inc. *
w Customer Address: 510 Dixon ".f
i )
ﬁ Wellington OH 44090 o=
: ]
I‘i Purchase Order: INVENTORY Work Order: 055006-00
b‘ Lot Number: 1022BC06 Product Name: 3-Component Mixture, EPA Protocol
D" Size: 31A Pressure: 2000 psig @ 70 Deg F
¥ Content: NA
I}'i Serial #: EB0004369
'§' Analysis Date: 11/1/2008

t Shelf Life: 36 months Expiration Date: 11/1/2009

Component Nominal Actual Accuracy Method
Carbon Dioxide 9% 8.91% +/- 0.03% NDIR

Oxygen 11% 10.9% +- 0.1% Paramagnetic
Nitrogen Balance Balance

REFERENCE STANDARD  Std Type Std # Cyl # Concentration Exp Date

GMIS 10118H05 EBOO0O776 7.53% 2/3/2008

GMIS 1206BL05 EB0001508 15.16% 1/31/2008 I}..‘
4

R S o AT O T 0

b
INSTRUMENTATION Instrument/ID Component %1
Horiba VA-3000 co2 '..4

Rosemount 755R 02 K

Ll

S

* ANALYZED ACCORDING TO EPA TRACEABILITY PROTOCOL FOR ASSAY AND CERTIFICATION
OF GASEOUS CALIBRATION STANDARDS - SEPTEMBER 1997.G1
* DO NOT USE STANDARD WHEN PRESSURE IS BELOW 150 PSIG 1 5 1 8
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Laboratory Reports



Laboratory Reports



(: I‘{ rf"? I f i‘;& I L/\}j( SRATORIES =

12G1 Camden Ave, SW ¥ Canton, Ohic 44706
Phone No: 330-454-4222

Laboratory No. 080929309 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions
Identification: Run 1 Container 1
Sample Matrix: Filter
Analysis Method Results _Detection Limits _Date of Analysis
Particulate PM 5 0.6 mg 0.1 mg 10/01/08

Approved By:




C RYWSITA
| w? B4 CABORATORIES 2

1201 Camden Ave, SW ¥ Canton, Ohic 44706
’hone No: 330-454-4222

Laboratory No. 080929310 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Selutions

Identification: Run 1 Container 2
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analysis
Particulate PMS5 0.2 mg 0.1 mg 10/01/08

e

Approved By: /2 3

7




CRWSTA
L I LABORNTORIES =

1201 Camden Ave, SW * Cantor, Chic 44706
Plhone No: 330-454.4222

Laboratory No. 080929313 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 2 Container 1
Sample Matrix: Filter

Analysis Method Results Detection Limits Date of Analysis
Particulate PM 5 1.3 mg 0.1 mg 10/01/08

-
Approved By: g ~ /"’ "
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1201 Camden Ave, SW * Cantori, Ohio 44706
Ptone No: 330-454-4222

Laboratory No. 080929314 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 2 Container 2
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analysis
Particulate PM 5 0.5 mg 0.1 mg 10/01/08

Approved By:
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1201 Camden Ave, SW * Canton, Ohic 44766
Phone No: 330-454-4222

Laboratory No. 080929317 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 3 Container 1
Sample Matrix: Filter

Analysis Method Results _Detection Limits _Date of Analysis
Particulate PM35 1.2 mg 0.1 mg 10/01/08

Approved By: //w /E;‘:'F //
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12G1 Camden Ave, SW * Canton, Ohio 44706
Phone No: 330-454-4222

Laboratory No. 080929318 Customer: Grace Consulfing

510 Dicksen St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recyeling Solutions

Identification: Run 3 Container 2
Sample Matrix: Liquid

Analysis Method Results Detection Limits _Date of Analysis
Particulate PM5 0.2 mg 0.1 mg 10/01/08




C R\% f Shm‘l LABORNTORIES =

1201 Camden Ave, SW * Canton, Ohio 44706
Phone Ne: 330-454-4222

Laboratory No. 080929325 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampied: 09/25/08
Project: Recycling Solutions

Identification: Acetone Blank
Sample Matrix: Liquid

Analysis Method Results Detection Limits _Date of Analysis
Particulate PM 5 <0.1 mg 0.1mg 10/01/08




CRW'S T s
. . y LABORATORIES =2

12081 Camden Ave, SW ¥ Canion, Ohic 44706
Phone WNo: 330-454-4227

Laboratory No. 080929311 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 1 Container 3
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analvsis
HCL EPA 26A 70 mg/1 0.1 mg/l 10/24/08

.//

Approved By: L%«/
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1201 Camden Ave, 8W # Canton, Ohic 447066
Phone No: 330-454-42272

Laboratory No. 080929315 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 2 Container 3
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analysis
HCL EPA 26A 67 mg/l 0.1 mg/l 10/24/08

. C
Approved B / v

/
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CRYS

1201 Camden Ave, SW * Canton, Ohic 44706
Fhone No: 330-454-4227

Laboratory No. 080929319 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 3 Container 3
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analysis
HCL EPA 26A 65 mg/l 0.1 mg/l 10/24/08

Approved By: % // / £~
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1201 Camden Ave, SW * Canion, Thic 44706
Phone No: 330-454-4222

Laboratory No. 080929312 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 1 Container 4
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analysis
Chloride RM 26A 49 mg/l 0.1 mg/l 10/02/08
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1201 Camden Ave, SW * Canton, Chic 44706
Phone No: 330-434-4222

Laboratory No. 080929316 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Run 2 Container 4
Sample Matrix: Liquid

Analysis Method Results Detectior Limits Date of Analysis
Chloride RM 26A 44 mg/l 0.1 mg/1 10/02/08

_»——"/"" .
Approved By: ﬁ” '
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1201 Camden Ave, SW * Cauton, Ohio 44706
Phone No: 330-454-4222

Laboratory No. 080929320 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Reeycling Solutions
Identification: Run 3 Container 4
Sample Matrix: Liquid
Analysis Method Results Detection Limits Date of Analysis
Chloride RM 26A 43 mg/l 0.1 mg/l 10/02/08

P et— '
Approved By: ;= /

-
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1201 Camden Ave, SW * Canton, Onio 44706
Phone No: 330-454-4222

Laboratory No. 080929321 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Container 6
Sample Matrix: Liquid

Analysis Method Results Detection Limits _Date of Analysis
HCL EPA 26A <0.1 mg/l 0.1 mg/1 10/24/08

Approved By: <=~ %



|} bl LABORNTORIES =

1201 Camden Ave, SW * Canton, Chio 44706
Phoune No: 330-454-42272

Laboratory No. 080929322 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Container 7
Sample Matrix: Liquid

Analysis Method Results Detection Limits _Date of Analysis
Chloride RM 26A <0.1 mg/l 0.1 mg/t 10/02/08




k.___a IA;l ./5 I;A:I LABORANITORIES =

1201 Camden Ave, SW #* Canton, Chio 44706
Phone No: 330-4354-4222

Laboratory No. 080929323 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recyeling Solutions

Identification: Container 8
Sample Matrix: Liquid

Analysis Method Results Detection Limits _Date of Analysis
Chloride RM 26A <0.1 mg/1 0.1 mg/l 10/02/08

el )

Approved By: <=
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1201 Camden Ave, SW * Canion, Chic 44706
Phone No. 330-454-4222

Laboratory No. 080929324 Customer: Grace Consulting

510 Dickson St.
Date Received: 09/25/08 Wellington, OH 44090
Date Sampled: 09/25/08
Project: Recycling Solutions

Identification: Container 9
Sample Matrix: Liquid

Analysis Method Results Detection Limits Date of Analysis
Chloride RM 26A <0.1 mg/l 0.1 mgA 10/02/08

Approved By:




ol 80 Ag peAsioaNy SLLEL oJeqd 'Ag peysinbupey
s ojeg : nbuje: 18QJON
NLNX% - = - #¥e
e x84 :Aqpeisanbal aynse. ysny

oLuLL eyeq :Ag peysinbiey
_ ‘POPROU 29 B)INeey eyery

8002/52/6 say |
swyl  emg :Ag poneoay| ouwi, 2jBQ :Ag peysinbuiey yeny  [BuLON Pe)seniey (L PUNBIRUINL;
SWY - ojeWABIB] i G POLRO SiUBig SUCIRTY. 8002/52/6 B sUceoy
., o Yoz We| 1 001 " UBIg eUCIeOY. 8002/52/6 8 UEHI0]
7z yoZ W[ Ui 002 ued OZH 8002/62/6 § JoUEI00]
43 VO NG| W es _ 3uBlg HOBN N1 1800Z/52/6 1 Joupiuco|
X V62 WH| W Lob Weia YOSZH NI 8002/52/6 . YT
7% veZ Wu| “wvie U232 JeBudiu eujesie 8002/52/8 ¥ Jeujeiod ¢ uny
veZ WYl W esp Y180 JeBuidui pice 8002/52/6 £ JOU[BIOS € Uny)
GNY - opewnelB] USBM 8U0JAOR JiBY oy 8002/52/6 Z J8UjEJI0O € Uy
SINM - SISWAEB] — ~ ~Joyj ojgwes B002/5¢/6 | JOUMEICS § unyl
Ezll VoL W§|  Tu oFE US1E0 JeBuidul] sufese 9002/52/8 3 IoUIos 2 0]
vozZ Wa| W oee Yoyes JeBuidiu] pioe 5002/52/8 ¢ JoLisI00 2 uny
SINY - o_.aoESnM_ W USBM GUCIE0E J{BY 0 8002/S2/6 Z Jeujeuoo z uny
C © S - olgeliAel - Joyy eidwies] - |so02/sz/6 | Jeureuod Z Uny
TIC Vez W[ W ogz YayBo JaBuidul} euliese 8002/52/8 7 I8UMLG0 | Uny
NG VOZ WM W 8se YOI JoBuiduif piow| 8002/52/8 T JoUieIuoo | uny
m SN - OeUIA W Usem oucede el JUcl) 8002/52/8 2 JOUBILIoD | Uny
J G - olewiiAe - )y 9dues 8002/52/6 } JeLfBIod | uny
PBIINDY BSAjRLY uchdueag sidweg] pejoojjoo ewy| pessyies agep uoieoiIuep; sicdwes
} SOUBIEWIOTAUON | souBHduwoD oUOL}
¥ POIOB}I0D GISM SOILLGE MimLM SIETE GTEOIPU} 9z CTT) 0
# J5PI0) esBLRINg *9eIpDy BUllg|
6280 YUORNIG BuloAeY SUmN 00foid sRaIppy 1iodey
Piomg Adelg uojLeny Hodey ‘o] ‘BURNBUCT CORIS SUIBN JOWOND
€L98-Lvo-0by  'Xed
2L90-L¥9-0%p BuUOld Apojsn9 jo upeysn

080%Y HO 'uoiBuiop

1§ UoROI] 016 $3DIANIS ONILSIL SNOISSIAT
85 x08 ‘0'd ‘ON| ‘ONILTNSNOD OVND



gjleq odwa =[]

Jomsinay ={)
£8yl 022¢ #8980 0S50 2820 apo%osyD
ost'i ole'z 08Z'Z ovs‘s 19°2 (DdWI=0dW3 1G=aN) DL 231]
0str'L oLe'z 082 ors's £8°¢C (DdW3=Dd N3 ‘Z/1a=aN) DAL 431
0st'lL oLET 0822 oFsS‘E £8¢ {6=DdW3 ‘zr1a=aN) daL 431
08%'L oLe'z 0822 ovs‘e 00°0 (3dW3=0d3 ‘0=aN) D31 431
1]:1° oLe'z 08Z'2 ors's 000 (0=2dW3 ‘0=qN) DAL 331

9zv 829 9/¢ ¥86 {11°5) 4000
81 962 90z WA (9z'2) 4a09H-6'8"L'YE'T'L
0502 oree 0ese QLLs (s>) 4a00H-8'2'9'Y'e'Z')
ive ¥6¢€ £ee GEQ (so°1) 00XH6'8'2'e°Z'L
0S01 OLLL 051 0192 (G>) 4GOXH8'2'9'¥'E'2
0101 0591 0s¥L 00S¢2 (g>) H400XH-8'2'9'e'2'
£P6 0S| 08gl oree (g>) H00%XH-8'2'Y'E'2')
o8yl 0lze 0.¢z 04v€ (g>) 40024-8'2'v'e'g
6v8 09zZL 0gEL 0681 (zv'e) 10084-82''2'L
169 0£0l 0zzL 0451 (es'1) 40018282
L6¥ 98/ 1454 0LL) (F¥'¥) aano
£69 irAY) £08 0041 (5>) aaodu-e2'o'v'e'z'L
9zl eze 164 LGE (v6'1) QaoXH-6'8'2'e'Z'}
02 e 4% ¥€5 (1e°1) aaoxXH-8'2'9'e'2'L
yeL 9l¢ L6 Gee (zz'1) QaOXH-8L'Y'e'Z't
gee 96e £l¢ 855 {(vo'1) aaned-8'2'e'z't
8L L) z0z 89¢ (rLt) QaoL-8'L'ez
Bd 6d Bd —bd 6d
¥ uny £ uny zZuny L uny LOOGW 2529 0 akeuy
oyje » L HEd
nN v —.—H. E SHALLDAASHT ] TIYODILATYNY |— ENEE—Jw ¢—QEmm

suonnjog Buyahoay :qj3oefoig

O3l - Sl.6d



sjeq odw3 =[]
JENEITENN 1a=()

{€1€ YHvs) 10UsBUO JGDA/ADH PAIMASANS-826Z 21 JO wng = $@2EZ |01

£8¥1 0cee 880 0SS0 FANA#] SpooosyD
006°0l 00€'LL 00L'SL 00592 195 (1=0dN3 {1=aN) S82£Z Ie301
006'01 00821 oolL‘s) 005°92 £'8z {1=0dW3 '5'0=aN) s8.£2 101
006°01L CO0E"L) ooL'sL 00592 000 {i=DdIN3 ‘0=0N) $8.£Z &)oL
00601 0021 001°GL 005'9Z 296 {o=0dW3 !1=aN) s8.¢z (oL
006°01 00g°2L 001Gl 0059z £82 (0=0dW3 ‘s'0=aN) sg.£Z 1ej0L
006°0L 00E°LlL 00L'GL 00592 00°0 (0=0dW3 ‘0=aN) seicz IejoL
00868 000°cE L 000°s¥ 1L 000'20Z 126 (DdW3=0dW3 S10=aN X-8.£Z) S/0QDd [EI0L
00868 000°GE 1L 000°gkL 000202 099 {OdW3=Dd W3 ‘0=aN) S4/aaDd =01
008'68 000°SEl 000'8kL 000202 0°6¢ {0=0dW3 ‘0=aN} s3/aqod oL
gér 829 T 86 0 4000
060¢ 0009 09.¢ 0592 ¥8°C s400dH
0001 0089! 002st 009%e gLl SJaOxXH
008i¢ oogee 00L9E 0096+¥ Ll §4003d
008.¢€ 00FrS 00299 00008 6'E $4004
6% a8/ LG 0l 0 aano
(474 4R 09ve 0821 069¢ 0 sgaodH
0lce oLes 0S6+% 06t8 #6'E SQaoxH
0igd 09¢gl 042 00ELL 0 sgaoed
0ce9 0098 00011 009¢el 0 saaons
| siejo)
5d 6d Bd bd bd
y uny guny zuny } uny LOOEW 2529 0 ajhjeuy
e
e M
€2 POYISN STAILDIJSHI 442...54_,_4“- . ¢ el
Aewwng sjdweg

suonnjog Buljohaay :qj 109foud

sjejol - Gll6d



i

aleq adi3a
lomalrey 1a
e8vrl 0cze ¥880 0S50 FASTAN} 3pooosyD
658 0.1 0E01L 0802 0 4Q2dH 120
080/ 00911 00901 00SZL el 4Q2xH 8o
00561 00862 0osze 002H¥ £Ge 400°d J8uyip
00lL.€ 00¥ES 00059 0058. 209 4091 Yo
€92 0sel £86 0661 29°¢ QandH Byo
ovie oesy oSer olel ¥6°E QAaIxH 2LYIO
06SY 0002 41):7] 00801 B6L°E aaoad Puyo
00z9 0ey8 00801 oocel 0 aaoL Buo
(DdW3=0d N3 ‘0=aN} S/0dDd S0
658 0.lEL 0colL 080¢ 0 4a0dH 180
0802 00911 00901 00G/L €Ll 4Q9xH BYO
00561 00862 00sze 00ery 14" ElaleCERCMg)
00L2¢ 00¥ES 00059 00582 6'€ 4091 1=2y0
€9/ 0SEL €86 0661 0 aqody sy
ovie ocst (0,274 024 ¥6'E QadxH JByo
065 0002 0ov4 00801 0 aanad Buyo
0029 ocye 00801 00EEL 0 aaal Byo
(0=0dW3 ‘0=aN) s3/aa9d 190

Bd Bd Bd bd 6d
¥ uny g uny cuny L uny LO0aW 2529 0 a)h[euy
o Jed

£2 POUIOW I :

STAILDAASHAG TYDILATYNY a.m -

Aewwng ajdweg

suolnjog Buijohaay :q) 1090

slaylo -

GL.6d



