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PREFACE

This draft report was prepared by Midwest Research Institute (MRI) for the U. S.
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Dr. Thomas Geyer is the MRI Work Assignment Leader (WAL). The field test was performed
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Ciolek was the EPA WAM for the Emission Measurement Center (EMC) under Work
Assignment 4-25 and Mr. Michael Toney was the WAM under Work Assignment No. 2-08.
Mr. John Hosenfeld was the MRI WAL under Work Assignment 2-08 and Dr. Thomas Geyer
was the MRI task leader for Work Assignment 2-08, task 08.

This report presents the procedures, schedule, and test results for an emissions test
performed at GM Powertrain Group Saginaw Metal Casting Operations (GM/SMCO), a metal
casting facility in Saginaw, Michigan. The emissions test used Fourier transform infrared (FTIR)
sampling procedures to measure HAPs and other pollutants.
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1.0 INTRODUCTION
1.1 BACKGROUND .

The Emission Measurement Center (EMC) of the U. S. Environmental Protection Agency
(EPA) received a request from the Metals Group of the Emission Standards Division (ESD) and
Source Characterization Group of the Emission Monitoring and Analysis Division (EMAD), both
in the Office of Air Quality Planning and Standards (OAQPS), U. S. EPA, to perform emissions
testing at iron foundries, specifically on cupola emission control devices, and pouring, cooling,
and shake-out operations. The test program was performed in September, 1997 under EPA
Contract No. 68-D2-0165, Work Assignment 4-25. This draft report for testing conducted at the
GM Powertrain Group Saginaw Metal Casting Operations (GM/SMCO) facility was prepared
under EPA Contract No. 68-W6-0048, Work Assignment 2-08.

1.2 PROJECT SUMMARY |

The cupola melting process is used to melt iron for casting into automotive parts. It is
potentially a significant source of hazardous air pollutant (HAP) emissions, including metal and
organic compounds. Emissions from the mold pouring, cooling, and shake-out are also potential
sources of HAP emissions.

The principal emission point at a cupola furnace is the exhaust from the furnace itself.
Emission controls for GM/SMCO include a coarse grain separator, afterburner, drop out
chamber, heat exchangers (recuperators), quench, venturi scrubber, and stack. Cupola emissions
testing was conducted at the stack (scrubber outlet) and the inlet to the scrubber to determine the
measurable emissions released during the melting process. Testing was also conducted at the
ducts drawing from the pouring, cooling, and shake-out lines to determine the measurable
emissions released during the pouring, cooling, and shake-out of the castings.

Three Fourier transform infrared (FTIR) test runs were conducted at the cupola inlet and
outlet locations over a three-day period simultaneously with manual method testing conducted by
Pacific Environmental Services (PES). Additionally, Midwest Research Institute (MRI)
collected Tedlar bag samples from pouring, cooling, and shake-out ducts. The Tedlar bag
samples were analyzed by FTIR. Summaries of the FTIR results are presented in Tables 1-1

to 1-4.
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The FTIR analyses followed EPA Method 320!, which employs an extractive sampling
procedure. A probe, pump, and heated line are used to transport samples from the source to a gas
manifold in a trailer that contains the FTIR equipment. A separate procedure for collecting and
analyzing the Tedlar bag samples was prepared by MRI and approved by EPA prior to the field
test. A preliminary analysis of the spectra was performed onsite. The analysis was reviewed and
revised after the FTIR data collection was completed. A compact disk containing all of the FTIR
data was provided with the draft report.

The results at the mold cooling, pouring and shakeout housing processes have been
revised since the draft report. The revised results are from analyses that included reference
spectra of additional aliphatic organic compounds. The additional reference spectra were
measured in the laboratory under work assignments 2-12 and 2-13. The revised analyses are
discussed in Section 4.3.1. Appendix B contains documentation of the reference spectra |

prepared for the revised analysis.
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TABLE 1-1. SUMMARY OF FTIR RESULTS FROM THE MOLD POURING PROCESS?

Mold Pouring (ppm)
File name Date Time Methanol Unc. | Toluene  Unc. Hexane  Unc. Ethylene  Unc. | Methane  Unc. CO Unc.
POUR101 9/23/97 11:07 0.0 0.4 0.0 0.9 0.0 50 39 0.5 38.4 0.4 87.1 12.8
POUR102 9/23/97 11:25 0.0 0.4 2.3 0.6 0.0 5.0 4.0 0.5 39.3 04 86.3 12.6
Emission Rate] "

Average ppm| 0.0 04 1.2 0.8 0.0 5.0 39 0.5 38.8 0.4 86.7 12.7

Ib/hr 0.0 0.89 0.00 0.92 5.20 20.3

kg/hr 0.0 0.41 0.00 0.42 2.36 9.2

TABLE 1-1. (CONTINUED)

( Mold Pouring (ppm)
Formalde-
File name Date Time hyde Unc. Butane Unc. 1-Pentene Unc.
POURI101 9/23/97 11:07 1.0 0.4 3.70 0.24 242
POURIO2  9/73/97 11:25 14 04 0 5.49 0.18
Emission Rate

Average ppm 1.2 0.4 1.85 1.96

Ib/hr] 030 0.90 115

kg/hr| 0.14 0.41 0.52

“Unc” indicates an estimated uncertainty in each measurement.

d . - . . L
Concentrations are in ppm. A zero concentration indicates a non-detect for that sample.

Concentrations are in ppm. A zero concentration indicates a non-detect for that sample. “Unc” indicates an estimated uncertainty in each measurement.
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TABLE 1-2. SUMMARY OF FTIR RESULTS FROM THE MOLD COOLING PROCESS?

Mold Cooling (ppm)
: Formalde-
Duct File name = Date Time [Methanol Unc. |Toluene Unc. |Hexane Unc. |Ethylene Unc. [Methane Unc. CcO Unc. hyde Unc.
Main COOLMI101  9/25/97 14:09 1.8 0.7 12.8 1.3 2.1 0.5 10.2 0.8 139.7 0.8 192.7 25.1 1.8 0.7
COOLM102 14:13 1.8 0.7 12.6 13 22 0.5 10.2 0.8 139.0 0.8 192.6 25.0 1.7 0.7
Average --> 1.8 0.7 12.7 1.3 22 0.5 10.2 0.8 1394 0.8 192.7 25.1 1.7 0.7
R COOLRI101 11:09 25 0.8 18.9 1.8 22 0.8 16.8 1.0 195.0 1.1 243.9 329 2.1 1.0
COOLR102 11:13 25 0.8 18.9 1.8 22 0.8 16.8 1.0 195.2 1.1 2453 -+ 33.0 2.1 1.0
Average --> 25 0.8 18.9 1.8 22 0.8 16.8 1.0 195.1 1.1 244.6 329 2.1 1.0
S COOLSI101  9/24/97 15:32 45 0.7 16.6 1.1 52 05 8.2 08 118.3 0.8 137.9 21.8 2.0 0.7
COOLS102 15:37 45 0.7 16.8 1.1 5.1 05 8.3 0.8 119.4 08 141.3 220 1.8 0.7
Average --> 45 0.7 16.7 1.1 5.1 0.5 8.3 0.8 118.8 038 139.6 21.9 1.9 0.7
Emission Rate . ’

Total ppm ° 8.8 0.7 483 14 9.5 0.6 35.2 0.9 453.2 0.9 576.9 26.6 5.7 08

Ib/hr €| 1.48 20.3 4.47 4.01 30.92 68.25 0.79

kg/hr €| 0.67 9.22 2.03 1.82 14.04 31.00 0.36

b The total ppm concentration is the sum of the average concentrations in each duct.
€ The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates fo r the three ducts were summied to give the total emission rate.

Concentrations are in ppm. A zero concentration indicates a non-detect for that sample. “Unc” indicates an estimated uncertainty in each measurement.
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TABLE 1-2. (CONTINUED)

Mold Cooling (ppm)
3-Methyl-
Duct File name Date Time pentane Unc. Butane Unc. 1-Pentene  Unc.
Main COOLMI101 9/25/97 14:09 0.74 0.65 5.7 3.0 7.5 1.8
COOLM102 14:13 075 0.66 5.6 30 7.4 1.8
Average --> 0.75 0.65 5.6 3.0 7.5 1.8
R COOLR101 11:09 1.2 0.9 12.3 43 8.9 2.6
COOLR102 11:13 1.2 09 124 43 8.8 26
Average --> 12 0.9 124 4.3 8.9 2.6
S COOLS101  9/24/97 15:32 0 06 0 29 13.4 1.1
COOLS102 15:37 0 0.6 0 3.0 13.5 1.1
Average --> 0 0.6 0 3.0 13.5 1.1
Emission Rate]
Totalppm®|  1.98 18.0 29.8
Ib/hr © 0.53 3.05 10.59
kg/hr © 0.24 1.39 4.81

Concentrations are in ppm. A zero concentration indicates a non-detect for that sample. “Unc” indicates an estimated uncertainty in each measurement.
The total ppm concentration is the sum of the average concentrations in each duct.
€ The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates for the three ducts were summed to give the total emission rate.
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TABLE 1-3. SUMMARY OF FTIR RESULTS FROM THE SHAKEOUT HOUSING PROCESS?

Shake-out Housing (ppm)
Formalde-
Stack File name Date Time [Methanol Unc. |Toluene Unc. |Hexane Unc. |Ethylene Unc. [Methane Unc. CcO Unc. hyde Unc.
3 SHK3_101 9/23/97 11:36 1.0 03 7.0 04 0.0 29 0.0 03 14.5 0.2 329 54 1.1 0.2
SHK3_201 9/24/97 13:22 12 0.4 44 05 3.7 0.2 0.0 05 17.9 0.3 61.8 9.4 08 03
SHK3_202 9/24/97 13:25 12 0.4 4.1 0.6 0.0 3.4 0.0 0.5 17.7 04 62.1 9.4 1.0 0.3
Average --> 1.1 0.4 5.2 0.5 12 2.2 0.0 05 16.7 03 52.3 8.1 0.9 0.3
4 SHK4_101 9/23/97 14:55 1.4 05 9.6 0.5 0.0 42 1.0 0.6 20.5 03 66.1 9.3 1.6 0.3
SHK4 102 9/23/97 15:00 1.4 0.5 8.9 0.6 0.0 42 1.0 0.6 20.6 0.4 66.5 9.4 13 0.3
Average --> 14 0.5 9.3 0.5 0.0 4.2 1.0 0.6 20.6 04 66.3 9.3 1.4 0.3
5 SHKS_101 9/24/97 13:29 2.1 0.0 4.8 0.0 0.0 0.0 0.6 0.0 20.7 0.0 75.2 0.0 1.2 0.0
Emission Rate

Total ppmP®| 4.6 0.4 19.2 0.4 1.2 25 1.6 04 58.0 0.3 193.8 7.2 36 0.2

Ib/mr €} 0.94 115 0.7 0.29 6.0 34.8 0.7

kg/hr €| 0.43 5.2 0.3 0.13 2.7 15.8 0.3

Concentrations are in ppm. A zero concentration indicates a non-detect for that sample. “Unc” indicates an estimated uncertainty in each measurement.
The total ppm concentration is the sum of the average concentrations in each duct.
€ The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates for the three ducts were summed to give the total emission rate.
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TABLE 1-3. (CONTINUED)

Shakeout Housing (ppm)
3-Methyl- 2-Methyl- n- 2-Methyl-
Stack  File name Date Time pentane Unc. Butane Unc. | 1-Pentene Unc. |Heptane Unc. | 1-Pentene Unc. 2-butene  Unc.
3 SHK3_101 9/23/97 11:36 0 0.6 0 0.8 0 0.8 22 0.1 42 03 0.40 0.3
SHK3_201 9/24/97 13:22 0 0.3 0 0.9 0.8 0.3 0 14 [ 1.6 1.01 0.3
SHK3_202 9/24/97 13:25 0.44 03 0 1.2 54 0.6 0 1.5 0 1.7 2.78 0.3
Average --> 0.15 04 0 1.0 2.1 0.6 0.7 1.0 14 1.2 1.40 0.3
4 SHK4_101 9/23/97 14:55 0 0.9 0 1.1 0 0.9 32 0.1 55 04 0 1.2
SHK4_102 9/23/97 15:00 0 0.9 0 1.1 42 0.3 29 0.2 0 20 1.25 0.3
Average --> 0 0.9 0 1.1 2.1 0.6 3.1 0.2 28 1.2 0.624 0.8
5 SHKS_101 9/24/97 13:29 0 0.2 1.7 0.9 1.7 0.5 33 0.1 0 1.6 1.77 0.3
Emission Rate

Total ppm © 0.15 1.5 1.7 29 5.8 1.7 7.0 13 42 4.0 3.79 1.3

Ib/hr © 0.084 0.59 3.17 448 1.93 1.72

kg/hr ¢ 0.038 0.27 1.44 2.03 0.88 0.782

Concentrations are in ppm. A zero concentration indicates a non-detect for that sample. “Unc” indicates an estimated uncertainty in each measurement.
The total ppm concentration is the sum of the average concentrations in each duct.
€ The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates for the three ducts were summed to give the total emission rate.
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TABLE 1-4. SUMMARY OF FTIR RESULTS (ppm) AT THE VENTURI SCRUBBER INLET AND OUTLET

Run 1 Run 2 Run 3
Compound Units Inlet Unc.2 Outlet Unc. Inlet Unc. Outlet | Unc. Inlet Unc. Outlet Unc.
Methane ppm 52.7 4.6 18.5 3.7 27.0 7.1 20.5 53 254 7.1 11.2 3.1
Ib/hr 9.9 3.5 5.6 4.0 5.0 2.0
kg/hr ' 1.6 2.6 1.8 2.2 0.89
Carbon Monoxide | ppm 91.1 68.4 76.8 64.9 ND 101.8 ND 82.08 ND 103.3 0.20 61.08
Ib/hr 29.9 254 0.06
kg/hr 11.5 0.03

4Unc is the estimated uncertainty (ppm) in the calculated analyte concentration.




1.3 PROJECT PERSONNEL
The EPA test program was administered by EMC. The Test Request was initiated by the
Metals Group of the ESD and the Source Characterization Group of the EMAD, both in OAQPS.

Some key project personnel are listed in Table 1-5.

TABLE 1-5 PROJECT PERSONNEL

Organization and Title Name Phone No.
Coordinator Environmental & Energy Steven M. Tomaszewski (517) 757-0920 Tel
GM Powertrain Group (517) 757-0899 Fax

General Motors Corporation
Saginaw Metal Casting Operations
77 W. Center Street

P.O. Box 5073

Saginaw, MI 48605-5073

Environmental Auditor David F. Genske (517)757-1455 Tel
GM Powertrain Group ' (517) 757-1652 Fax

General Motors Corporation
Saginaw Metal Casting Operations
Mail Code 486-629-016

1629 N. Washington Avenue
Saginaw, MI 48605

U. S. EPA, EMC Michael K. Ciolek (919) 541-4921
Work Assignment Manager
Work Assignment 4-25

U. S. EPA, EMC Michael L. Toney (919) 541-5247
Work Assignment Manager
Work Assignment 2-08

MRI Thomas J. Geyer (919) 851-8181, ext 3120
Work Assignment Leader
Work Assignment 4-25
Work Assignment 2-13

MRI John Hosenfeld (816) 753-7600, ext 1336
Program Manager -
Work Assignment Leader
Work Assignment 2-08
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2.0 PROCESS AND CONTROL EQUIPMENT OPERATION

The information in Section 2 was prepared by Research Triangle Institute and provided to
MRI by the EMC. It was included in the report without MRI review.

2.1 INTRODUCTION

The GM Powertrain Group, part of the General Motors Corporation, operates a foundry in
Saginaw, Michigan named Saginaw Metal Casting Operations (SMCO), which casts grey iron
and aluminum. This foundry was constructed by GM in 1918 and is currently operating three
cupolas and two green sand lines for casting iron along with a melting furnace and one casting
line for aluminum to produce engine blocks for use in GM automobiles. The plant has about
2,000 employees. This section of the test report provides a description of the cupola operation
for iron melting and the casting operation, including pouring, cooling, and shakeout.

2.2 PROCESS DESCRIPTION
2.2.1 Iron Melting in Cupolas

There are three cupolas in operation ("B", "C", and "D"). Cupolas B and C are very
similar and are configured with an afterburner followed by a venturi scrubber (i.e., they burn
"dirty" gas). Cupola D burns the gas after removal of particulate matter by the scrubber. Plant
personnel indicated that Cupolas B and C were more representative of the industry and pointed
out that cupolas configured like D are no longer constructed. Consequently, Cupola B was
chosen for testing, primarily because it had more modemn and complete controls and
instrumentation.

Cupola B has a diameter of 114 inches (in.) and melts at a rate of about 55 tons per hour
(tph) with a blast rate of 21,000 to 23,000 cfm, which makes it among the larger cupolas in use in
the U.S. The blast is enriched with oxygen at a rate of about 4 percent. Figure 2-1 is a simplified
schematic of the cupola gas handling system and emiséion control equipment.

The cupola is charged with metal scrap, briquettes made from metal shavings, coke, and
limestone at a point that is above the gas take-off. The composition of a typical charge is given
in Table 2-1 and includes 6 tons of iron. Very few emissions occur from charging because of the
below-charge gas take-off and the maintenance of negative pressure on the cupola. The off gas
from the cupola is removed at about 400° to S00°F and contains 12 to 14 percent <‘:arbon

monoxide (CO). This gas enters a large combustion chamber where thg CO is burned at about

2-1



1500° to 1600°F. Some heavy and larger size particles settle out in the combustion chamber and
are removed at that point. The hot exhaust gases from the combustion chamber pass through two
recuperators that are used to pre-heat the cupola’s blast air to about 1100°F. There is also a

cooler available for additional temperature control as necessary.

TABLE 2-1. TYPICAL CUPOLA CHARGE MATERIALS

Material Typical range (Ibs/charge)?
Remelt from foundryb 4,000 to 6,000

Steel scrap? 3,000 to 4,000

Gray iron bricks?” € . 3,000

Silicon bricks 70 to 105

Blend bricks (Si, Mn, Cr) 260 to 300

Silicon carbide 300

Coke 1,400 to 1,500
Limestone 500

! Typical range observed during the test days.
Remelt, steel scrap, and gray iron bricks are the sources of iron and total 12,000 1bs (6 tons) per charge.
€ Gray iron bricks are a pressed material made from borings, shavings, etc.
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From the recuperators, the gas passes through a quencher, which cools the gas and also
removes some of the entrained particulate matter. The gas then enters a venturi scrubber
(manufactured by Air Pollution Industries) that is operated at a pressure drop of about 40 in. of
water and a water flow rate of about 625 gallons per minute (gal/min). A vacuum is maintained
on the system and the gas is moved by a 1200 horsepower (hp) exhaust fan following the
scrubber. The cleaned gas is exhausted through a stack. The wastewater from the scrubber is
sent to a wastewater treatment recycle system where polymers are added to assist in settling fine
particles, and 99 percent of the water is recycled to the scrubber (with a one percent blowdown to
the city’s wastewater treatment facility). Particulate matter emissions from the scrubber are
limited to 0.15 pounds (Ib) per 1,000 1b of gas by the State.

The plant has instrumentation available to monitor seyeral parameters associated with the
emission control system, including the pressure drop across the scrubber, the water flow rate,
electric current to the fan, and gas temperature. Temperature and blast rate for the cupola are
* monitored routinely. In addition, an accurate measure of the melting rate (e.g., for use in
normalizing mass emission rates by production rate) can be obtained from the charging data
sheets.

The plant buys scrap from other GM plants and controls the quality because scrap quality
directly affects the quality of the castings. However, plant personnel pointed out that it would be
difficult to have a parameter to measure scrap quality that could be used to make valid
comparisons among different foundries.

2.2.2 Pouring, Cboling and Shakeout

The two iron pouring lines are labeled Lines 3 and 4. Plant personnel indicated that Line
4 was the best candidate for testing because it is newer and the layout is more amendable to
sampling. A simplified schematic of the capture and control equipment for Line 4 is given in
Figure 2-2. The line has a capacity of 270 molds per hour with two engine blocks per mold.
Each horizontal mold contains 3,300 Ibs of green sand (lake sand, sea coal, and bentonite). The

typical properties that are measured and the range during the test days are given in Table 2-2.

24



TABLE 2-2. TYPICAL RESULTS FROM GREEN SAND ANALYSIS?

Property : Range

Moisture (%) 2.8t03.3
Clay (%) 6.8t074
Compactability (%) 3.6t04.8
Green strength (psi) 164 to 221
Permeability (AFS units) 114 to 130
Loss on lgnition (%) 3.8t05.0

2 From analyses during the first shift of the test days.
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The cores used in the molds include both hot box and cold box systems with phenol-
formaldehyde. For the 4-cylinder engine, 15.7 1bs of hot box cores and 74.5 Ibs of cold box cores
are used for a total core weight of 90.2 lbs per block or 180.4 Ibs per mold. For the 6-cylinder
engine, 17.9 Ibs of hot box cores and 95.2 Ibs of cold box cores are used for a total core weight of
113 Ibs per block or 226 lbs per mold. The chemicals used to make the cores are summarized in
Table 2-3. The materials used for core dipping are primarily minerals, such as crystalline silica
(quartz), mica, aluminum silicate, along with graphite, clay and water.

The pouring station for Line 4 is automated and uses 6 ladles in a circular configuration.
A large, circular side draft hood evacuates the entire pouring area at a rate of about 50,000 cfm.
During the testing, no éignificant visible emissions were observed escaping capture from the
pouring operation. The captured emissions are ducted overhead through the roof to the
atmosphere. During the test days, both 4- and 6-cylinder engine blocks were poured on Line 4.
The pouring weight of iron for the 4-cylinder block is 202.8 Ibs to produce a casting of 116.2 lbs.
For the 6-cylinder block, the pouring weight is 250.4 lbs and the casting weight is 149.2 1bs.

The cooling line is enclosed and has a series of hoods throughout the line that evacuate
the enclosures at a rate of about 50,000 cfm and send the emissions to a bank of pre-coated
cartridge filters to remove particulate matter. The cooling line is evacuated through three main
ducts that send the cooling emissions to three separate sets of cartridge filters. The residence
time of the cooling line is about 25 minutes (min).

The shakeout operation is totally enclosed in a small, evacuated building (roughly 40 by
60 feet [ft]). The room is evacuated at about 150,000 cfm, and the captured emissions are sent to
three spray scrubbers that have 2 to 3 stages for cleaning.

The plant monitors the pressure drop across the cartridge filters used for the cooling
emissions and also the pressure drop across the shakeout scrubbers. No other parameters

associated with the control equipment are monitored.

2-7



TABLE 2-3. CHEMICALS USED IN CORE MAKING AND MOLD SPRAYING?

2,3-epoxypropane

Product Function Chemical Percent
Acme 45MR1BS® Hot box catalyst Urea 30035
Ammonium hydroxide 0.1to1
Ammonium nitrate 10to 15
Water 45 to 50
Ammonium chloride 01tol
Siloxanes and silicones 1to5
Acme 745LF® Phenolic resin for hot box Formaldehyde 1to5
cores
Phenol Sto 10
Acme-flow 2012® Phenolic resin for cold box Formaldehyde 0.1to1
cores
Phenol 1to5
Ethyl 3-ethoxypropionate S5to 10
Heavy aromatic solvent naphtha 10 to 30
Acme-flow 2052A® Isocyanate resin for cold box | Diphenylmethane 4,4'-Diisocyanate 10 to 30
Part 2
Kerosine 5t 10
Polymeric Diphenylmethane 30to0 50
Diisocyanate
Isocyanic acid, methylenediphenylene l1to5
ester
Heavy aromatic solvent naphtha 10 to 30
Tribonol® Mold spray Zircon 90
Diethylene glycol polymer with 1-chloro- | 10

! From the manufacturer's material safety data sheets (MSDS).
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2.3 PROCESS AND CONTROL DEVICE MONITORING RESULTS
2.3.1 Cupola B

During each test run, several parameters associated with the operation of the cupola and
the Venturi scrubber were monitored and recorded. For the cupola, these parameters included the
blast air flow rate, the relief stack flow rate, the hot blast temperature, oxygen feed pressure, and
the combustion chamber temperature. In addition, information was obtained on each time the
cupola was charged and the charge composition. Each time period that the blast was stopped
(and the emission testing was also stopped) was also recorded.

The plant had instrumentation installed to monitor several parameters associated with the
Venturi scrubber, including the water flow rate to the scrubber, flow rate of makeup water, inlet
temperature, inlet pressure, pressure drop, and the pressure (yacuum) at the induced draft fan.
These parameters, with the exceptions noted below, were monitored and recorded during the test.
Before the sampling runs were begun, the process observers worked with the plant personnel to
determine if the instruments indicating venturi pressure drop and water flow rate to the scrubber
were showing correct readings. Calibration of the pressure drop instrumentation, completed
early on September 24, consisted of a direct manometer reading at the venturi followed by
adjustment of the pressure drop reading in the control room. Calibration of the water flow rate
reading could not be confirmed during the sampling campaign. After the testing was completed,
plant personnel confirmed that the instrument had been calibrated and that the water flow rate
was 625 gal/min.

Table 2-4 summarizes the major monitoring results for the cupola during each test run,
and Table 2-5 provides the cupola charging data for about 12 hours (hr) during each test day.

The blast air tempefature and flow rate are plotted for the four test runs in Figures 2-3 and 2-4.
The blast air rate showed very little variability during the test; however, there were significant
differences in the temperature of the hot air blast, which averaged 464° to 488°F during Runs 1
and 2 and 364° to 366 °F during Runs 3 and 4.

The pressure drop across the Venturi scrubber increased during each run. At the request
of EPA personnel, adjustments were made after the first test run to increase the scrubbef pressure
and to maintain a range closer to the original design specifications. The pressure drop averaged

33, 35, 38, and 42 in. of water for Runs 1, 2, 3, and 4 respectively.
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TABLE 2-4. SUMMARY OF CUPOLA MONITORING RESULTS

Parameter Run Average Range
l 21,400 21,000 - 22,200
Blast flow rate (cfm)
2 22,100 21,800 - 22,500
3 21,900 21,700 - 22,800
4 21,800 21,000 - 22,400
1 488 - 443-539
Hot blast temperature (°F)
2 464 448 - 488
3 366 336- 385
4 364 327 - 409
i 1 30 30
Oxygen (psig)
2 49 43 -61
3 50 40 - 65
4 59 54-65
. 1 not available
Combustion chamber
temperature (°F) 2 1,557 1,401 - 1,669
3 1,518 1,276 - 1,633
4 1,608 1,495 - 1,670
1 38.8 -
Melting rate (tons/hr)2
2 41.7 -
3 454 -
4 43.5 -
1 156 --
Time blast stopped (min)
) 2 6 --
3 29 .
4 15 -
1 334 33-35
Scrubber Ap (in. water)
2 35 32-37
3 38 36-40
4 42 40 - 42

! Adjusted for the downtime when the blast was stopped (i.e., the downtime was subtracted from the operating time
when determining the melting rate).
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TABLE 2-5. SUMMARY OF CUPOLA CHARGING DURING THE TEST DAYS

9/23/97* 9/24/97 9/25/97
Time period Tons charged Time period Tons charged Time period Tons charged
- - 6:00-7:05 54 7:11-8:05 42
- -- 7:13-8:02 42 8:11-9:01 36
- -- 8:25-9:14 30 9:10-10:07 42
- - 9:19-10:09 42 10:12-11:06 42
- - 10:14-11:05 36 11:10-12:02 36
- - 11:14-12:05 42 12:12-13:03 42
- - 12:10-13:02 42 13:12-14:07 42
- - 13:20-14:03 42 14:18-15:10 48
- - 14:08-15:12 54 15:27-16:02 30
13:58-14:49 48 15:17-16:08 42 16:11-17:03 42
15:51-16:19 30 16:21-17:10 36 17:12-17:59 42
18:20-19:12 24 17:17-18:18 36 18:07-19:10 42
Average rate 38.8 Average rate 40.5 Average rate 40.6
(tons/hr) (tons/hr) (tons/hr)

* Run 1 on this day was a short test with 110 min of sampling between 14:10 and 18:41.
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2.3.2 Mold Line 4

During the testing of Line 4, a record was kept of the rate at which the line moved (e.g.,
molds per hour) and pouring was observed to identify when broken molds were not poured and
the temperature of the molten iron when poured. Several observations were made of the time to
"light off™ after pouring, when the vapors escaping from the mold self-ignited. The first hole
ignited on average about 6 to 8 seconds (sec) after pouring, and all holes were lit 11 to 18 sec
after pouring. During the testing of the scrubbers used on the shakeout operation, the pressure
drop across the scrubbers was recorded and ranged from 13.9 to 16.5 in. of water.

Table 2-6 provides a summary of the number and types of molds that were processed
during each test day from plant records, and Table 2-7 provides a summary of the quantity of iron
poured and the amount of downtime during each hour of the testing days. Table 2-8 contains the
mold counts made by the process observers when testing was‘ being performed. Table 2-9
provides an estimate of the tons of iron poured per hour and the number of molds poured per
hour during the testing periods on Line 4.

During the testing days, the pouring temperature of the iron was maintained within a
narrow range of 2,743° to 2,818°F. A typical analysis of the iron (from 9/25/97) showed

3.11 percent carbon, 0.13 percent sulfur, and 2.28 percent silicon.
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TABLE 2-6. SUMMARY OF NUMBER OF MOLDS POURED ON LINE 4

Number of molds poured? -

Hour 9/22/97 9/23/97 9/24/97 9/25/97
(first
shift) 4-cyl. 6-cyl. 4-cyl. 6-cyl. 4-cyl. 6-cyl. 4-cyl. 6-cyl.
1 223 - 224 - 152 - 180 -
2 " 64 126 16 165 194 - 235 -
3 - 220 - 214 59 - 155 48
4 - 185 - 208 0 - - 208
5 56 36 - 217 171 - - 245
6 237 -- 225 - 114 98 48 126
7 37 46 205 - - 195 202 --
8 - 217 70 76 - 227 176 18
9b - 106 - 108 83 109 - 108
-- - -- - 104 -- - -

The line usually shut down around 3 p.m.

* Does not include broken molds that were not poured.

2-15




TABLE 2-7. SUMMARY OF METAL POURED AND DOWNTIME FOR LINE 4

Hour Tons of metal poured? Downtime (minutes)
sl?lrfst; 9/22/97 9/23/97 9/24/97 9/25/97 9/22/97 9/23/97 9/24/97 9/25/97
1 45.2 - 454 30.8 36.5 8 10 26 20
2 445 44.6 393 477 17 20 17 8
3 55.1 53.6 12.0 43.5 11 12 47 15
4 46.3 52.1 0.0 521 15 14 60 14
5 20.4 54.3 34.7 61.3 40 12 22 6
6 48.1 45.6 477 41.3 7 10 i3 21
7 19.0 41.6 48.8 41.0 42 14 17 15
8 54.3 332 56.8 40.2 12 26 10 .17
9 26.5 27.0 44.1 27.0 0 0 17 0
- - 21.1 -- -- - 1 -

(500.8 1bs per mold).

! Based on 202.8 Ibs per 4-cylinder engine block (405.6 Ibs per mold) and 250.4 bs per 6-cylinder engine block




TABLE 2-8. LINE 4 MOLD COUNTS DURING TESTING PERIODS

Date: 09/22/97

Number of
Time molds?® Molds/hr® | Cumulative molds/hr Comments
1:41 pm 0 0 0 6-cylinder engine blocks; 8 broken molds
1:42 pm 5 300 300 were not poured between 1:30 and 3:00
1:45 pm 14 280 285
1:50 pm 21 252 267
2:00 pm 40 240 253
2:15 pm 57 228 242
2:20 pm 21 252 243
2:25 pm 21 252 244
2:30 pm 22 264 246
2:40 pm 28 168 233
2:45 pm 22 264 235
2:50 pm 21 252 237
2:53 pm 17 340 241
2:55 pm 3 90 237
3:00 pm 16 192 234
Date: 9/23/97
Number of
Time molds? Molds/hrb Cumulative molds/hr® Comments
8:39 am 0 0 0 6-cylinder engine blocks; 26 6-cylinder
8:40 am 5 300 300 molds not poured between 8:00 and 12:00
8:43 am 14 280 285
8:57 am 54 231 243
9:23 am 93 215 226
9:41 am 69 230 227
10:00 am 64 202 221
10:18 am 73 243 225
10:30 am 32 160 218
10:42 am 49 245 221
10:54 am 44 220 221
11:02 am 35 263 223
11:10 am 34 255 225
11:42 am 109 204 221 Switched to 4-cylinder blocks at 11:45;
12:01 pm 78 246 294 3 4-cylinder molds not poured
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TABLE 2-8. (continued)

Date: 9/24/97
Number of
Time molds? Molds/hrb Cumulative molds/hr® Comments
11:03 am 0 0 0 4-cylinder engine blocks; 5 molds not
11:06 am 12 240 240 poured
11:08 am 9 270 252
11:10 am 9 270 257
11:35 am 94 226 233
11:51 am 68 255 240
12:04 pm 44 203 232
Date: 9/25/97
Number of
Time molds? Molds/hr® | Cumulative molds/hi® Comments
8:57 am 0 0 0 4-cylinder engine blocks; 3 molds not
9:17 am 68 204 204 poured
9:30 am 41 189 198 Switched to 6-cylinder at 9:30; 14 molds no4
9:48 am 72 240 213 poured
9:58 am 42 252 219
10:15 am 52 184 212
10:26 am 38 207 211
10:41 am 59 236 215
10:57 am 64 240 218
11:25 am 118 : 253 225
11:32 am 29 249 226

* Number of molds counted for the incremental time period.
Rate based on the incremental time period.

€ Cumulative rate based on number of molds from the start time; this is the most accurate measure of the rate over

the time period (i.e., the last bolded number in this column).
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TABLE 2-9. MOLD LINE 4 PRODUCTION DURING TESTING PERIODS

No. of molds poured

Molds/hr Tons/hr

Date Time Period 4-cylinder 6-cylinder poured poured?
9/22/97 1:41 - 3:00 pm - 300 227 56.9
9/23/97 8:39 - 12:01 pm 75 652 216 53.0
9/24/97 11:03 - 12:04 pm 231 - 226 45.8
9/25/97 8:57 - 11:32 am 106 460 219 53.0

! Based on 405.6 Ibs for 4-cylinder molds and 500.8 Ibs for 6-cylinder molds.
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3.0 TEST LOCATIONS AND GAS COMPOSITION

Figure 3-1 is an overview of the cupola gas handling system and the locations of the
sample points. Figure 3-2 is a more detailed schematic of the scrubber inlet and scrubber outlet
(exhaust stack). The cupola inlet and outlet were sampled concurrently.

Figure 3-3 is a schematic showing detailed views of the sampling points for the pouring,
cooling, and shake-out. One pouring duct was sampled, three cooling ducts (Main, R, S) were
sampled, and three shake-out stacks (3, 4, 5) were sampled.

3.1 VENTURI SCRUBBER OUTLET - STACK

The test ports on the stack (Location B) are located on the roof at about 140 ft above
ground level and 50 ft north of the venturi scrubber inlet duct. Access to the stack ports is by
stairways in the interior of the cupola buildin g, a short exterior catwalk, and stairs. Sufficient
ports were installed to allow simultaneous FTIR and manual method samt)ling.

3.2 VENTURI SCRUBBER INLET DUCT

The test ports were installed on the inlet duct (Location A) and located on the roof about
140 ft above ground level. Access to the inlet location on the roof was the same route as to the
stack. Testing was run in a 66-in. interior-diameter duct.

3.3 MOLD POURING DUCT

The duct is inside the main facility, with the ports at a height of approximately 25 ft
above the shop floor. The sampling location was identified as location “E” by GM Powertrain
personnel. Access to the ports is available from a little-used stair platform, although access to
one port required the use of scissors-type platform. The ports were used by MRI for obtaining
volumetric flow, diluent, moisture, and FTIR data across the 51.75-in. interior diameter duct.
Previous testing indicated a particulate loading range of 0.0171 to 0.0312 grains per dry standard
cubic foot (gr/dscf). Gas temperatures in this duct ranged from 80° to 101°F. Flow data are
reported in Table 3-1.

3.4 MOLD COOLING LINE

Testing at the mold cooling line occurred at three separate ducts, identified in this report

as Main, R, and S. Titles used to identify the ducts are the same as those used by GM Powertrain

personnel. The Main duct is circular with ports accessed approximately 10 ft above the facility



first floor level. Ducts R and S are both rectangular with dimensions 34 by 68 in. Ducts R and S
were accessed at two different locations in the facility upper level.

Previous testing on the Main duct reported particulate loading that ranged from
0.00132 to 0.00206 gr/dscf. Temperatures in the three ducts ranged from 94° to 115°F. MRI
collected volumetric flow rates, moisture content, and diluent gas information for this location.
3.5 MOLD SHAKE-OUT HOUSING

The mold shake-out housing and its ducting system are located inside the main facility.
Each duct leads to a scrubber, then is vented through stacks to atmosphere on the roof. Sampling
of three shake-out housing stacks (Nos. 3, 4, and 5) on the roof level was performed. Four-in. test
ports following the scrubbers were utilized on the stacks at a height of approximately 3 ft above
the roof. MRI collected volumetric flow, diluent, moisture, and FTIR data across the diameter of

the duct interiors.
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3.6 VOLUMETRIC FLOW

Table 3-1 summarizes the gas composition and flow data provided by PES for the cupola
test locations. PES provided volumetric flow rates, moisture content, gas molecular weight, etc.
as part of their manual testing; therefore, MRI did not conduct these tests.

Table 3-2 summarizes the gas composition and flow data for the sampling conducted at
the pouring, cooling, and shake-out housing. Measurements for velocity, flow, and oxygen (O,)
and carbon dioxide (CO,) concentrations were conducted and calculated following EPA Test
Methods 1, 2, and 3B referenced in 40 CFR Part 60, Appendix A. Moisture content of the stack

gas was calculated using wet bulb/dry bulb measurements. Records of volumetric flow data are

located in Appendix A.

TABLE 3-1. CUPOLA GAS COMPOSITIONS AND FLOW SUMMARY
Cupola Tést Data 2

Run No. 1 2 3 4
Date 23-Sep-97 24-Sep-97 25-Sep-97 25-Sep-97
Scrubber Inlet - Location A
Oxygen, % 12.3 12.7 12.2 11.9
Carbon dioxide, % 8.9 94 10.0 11.0
Moisture content, % 20.0 300 28.9 30.3
Volumetric flow rate, dscfm 60,183 58,682 56,090 54,702
Volumetric flow rate, dscmm 1,704 1,662 1,588 1,549
Scrubber Outlet - Location B (Exhaust Stack)
Oxygen, % 16.7 11.8 125 124
Carbon dioxide, % 4.0 10.6 9.7 10.3
Moisture content, % 12.6 16.4 9.1 9.1
Volumetric flow rate; dscfm 66,304 64,783 63,143 64,748
Volumetric flow rate, dscmm 1,878 1,834 1,788 1,833

AThe data were collected by PES with their Method 29 manual sampling trains. Two manual runs were
performed on 9/25 from 8:38 to 11:49, and from 15:12 to 18:45. The FTIR measurements were performed semi-

continuously from about 8:00 to about 17:00.
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TABLE 3-2. MOLD POURING, COOLING, AND SHAKE-OUT HOUSING GAS
COMPOSITION AND FLOW SUMMARY

Mold Pouring

Sample location E

Date 23-Sept-97

Carbon dioxide, % 0.2 - -
Oxygen, % 20.7 -- -
Moisture content, % 1.7 - -
Gas stream velocity, fps 65.8 - -
Volumetric flow rate, dscfm 52,824

Volumetric flow rate, dscmm 1,495 - -
Mold Cooling .

Sample location Main Duct R Duct S Duct

Date 25-Sept-97 24-Sept-97 24-Sept-97 Average
Carbon dioxide, % 0.3 0.3 0.2 0.3
Oxygen, % 20.2 19.8 204 20.1
Moisture content, % 1.9 1.7 1.7 1.8
Gas stream velocity, fps 40.6 15.0 51.7 - 357
Volumetric flow rate, dscfm 30,674 13,118 45,393 29,645
Volumetric flow rate, dscmm 868 371 1,285 838.9
Shake-out housing® ‘

Sample location Stack 3 Stack 4 Stack 5

Date 22-Sept-97 22-Sept-97 22-Sept-97 Average
Carbon dioxide, % 02 02 0.2 0.2
Oxygen, % 204 20.1 203 203
Moisture content, % 33 3.8 33 3.5
Gas Stream velocity, fps 522 51.5 47.9 50.5
'Volumetric flow rate, dscfm 41,046 40,679 37,751 39,825
Volumetric flow rate, dscmm 1,162 1,151 1,068 1132.4

*The velocity traverses were performed and stack temperatures were measured on 9/22/97. The Tedlar bags were
collected and the Orsat analyses were performed on 9/23 and 9/24/97.



4.0 RESULTS
4.1 TEST SCHEDULE

The testing at GM Powertrain, Saginaw, Michigan was perfbrmed from September 21 to
September 26, 1997. Table 4-1 summarizes the sampling schedule. A complete record of all
FTIR sampling is in Appendix B. The FTIR sampling at the cupola locations was coordinated
with the manual sampling conducted by PES. The FTIR sampling at the mold cooling line and

the mold shake-out housing were conducted independently.

TABLE 4-1. TEST SCHEDULE AT GM POWERTRAIN,
SAGINAW, MICHIGAN

Date Task Location®

9/21/97 Aurrive on site and started set-up at cupola. »Cupola

9/22/97 Complete cupola set-up; »Cupola
Obtain shake-out flow data. »Shake-out Stacks

9/23/97 Test Shake-out #3 and #4 »Shake-out Stacks
Test Pouring “E” »Pouring Duct
Cupola Test Run 1 w/ FTIR 14:43 - 18:45 »Cupola

9/24/97 Test Shake-out #3 and #5 »Shake-out Stacks

: Test Cooling “S” »Cooling Ducts

Cupola Test Run 2 w/ FTIR 8:41 - 13:04 »Cupola

9/25/97 Test Cooling “R” and “Main” »Cooling Ducts
Collected Background Sample in facility »Facility 1st Level
Cupola Test Run 3 w/ FTIR 8:54 - 13:50 - »Cupola

9/26/97 Packed equipment and departed site

@ Location descriptions are in Section 3.

4.2 FIELD TEST PROBLEMS AND CHANGES

The cupola gas at GM Powertrain contained high concentrations of both water vapor and
CO, with respect to other compounds. Analyte spiking for quality assurance was conducted
using toluene and formaldehyde vapor. The CO, spectrum interfered with the strongest toluene
infrared band near 730 cm’! so the weaker toluene absorbance, in the analytical region 2,850 to
3,100 cm™! range, was used for the analysis. The presence of other hydrocarbon species
contributed to the total infrared absorbance in the 2,850 to 3,100 cm’! region.

Moisture collected in the pitot tubes used to monitor pressure drop in the ducts. The pitot

lines were cleaned regularly by back-blowing pitot lines with compressed nitrogen gas.
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4.3 FTIR RESULTS

The FTIR results from the mold cooling and pouring and shake-out housing ducts are
presented in Tables 1-1. td 1-3. A summary of the FTIR results from the cupola scrubber inlet
and outlet locations is presented in Table 1-4. Detailed FTIR results from the cupola scrubber
inlet and outlet are presented in Appendix B in Tables B-1 and B-2.

4.3.1 Tedlar Bag Samples

Tables 1-1 to 1-3 present the FTIR results and the mass emissions rates for the Tedlar bag
samples. The emissions rates for the pouring process were determined using the average concen-
trations in the two bag samples taken from a single duct.

Three ducts were sampled at the cooling process and at the shake-out housing. The
emissions rates were calculated for each duct, and then summed to obtain the total emissions
from the process. For example, the methanol concentrations were 1.8, 2.5; and 4.5 ppm at the
main, R, and S cooling ducts, respectively. The methanol mass emissions were calculated using
the flow data in Table 3-2 to be 0.28, 0.17, and 1.03 Ib/hr in the main, R, and S cooling ducts,
respectively. The total methanol emission rate was the sum of the emissions in each duct, or
1.48 Ib/hr. Only the total emission rates are shown in Tables 1-1 to 1-3.

The moisture content was lower at the mold process locations so the calculated
uncertainties in the results were also relatively small compared to the uncertainties for the
scrubber inlet and outlet results. None of the bag samples were spiked.

Emissions from the mold cooling and shakeout housing included CO, methane, methanol
and ethylene. The emissions also contained a mixture of heavier aliphatic hydrocarbon
compounds. In the draft report the mixture of heavier hydrocarbons was represented by “hexane”
because hexane and isooctane are the only aliphatic hydrocarbons in the EPA library of HAP
reference spectra. There are many hydrocarbon compounds that are structurally similar to hexane
and have similar spectral features. Since the draft report was submitted, EPA directed MRI to
measure quantitative spectra of some additional compounds. MRI selected some candidate
compounds that were likely components of the sample mixture and measured spectra of butane,
n-heptane, pentane, 1-pentene, 2-methyl-1-pentene, 2-methyl-2butene, 2-methyl-2-pentene, and
3-methylpentane. MRI also measured new high-temperature spectra of the HAPs hexane and

isooctane. The new spectra were used in revised analyses that gave the results presented in
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Tables 1-1 to 1-3. The new spectra made it possible to better represent the sample mixture
spectrum and the reported hexane concentrations are lower compared to the draft results. The
revised toluene results are similar to the draft toluene results because the addition of the new
spectra did not significantly affect the analysis of the aromatic compounds in the mixture.

Samples collected at the pouring process also contained methane, ethylene, and CO, but
at lower concentrations. Heavier hydrocarbons, such as methanol, toluene and hexane were not
detected at the pouring process.

Figure 4-1 is a plot of a spectrum of a sample taken from a cooling duct. Reference
spectra of water and methane have been scaled and subtracted from the original sample spectrum
to give the spectrum plotted in Figure 4-1. This figure also shows a reference spectrum of
methanol plotted underneath the sample spectrum. The presence of methanol and ethylene are
clearly indicated in Figure 4-1. Figure 4-2 shows the same two spectra as Figure 4-1 plotted in
the region near 3,000 cm-1. It is clear from Figure 4-2 that most of the infrared absorbance near
2,900 cm™! cannot be attributed to the methanol. Figure 4-3 shows the same sample spectrum as

in the previous two figures, but it is plotted with reference spectra of hexane and toluene. The

<«——cthylene

Absorbance

Wavenumbers

Top trace, Sample from the cooling line, "cools102"; bottom trace, methanol reference
spectrum 104adase offset by -.025

Figure 4-1. Sample spectrum from the cooling process plotted with
a methanol reference spectrum.
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T T
3100 3000 2900 2800
Wavenumbers
Top trace, Same sample from cooling line "cools102"; bottom trace, methanol reference

spectrum 104a4ase offset by -.025

Figure 4-2. Sample spectrum from the cooling process plotted with a methanol reference
spectrum shown in a different frequency region.

Absorbance
? N

17

SN~

Wavenumbers
1 I | T
3100 3000 2900 2800
Top trace, “cools 102" after water and methane have been subtracted. Middle, toluene reference spectrum, 153adarc, which has been
scaled by a factor of 0.483. Bottom, hexane reference spectrum, 095adasd, which has been scaled by a factor of 0.285. All
three spectra are plotted from -0.05 to + 0.1 absorbance units. Calculation of scating factors is in section 5.5.

Figure 4-3. Sample spectrum from the cooling process plotted with toluene and hexane
reference spectra.
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reference spectra have each been multiplied by a scaling factor determined from the reported
concentrations of 19.4 parts per million (ppm) for toluene and 11.1 ppm for hexane (Table 1-2,
spectrum “cools102"). The scaling factors are derived from equations 5 and 6 in Section 4.5.

In Figure 4-2, it is the region between 3,000 and 2,800 cm™! that was represented by
“hexane” in the draft results and is now better represented by including spectra of additional
hydrocarbon compounds in the revised results.

4.3.2 Scrubber Inlet and Outlet

The spectra were analyzed for a number of HAP’s which were not detected. The analysis
was then refined to analyze for the spiked compounds and a smaller number of selected
compounds. The hydrocarbon emissions consisted primarily of methane. Formaldehyde and
toluene were not detected in the unspiked samples. The uncertainties for carbon monoxide were
relatively high. In runs 2 and 3 the calculated CO uncertainties were greater than the reported
concentrations.

4.4 ANALYTE SPIKE RESULTS

A toluene gas standard and a formaldehyde permeation tube were used for analyte spiking
experiments for quality assurance. The analyte spike results are presented in Tables 4-2 to 4-5.

Table 4-6 compares measured band areas of the EPA toluene reference spectra
(deresolved to 2.0 cm!) and a spectrum of a sample taken directly from the 196.6 ppm toluene
cylinder standard. The cylinder standard spectrum was measured at the ‘Saginaw test site. The
band area comparison is different from the comparison of the concentrations, corrected for path
length and temperature: for a given concentration (ppm-m/K) the infrared absorbance in the
cylinder standard spectra is about 45 percent greater than the absorbance in the EPA library
spectra. Therefore, the library spectra calculate a toluene concentration that is 45 percent lower
than that calculated using the cylinder standard spectra. Tables 4-3 and 4-4 present the toluene
spike recoveries using both the library spectra and the cylinder standard spectra.

A similar disagreement was observed in other field tests using another toluene gas
standard. One possibility is that there was a systematic error in the original toluene library
reference spectra. This could be evaluated by purchasing several toluene gas standards from

different sources and doing a comparison similar to that shown in Table 4-6.

4-5



The disagreement is compound specific, and the information in Table 4-6 does not apply
to the measurements of other analytes. Deresolved calibration transfer standard (CTS) (ethylene
calibration) spectra give a path length result that is consistent with the observed number of laser
passes and the instrument resolution. But ethylene is a relatively stable compound, which is why
it can serve as a CTS. The disagreement is also not related to the deresolution of the toluene
spectra because the band areas in the original 0.25 cm” ! toluene spectra are nearly equal to the

band areas in the deresolved 2.0 cm™! versions of these spectra.
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TABLE 4-2. SUMMARY OF FORMALDEHYDE SPIKE RESULTS AT THE SCRUBBER INLET

Formaldehyde concentration SE¢ concentration
Spiked' samples| Date Spike  Unspike Calc Spike Unspike Calc DF Cexp A % Recovery
INLSP102 9/23/97 0.0 0.5 -0.5 0.424 0.018 0.406 9.8 6.0 -6.5 ND
INLSP201 9/24/97 0.0 0.0 0.0 0.924 0.000 0.924 3.1 10.3 -10.3 ND
INLSP202 9.8 0.0 9.8 0.875 0.000 0.875 33 9.7 0.03 100.3
INLSP203 17.7 0.0 17.7 0.909 0.000 0.909 3.0 21.2 -3.6 83.3
INLSP301 9/25/97 22.0 0.0 220 0.921 0.000 0.921 3.0 21.5 04 102.0
INLSP302 14.6 0.0 14.6 0.729 0.000 0.729 3.8 170 25 85.5
INLSP304 0.0 0.0 0.0 0.483 0.000 0.483 4.6 109 -109 - ND
Average recovery = 91.7

+ Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
~ dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equivalent to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). A is equal to Calc
- Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3). ND indicates that formaldehyde was not detected in these samples.



TABLE 4-3. SUMMARY OF TOLUENE SPIKE RESULTS AT THE SCRUBBER INLET

Toluene concentration SE¢ concentration % Recovery
Spiked samples Date Spike  Unspike Calc Spike  Unspike Calc DF Cexp A EPA Ref Cylinder
INLSP102 9/23/97 34.8 0.0 34.8 0.424 0.018 0.406 9.8 12.7 22.1 273.5 150.0
INLSP202 9/24/97 325 0.0 325 0.875 0.000 0.875 33 233 9.2 1397 76.6
INLSP203 28.9 0.0 28.9 0.909 0.000 0.909 3.0 24.0 4.9 120.6 66.1
INLSP301 9/25/97 294 0.0 29.4 0.921 0.000 0.921 3.0 24.3 5.1 121.0 66.3
INLSP302 22.5 0.0 22.5 0.729 0.000 0.729 3.8 15.2 33 117.0 64.2
INLSP304 355 0.0 355 0.483 0.000 0.483 4.6 26.9 8.6 131.9 72.4
Average recovery = 153.2 82.6

Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equal to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). A is equal to Calc -
Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3). “EPA Ref” indicates the EPA toluene reference spectra were used in the
+ analysis. “Cylinder” indicates that a spectrum of the toluene cylinder standard was used in the analysis.
oo



TABLE 4-4. SUMMARY OF FORMALDEHYDE SPIKE RESULTS AT THE SCRUBBER OUTLET

Formaldehyde concentration , SE¢ concentration
Spiked samples Date Spike Unspike Calc Spike Unspike Calc DF Cexp A % Recovery
OUTSP104 9/23/97 16.7 0.0 16.7 0.914 0.000 0914 3.2 102 . 65 163.8
OUTSP105 15.5 0.0 15.5 0.866 0.000 0.866 34 9.7 5.8 160.6
OUTSP201 9/24/97 90 00 9.0 1.071 0.000 1.071 2.7 . 11.9 -2.9 75.7
OUTSP203 13.6 0.0 13.6 1.247 0.000 1.247 23 13.9 -0.3 97.6
OUTSP205 20.2 0.0 20.2 0.942 0.000 0.942 29 220 -1.9 91.6
OUTSP301 9/25/97 30.7 0.0 30.7 1.221 0.000 1.221 2.3 28.6 2.2 107.7
OUTSP305 13.3 0.0 13.3 0.563 0.000 0.563 39 12.7 0.6 105.1
Average recovery = 114.6

Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equal to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). A is equal to Calc -
& Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3).



TABLE 4-5. SUMMARY OF TOLUENE SPIKE RESULTS AT THE SCRUBBER OUTLET

Toluene concentration SF¢ concentration % Recovery
Spiked samples Date Spike  Unspike Calc Spike  Unspike Calc DF Cexp A EPA Ref Cylinder
OUTSP104 9/23/97 32.6 0.0 326 0914 0.000 0914 3.2 24.3 8.3 134.2 73.6
OUTSP105 312 0.0 31.2 0.866 0.000 0.866 3.4 23.0 8.2 1354 74.3
OUTSP203 9/24/97 40.6 0.0 40.6 1.247 0.000 1.247 23 332 7.4 1224 67.1
OUTSP205 26.2 0.0 26.2 0.942 0.000 0.942 2.9 24.8 14 105.5- 579
OUTSP301 9/25/97 35.7 0.0 35.7 1.221 0.000 1.221 23 322 34 110.6 60.7
OUTSP305 36.1 0.0 36.1 0.563 0.000 0.563 39 31.3 4.7 115.1 63.1
Average recovery = 120.5 66.1

Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the

dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equal to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). A is equal to Calc -

Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3). “EPA Ref” indicates the EPA toluene reference spectra were used in the
ﬁ analysis. “Cylinder” indicates that a spectrum of the toluene cylinder standard was used in the analysis.

(-

TABLE 4-6. COMPARISON OF EPA TOLUENE REFERENCE SPECTRA TO SPECTRA OF TOLUENE

CYLINDER STANDARD!
Spectra comparison: ’ Spectra comparison:
based on band areas based on standard concentrations
Toluene spectra Source Band area Region, el Ratio (Ra)2 (ppm-m)/K Ratio (Rc)3 Rc/Ra, %
153adara (2cm-1) EPA library 234 3160.8 - 2650.1 54 494 4.8 88
153adarc (2cm-1) EPA library 4.3 1.0 1.04 1.0 100
t010923al GM 38.1 8.8 5.02 4.8 55

When the spectrum of the cylinder standard, “tolo923a” is compared to the reference spectrum, “153a4arc,” the ratio of the concentration is 35 percent less
than the comparison of the band areas.

2 For example 5.4 = 23.4/4.3

3 For example 4.8 = 4.94/1.04



5.0 TEST PROCEDURES

The procedures followed in this field test are described in the EPA Method 320 for using
FTIR spectroscopy to measure HAP’s and the EPA Protocol for extractive FTIR testing at
industrial point sources.> The objectives of the field test were to use the FTIR method to
measure emissions from the processes, screen for HAP’s in the EPA FTIR reference spectrum
library, and analyze the spectra for compounds not in the EPA library. Concentrations are
reported for compounds that could be measured with FTIR reference spectra. Additionally,
manual measurements of gas temperature, gas velocities, moisture, CO,, and O, were used to
calculate the mass emissions rates. MRI collected such data for the mold cooling and the shake-
out housing ducts, and PES collected the data at the scrubber inlet and outlet.

An extractive sampling system was utilized for the cupola sampling points and gas bags
were collected at the pouring, cooling, and shake-out locations. Extractive sampling is generally
the preferable approach, however, access restrictions at GM Powertrain prevented extractive
sampling at the pouring, cooling, and shake-out locations. Gas samples were collected in
Tedlar® bags at these locations and analyzed by FTIR.

5.1 EXTRACTIVE SAMPLING SYSTEM

A schematic of the extractive sampling and spiking system is shown in Figure 5-1.
5.1.1 Sample System Components

The sampling system consists of three separate components:

1. Two sample probe assemblies;

2. Two sample lines and pumps; and

3. A gas distribution manifold cart.

All wetted surfaces of the system are made of unreactive materials, Teflon®, stainless
steel, or glass and are maintained at temperatures at or above 300°F to prevent condensation.

The sample probe assembly consists of the sample probe, a pre-filter, a primary
particulate filter, and an electronically actuated spike valve. The sample probe is a standard
heated probe assembly with a pitot tube and thermocouple. The pre-filter is a threaded piece of
tubing loaded with glass wool attached to the end of sample probe. The primary filter is a

Balston particulate filter with a 99 percent removal efficience at 0.1xm. The actuated spike
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valve is controlled by a radio transmitter connected to a switch on the sample manifold cart. All
sample probe assembly components are attached to or enclosed in an insulated metal box.

The sample lines are standard heated sample lines with thrée 3/8-in. Teflon tubes in 10,
25, 50, and 100 ft lengths. The pumps are heated, single-headed diaphragm pumps manufactured
by either KNF Neuberger or Air Dimensions. These pumps can sample at rates up to 20 liters
per minute (L/min) depending on the pressure drop created by the components installed
upstream.

The gas distribution manifold was constructed for FTIR sampling by MRI. 1t is built onto
a cart that can be operated inside the MRI mobile lab or in an alternate location, if necessary.
The manifold consists of a secondary particulate filter, control valves, rotameters, back preésure
regulators and gauges, and a mass flow controller. The manifold can control two sample gas
stream inputs, eight calibration gases, and has three individual outputs for analyzers. The cart
also contains a computer work station and controls for the spike valves and mass flow controller.
5.1.2 Sample Gas Stream Flow

Exhaust gas was withdrawn through the sample probe and transported to the gas
distribution manifold. The mold cooling and shake-out processes were each sampled alternately
with the two gas handling systems during a single run. The scrubber inlet and outlet were
sampled alternately over three runs. Inside the manifold the gas passed through separate
secondary particulate filters. Downstream of the secondary filters, a portion of either gas stream
could be directed to the FTIR gas cell. The remainder of each gas stream was exhausted through
a manifold vent. The scrubber inlet and outlet were sampled alternately (i.e., inlet sample was
analyzed for an interval while the outlet sample was exhausted, then outlet sample was analyzed
while the inlet sample was vented). A location was selected for analysis using the 4-way gas
selection valve on the manifold outlet to the instrument. Gas flow to the instrument was

regulated with ‘a needle valve on a rotameter at the manifold outlet.
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5.2 TEDLAR® GAS BAG SAMPLING

The Tedlar gas bag sampling approach \;x/as derived from EPA Method 18. MRI extracted
the sample from ports in the designated process ducts using a Teflon sampling line connected to
a sampling pump with Teﬂon—coated heads and exhausting into a Tedlar bag. Prior to connecting
the bag to the pump, the sampling pump was operated for one minute in order to purge the
sampling system with process gas. The bag was then connected and the pump operated at a flow
of about 250 milliliter (ml)/min for a period of approximately 1 hr. Data recording sheets are
presented in Appendix A. Periodically during the sample collection, the flow meter was checked
for a constant flow rate. At the completion of the sampling period, the bag was sealed and taken
to the onsite FTIR instrument for analysis.

5.3 FTIR SAMPLING PROCEDURES

For each run, two locations were sampled using two separate sample systems that were
both connected to the main manifold (Figure 5-1). In the first run, the mold cooling and shake-
out housing were sampled together and for three runs the scrubber inlet and scrubber outlet were
sampled together. A single FTIR instrument was used to analyze samples from both locations
during a test run. The manifold’s four-way valves allowed the sample from either of two
locations to be directed aitemately to the FTIR cell. Sample flow was controlled by a needle
valve and measured with a rotameter.

FTIR sampling was conducted using either the batch or the continuous sampling
procedures described below. All data were collected according to the Method 320 sampling
procedure, which is described below.

5.3.1 Batch Samples

In this procedure, the four-way valve on the manifold outlet was turned to divert a portion
of the sample flow to the FTIR cell. A positive flow to the main manifold outlet vent was
maintained as the cell was filled to just above ambient pressure. The cell inlet valve was then
closed to isolate the sample, the cell outlet valve was open to vent the cell to ambient pressure,
the spectrum of the static sample was recorded, and then the cell was evacuated for the next
sample. This procedure was repeated to collect a desired number of discreet samples.

Batch sampling has the advantage that every sample is independent from the other

samples. The time resolution of the measurements is limited by the interval required to evacuate
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a sample, pressuﬁze the cell, and record a spectrum. All of the calibration transfer standards, and
spiked samples were collected using this procedure. Several spectra in each run were also
collected in this manner.

5.3.2 Continuous Sampling

The cell was filled as in the batch sampling procedure, but the cell inlet and outlet valves
were kept open to allow gas to continuously flow through the cell. The inlet and outlet flows
were regulated to keep the sample in the cell at ambient pressure. The flow through the cell was
maintained at about 5 L/min. The cell volume was about 7 liters (L).

The FTIR instrument was automated to record spectra of the flowing sample about every
2 min, and the quantitative analysis was automated to measure pollutant concentrations as each
spectrum was recorded. The analytical program was revised after the test was completed and all
of the spectra were reanalyzed.

This procedure with automated data collection was used during each of the test runs.
Because spectra were collected continuously as the sample flowed through the cell, there was
mixing between consecutive samples. The interval between independent measurements (and the
time resolution) depends on the sample flow rate (through the cell), and the cell volume.

The Time Constant (TC) defined by Performance Specification 15 for FTIR Continuous
Emission Monitoring Systems (CEMS), is the period for one cell volume to flow through the
cell. The TC determines the minimum interval for complete removal of an analyte from the cell
volume. It depends on the sampling rate (R in L/min), the cell volume (V , in L) and the
analyte’s chemical and physical properties. Performance Specification 15 defines 5 * TC as the
minimum interval between independent samples.

Vcell
R

S

TC = (1)

A stainless steel tube ran from the cell inlet connection point to the front interior of the
cell. The outlet vent was at the back of the cell so that the flowing sample passed through the
greatest portion of the cell volume and minimized the likelihood of a short-circuiting flow.
5.4 ANALYTE SPIKING

There was little information available about HAP emissions from this source, so there

was no plan for validating specific HAP’s during this test. MRI conducted spiking for quality



assurance (QA) purposes using a toluene in nitrogen standard and a vapor-generated
formaldehyde standard.
5.4.1 Analyte Spiking Procedures

The infrared spectrum is ideally suited for analyzing and evaluating spiked samples
because many compounds have distinct infrared spectra.

The reason for analyte spiking is to provide a QA check that the sampling system can
transport the spiked analytes to the instrument and that the quantitative analysis program can
measure the analyte in the sample gas matrix. If at least 12 (independent) spiked and
12 (independent) unspiked samples are measured, then this procedure can be used to perform a
Method 301 validation.?

The spike procedure follows Sections 9.2 and 13 of EPA Method 320 in Appendix D. In
this procedure a gas standard is measured directly in the cell.. This direct measurement is then
compared to measurements of the analyte in spiked samples. Ideally, the spike will comprise
about 1/10 or less of the spiked sample. The expected concentration of the spiked component is
determined using a tracer gas, SFq. The SFq concentration in the direct sample divided by the
SFg concentration in the spiked sample(s) is used as the spike dilution factor (DF). The analyte
standard concentration divided by DF gives the expected value of the spiked analyte
concentration.

5.4.2 Analysis of Spiked Results

The statistical procedures in Section 6.3 of EPA Method 301 were followed to analyze
the spiked and unspiked results. The application of these procedures to FTIR test data is
described in Section 13 of EPA Method 320. This involved evaluating the measurement
précision, determining any systematic bias in the results, and calculating a correction factor that
can be applied to the results when the validated method is used.

5.4.2.1 Determination of Formaldehyde Standard

Formaldehyde vapor was produced by heating a permeation tube filled with solid
paraformaldehyde. The tube was placed in a vapor generation oven (Kintek) equipped with a
temperature controller and mass flow meter to regulate the carrier gas. The oven was raised to
100° or 110°C and the vapor of the formaldehyde monomer was purged with a continuous flow

of a carrier gas. For spiking, the carrier gas was from the SFg cylinder standard (4.01 ppm in
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nitrogen at +2 percent, Scott Specialty Gases). When spiking was not performed, the
formaldehyde vapor was continuously vented using a low flow of nitrogen as the carrier gas.
With this device it was practical to generate a very stable concentration output of formaldehyde.
.The concentration of this formaldehyde standard was determined with respect to formaldehyde
reference spectra in the EPA FTIR spectral library (Table 5-1).

TABLE 5-1. DETERMINATION OF FORMALDEHYDE STANDARD
CONCENTRATION

File name of Formaldehyde,

Date direct measurement ppm? Uncertainty
9/23/97 FOR0923A 74.8 1.1
9/23/97 FOR0923B 81.7 1.2

Average 78.3

2Measured between 3160.8 and 2650.1 cm™! using EPA reference spectrum
087bdanb, deresolved to 2.0 cm™!. The vapor generation oven was kept at 100°C and
the carrier gas flow rate was 1.00 L/min. Nitrogen was the carrier gas for the direct-to-
cell measurements of formaldehyde.

5.4.2.2 Determination of Concentrations in Spike Mixtures

Frequently the output formaldehyde from the vapor generation oven was mixed
quantitatively with the toluene standard so that sample stream could be spiked with toluene, SF¢
and formaldehyde simultaneously. Mixing the two spike streams together introduced another
dilution factor that had to be accounted for. The concentration of each component in the spike
mixtures was determined independently by preparing a separate analytical computer program.
The input for the computer program consisted of reference spectra of each analyte in the
mixtures. For SFq and toluene spectra the program used spectra of samples taken directly from
the cylinder standards and measured in the FTIR cell. For formaldehyde the program used a
spectrum from the EPA library. The program was used to analyze spectra of each of the spike
mixtures, which were measured directly in the FTIR gas cell. Tables 5-2 and 5-3 present the
results from this analysis and show the mass flow meter readings used to prepare the spike
mixtures, the files names for the direct-to-cell measurements of each mixture, and the file names

of the samples that were spiked with each mixture.



TABLE 5-2. CALCULATED CONCENTRATIONS IN MIXTURES USED
FOR ANALYTE SPIKING AT THE SCRUBBER INLET

Spike mixture concentrations, ppm

Spike flow, L/min

Kintek
SF/ oven temp.,

Spectra Formaldehyde SF, Toluene form flow' | Toluene flow °C Mixture

INLSP102 59.2 3.97 124.5 1.0 1.00 100 mix0923 a
INLSP201 324 291 0.0 20 X 100 mix0924a
INLSP202 324 291 77.3 2.0 1.00 100 mix0924a
INLSP203 64.8 2.77 73.1 2.0 1.00 110 mix0925a
INLSP301 64.8 2.77 73.1 2.0 1.00 110 mix0925a
INLSP302 64.8 277 73.1 2.0 1.00 110 mix0925a
INLSP304 . 49.8 221 122.9 1.0 1.00 100 mix0925B8

'Combined flow of formaldehyde vapor with SF, carrier gas.

TABLE 5-3. CALCULATED CONCENTRATIONS IN MIXTURES USED FOR
ANALYTE SPIKING AT THE SCRUBBER OUTLET

Spike mixture concentrations, ppm Spike flow, L/min Kintek
SF¢ Toluene | oven temp.,

Spectra Formaldehyde SF, Toluene form flow! flow °C Mixture

OUTSP104 324 291 77.3 2.0 1.00 100 mix0924 a
OUTSP105 324 291 77.3 2.0 1.00 100 mix0924 a
OUTSP201 324 291 0.0 2.0 1.00 100 mix0924a
OUTSP203 324 291 77.3 2.0 1.00 100 mix0924a
OUTSP205 64.8 2711 73.1 2.0 1.00 110 mix0925a
OUTSP301 64.8 277 73.1 2.0 1.00 110 mix0925a
OUTSP305 49.8 2.21 122.9 1.0 1.00 100 mix0925B
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The measured concentrations in Tables 15-2 and 5-3 were used to determine the percent
recoveries in Tables 4-2 to 4-5: the SF¢ concentrations were used to determine the dilution
factor (DF) and the toluene and formaldehyde concentrations were combined with DF to
determine the Cexp and the percent recoveries for those analytes.
5.4.2.3 Determination of Percent Recovery

The expected concentration of the spiked component was determined using the tracer gas,
SF¢. In the following discussion the “direct” measurement refers to the measured concentration
in the spike mixture before it was added to the sample stream (i.e., the concentrations presented
in Tables 5-2 and 5-3).

The DF was determined by the ratio of the measured SF¢ concentration in the direct
measurement of the spike mixture, SFg4;eq), to the measured SF concentration in the spiked
samples, SF6(spike)'

DF = Sl:“6(direct)

SF6(Spike) @

The direct measurement of the analyte concentration in the spike mixture divided by DF gives
the expected concentration for a 100 percent recovery of the analyte spike, Cexp.

) Analyte . )

P DF
where:
Analyte 4;...y = The concentration of either toluene or formaldehyde from the direct
measurement of the spiked mixture (from Tables 5-2 and 5-3).

The actual spike recovery in Tables 4-2 to 4-5 is the percent difference between the measured
~ analyte concentrations in the spiked samples and Cexp.

Calc

% Recovery = c
exp

x 100 ‘ 4)

where “Calc” is equal to the difference between the measured analyte concentration in spiked

samples minus the measured analyte concentration in the unspiked samples.
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5.5 ANALYTICAL PROCEDURES

Analytical procedures in the EPA FTIR Protocol % were followed for this test. A
computer program was prepared with reference spectra shown in Tables 5-4 and 5-5. The
computer program used techniques based on a K-matrix analysis4'6.

Initially, the spectra were reviewed to determined appropriate input for the computer
program. Next an analysis was run on all of the sample spectra using a large data set of reference
spectra. Finally, undetected compounds were removed from the analysis, and the spectra were
analyzed again using a smaller reference spectra data set. The results from this second analytical
fun are summaﬁzed in Tables 1-1 and 1-2 and reported in Appendix B.

The same program used for the analysis also calculated the residual spectra (the
difference between the observed and least squares fit absorbance values). Three residuals, one
for each of the three analytical regions, were calculated for each sample spectrum. All of the
residuals were stored electronically and are included with the electronic copy of the sample data
provided with this report. Finally the computer program calculated the standard 1sigma
uncertainty for each analytical result, but the reported uncertainties are equal to 4*sigma.

Calculated concentrations in sample spectra were corrected for differences in absorption

path length and temperature between the reference and sample spectra by
C L T, C )
= —_ X pE—
corr L T calc

C...= Concentration, corrected for path length and temperature.
Calculated analyte concentration based on the best fit of the spectra without
accounting for the path lengths and temperatures.
= Reference spectrum path length.
L. = Sample spectrum path length.
T, = Absolute temperature of the sample gas, K.
T, = Absolute gas temperature of reference spectrum sample, K.
The values of L, L, T, and T, are included in the computer program input for each

spectrum. The program output gives C_ . directly for each detected component of the mixture.
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The scaling factors in Figure 4-3 were determined by using the output of the computer program,

C and solving equation 5 for C

corr ’ calc’

calc

C .
Scaling factor = — ==
s Ref ppm ©)

Then where “Ref ppm” is the ppm concentration (ASC in Appendix A of the FTIR
Protocol) associated with the reference spectrum to be scaled. The scaling factors were
multiplied by the toluene and hexane reference spectra. The scaled reference spectra are plotted
in Figure 4-3.

The sample path length was estimated by measuring the number of laser passes through
the infrared gas cell. These measurements were recorded in the data records. The actual sample
path length, L, was calculated by comparing the sample CTS spectra to CTS (reference) spectra
in the EPA FTIR reference spectrum library. The reference CTS spectra were recorded at the
same time as the toluene reference spectra and are included in the EPA library. The reference
CTS spectra were used as input for a K-matrix analysis of the CTS spectra collected at the
Saginaw field test.

5.5.1 Program Input

Tables 5-4 and 5-5 summarize the reference spectra input for the computer program used
to analyze the sample spectra. Table 5-6 summarizes the program input used to analyze the CTS
spectra recorded at the field test. The CTS spectra were analyzed as an independent determina-
tion of the cell path length. To analyze the CTS spectra, MRI used 0.25 em’! spectra “ctsO814b”
and “cts0814c.” These reference CTS spectra were recorded on the same dates as the toluene

1 in the same

reference spectra used in the analysis. These spectra were deresolved to 2.0 cm™
way as the toluene reference spectra using Section K.2.2 of the EPA FTIR protocol. The
program analyzed the main two ethylene bands centered near 2,989 and 949 cm’l. Table 5-7
summarizes the results of the CTS analysis. The cell path length from this analysis was used as

L in equation 5.
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TABLE 5-4. PROGRAM INPUT FOR ANALYSIS OF SAMPLE SPECTRA FROM
POURING AND COOLING AND SHAKE-OUT HOUSING

3ndicates an arbitrary concentration was used for the interferant.

5-12

Reference
Compound name File name Region No. ISCc? Meters T (K)
Water 194a2sub 1,2,3 1002
[{Carbon monoxide c020829a 1 167.1 22 394
Carbon dioxide 193bda_g 1,2,3 4152 22 394
Formaldehyde 087b4anb 3 100.0 11.25 373
Methanol 104adase 2 20.0 3.0 298
Methane 1962bsft 3 80.1 22 394
Toluene 153adarc 3 103.0 3 298
Ethylene cts0923c 2 20.1 104 408
Hexane 0950709a 3 46.9 10.3 399
butane but0715a 3 100.0 11.25 397.8
n-heptane hep0716a 3 49.97 10.3 398.3
pentane pen0715a 3 49.99 10.3 397.9
1-pentene 1pe0712a 3 50.1 10.3 399
2-methyl-1-pentene 2mlp716a 3 50.08 10.3 398.2
2-methyl-2butene 2m2b716a 3 50.04 10.3 398.2
2-methyl-2-pentene 2m2p713a 3 514 103 398.6
Isooctane 1650715a 3 50.3 10.3 398.3
3-methylpentane 3mp0713a 3 50.0 10.3 398.5
Region No. Upper cm™ Lower cm™ |

1 2,142.0 2,035.6

2 1,275.0 789.3

3 3,160.8 2,650.1




TABLE 5-5. PROGRAM INPUT FOR ANALYSIS OF SAMPLE SPECTRA
FROM SCRUBBER INLET AND OUTLET

Reference
Compound name File name Region No. ISC? Meters T (K)
Water 194h2sub 1,2,3 100
Carbon monoxide c020829a 1 167.1 22 394
Carbon dioxide 193bda_a 1,2,3 4152 22 394
Formaldehyde 087b4anb 3 100.0 11.25 373
HCI 097bdasd 3 72.2 2.25 373
Methane 196¢1bsd 3 16.1 22 394
Toluene 153adarc 3 103.0 3 298
Hexane 095a4asd 3 101.6 3 1298
SFg Sf60923a 2 4.01 10.4 408
Region No. Upper cm™! Lower cm’!

1 2,142.0 2,035.6

2 1,275.0 789.3

3 3,160.8 2,650.1

Indicates an arbitrary concentration was used for the interferant.

TABLE 5-6. PROGRAM INPUT FOR ANALYSIS OF CTS SPECTRA AND
PATH LENGTH DETERMINATION

Compoﬁnd name - File name ASC ISC % Difference
Ethylene? cts0814b.spc 1.007 1.014 0.7349
Ethylene cts0814c.spc 1.007 0.999 0.7350

This spectrum was used in the analysis of the GM Powertrain CTS spectra.
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TABLE 5-7. RESULTS OF PATH LENGTH DETERMINATION

CTS spectra
100 ppm ethylene Meters AR % A

CTS0921A 10.49 0.08 0.7%
CTS0921B 10.45 0.04 0.4%
CTS0923A 10.43 0.02 0.2%
CTS0923B 10.43 0.02 0.2%
CTS0923C 10.40 -0.01 -0.1%
CTS0924A 10.49 0.08 0.8%
CTS0924B 10.48 0.06 0.6%
CTSO925A 10.29 -0.12 -1.2%
CTS0925B 10.29 -0.12 -1.1%
CTS0925C 10.37 -0.04 -0.4%

Average path length (M) 1041

Standard deviation 0.074

3The difference between the calculated and average values.

5.5.2 EPA Reference Spectra

The formaldehyde, hexane, methanol, HCI, and toluene spectra used in the MRI analysis
were taken from the EPA reference spectrum library (http://www.epa. gov/ttn/emé/ftir.html). The
original sample and background interferograms were truncated to the first 8,192 data points. The
new interferograms were then Fourier transformed using Norton-Beer medium apodization and
no zero filling. The transformation parameters agreed with those used to collect the sample

spectra. The deresolved 2.0 em’!

single beam spectra were combined with their deresolved
single beam background spectra and converted to absorbance. This same procedure was used to
prepare spectral standards for the HAP’s and other compounds included in the preliminary
analysis.
5.6 FTIR SYSTEM

The FTIR system used in this field test was a KVB/Analect Diamond-20 interferometer.
The gas cell is a heated variable path (D-22H) gas cell from Infrared Analysis, Inc. The path
length of 20 laser passes was used for measurement at both locations. The inside of the cell

®

walls have been treated with a Teflon™ coating to minimize potential analyte losses. A
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mercury/cadmiﬁm/ telluride (MCT) liquid nitrogen detector was used. Spectra were collected at
2.0 cm™!, the highest resolution of the Diamond-20 system.

The optical path length was measured by shining a He/Ne laser into the cell and adjusting
the mirror tilt until the desired number of passes was obtained. The number of passes was
recorded on the field data sheets in Appendix B-1. The path length in meters was determined by
comparing calibration transfer standard (CTS, ethylene in nitrogen) spectra measured in the field

to CTS spectra in the EPA reference spectrum library.



6.0 SUMMARY OF QA/QC PROCEDURES
6.1 SAMPLING AND TEST CONDITIONS

Before the test, sample lines were checked for leaks and cleaned by purging with moist
air (250°F). Following this, the lines were checked for contamination using dry nitrogen. This is
done by heating the sampling lines to 250°F and purging with dry nitrogen. The FTIR cell was
filled with some of the purging nitrogen and the spectrum of this sample was collected. This
single l_;eam spectrum was converted to absorbance using a spectral background of pure nitrogen
(99.9 percent) taken directly from a cylinder. The lines were checked again on site before
sampling, after each change of location, and after spiking.

During sampling at the scrubber inlet and outlet an effort was made to measure at least
five different samples from each location. |

Each spectrum was assigned a unique file name and written to the hard disk and & backup
disk under that file name. Each interferogram was also saved under a file name that identifies it
with its corresponding absorbance spectrum. All background spectra and calibration spectra
were also stored on disks with their corresponding interferograms.

‘Notes on each calibration and sample spectrum were recorded on hard copy data sheets.
Below are listed some sampling and instrument parameters that were documented in these
records.

Sampling Conditions

* Line temperature

e Process conditions

e Sample flow rate

¢ Ambient pressure

* Time of sample collection
Instrument Configuration

¢ Cell volume (for continuous measurements)
o Cell temperature

¢ Cell path length

e Instrument resolution

e Number of scans co-added
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* Length of time to measure spectrum
* Time spectrum was collected
e Time and conditions of recorded background spectrum
* Time and conditions of relevant CTS spectra
* Apodization |

Hard copy records were also kept at the mold cooling and shake-out housing line of all
flue gas measurements, such as sample flow, temperature, moisture and diluent data. Flow data
at the cupola scrubber inlet and outlet were obtained by PES.

Effluent was allowed to flow through the entire sampling system for at least 5 min before
a sampling run started or after changing to a different test location. FTIR spectra were
continuously monitored to ensure that there was no deviation in the spectral baseline greater than
+5 percent (-0.02 < absorbance < +0.02). When this occurred, sampling was interrupted and a
new background spectrum was collected. The run was then resumed until completed or until it
was necessary to collect another background spectrum.
6.2 FTIR SPECTRA

For a detailed description of QA/QC procedures relating to data collection and analysis,
refer to the "Protocol For Applying FTIR Spectrometry in Emission Testing".2

A spectrum of the CTS was recorded at the beginning and end of each test day. A leak
check of the FTIR cell was also performed according to the procedures in references 1 and 2.
Thé CTS gas was 20.1 ppm ethylene in nitrogen. The CTS spectrum provided a check on the
operating conditions of the FTIR instrumentation, e.g. spectral resolution and cell path length.
Ambient pressure was recorded whenever a CTS spectrum was collected. The CTS spectra were
compared to CTS spectra in the EPA library. This comparison is used to quantify differences
between the library épectra and the field spectra so library spectra of HAP’s can be used in the
quantitative analysis.

Two copies of all interferograms, processed backgrounds, sample spectra, and the CTS
were stored on separate computer disks. Additional copies of sample and CTS absorbance
spectra were also be stored for data analysis. Sample absorbance spectra can be regenerated from

the raw interferograms, if necessary. A copy of the data was provided with the draft report.
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To measﬁre HAP’s detected in the gas stream, MRI used spectra from the EPA library,

when available.
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APPENDIX A

FIELD DATA



A-1 VOLUMETRIC FLOW

CUPOLA SCRUBBER



The flue gas data and flow calculation results from the cupola scrubber inlet and outlet were
provided to MRI by Pacific Environmental Services (PES). In the draft report the inlet flow
results were incorrect. The corrected inlet flow results were provided by PES for the revised test
report. The corrected inlet flow results are also present in summary Table 3-2 and the corrected
inlet flows have been incorporated into the mass emission results.



InM29

PARTICULATE/METALS EMISSIONS SAMPLING AND FLUE GAS PARAMETERS
CUPOLA INLET

GM POWERTRAIN - SAGINAW, MICHIGAN

Run No.
Date
Total Sampling Time, min
Average Sampling Rate, dscfm *
Sample Volume:

dscf®

dscm °
Average Flue Gas Temp., °F
O, Concentration, % by Volume

CO, Concentration, % by Volume

Moisture, % by Volume

Flue Gas Volumetric Flow Rate:
acfm ¢
dscfm *
dscmm °

Isokinetic Sampling Ratio, %

I-M29-1
9/23/97
115
0.517

59.458
1.684
125
12.3
8.9
20.0

81,999

60,183
1,704
102.3

I-M29-2
9/24/97
2373

0.515

122.140
3.459
128
12.7
9.4
30.0

81,108
58,682
1,662
104.5

I-M29-3
9/25/97
120
0.897

107.586
3.046
133
12.2

10.0
28.6

82,857
56,090
1,588
103.8

I-M29-4
9/25/97
120

0.858

103.008
2.917
137

11.9
11.0
30.3

83,329
54,702
1,549
105.1

Average

0.643

96.394
2.730
129
12.4
94
26.2

57,280

40,743
1,154
103.5

® Dry standard cubic feet per minute at 68° F (20° C) and 1 atm.
® Dry standard cubic feet at 68° F (20° C) and 1 atm.
° Dry standard cubic meters at 68° F (20° C) and 1 atm.

4 Actual cubic feet per minute at exhaust gas conditions.

¢ Dry standard cubic meters per minute at 68° F (20° C) and 1 atm.
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SVOHAPs EMISSIONS SAMPLING AND FLUE GAS PARAMETERS

CUPOLA

OUTLET

GM POWERTRAIN - SAGINAW, MICHIGAN

Run No.
Date
Total Sampling Time, min
Average Sampling Rate, dscfm *
Sample Volume:

dscf®

dscm °
Average Flue Gas Temp., °F
O, Concentration, % by Volume
CO, Concentration, % by Volume
Moisture, % by Volume
Flue Gas Volumetric Flow Rate:

acfm ¢

dscfm *

dscmm °
Isokinetic Sampling Ratio, %

BO-0010-1
9/23/97
110
0.640

70.444
1.995
125
16.7

4.0
12.7

74,589
58,567
1,658
98.4

BO-0010-2
9/24/97
240
0.636

152.632
4.322
135
11.8
10.6
16.6

76,444
56,562
1,602
101.2

BO-0010-3
9/25/97
240
0.882

211.667
5.994
111
12.5
9.7
93

64,403
52,693
1,492
101.2

BO-0010-4
9/25/97
240

0.895

214.771
6.082
111
12.4

10.3
9.2

65,580
53,676
1,520
100.8

Average

0.763

162.378
4.598
121
13.4
8.7
11.9

70,254

55,375
1,568
100.4
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PARTICULATE/METALS EMISSIONS SAMPLING AND EXHAUST GAS
PARAMETERS

CUPOLA BAGHOUSE OUTLET
GM POWERTRAIN - SAGINAW, MICHIGAN

Run No.
Date
Total Sampling Time, min
Average Sampling Rate, dscfm *
Sample Volume:

dscf®

dscm °
Average Exhaust Gas Temp., °F
0O, Concentration, % by Volume
CO, Concentration, % by Volume

Moisture, % by Volume

acfm ¢

dscfm ®

dscmm ©
Isokinetic Sampling Ratio, %

Exhaust Gas Volumetric Flow Rate:

0O-M29-1
9/23/97
110
0.692

76.163
2.157
125

16.7
4.00
13.0

80,243

62,768
1,777
95.4

0-M29-2
9/24/97
240
0.633

151.911
4302
133
11.80
10.60
16.4

74,042

55,151
1,562
99.3

0-M29-3
9/25/97
120
0.946

113.491
3.214
109
12.5
9.70
9.2

68,668

56,641
1,604
97.8

0-M29-4
9/25/97
120
0.939

112.649
3.190
109
12.4
10.30
9.6

69,760

57,542
1,629
95.5

Average

0.757

113.855
3.224
1223
13.67
8.10
12.9

74,318

58,187
1,648
97.5
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PCDDs/PCDFs EMISSIONS SAMPLING AND FLUE GAS PARAMETERS

CUPOLA OUTLET
GM POWERTRAIN - SAGINAW MICHIGAN

Run No. BO-23-1 | BO-23-2 | BO-23-3 | BO-23-4 | Average
Date 9/23/97 | 9/24/97 | 9/25/97 | 9/25/97
Total Sampling Time, min 110 240 240 240 :
Average Sampling Rate, dscfm * 0.499 0.629 0.904 0.925 0.739
Sample Volume:
' dscf® 54.895 151.041 217.061 221.977 161.244
dscm ° 1.554 4277 6.146 6.286 4.566
Average Flue Gas Temp., °F 125 133 110 108 119
O, Concentration, % by Volume 16.7 11.8 12.5 12.4 13.4
CO, Concentration, % by Volume 4.0 10.6 9.7 10.3 8.7
Moisture, % by Volume 12.2 16.2 8.7 8.5 11.409
Flue Gas Volumetric Flow Rate:
acfin ¢ 98273 | 110,810 | 97,171 | 100,082 | 101,584
dscfm ® 71,577 82,637 80,094 83,025 80,833
dscmm ° 2,197 2,340 2,268 2,351 2,289

Isokinetic Sampling Ratio, % 1 93.0 102 103 .4 102.0 99.993
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A-2 GAS BAG COLLECTION DATA
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Field Sample Data Sheet - Tedlar Bag Collection Method
GM/SMOC

MRI Project No. 3804.25

Sampling Location:  Shaloot ¥ >

Date: 2[23K)

Sampling personnel: | i/ Ne«q

Sample No. Jef="" Sample No.
Bag B L
Pump ID Number e f o
Source Temperature (deg. C)
Barometric Pressure (mm Hg)
Ambient Temperature (deg. C)
Sample Flow Rate (L/min) 0.S
Sample Volume (L) !
Sample Number Sevle b #2
Start Time /330N
Finish Time [l o037
Leale Clack € Start Yass @ 1 :47 @ 1 31~
Lewt ek € fbf Pass © 2 > B 12103 pm
Sample No. _Ba, # T Sample No.
Time Flowmeter Reading . Time Flowmeter Reading
10:33 0 _ B arl o
17 29 4 _‘5004/' ]

EPA/EMC/Iron/GMsamp.doc



 Field Sample Data Sheet - Tedlar Bag Collection Method

GM/SMOC
MRI Project No. 3804.25

Sampling Location:__S#weg0ut # v

Date: P-23-27

Sampling personnel: ‘A/élp

Sample No. £ J dvJ

Sample No.

Pump ID Number

55

Source Temperature (deg. C)

Barometric Pressure (mm Hg)

Ambient Temperature (deg. C)

Sample Flow Rate (L/min) 2.5
Sample Volume (L)

Sample Number “ 3 N
Start Time /Y 13ic0
Finish Time /513

LGk <tScte &mn

— = Wi /90 .
L&k cHSce. Sran) ﬁ@@ 4 06 g _@

Sample No. __ 3
Time Flowmeter Reading .
[{13.0° $oo MLI/ asd

EPA/EMC/Iron/GMsamp.doc

Flowmeter Readin




Field Sample Data Sheet - Tedlar Bag Collection Method

GM/SMOC
MRI Project No. 3804.25 -

Samplmg Location: 5//,;.&‘1 A “‘ Ivs

Date: " 5/24/7
Sampling personnel e / <//U’"€ / Myels

Sample No. Bq; 25~ | Sample No.- Zg; ¢
, | Sheteot B3 koA PS5
Pump ID Number ‘5, S. Tetfm -
Source Temperature (deg. C)
Barometric Pressure {mm Hg)
Ambient Temperature (deg. C) o
Sample Flow Rate (L/min) 0% 0,8
Sample Volume (L)
Sample Number
Start Time .
*. | Finish Time = 5 ' {;4 — 46£
¥ oo b Clee X Z 27 <
. g;{f&ué.lf z&i E—ﬁ—ﬁ" o . Shp Lok - ek ézf-—._él_
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Field Sample Data Sheet - Tedlar Bag Collection Method

GM/SMOC
MRI Project No. 3804. 25
Sampling Location: }’3 )

e

Date: /23177

e

Sarnphng personnel JV(, /ﬂ/ /\}Z)vz

73 oo oSy [t

mb"‘g'LM

EPA/EMC/Iron/GMsamp.doc

? SampleNo. _i | Sample No.
- fc-,!le, fag i
Pump ID Number <<
Source Temperature (deg. C)
Barometric Pressure (mm Hg)
Ambient Temperature (deg. C)
Sample Flow Rate (L/min) 0.5
Sample Volume (L)
Sample Number [
Start Time /002 00
Finish Time />80 0) -
Lok Clock @ S™F Russ @23ty @ 1o:00
Leik Cleck @ She Rss@2lwth e (123Y
Sample No. "&5# '| Sample No.
Time Flowmeter Readin Time Flowmeter Reading
o3 SonaLfe ’
O Goo w e (for t20-H1)
oo O (R 2o0H 3
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TABLE B-1. FTIR RESULTS FROM THE SCRUBBER INLET

Hydrogen chioride Toluene Hexane Mcthane Carbon monoxide Formaldehyde
§Date Time |File name ppm Uncertainty pPpm Uncertainty ppm Uncertainty ppm- | Uncertainty ppm Uncentainty ppm Uncertainty
9/23/97 10:59 |INLSPIO 000 1.7 253 11 0.0 0.2 6.2 0.6 0.0 129 149 0.7
9/23/97 12:2 |INLSPIO2 (X ] 210 Ms 14.1 .0 1.9 30.2 74 0.6 116.7 .00 8.9
9/23/97 12:11  JINLN2103 0.84 04 0.00 03 04 0.0 08 0.1 225 52 28 0.17
912397 13:17 [INLUN104 0.00 16.9 0.00 11.6 0.0 1.6 253 59 0.0 85.8 0.00 7.2
9123197 13:23  JINLUNIOS 0.00 174 0.00 120 0.0 1.6 259 6.1 0.0 88.7 0.00 74
9/23M97 13:53 [INLUN106 0.00 180 0.00 124 0.0 17 26.8 6.3 00 872 0.00 716
9/23/97 14:32 | INLUN107 0.00 4 0.00 18 0.0 i1 194 4.0 00 57.0 0.00 48
9/23'197 15:7 |[INLUN1OS8 0.00 183 0.00 126 0.0 17 26.7 64 0.0 94.9 0.00 1.7
9723197 15:44 | 19230014 0.00 120 0.00 83 00 1.1 204 42 0.0 613 0.00 5.1
‘§9723917 15:46 19230015 0.00 19 0.00 8.2 0.0 L1 20.0 4.2 0.0 624 0.00 50
9/23/197 15:49 | 19230016 0.00 1.7 0.00 8.0 00 (R} 19.8 4.1 0.0 62.4 0.00 50
9/23/197 15:51 | 19230017 0.00 1ns 0.00 79 00 11 19.7 40 0.0 62.7 0.00 49
9/23/97 15:53 19230018 0.00 14 0.00 78 0.0 1.1 200 40 0.0 635 0.00 4.8
9/23197 15:55 19230019 0.00 i 0.00 117 0.0 1.0 19.8 39 0.0 624 0.00 4.7
9/23/197 15:57 19230020 0.00 10.9 0.00 15 0.0 1.0 194 3.8’ 0.0 62.1 0.00 46
9/23/197 15:59 19230021 0.00 108 0.00 15 0.0 10 1 8:8 38 0.0 629 0.00 4.6
9/23197 16:25 | 19230033 0.00 103 0.00 7.1 0.0 10 191 36 s 62.0 0.00 44
9/23197 16:27 |19230034 0.00 10.4 0.00 7.1 00 1.0 18.8 36 113.6 623 0.00 44
9/23197 16:29 19230035 0.00 10.2 0.00 10 0.0 0.9 184 36 118.7 61.8 0.00 4.3
9/25/97 16:32 ] 19230036 0.00 10.2 0.00 7.0 00 09 18.3 36 1228 62.2 0.00 4.3
9/23/91 16:36 | 19230037 0.00 103 0.00 7.1 0.0 1.0 180 36 129.2 63.3 0.00 44
9/23/97 16:38 | 19230038 0.00 104 0.00 7.1 0.0 1.0 18.6 36 1313 638 0.00 44
9123197 - 16:40 ]19230039 0.00 104 0.00 7.2 0.0 1.0 19.6 37 134.2 643 0.00 44
9123197 17:8 19230052 0.00 10.2 0.00 70 0.0 09 19.27 36 144.6 649 0.00 43
9/23/97 17:10  } 19230053 0.00 103 0.00 7.1 0.0 1.0 197 - o6 146.2 654 0.00 43
9/23/97 17:12 | 19230054 0.00 103 0.00 7.1 0.0 10 198 36 150.2 65.7 0.00 4.3

Bold text indicates that this is spiked data not used in average.
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TABLE B-1. (continued)

Hydrogen chloride Toluene Hexane Methane Carbon monoxide Formaldehyde
Date Time |File name ppm Uncenainty ppn Uncenainty ppm Uncertainty ppm Uncertainty ppm Uncenainty ppm Uncenainty
9/23/97 17:15 19230055 0.00 10.2 0.00 70 0.0 09 198 36 1486 65.3 0.00 43
9/23/97 17:17  |19230056 0.00 111 0.00 7.6 22 1.0 8.7 39 3122 81.3 0.00 47
9/23/97 17:19 | 19230057 0.00 620 0.00 415 0.0 58 848.6 218 732.6 1348 0.00 26.3
9/23197 17:21 ]19230058 0.00 15.3 0.00 10.6 0.0 14 1389 54 300.9 9.8 0.00 6.5
9/23/97 17:23 | 19230059 0.00 150 0.00 10.3 0.0 1.4 433 53 0.00 87.1 0.00 6.3
9/23/97 17:25 119230060 0.00 16.2 0.00 1.l 00 15 268 517 0.00 86.1 0.00 68
9/23/97 18:36 ] INAIRIO9 0.00 1.5 0.00 10 0.0 0.1 63 0.54 0.00 10.5 0.00 06
Average ---> 0.03 13.1 0.00 9.0 0.1 1.2 527 46 91.1 68.4 0.09 56

Bold text indicates that this is spiked data not used in average.
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TABLE B-1. (continued)

Hydrogen chloride Toluene Hexane - Mecthanc Carbon monoxide Formaldchyde
Date Time |File name ppim Uncertainty ppm Uncertainty ppn Uncentainty ppm Uncestainty ppm Uncertainty ppm Uncertainty
9/24/97 8:47 |INLSPF201 .00 174 0.00 120 0.0 16 222 6.1 0.00 871 .00 74
9/24/97 9:32 |INLSP202 .00 84 328 56 0.0 08 135 30 0.00 9 28 s
9/24/97 9:58 19240001 0.00 18.8 0.00 129 0.0 1.2 25.6 6.6 0.00 947 0.00 8.0
924197 10:0 19240002 0.00 195 0.00 134 0.0 1.8 26.1 68 0.00 98.6 0.00 8.2
9/24/97 10:2 | 19240003 0.00 194 0.00 133 0.0 18 259 68 0.00 98.1 0.00 8.2
9/24/97 10:4 | 19240004 0.00 19.1 0.00 13.2 0.0 18 254 6.7 0.00 96.8 0.00 8.1
9/24197 10:6 | 19240005 0.00 19.1 0.00 13.1 00 1.8 254 6.7 0.00 96.2 0.00 8.1
924497 10:9 ]19240006 0.00 189 0.00 130 0.0 18 25.2 6.7 0.00 95.6 0.00 8.0
9/24/97 10:11 | 19240007 0.00 18.8 0.00 13.0 00 1.7 249 6.6 0.00 955 0.00 8.0
9/24/97 10:45 19240022 0.00 200 0.00 138 0.0 19 26.3 70 000 | 1006 0.00 8.5
9/24/97 10:47 |19240023 0.00 199 0.00 13.7 0.0 1.9 26.5 70 000 } 100.1 0.00 84
9/24/97 10:49 | 19240024 0.00 19.6 0.00 135 0.0 18 259 69 0.00 98.9 0.00 83
9/24/97 10:52 | 19240025 0.00 194 0.00 134 0.0 18 256 6.8 0.00 97.7 0.00 8.2
9/24/97 10:54  {19240026 0.00 194 0.00 134 00 1.8 25.6 68 0.00 97.5 0.00 8.2
9/24/917 10:56 19240027 0.00 19.6 0.00 135 00 18 258 6.9 0.00 98.3 0.00 83
9/24/97 10:58 | 19240028 0.00 19.8 0.00 13.7 00 1.8 26.1 10 0.00 99.8 0.00 84
9/24/97 11:51 | 19240051 0.00 223 0.00 154 0.0 21 294 79 0.00 1126 0.00 95
9/24/97 11:54 | 19240052 0.00 226 0.00 155 0.0 2.1 298 79 0.00 131 0.00 2.6
9/24/97 11:56 [19240053 0.00 223 0.00 154 00 2.1 298 7.8 0.00 ez 0.00 95
9/24/97 11:58 | 19240054 0.00 220 0.00 15.2 0.0 20 294 13 0.00 1106 0.00 93
9724197 12:0 19240055 0.00 219 0.00 15.1 0.0 20 292 1.7 0.00 1101 0.00 93
9/24/97 12:2 19240056 0.00 219 0.00 5.1 0.0 20 293 1.7 0.00 109.8 0.00 93
9/24/97 124 19240057 0.00 218 0.00 150 0.0 20 29.2 71 0.00 109.0 0.00 9.2
9/24/97 12:6 19240058 0.00 21.7 0.00 149 0.0 20 290 . 7.6 0.00 108.9 0.00 9.2
9/24/97 12:9 19240059 0.00 214 0.00 14.7 00 20 286 75 O.M 107.8 0.00 91

Bold text indicates thal this is spiked data not used in average.
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TABLE B-1. (continued)

Hydrogen chloside Toluene Hexane Mcthane Carbon monoxide Fonnaldchyde
JDaxe Time |Filec name ppm Unccminly ppm Uncertainty ppm Uncenainty ppm Uncenainty ppmn Uncertainty ppm Uncertainty
9/24/97 12:41  {19240074 0.00 10.8 0.00 74 O.E) 1.0 16.6 38 - 0.00 510 0.00 4.6
9/24/97 12:43 | 19240075 0.00 208 0.00 144 00 19 280 73 000 | 1049 0.00 88
9/24/97 12:45 119240076 0.00 208 0.00 143 00 19 280 13- 0001 1045 000 88
9/24/97 12:47 119240077 0.00 20.7 0.00 143 0.0 19 279 73 000 | 1045 0.00 88
9/24/97 12:49 | 19240078 0.00 21} 0.00 14.5 0.0 20 282 74 0001 1063 0.00 89
9/24/97 12:51 | 19240079 0.00 215 0.00 148 0.0 20 287 7.6 000 | 1075 0.00 9.1
924497 12:54 119240080 0.00 219 0.00 15.1 0.0 20 292 711 000§ 1094 0.00 93
9/24/97 12:56 | 19240081 0.00 222 0.00 153 0.0 21 294 78 000 ] 1109 0.00 94
9/24/97 12:58 119240082 0.00 226 0.00 15.6 0.0 2.1 298 8.0 000 ) 1129 0.00 96
9/24/97 13:0 |19240083 0.00 29 0.00 158 0.0 21 30.2 8.1 000} 1138 0.00 9.7
9/24/97 13:2  |19240084 0.00 226 0.00 15.6 0.0 21 30.1 8.0 000 | 1125 0.00 926
9/24/97 13:54 [19240110 0.00 215 0.00 148 0.0 20 283 76 0.00 107.6 0.00 9.1
9/24/97 13:56 | 1924011} 0.00 220 0.00 15.1 0.0 20 288 N 0.00 1100 0.00 9.3
9/24/97 13:58 1192401142 0.00 220 0.00 15.1 0.0 20 29,1 117 000 1096 0.00 9.3
9/24/97 14:0 19240113 0.00 218 0.00 15.0 0.0 20 289 N} 0.00 108.8 0.00 9.2
9/24/97 142  ]19240114 0.00 27 0.00 150 0.0 20 287 716 000 | 1085 0.00 92
9/24/97 14:5 19240115 000 | 220 0.00 15.1 0.0 20 28.7 17 0.00 109.9 0.00 93
9/24/97 147 19240116 0.00 222 0.00 153 00 21 290 78 000} 1104 0.00 94
9/24/97 149 19240417 - 000 218 0.00 150 0.0 20 286 13 0.00 108.4 0.00 92
9/24/97 14:23 ]INLSP203 0.00 145 289 9.7 00 | ] 188 51 0.00 734 177 6.1
9/24/97 14:58 | INLN2204 12 0.6 0.00 0.42 00 0.) 05 0.2 0.00 50 0.00 03
Average ---> 0.03 203 0.00 140 0.0 19 270 7.1 0.00 101.8 0.00 8.6

Bold text indicates that this is spiked data not used in average.
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TABLE B-1. (continued)

Hydrogen chioride Tolucne Hexane Methanc Carbon monoxide Formaldehyde
Date Time | File name ppm Uncertainty ppm Uncenainty ppin Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty
9/25/97 8:15 JINLSPF301 .00 135 29.4 9.1 0.0 1.3 153 438 0.00 (4% 2290 5.7
972597 8:25 jINLSPI2 .00 1583 225 103 0.0 14 17.7 5.‘ 0.00 7.6 14.6 64
9/25/97 8:32 |[INLN2303 12 ‘ 0.52 0.00 0.27 00 00 0.00 0.14 0.00 24 0.00 0.16
9/25/97 9:18 |19250011 0.00 216 0.00 149 00 20 263 7.6 000] 1073 0.00 9.1
9/25/97 9:20 19250012 0.00 218 0.00 150 0.0 20 26.5 11 000§ 1083 0.00 9.2
9/25/97 9:22 |19250013 0.00 218 0.00 14.8 0.0 20 26.2 1.6 000 | 1069 0.00 9.1
9125/'!!7 9:24 | 19250014 0.00 211 0.00 14.5 00 20 25.7 14 000 | 1045 0.00 89
9/25/97 9:26 | 19250015 0.00 206 0.00 14.2 0.0 19 250 72 000 | 1024 0.00 8.7
9/25/97 9:28 19250016 0.00 204 0.00 14.1 0.0 19 249 12 0.00 1017 0.00 86
9/25/97 9:31 19250017 0.00 203 0.00 140 0.0 19 248 7.1 0.00 101.7 0.00 8.6
9/25197 10:8 19250030 0.00 218 0.00 150 0.0 20 264 11 0.00 109.6 0.00 9.2
9/25/97 10:10 | 19250031 0.00 219 0.00 15.1 0.0 20 264 13 0.00 109.7 0.00 93
9/25/97 10:12 |19250032 0.00 223 0.00 154 0.0 21 210 19 0.00 imnas 0.00 9.5
9/25/97 10:15 119250033 0.00 220 0.00 152 0.0 20 265 11 0.00 1106 0.00 93
9/25/97 10:17 | 19250034 0.00 22.) 0.00 15.2 0.0 2.1 26.6 18 0.00 110.7 0.00 94
9125197 10:19 | 19250035 0.00 220 0.00 152 0.0 2.1 26.6 78 0.00 110.4 0.00 93
9/25/97 10:21 19250036 0.00 218 0.00 15.0 0.0 20 26.5 1.7 0.00 109.2 0.00 9.3
9725197 10:23 | 19250037 0.00 220 0.00 15.1 0.0 20 26.5 117 0.00 1105 0.00 93
9/25/97 10:25 | 19250038 0.00 221 0.00 152 00 2.1 26.8 78 0.00 110.9 0.00 94
9/25/97 11:20 | 19250050 0.00 20.2 0.00 139 0.0 19 245 7.1 0.00 100.5 0.00 8.6
9/25/97 11:22 | 19250054 0.00 19.6 0.00 135 0.0 1.8 299 6.9 0.00 100.2 0.00 83
9/25/97 11:24 | 19250052 0.00 156 0.00 10.8 0.0 15 335 55 469.7 113.6 0.00 6.6
9/25/97 11:26 | 19250053 0.00 143 0.00 99 0.0 L3 20.6 50 2328 88.5 0.00 6.1
9/25/97 11:28 | 19250054 0.00 13.4 0.00 93 0.0 12 184 47 246.0 85.5 0.00 5.7
9/25/97 11:31 | 19250055 0.00 159 0.00 1o 00 1.5 200 5.6 0.00 858 0.00 6.8

Bold text indicates that this is spiked dala not used in average.



TABLE B-1. (continued)

Hydrogen chloride Toluene Hexane Methane Carbon monoxide Formaldehyde
Date Time | File name ppm Uncertainty ppm Uncenainty ppm Uncertainty ppm Uncertainty ppm Uncenainty ppm Uncertainty
9/25/97 1133 |19250086 000 | 195 0.00 134 00 1.8 237 69 000 | 977 0.00 83
9125097 1135 | 19250057 000 | 206 0.00 142 00 19 249 72 000 [ 1017 0.00 87
9125097 1137 | 19250058 000 | 201 0.00 138 00 19 243 7.1 000 | 997 0.00 8.5
972597 11:39 | 19250059 0.00 199 0.00 137 00 18 242 70 000| 985 0.00 8.4
92597 11:41 19250060 000 | 200 0.00 137 00 19 245 70 000 990 0.00 8.5
9125197 11:43 | 19250061 0.00 199 0.00 137 0.0 18 4.0 7.0 000 | 983 0.00 8.4
9125197 1211 |19250074 000 | 213 000 146 00 20 254 15 000 | 1055 0.00 90
9125197 1214 {19250075 000 | 216 0.00 149 00 20 259 16 000 | 1066 0.00 92
925197 12:16 | 19250076 000 | 217 0.00 149 0.0 20 26.0 76 000 | 1070 0.00 9.2
9725097 1218 19250077 000 | 217 0.00 150 00 20 26.0 16 000 | 1075 0.00 9.2
925197 12:20 | 19250078 000 | 217 0.00 150 00 20 26.0 16 000 | 1074 0.00 92
9/25/97 1222 |19250079 000 | 218 0.00 150 00 20 259 17 000 | 1078 0.00 92
9/25/97 1224 | 19250080 000 | 223 0.00 154 00 21 262 78 000 | 1098 0.00 94
9125197 1227 | 19250081 000 | 220 0.00 152 00 20 26.0 78 000 | 1081 0.00 93
9125097 1257 | 19250095 0.00 226 0.00 15.5 00 21 263 7.9 000 ] 110 0.00 9.6
9/25/97 12:59 | 19250096 000 | 227 0.00 157 0.0 21 26.4 8.0 000 | 1114 0.00 96
9125197 130 |19250097 000 | 232 0.00 16.0 00 22 26.8 8.2 000 | nao 0.00 98
9/25/97 133 | 19250098 000 | 236 0.00 16.3 0.0 22 272 83 000 | 155 000 100
9/25/97 13:5 | 19250099 000 | 237 0.00 16.4 00 22 274 84 000 | 161 000] 101
9725097 137 |19250100 000 | 235 0.00 16.2 00 22 27.4 8.3 000 | 1147 0.00 99
9/25/97 13:10 19250101 000 | 231 0.00 15.9 00 2.1 26.5 8.1 000 | 127 0.00 98
9/25/97 1432 |INLSP304 000 | 208 3ss 139 00 19 237 13 000 | 1070 0.00 8.8
9/25/97 1439 |INLN2305 039 02 0.00 0.1 00 00 02 0.1 000 | 19 0.00 0.1
92597 1535 |19250122 0.00 15.1 0.00 10.4 0.0 14 367 53 4933 | 1102 0.00 6.4
9/25/97 1537 |19250123 0.00 14.7 0.00 10.1 0.0 14 230 5.1 2000 | 871 0.00 62

Bold text indicates that this is spiked dala not used in average.
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TABLE B-1. (continued)

Hydrogen chlonde Toluene Hexane . Mcthane Carbon monoxide Formaldchyde
Date Time | File name ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty | ppm Uncertainty
9/25/97 15:40 |[19250124 0.00 16.6 0.00 115 0.0 15 216 58 0.00 88.4 0.00 7.1
9/25/97 15:42 | 19250125 000 | 200 0.00 13.8 0.0 9 24.1 7.0 000 | 1005 0.00 85
9/25/97 15:44 | 19250126 0.00 208 0.00 143 . 00 19 24.7 73 000 | 1027 0.00 88
9/25/97 15:46 |19250127 0.00 211 0.00 146 0.0 20 248 74 000 ] 1038 0.00 9.0
25097 15:48 19250128 0.00 212 0.00 146 00 20 247 74 000 | 1045 0.00 9.0
9/25/97 15:50 19250129 0.00 214 0.00 14.7 0.0 20 25.1 15 000 | 1056 0.00 9.1
92597 15:52 [19250130 0.00 29 0.00 15.1 0.0 20 258 117 000} 1074 0.00 9.3
9/25/917 15:55 119250131 0.00 218 0.00 15.0 0.0 20 295 72 000 ] 108.0 0.00 9.3
92597 15:57 [ 19250132 0.00 16.7 0.00 I 0.0 1.6 439 58 578.3 129.8 0.00 7.1
9/25/97 16:23  |19250144 0.00 224 0.00 154 0.0 21 259 79 0001 1108 0.00 9.5
9/25/97 16:25 | 19250145 0.00 2217 0.00 15.6 0.0 2.1 26.2 8.0 000 | 1120 0.00 9.6
9125197 16:27 {19250146 0.00 229 0.00 158 00 21 26.5 80 000 ] 1123 0.00 9.7
9/2597 16:29 | 19250147 0.00 230 0.00 158 0.0 2.1 26.6 8.1 000 | 112s 0.00 9.7
9/25/91 16:32 | 19250148 0.00 2.2.6 0.00 15.5 0.0 21 259 79 000 | 1108 0.00 9.6
9/25/91 16:34 | 19250149 0.00 226 0.00 15.5 0.0 2.1 259 19 0.00 1. 0.00 9.6
9125197 16:36 }19250150 0.00 228 0.00 15.7 0.0 21 26.2‘ 8.0 0.00 1120 0.00 9.7
9/25/97 17:0 | 19250160 0.00 257 0.00 17.7 0.0 24 28.2 9.0 0.00 124.1 0.00 109
AVﬂc ---> 0.03 20.3 0.00 14.0 0.0 19 254 7.1 34.7 103.3 0.00 8.6

Bold text indicates that this is spiked data not used in average.
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TABLE B-2. FTIR RESULTS FROM THE SCRUBBER OUTLET

Hydrogen chloride Hexane Mcthanc Carbon monoxide Formaldchyde
Date Time File name ppm Uncentainty ppm Uncerainty ppm Unoériainly ppm Uncenainty ppm Uncenainty
9123191 12:30 1 OUTSPIOL .00 15.1 0.00 14 23 53 0.00 2s 0.00 64
912391 1253 | OUTSP1I0Y .00 134 0.00 1.2 2.7 4.7 0.00 75.0 0.00 5.7
91231917 13:30 | OUTSPI04 0.00 8.7 0.00 s 142 kN | 0.00 5.2 16.7 KX
9/23197 1338 | OUTSP1I6S 0.00 9.2 0.00 ( 1] 4.9 32 0.00 524 155 s
92397 1346 | oUTSPISS .00 140 0.00 1.3 212 4.9 0.00 76.6 0.00 59
912391 15:16 19230001 0.00 135 0.00 13 205 48 0.00 710 0.00 57
9/2397 15:19 19230002 0.00 139 0.00 1.3 206 49 0.00 789 0.00 59
923191 15:24 19230003 0.00 136 0.00 1.3 203 48 0.00 78.0 0.00 58
923197 15:23 19230004 0.00 137 . 0.00 13 206 48 0.00 786 0.00 58
9/2397 15:25 19230005 0.00 13.6 0.00 13 209 438 0.00 76.8 0.00 58
9123191 15:27 19230006 0.00 136 0.00 13 206 48 0.00 780 0.00 58
9/23197 15:29 19230007 0.00 137 0.00 13 209 48 0.00 78 0.00 5.8
9123197 15:31 19230008 0.00 13.5 0.00 13 208 48 0.00 771 0.00 51
9123191 15:34 19230009 0.00 138 000 i3 23.4 4.8 0.00 90 0.00 5.8
9123191 15:36 19230010 0.00 19 0.00 1.1 363 4.2 5443 1158 0.00 5.1
923197 15:38 19230011 0.00 10.5 0.00 098 204 37 102.1 650 0.00 4.5
912397 16:6 19230024 0.00 73 0.00 0.68 158 26 1393 518 0.00 34
9123197 168 19230025 0.00 73 0.00 0.68 16.0 26 126.5 50.8 0.00 31
9123197 16:10 19230026 0.00 73 0.00 0.67 16.0 25 127.4 50.6 0.00 31
9/23/97 16:12 19230027 0.00 12 0.00 0.67 159 235 129.6 505 0.00 30
912391 16:14 19230028 0.00 7.1 0.00 0.66 159 25 143.5 513 0.00 30
9/23/97 16:17 19230029 0.00 7.1 0.00 0.66 16.1 25 153.0 522 0.00 30
9123191 16:19 19230030 0.00 71 0.00 0.66 15.3 25 153.8 523 0.00 30
923197 " 16:47 19230042 0.00 68 0.00 0.64 15.2 24 163.7 518 0.00 29
9/23/97 16:49 19230043 0.00 69 0.00 0.64 14.7 24 163.6 522 0.00 29
9/23/97 16:51 19230044 0.00 69 0.00 0.64 14.6 24 1639 521 0.00 29
9/23/97 16:53 19230045 0.00 6.9 0.00 0.64 48 24 166.0 524 0.00 29
9123197 16:55 19230046 0.00 69 0.00 0.64 144 24 165.6 524 0.00 29

Bold text indicates that this is spiked data not used in average.




6-4

TABLE B-2. (continued)

Hydrogen chloride Hexane Methane Carbon monoxide Formaldehyde
Date Time | File name ppm Uncenainty ppm Uncentainty ppm Uncertainty ppm Uncenainty ppm Uncertainty
972397 16:57 | 19230047 0.00 69 0.00 064 149 2.4 166.1 524 0.00 29
92397 17:32 19230063 Om 13.1 0.00 1.2 19.7 4.6 0.00 76.0 0.00 56
9/23/97 17:34 19230064 0.00 13.7 0.00 1.3 203 48 0.00 78.5 0.00 58
%2397 17:36 19230065 0.00 14.0 0.00 1.3 208 4.9 0.00 790 0.00 59
%2397 17:38 19230066 0.00 143 0.00 1.3 212 50 0.00 80.1 0.00 6.0
9/23/97 17:40 19230067 0.00 146 0.00 1.4 214 5.1 0.00 81.0 0.00 6.2
92391 17:43 19230068 0.00 143 0.00 13 212 50 0.00 114 0.00 6.1
9723497 17:45 19230069 0.00 123 0.00 (R 19.7 43 0.00 618 0.00 52
9/23/97 17.47 19230070 0.00 11.1 0.00 103 184 3 .9‘ 0.00 555 0.00 4.7
9723917 17:49 19230071 0.00 103 0.00 0.95 17.4 36 0.00 524 0.00 44
9123197 18:50 OUTARI107 0.00 14 0.00 0.13 46 0.49 0.00 9.7 0.00 0.59
Average---> 0.00 10.5 0.00 0.97 18.5 37 76.8 649 0.00 44

Bold text indicates that this is spiked data not used in average.




01-9

TABLE B-2. (continued)

Hydrogen chioride Hexane Methane Carbon monoxide Formaldchyde
Date Tume File name ppin Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty
9124197 8:34 ouUTsSFMel 0.00 12.1 0.00 1l 158 43 .00 6.5 20 5.1
9124197 98 OUTUN202 0.60 145 0.00 13 30.1 5.1 0.00 824 0.00 6.1
924191 9:4) OuUTSre3 .00 82 .00 s 11.8 29 0.00 47.1 13.6 3s
924191 9:50 OUTUN204 0.00 13.5 0.00 1.3 18.7 48 0.00 75.0 0.00 5.7
9/24/97 10:47 19240010 0.00 139 0.00 1.3 188 49 0.00 774 0.00 59
9/24/97 10:21 19240011 0.00 139 0.00 13 188 49 0.00 772 0.00 59
912497 10:24 19240012 0.00 14.0 0.00 13 19.1 49 0.00 776 0.00 59
924097 10:26 19240013 0.00 14.1 0.00 13 19.1 50 0.00 78.1 0.00 6.0
9/24/97 10:28 19240014 0.00 142 0.00 1.3 19.1 50 0.00 78.5 0.00 6.0
924197 10:30 19240015 0.00 14.1 0.00 i3 189 49 0.00 78.5 0.00 6.0
9124191 10:32 19240016 0.00 143 0.00 1.3 194 50 0.00 793 0.00 6.1
9/24/97 10:34 19240017 0.00 144 0.00 1.3 194 s 0.00 798 0.00 6.1
9/24/97 10:37 19240018 0.00 14.4 0.00 1.3 19.3 50 0.00 79.7 0.00 6.1
9/24/91 19 19240032 0.00 15.2 0.00 14 20.7 53 0.00 83.9 0.00 6.4
9/24/97 [TH] 19240033 0.00 15.1 0.00 14 20.6 53 0.00 83.6 0.00 6.4
9124197 ITHE 19240034 0.00 153 0.00 14 209 54 0.00 84.1 0.00 6.5
9124197 11:15 19240035 0.00 5.2 0.00 14 206 54 0.00 839 0.00 6.5
9/24/97 11:17 19240036 0.00 15.2 0.00 14 204 53 0.00 83.7 0.00 6.4
924191 11:20 19240037 0.00 15.1 0.00 14 203 53 000 840 0.00 6.4
9/24/97 11:22 19240038 0.00 154 0.00 14 205 54 0.00 85.4 0.00 6.5
9/24/97 11:24 19240039 0.00 15.7 0.00 15 20 55 0.00 86.5 0.00 6.7
9124197 11:26 19240040 0.00 157 0.00 15 210 55 0.00 86.8 0.00 6.7
924197 12:15 19240062 0.00 i54 0.00 14 215 54 0.00 84.5 0.00 65
9/24/97 12:47 19240063 0.00 153 0.00 14 214 54 0.00 837 0.00 65
9/24/97 12:19 19240064 0.00 15.3 0.00 14 212 54 0.00 83.8 0.00 6.5
9/24/97 12:24 19240065 0.00 15.1 0.00 () 210 53 0.00 827 0.00 6.4
9/24/97 12:24 19240066 0.00 150 0.00 14 208 5.3 0.00 82.5 0.00 6.4

Bold text indicates that this is spiked data not used in average.




11-d9

TABLE B-2. (continued)

Hydrogea chloride Hexane Methanc Carbon monoxide Formaldehyde
Date Time File name ppm Uncertainty ppm Uncertainty ppm Unccnﬁnq ppm Uncertainty ppm Uncertainty
9124191 1226 | 19240067 0.00 15.1 0.00 14 207 53 0.00 83.0 0.00 6.4
%2497 1228 | 19240068 0.00 154 0.00 14 211 54 0.00 840 0.00 6.5
92497 1230 | 19240069 0.00 154 0.00 14 211 54 0.00 838 0.00 65
92497 1232 | 19240070 0.00 152 0.00 14 210 5.3 0.00 83.0 0.00 6.4
%2497 1234 | 19240071 0.00 15.1 0.00 14 209 53 0.00 83.1 0.00 64
924191 1335 | 19240101 0.00 18.7 0.00 17 246 66 0.00 104.1 0.00 79
92497 13:37 | 19240102 0.00 184 0.00 L7 242 65 0.00 99.0 0.00 78
924191 13:39 | 19240103 0.00 18.1 0.00 1.7 24.1 6.4 0.00 9.6 0.00 7.7
924191 13:41 | 19240104 0.00 17.0 0.00 L6 21 6.0 0.00 91.2 0.00 72
92491 13:43 | 19240108 0.00 16.5 0.00 15 24 5.8 0.00 89.2 0.00 70
924191 13:45 | 19240106 0.00 166 0.00 X 223 58 0.00 89.4 0.00 70
924191 13:47 | 19240107 0.00 16.4 0.00 LS 222 58 0.00 88.8 0.00 7.0
9491 1435 | ouTsp2os 0.00 1.3 0.00 11 149 40 0.00 L6 202 48
924191 1449 | OUTN2206 12 07 0.00 0.06 0.66 024 0.00 51 0.00 028
912491 15:5 | OUTUN207 0.00 142 0.00 i3 197 50 0.00 715 0.00 6.0
Average---> 003 149 0.00 1.4 205 5.3 000 82.1 0.00 63

Bold wext indicates that this is spiked dala not used in average.




cl-dg

TABLE B-2. (continued)

Hydrogen chlonde Hexane Methane Carbon monoxide Formaldehyde:
Date Time ] File name ppin Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncerainty | ppm Uncertainty
9/25/97 8:1 OUTSPMI 0.00 62 0.00 0.57 77 22 0.00 0.0 3.7 26
9/25/97 3:§ OUTN2302 0.88 0.34 0.00 0.03 0.00 0.10 70 26 0.00 - 0.1
92591 8:56 19250001 0.00 94 0.00 0.87 1.7 33 0.00 64.2 0.00 40
9/25/97 8:58 19250002 0.00 95 0.00 0.89 11.7 34 0.00 65.0 0.00 4.0
9/25/97 9:1 19250003 0.00 9.7 0.00 0.90 118 34 0.00 654 0.00 4.1
925097 93 I9250004 0.00 9.6 0.00 0.90 1ns 34 0.00 650 0.00 41
9/25197 95 19250005 0.00 96 0.00 0.89 1.7 34 0.00 64.5 0.00 4.1
925097 9:7 19250006 0.00 9.6 0.00 0.89 18 34 0.00 642 0.00 4.1
9725097 99 19250007 0.00 9.6 0.00 0.89 118 34 0.00 642 0.00 4.1
972597 911 19250008 0.00 96 0.00 0.89 11.8 34 0.00 64.0 0.00 4.1
972597 9:42 19250018 0.00 9.0 0.00 0.84 1.2 32 0.“-) 60.8 0.00 38
9/25197 9:45 19250019 0.00 9.1 000 0.85 14 32 0.00 614 0.00 39
9/25197 9:47 19250020 0.00 9.1 0.00 0.85 114 32 0.00 614 0.00 39
9725197 9:49 19250021 0.00 9.1 0.00 0.85 113 32 0.00 61.1 0.00 39
9125197 9:51 19250022 0.00 79.| 0.00 0.85 13 3.2 0.00 61.1 0.00 39
9125197 9:53 19250023 0.00 9.1 0.00 0.84 113 32 0.00 60.7 0.00 3.8
9125197 9:55 19250024 0.00 9.1 0.00 0.84 13 32 0.00 61.1 0.00 38
9725191 9:57 19250025 0.00 9.1 0.00 0.85 112 3.2 0.00 61.5 0.00 39
925197 10:0 19250026 0.00 92 0.00 0.86 114 32 0.00 62.2 0.00 39
912597 10:32 19250041 0.00 94 0.00 0.87 1.5 33 0.00 619 0.00 40
9125197 10:34 19250042 0.00 9.4 0.00 0.87 11.6 33 0.00 62.2 0.00 4.0
9/25/91 10:36 19250043 0.00 94 0.00 088 11.6 33 0.00 625 0.00 4.0
912591 10:38 19250044 0.00 94 0.00 0.88 18 33 0.00 62.2 0.00 40
9/25/97 10:41 19250045 0.00 94 0.00 0.88 1.7 33 0.00 62.0 0.00 4.0
9725191 10:43 19250046 0.00 94 0.00 0.87 1 lr.6 33 0.00 614 0.00 40
9125197 10:45 19250047 0.00 92 0.00 0.86 1.5 32 0.00 60.6 0.00 39
9/25/197 10:47 19250048 0.00 92 0.00 0.85 11.5 32 0.00 60.4 0.00 39

Bold ext indicates that this is spiked dala not used in average.




€1-49

W

TABLE B-2. (continued)

H chloride Hexane Mecthane Carbon monoxide Formaldchyde
Date Time File name ppm Uncertainty ppm Uncertainty ppm Uncestainty ppm Uncenainty ppm Uncentainty
w2597 10:49 19250049 0.00 9.1 0.00 0.85 114 3.2 0.00 60.2 0.00 39
925197 11:50 | 19250064 0.00 9.0 0.00 0.84 14 32 " 000 63.2 0.00 38
92597 14:52 19250065 0.00 9.1 0.00 085 118 32 0.00 63.2 0.00 39
9/25M91 11:54 19250066 0.00 92 000 0.85 117 32 0.00 629 0.00 39
972597 11:56 | 19250067 0.00 9.2 0.00 0.86 1.6 32 0.00 63.1 0.00 39
9/25/97 1159 19250068 0.00 9.2 0.00 0.86 1.6 32 0.00 629 0.00 39
923/97 12:1 19250069 0.00 9.2 0.00 0.86 118 32 0.00 62.6 0.00 39
92597 123 19250070 0.00 9.2 0.00 0.86 11.7. 32 0.00 62.7 0.00 39
92597 12:5 19250071 0.00 9.2 0.00 085 1S 3.2 0.00 62.6 0.00 39
925097 12:33 19250084 0.00 9.2 0.00 0.86 1.7 32 0.00 63.1 0.00 39
9125197 12:35 19250085 0.00 93 0.00 0.86 118 33 0.00 63.5 0.00 39
9125197 12:37 19250086 0.00 94 0.00 0.87 11.8 33 0.00 63.8 0.00 40
9/25/97 12:40 19250087 0.00 94 0.00 0.87 n7 33 0.00 638 0.00 4.0
9/25197 12:42 19250088 0.00 94 0.00 0.87 ni 33 0.00 639 0.00 4.0
9/25/97 12:44 19250089 0.00 94 0.00 0.87 11.6 33 0.00 639 0.00 40
925197 12:46 19250090 0.00 94 0.00 0.87 i 33 0.00 63.7 0.00 4.0
9/25/197 12.48 19250091 0.00 94 0.00 087 119 33 0.00 630 0.00 40
9/25/97 12:50 19250092 0.00 94 0.00 0.87 12.1 33 0.00 62.7 0.00 40
9/25197 13:16 19250104 0.00 9.7 0.00 0.90 120 34 0.00 65.5 0.00 4.1
9}25/91 13:18 19250105 0.00 9.8 0.00 091 120 34 0.00 66.0 0.00 4.2
9725197 13:20 19250106 0.00 99 0.00 092 12.2 35 0.00 66.2 0.00 4.2
9/25/97 13:23 19250107 0.00 99 0.00 092 12.1 35 0.00 66.3 0.00 4.2
925197 13:25 19250108 0.00 9.9 0.00 092 120 35 0.00 66.4 0.00 4.2
925197 1327 19250109 0.00 99 0.00 092 120 35 0.00 66.2 0.00 4.2
9/25/97 13:29 192501 10 0.00 98 0.00 0.92 119 35 0.00 66.4 0.00 42
9125197 13:46 OouTDI303 0.00 53 0.00 0.49 6.2 L9 0.00 37 0.00 22
9/25/97 13:54 OUTDI304 0.00 52 0.00 0.49 6.1 1.8 0.00 363 0.00 22

Bold text indicates that this is spiked dala not used in average.




vi-g

TABLE B-2. (continued)

Bold text indicates that this is spiked data not used in average.

Hydrogen chionide Hexane Mecthane Carbon monoxide Formaldchyde
Date Time File name ppim Uncertainty ppm Uncertainty ppm Uncentainty ppm Uncertainty ppm Uncertainty
9/25/97 14:48 | OUTSPINS 0.00 80 0.60 0.74 103 28 0.00 61.1 133 34
9/25/97 14:54 | OUTN2306 0.40 0.17 0.00 0.02 0.00 0.06 72 20 0.00 0.1
925197 15:14 19250112 0.00 9.7 0.00 0.90 124 34 0.00 753 0.00 41
9/25/97 15:16 19250113 0.00 9.6 0.00 0.90 121 34 0.00 68.1 0.00 4.1
97251917 15:18 19250114 0.00 9.6 0.00 0.89 120 34 0.00 66.6 0.00 4.1
9/25/97 15:20 19250115 0.00 9.5 0.00 0.88 119 33 0.00 65.7 0.00 4.0
9/25/97 15:22 19250116 0.00 9.5 0.00 0.88 12.1 33 0.00 65.2 0.00 4.0
9/25/97 15:24 19250117 0.00 9.5 0.00 0.88 123 33 0.00 650 0.00 4.0
9/25/97 15:27 19250118 0.00 9.4 0.00 0.87 12.1 33 0.00 64.5 0.00 4.0
9/25/97 16:5 19250136 0.00 83 0.00 077 13 29 0.00 59.5 0.00 3s
9/25/97 16:8 19250137 0.00 84 0.00 0.78 14 29 0.00 60.1 0.00 36
9/25/97 16:10 19250138 0.00 85 0.00 0.79 116 3.0 0.00 60.5 0.00 36
9125191 16:12 19250139 0.00 8.7 0.00 0.81 n.s 30 0.00 61.6 0.00 37
9/25/97 16:14 19250140 0.00 8.7 0.00 081 1.7 31 0.00 61.6 0.00 37
9/25/197 16:16 19250141 0.00 88 0.00 0.81 11.6 3.1 0.00 61.6 0.00 37
9/25/91 16:44 19250154 0.00 93 0.00 0.87 120 33 0.00 65.9 0.00 4.0
9125197 16:47 19250155 0.00 9.3 0.00 0.86 TR 33 0.00 65.8 0.00 39
9125197 16:49 19250156 0.00 9.2 0.00 0.86 12.1 32 0.00 65.6 0.00 39
9125097 16:51 19250157 0.00 9.2 0.00 0385 ns 32 0.00 65.7 0.00 39
9/25/91 16:53 19250158 0.00 92 0.00 0.85 1.8 32 0.00 65.3 0.00 39
Average ---> 0.02 89 0.00 0.83 11.2 3.1 0.20 61.1 0.00 38




B-2 FTIR FIELD DATA RECORDS



FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (FTIR Sampling Data) BAROMETRIC: 749 mm Hg
PLANT: GM Powerirain DATE: 93391 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKEDY SAMPLE SAMPLE
TIME NAME PATH SCANS (cm-1) TEMP () § UNSPIKED COND. FLOW CELL PRES. BKG
11:53 INLSP101 [kt air w/Spikegas 250 2 273 SP 40 ipm 756 0923a
_J1.0 lpm tolucac 196 ppm
—[1.01pwn SF6 4 ppes and formaldehyde @ 100C
i flow -—-Cell = 4.0 lpm, veat = 2.0 lpmi
12:04 - POUR101 BAG #! - powring linc 250 2 275 static 745 0923a
_ sam) 10:00 am to 11:32 am
12:14 BKG0923b Backgrouad, N2 500 2 275 dynamic S lpm 755
12:21 POUR102 BAG #1 - powriag linc 250 2 275 static 0923b
12:33 SHK3_101 BAG #2 - Shakeout -3 250 2 275 siatic 349* 0923b
* Suckcd out bag with pump before realized value was incamrect
Stack #3, shakeowt line #4
12:58 INLSPI02 [Kalet - In stack wi spike gas 250 2 774 SP__ | dynamic 4.0 1pm 760 0923b
1.0 lpm tolucne 196 ppm
1.0 ipm SF6 4 ppm and formaldchyde @ 100C
flow —--Cell = 4.0 lpm, veat = 2.0 lpm :
13:07 INLN2103 |N2 fiooding spike Yine 250 2 274 N2 dynamic 4.0 lpm 760 0923b
13:27___| OUTSPI0I JOwtiet - in stack, spike SF6, 4 ppm@ 1.0ipm 250 2 273 SP__| dynamic 40)pm 758 %23b
BAD SPIKE j!lfmmddehyde@ 100 C, tolucnc , 196 ppm,
- 1.0 lpm, flow - cell = 4.0 lpm, veat = 2.0 lpm
OUTN2102 N2 flooding spike linc 350 2 275 N2 | dynamic 4.0 1pm 758 0923b
BAD SPIKE % dida't wark **
13:50 OUTSP103 SF6@ 7.0 lpm in outlet 250
BAD SPIKE *# SPIKE INCORRECT *+
14:00 BKG0923c Background, N2 only 500 2 275 N2 dynamic
14:14 INLUN104 Inlct 250 2 275 UN__ | dyn 5.0 lpm 757 0923c
14:19___ | INLUNI0S Inict 250 2 275 UN__| dynsmic 5.0 lpm 751 0923c
14:27 OUTSP104 Outlet - spike SF6, tolucac and formaldchdye 250 2 275 SP dynamic 4.0 lpm 758 0923¢
SFG = 2.0 Ipm wilormaldehyde @ 100 C and tolucac @ 1.0 ipm
14:35 OUTSP105 same as above
Manual sampling started a1 14:12




FTIR FIELD DATA FORM

PROJECT NO. 4701-08:08 (FTIR Sampling Data) BAROMETRIC: 749 um Hg
PLANT: GM Powertrain DATE: 923/97 OPERATOR: LMH
SAMPLE .. FILE NUMBER RES CELL SPIKED/ | SAMPLE SAMPLE
TIME NAME PATH SCANS (cm-1) TEMP (F) | UNSPIKED| COND. FLOW CELL PRES. BKG
14:43 OUTSP106 JOUTLET -- NO SPIKE! 250 2 275 UN dynamic 5.0 lpm 758 0923c
14:49 INLUN106 INLET 250 2 215 )
14:50 JProcess went down - inlet flow dropped
| Blowen off
15:29 INLUN107 INLET 250 2 275 UN dynamic 5.0 lpm 757 0923c
15:45 BKG0923d Background, N2 500 2 275 dynamic 5.0 lpm 758
15:52 SHK4_101 BAG #3 -- Shakeout 4 250 2 275 static 748 09234
15:56 SHK4 102 BAG #3 -- Shakeowt 4 250 2 275 sialic 748 0923d
16:05 INLUN108 INLET 250 2 2715 UN dynamic 5.0 lpm 755 0923d
Process sofiware
16:12 1923001 Outles 250 2 277 UN dynamic 5.0 lom 755 0923d
16:38 1023011 Swop
1923012 and 1923013 purge and fill cell
16:40 _|Process down
16:41 1923014 INLET 250 2 275 UN dynamic 5.0 lpm 757 0923d
16:58 1923021 Stop
1923022 and 1923023 purge and fill ccli
17:02 1923024 Outlet
12:17 1923030 Stop
Process software
17:21 1923033 INLET 250 2 275 UN dynamic 5.0 lpm 758 09234
17:39 1923039 Stop
) 40 and 4} purge and fill cell
17:43 1923042 Owtlet 250 2 275 UN dynamic 5.0 lpm 759 0923d
17:51 jFound probe and probe box unplugged
Probe @ 125C, Box @ 188C
only cffects this outlet un
1923047 1 Stop
18:05 1923052 INLET 250 2 . 275 UN dynamic 5.0 lpm 759 09234




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (FTIR Sampling Dats) BAROMETRIC: 749 mm Hg
PLANT: GM Powertrain DATE: 9/23/97 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKED/ SAMPLE SAMPLE
TIME NAME PATH SCANS {cm-1) TEMP (F) JUNSPIKED] COND. FLOW CELL PRES. BKG
18:20 Process restaned
18:24 1923060 IStop
. J6Ilnd62&]_elndﬁllceﬂ
18.29 1923063 [Outies 250 2 375 UN_ | dynamic 5.0 Ipm 759 09234
18:45 [Process wem down
18:48 1923071 IStwop 250 2 275 UN__ | dynamic 5.0 lpm 759 0923d
19:01 N20923c N2 only 250 2 275 UN dynamic 5.0ipm 759 0923d
19:10 MIX0923b Tolucne flow off, SF6 4ppm, @ 2.0 lpm 250 3 275 UN__ | dynamic 3.0 lpm 755 0923d
w/ffommaldehyde @ 100C

19:20 CTS0923c Ethylene 20 ppm 250 2 275 static 754 0923d
19:24 BKG0923e N2 only 250 2 275 static 754
19:33 INAIR109 Air from roof - Inlet 250 2 276 5.0 lpm 757 0923e
19:46 QOUTAR107 Air from roof - Outlet 250 2 276 5.0lpm 157 0923c




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (FTIR Sampling Dats) BAROMETRIC: 7122 mm Hg
PLANT: GM Powertrain DATE: 9/24/91 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKED/ SAMPLE SAMPLE
TIME NAME PATH SCANS (em-1) TEMP (F) | UNSPIKED| COND. FLOW CELL PRES. BKG
7:46 N20924a 20m N2 only direct to cell 250 2 275 dynamic 5.0 lpm 758 0923¢
8:29 OUTSP201 JOutles - Spike 250 2 275 SP dynamic 4.0 lpm 758 0924a
SF6, 4ppm @ 2.0 ipm w/formaldehyde @ 100C
Toluene valve off
. Cell flow = 4.0 lom, vent flow = 2.0 lpm
8:41 - INLSP201 Inlet - Spike same conditions as above 250 2 275 SP dynamic 4.0 lpm 759 0924a
8:51 |Manual sampling stacted
9:06 OUTUN202 10utlet 250 2 275 UN dynamic 3.0 lpm 760 0924a
9:08 Process down
9:16 BKG0924b Background 500 2 275 UN dynamic 5.0 lpm 760
9:30 INLSP202 Inlet spike wAokicne 250 2 276 Sp dynamic 4.0 lpm 758 0924b
SF6 4 ppm @ 2.0 lpm w/formaldehyde @ 100C
and toluenc 196 ppm @ 1.0 lpm
Cell flow = 4.0 lpm, vent flow = 2.0 lom
9:15 Manual restan
9:39 OUTSP203 Ouilet spike - same as above 250 2 275 UN dynamic 3.0 lpm 759 0924a
Shuwt off spike at 5.0 lpm, SF6 was gone in <3 min.
9:48 OUTUN204] Outles 250 2 276 UN dynamic 5.0 lpm 756 0924b
Process sofiware
9:55 19240001 Inlet 250 2 276 UN dynamic 5.0 lpm 759 0924b
10:11 19240007 Stop
0008 and 0009 pusge and fill ccll
10:17 19240010 Owtles 250 2 276 UN dynamic 5.0 lpm 0924b
10:36 19240018 Stop
0019 and 0020 & 0021 purge and fill cell
10:43 19240022 Jinles 250 0924b
10:58 19240028 Stop
29,30 &31 purge and fill cell
11:05 19240032 Outlet 250
11:18-11:45 Manual pont change -- Method 23
11:26 19240040 Stop




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (FTIR Sampling Data) BAROMETRIC: 752 mm Hg
PLANT: GM Powerirain DATE: 9/24/971 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKED/ | SAMPLE SAMPLE
TIME NAME PATH SCANS {cm-1) TEMP (F) ] UNSPIKED] COND. FLOW CELL PRES. BKG
11:31 BKGO0924c Background 500
Restan process sofiware

11:49 19240001 |Inlel (rename to 0051) 250 2 275 UN dynamic 5.0 lpm 758 0924c
12:09 19240009 ]Stop (rename 10 0059)

12:13 19240012 JOwtles (rename to 0062) 250 2 276 UN dynamic 5.0 lpm 756 0924c
12:35 19240021 Stop (rename to 0071)

12:41 19240024 Inlet (rename 10 0074) 250 2 275 UN dynamic 5.0 lpm 758 0924c
13:04 19240034 Stop (rename to 0084)

13:15 N20924b N2 direct to cell, only 250 2 275 dynamic 5.0 lpm 758

NO BAG #4 TESTED .

13:20 SHK3_201 Shakeowt #3 - BAG #5 250 2 276 UN siatic 745 0924c
13:23 SHK3 202 Shakeout #3 - BAG #5 250 2 276 UN stalic 745 0924¢
13:27 SHKS 101 Shakeout #5 - BAG #6 250 2 276 UN static 745 0924c
13:33 19240001 Outlet (rename to 0101) 250 2 276 UN | dynamic 5.0 lpm 756 0924¢
13:49 19240007 Stop (rename to 0107)

13.52 19240010 Inlet (rename to 0110) 250 2 276 UN | dynamic 5.0 lpm 756 0924c
14:09 19240017 Stop (rename to 0117) :

14:21 INSP203 Inlet spike 250 2 276 SP dynamic 4.0 lpm 758 0924¢

SF6 @ 2.0 lpm w/ormaldehyde @ 110C
toluene @ 1.0 Ipn
]Cell flow = 4.0 lpm, Vent = 2.0 lpm

14:33 OUTSP205 Outles - Spike 250 2 275 Sp dynamic 4.0 lpm 758 0924c
14:46 OUTN2206 Nitrogen in stack linc - Oulet 250 2 275 N2 dynamic 4.0 lpm 758 0924c
14:56 INLN2204 Nitrogen in stack - inlet 250 2 275 N2 dynamic 4.0 lpm 758 0924c
15:03 OUTUN207 Outlet 250 2 275 UN dynamic 5.0 lpm 755 0924¢

15:16 N20924¢ N2 direct to cell 250 2 275 N2 dynamic 5.0 lpm 755 0924c
15:23 BKG0924d Background 500 2 275 dynamic 5.01pm 755 0924c

15:30 COOLS101 BAG #7 - Cooling stack 250 2 276 static 745 0924d

15:35 COOLS102 BAG #7 - Cooling stack 250 2 276 static 746 0924d




FTIR FIELD DATA l'ORM

PROJECT NO. 4701-08-08 (FTIR Sampling Data) BAROMETRIC: 735 mm Hg
PLANT: GM Powerirain DATE: 9/25/91 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKED/ | SAMPLE SAMPLE
TIME NAME PATH SCANS (cm-1) TEMP (F) | UNSPIKED| COND. FLOW CELL PRES. BKG
7:59 OUTSP301 [Outles spike 250 2 275 Sp dynamic 4.0 lpm 742 0925a
|SF6 4 ppm @ 2.0 lpm w/formaldehyde @ 110 C
|and toluenc 196 ppm @ 1.0 lpm
[oellﬂow-40k!|iveuﬂow 2.0 lpm
8:06 OUTN2302 JOuties - Nitrogen only in line 250 2 275 N2 dynamic 4.0 lpm 742 0925a
8:13 INLSP301 Inlet - Spike 250 2 275 Sp dynamic 4.0 lpm 742 0925a
8:23 INLSP302 Inlet - Spike 250 2 275 SP dynamic 5.0 lpm 742 0925a
Spike levels same as above
cell flow = 5.0 lpm, vent flow = 4.0 lnm
8:31 INLN2303 rl:lu Nitrogen only in sample line 250 2 275 N2 dynamic 4.0 lpm
8:34 IManual runs stanted
[Process sofiware
8:54 19250001 Oulet 250 2 276 UN dynamic 5.0 ipm 743 0925b
9:12 19250008 Stop
9:16 19250011 Inlet 250 2 276 UN dynamic 5.0 lpm 743 0925b
9:31 19250017 Stop :
Stopped program
9:40 Moved inlet ports
9:41 19250018 JOulet - Continous software restaried 250 2 276 UN dynamic 5.0 lpm 743 0925b
10:00 19250026 Fmp
10:08 19250030 Inles 250 2 276 UN dynamic 5.0 lpm 742 0925b
10:26 19250038 ISwop j
10:30 19250041 ~ {Oulet 250 2 276 UN dynamic 5.0 lpm 745 0925b
10:49 19250049 1%@
11:01 N2BAG101 2 only in bag - Nitrogen blank 250 2 276 N2 stalic 736 0925¢
11:07 COOLR101 |Bag #9 - Cooling siack “R" 250 2 275 static 733 0925¢
11:41 COOLR102 [Bag #9 - Cooling stack “R" 250 2 215 sialic 733 0925¢
11:17 19250050 ]inles 250 2 276 UN dynamic 5.0 lpm 747 0925¢
11:25 Process down ’
11:32 Process up and running
11:44 19250061 Stop




FTIR FIELD DATA FORM

PROJECT NO. 4701-98-¢8 (FTIR Sampling Dats) BAROMETRIC: 749 mm Hg
PLANT: GM Powertrain DATE: 928/97 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKED/ | SAMPLE SAMPLE
TIME NAME PATH SCANS (cm-1) TEMP (F) | UNSPIKED] COND. FLOW CELL PRES. BKG
11:48 19250064 Ouwtlet 250 2 276 UN dynamic 5.0 lpm 747 0925¢
12:05 19250071 TLS!q; .
12:10 19250074 Inlet 250 2 276 UN dynamic 5.0 lpm 747 0925¢
12:26 19250081 [Swop
12:31 19250084 Outles 250 2 275 UN dynamic 5.0 lpm 746 0925¢
12:50 19250092 Stop
12:55 19250095 Inlet 250 2 275 UN dynamic 5.0 lpm 744 0925¢
13:10 19250101 Stop
13:14 19250104 Outlet 250 2 275 UN dynamic 5.0 lpm 745 0925¢
13:29 19250110 Stop
13:44 Owdi303 Diluted outles - outlet sample 250 2 275 diluted @ | dynamic 5.0 lpm 745 0925¢
diluted with N2 at manifold manifold
sample = 2.5 lpm
N2 = 2.5 Ipm
13:50 outdi304 Diluted outlet - same as above
13:58 N20925¢ N2 to cell -
14:00 Bkg0925d Blck}mund 500
14:07 CO0LMI101 BAG #10 - cooling main stack 250 2 275 siatic 738 0925d
14:11 | COOLM102 BAG #10 - cooling main stack 250 2 275 static 738 0925d
14:17 BACK101 BAG #8 - Background bag 250 2 275 stalic 733 0925d
) ~[sampled inside facility on 13t floor
Incar the cooling main stack
14:20 | BACK102 Same as above ) ] 250 2 275 static 733 0925d
14:30 INLSP304 Inles spike SF6 4 ppm @ 1.0 lpm w/formaldehyde 250 2 276 SP dynamic 5.0 lpm 746 0925d
100C and tolucae 196ppm @ 1.0 lpm
cell flow = 5.0 lpm, vent = 2.0 lpm
14:37 INLN2305 Inlet zero - N2 only in sample line 250 2 276 N2 dynamic 5.0 lpm 745 0925d
14:46 OUTSP305 Outles spike (same as above) 250 2 276 SP dynamic 5.0 Ipm 745 0925d
14:53 OUTN2306 Outles - zero - N2 in sample line 250 2 276 N2 dynami 5.0 lpm 745 0925d
1




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (FTIR Sampling Data) BAROMETRIC: 749 mm Hg
PLANT: GM Powsrtraia DATE:  9/25/97 OPERATOR: LMH
SAMPLE FILE NUMBER RES CELL SPIKED! | SAMPLE SAMPLE
TIME NAME PATH SCANS (cm-1) TEMP (F) | UNSPIKED] COND. FLOW CELL PRES. BKG
15:11 19250112 Outlet 250 2 275 UN dynamic 5.0 lpm 745 0925d
1527 19250118 |§wg
15:33 19250122 ~ Jinket 250 2 275 UN dynamic 5.0 lpm 745 0925d
15:35 |P|ooeu down
15:43 |_Ptoceu up
15:55 Process down
19250132 |Stop
16:01 [Process up
16.03 19250136 JOules 250 2 275 UN dynamic 5.0 lpm 747 0925d
16:16 19250141 Stop
16:21 19250144 Inlet 250 2 275 UN dynamic 5.0 lpm 0925d
16:37 19250150 Siop
16:46 19250154 Owlet 250 2 276 UN dynamic 5.0 lpm 746 0925d
16:54 19250158 Stop
16:56 19250160 Inlet 250 2 276 UN dynamic 5.0 lpm 744 0925d
1658 Siop
17:08 N20925d N2 direct 10 cell ‘250 2 275 dynamic 5.0 lpm 747 09254




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 {Background and calibration spectra.) BAROMETRIC: 749 mum He
PLANT: GM FPowertrain DATE: 9/23/97 OPERATOR: T.Gever
SAMPLE FILE NUMBER RES CELL
TIME NAME PATH SCANS (cm-1) TEMP (F) | PRESSURE BKG APOD NOTES
9:00 N20923a N2 only 250 2 275 760 0922a gain=4
9:21 Cell leak check T=0 2.3 torr, T=87s 3.3torr
9:28 |BKG0923a [Background, N2 only 500 2 275 756 flowing - Slpm
9:37 CTS0923a [Ethylenc, 20 ppm in nitrogen 250 2 275 752 0923a static
9:43 | CTS0923b JEthylene, 20 ppm in nilrogen 250 2 275 752 0923a stalic
9:50 SF60923a SF6 direct to cell - 4.01 ppm 250 2 275 752 0923a static
9:57 TOL0923a Toluene direct to cell 196.9 ppm in air 250 2 275 752 0923a stalic
10:10 }FOR0923a jFormaldchyde perm tube 250 2 275 752 0923a static
1000 lpm of N2 @ 100 C 94,087 nano L/min
direct to cell
10:38 | FOR0923b Formaldchyde - same as above 250 2 275 752 0923a dynamic - 1 lpm
10:47 | AIR0923a Jinlet - Air only 250 2 275 752 0923a dynamic - § Ipm
11:07 ] AIR0923b Oulet - air only 250 2 275 752 0923a dynamic - § lpm
11:42  }MIX0923b Toluene 196.9 ppm @ 1 lpm 250 2 275 752 0923a dynamic - 5 lpm
Kintek = SF6 - 4ppm @ 1.0 Ipm and form @ 100C
direct to cell




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (Background and calibration spectra.) BAROMETRIC: 752 mm Hg
PLANT: GM Powertrain DATE: 9(24/91 OPERATOR: T.Geyer
SAMPLE FILE NUMBER RES CELL
TIME NAME PATH SCANS (cm-1) TEMP (F) ] PRESSURE BKG APOD NOTES
7:50 |BKG0924a Background, N2 only 500 2 275 758 5 lIpm flow
8:14 CTS0924a 20 ppm Ethylene in nitrogen 250 2 275 757 0924a
8:57 | MIX0924a SF6, 4 ppm @ 2.0 Ipm with formaldehyde @ 100 C 250 2 275 757 0924a
94,000 nanol/min and toluenc 196 ppm @ 1.0 Ipm
9:00 Leak check cell T=0 3.7, T=60sec 4.3
10.6 mm Hg/60 sec
9:16 |BKG0924b, N2, Background 500 2 275 760
11:31  |BKG0924c N2, Background 500 2 275 758
15:23 |BKG0924d N2, Bu:kgound 500 2 275 . 755
15:47 | CTS0924b 20 ppm Ethylene 250 2 275 0924d




FTIR FIELD DATA FORM

PROJECT NO. 4701-08-08 (Background and calibration spectra.) BAROMETRIC: 135 mm He
PLANT: GM Powertrain DATE: 9/25/97 OPERATOR: T.Geyer
SAMPLE FILE NUMBER RES CELL
TIME NAME PATH SCANS (cme-1) TEMP (F) | PRESSURE BKG APOD NOTES
7:29 N20925a N2 only direct to cell 250 2 275 742 0924a
7:32  |BKG0925a| Background 500 275 5 lpm
7:42 | CTS0925a Ethylenc 20ppm in Nitrogen 250 2 275 742 0925a
7:47 [CTS0925b Ethylene 20ppm in Nitrogen 250 2 275 742 0925a
8:39 IMIX0925a SF6 4ppm @ 2.0 lpm with formaldehyde @ 110 C 250 2 276 739 0925a 3.0 lpm
(202,000 nanol/min) and tolucne 196 ppm @ 1.0 Ipm
direct to cell
8:43 N20925b N2 only, direct to cell 250 2 276 747 0925a 5.0 lpm
8:48 |BKG0925b) Background, N2 only 500 2 276
10:54 |BKG0925¢ Background, N2 only 500 276 746
13:58 N20925¢ N2 only, direct 10 cell 250 2 276 745 0925¢ 5.0 lpm
14:00 [IBKG0925d) Background, N2 only 500 2 276 745
15:04 |MIX0925b SF6 4ppm @ 1.0 Ipm w/ formaldehyde @ 100C 250 2 276 741 09254
(94,000 nanoL/min) and toluenc 196 ppm @ 1.0 lpm
direct to cell
17:12  |BKG0925e Background, N2 only 500
17:20 | CTS0925¢ Ethyleae, 20 ppm 0925¢




X\ FTIR FIELD DATA FORM
" Sampling Data i n
PROJECTNO. 37.¢1\" 25 BAROMETRIC: 79~ I
PLANT:__Ge\Po €l cpnpew, M J c LEAK CHECK-START:
OPERATOR: _Jt\ S DATE: q‘B\‘ﬁ LEAK CHECK-END:
SAMPLE FILE . NUMBER RES CELL SPIKEIV S;\MPLE SAMPLE CELL
TIME NAME PATH LOCATION / NOTES SCANS (cm-1) TEMP (F) | UNSPIKED COND. FLOW PRESS. BKG
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FTIR FIELD DATA FORM

(74 /»al
| Sampling Data -
PROJECTNO. __ 3804\ ' 25 BAROMETRIC: 2#““\ ¢
PLANT: __6M0awER  Soiven, ML LEAK CHECK-START: i
OPERATOR: __ ik paTE: __%)23 i) LEAK CHECK-END:
SAMPLE FILE . NUMBER RES CELL SPIKEDY SAMPLE SAMPLE CELL
TIME NAME PATII LOCATION / NOTES SCANS (cm-1) TEMP (F) ]| UNSPIKED COND. FLOW PRESS. BKG
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FTIR FIELD DATA FORM

Sampling Data
PROJECT NO. 3%\~ 25 BAROMETRIC: )44 -~ W\«
PLANT:_GnQon€@  Seputew, B LEAK CHECK-START: '’
OPERATOR: 3\ DATE: ﬁstLﬁ'? LEAK CHECK-END:
SAMPLE FILE . NUMBER RES CELL . SPIKEDV SAMPLE SAMPLE CELL
TIME NAME PATH LOCATION / NOTES SCANS (em-1) TEMP (F) | UNSPIKED COND. FLOW PRESS. BKGC
444y Jourdmne QUTLET ~ _,NU sfiKE!. ~|as0 o PRI Un é-amnt S0 Q#n 24%  jo983¢
' | imLeneb \NLET Q5v o a5
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FTIR FIELD DATA FORM

Sampling Data |
PROJECTNO. 3T\~ 2.5 BAROMETRIC: 144
PLANT: GOVOWER  Suacapg ME ‘ LEAK CHECK-START: \ ‘ )
OPERATOR: _J\\\  ° DATE: ‘3\]‘5 S\] LEAK CHECK-END: __ |95~ !‘ ‘ k
)y
SAMPLE FILE , NUMBER RES CELL SPIKEIV SAMPLE SAMPLE CELL |
TIME NAME PATH LOCATION / NOTES SCANS (em-1) TEMP (F) |} UNSPIKED COND. FLOW PRESS. BKCG
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PROJECTNO. 3% -5

Sampling Data

BAROMETRIC: AV 1340 ° 7S/~

PLANT:_(,{" PogEr scgﬁm\{m[, 1 LEAK CHECK-START: ot 29.§¥
OPERATOR: _glyn\ DATE: Cl\"]:’k\ LEAK CHECK-END:
SAMPLE FILE NUMBER RES CELL SPIKEDV SAMPLE SAMPLE CELL
TIME NAME PATH LOCATION / NOTES SCANS (cm-1) TEMP (F) | UNSPIKED COND. FLOW PRESS. BKG.
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2 3\
- R
AL FTIR FIELD DATA FORM

VAT
Sampling Data

PROJECT NO. 3% - X5

BAROMETRIC: 75l 02 29,40/ \

PLANT:_(n Sresnol W, LEAK CHECK-START: 3 05 - In aally
OPERATOR: __J\\ DATE: C[lﬂﬂ” - LEAK CHECK-END:_L¥" 45 -~ 10} ardotlt}-¢-
SAMPLE FILE : NUMBER RES CELL SPIKEDV SAMPLE SAMPLE CELL .
TIME NAME PATH LOCATION / NOTES SCANS (cm-1) TEMP (F) | UNSPIKED COND. FLOW PRESS. BKG
2~ . .
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- 25C30ns = Qmn B sec
Qe AN FTIR FIELD DATA FORM
e Sampling Data
PROJECT NO. __ 380445 BAROMETRIC: 754 mmll»,
PLANT: ___GmQuweXonn . LEAK CHECK-START: ¢
OPERATOR: __ 3 m\\ DATE: 9L 7—j!‘1‘) LEAK CHECK-END:
SAMPLE FILE NUMBER | RES CELL SPIKED/ SAMPLE SAMPLE CELL )
TIME NAME PATH LOCATION / NOTES SCANS (cm-1) TEMP (F) | UNSPIKED COND. FLOW PRESS. BKG
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FTIR FIELD DATA FORM

\ .
| Sampling Data
PROJECT NO. 30\~ A5 BAROMETRIC: 152
PLANT:__GinRoweEl o wAw, ML ‘ LEAK CHECK-START:
OPERATOR: __ X\ DATE: 3‘2’:“:‘7 LEAK CHECK-END:
SAMPLE FILE : NUMBER RES CELL SPIKEV SAMPLE SAMPLE CELL
TIME NAME PATH LOCATION / NOTES SCANS (cm-1) TEMP (F) | UNSPIKED COND. FLOW PRESS. BKG
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FTIR FIELD DATA FORM

Sampling Data U
PROJECT NO. 338G\ - 25 BAROMETRIC: ___ /5Ap. N9
PLANT:__Gp~ Qoyaecrioing L LEAK CHECK-START:
OPERATOR: DATE: ﬁ!v{ Al LEAK CHECK-END:
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Reference Spectra of Hydrocarbon Compounds

The purpose of measuring reference spectra of some hydrocarbon compounds was to aid the
analyses of FTIR sample spectra from iron and steel foundries and from integrated iron and steel
plants. Four facilities were tested at these sources. At each facility hydrocarbon compounds were
detected in the emissions. Because the EPA library of FTIR reference spectra contains only
spectra of hazardous air pollutant (HAP) compounds, only quantitative reference spectra of
hexane and isooctane were available to analyze the sample hydrocarbon emissions. As a result the
hydrocarbon emissions were represented primarily by “hexane” in the draft report results. Many
hydrocarbon compounds have infrared spectra which are similar to that of hexane in the spectral
region near 2900 cm”. MRI selected nine candidate hydrocarbon compounds and measured their
reference spectra in the laboratory. In addition MRI measured new high-temperature reference
spectra of hexane and isooctane. The new reference spectra of these 11 compounds were
included in revised analyses of the sample spectra. The FTIR results presented in the revised test
reports show the measured concentrations of the detected hydrocarbons and also show revised -
concentrations of hexane and toluene. The hexane concentrations, in particular, are generally
lower because the infrared absorbance from the hydrocarbon emissions is partly measured by the
new reference spectra. As an example, figure B-1 illustrates the similarities among a sample
spectrum and reference spectra of hexane and n-heptane.

MRI prepared a laboratory plan specifying the procedures for measuring the reference spectra.
The EPA-approved laboratory plan is included in this appendix. The data sheets, check lists and
other documentation are also included. During the measurements some minor changes were made
to the laboratory plan procedures. These changes don’t affect the data quality, but did allow the
measurements to be completed in less time. This was necessary because the plan review process
was more length than anticipated. '

The following changes were to the procedures. The spectra were measured at 1.0 cm™ resolution,
which was the highest resolution of the sample spectra. It was unnecessary to use a heated line
connection between the mass flow meter and the gas cell because the gas temperature in the cell
was maintained without the heated line. Leak checks were conducted at positive pressure only
because all of the laboratory measurements were conducted at ambient pressure. The reference
spectra, CTS spectra, and background spectra will be provided on a disk with a separate reference
spectrum report.
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Figure B-1. Top trace, example sample spectrum; middle trace, n-heptane reference spectrum; bottom trace, n-hexane reference
Spectrum.
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Laboratory Plan For Reference Spectrum Measurements -
EPA Contract No. 68-D-98-027, Work Assignments 2-12 and 2-13
MRI Work Assignments 4951-12 and 4951-13

1.0 INTRODUCTION

In 1997 Midwest Research Institute (MRI) completed FTIR field tests at two iron and
steel sintering facilities and at two iron and steel foundries. The tests were completed under EPA
Contract No. 68-D2-0165, work assignments 4-20 and 4-25 for the sintering plants and
foundries, respectively. The draft test reports were completed in 1998 under EPA Contract
No. 68-W6-0048, work assignment 2-08, tasks 11 and 08 for the sintering plants and foundries,
respectively.

Results from the data analyses indicated that the emissions from some locations included
a mixture of hydrocarbon compounds, one of which was hexane. The EPA spectral library of
FTIR reference spectra is comprised primarily of hazardous air pollutants (HAPs) identified in
Title I of the 1990 Clean Air Act Amendments and, therefore, contains a limited number of
aliphatic hydrocarbon compounds. MRI will measure reference spectra of some additional
organic compounds that may have been part of the sample mixtures. The new reference spectra
will be used in revised analyses of the sample spectra. The revised analyses will provide a better
measure of the non-hexane sample components and, therefore, more accurate hexane
measurements.

A Quality Assurance Project Plan (QAPP) was submitted for each source under EPA
Contract No. 68-D2-0165, work assignments 4-20 and 4-25. When the QAPPs were prepared it
was not anticipated that laboratory measurements would be required. This document describes
the laboratory procedures and is an addition to the QAPPs.

This document outlines the technical approach and specifies the laboratory procedures
that will be followed to measure the FTIR reference spectra. Electronic copies of the new
reference spectra will be submitted to EPA with corresponding documentation. The laboratory
procedures are consistent with EPA’s Protocol for the Use of Extractive Fourier Transform
Infrared (FTIR) Spectrometry for the Analyses of Gaseous Emissions From Stationary Sources,
revised 1996. .

1.1 Objective

The objective is to obtain accurate hexane measurements from FTIR spectra recorded at
field tests at iron and steel sintering plants and at steel foundry plants. The approach is to
measure reference spectra of some organic compounds that are not included in the EPA reference
spectrum library and then use these new reference spectra in revised analyses of the field test
spectra. The revised analyses will provide better discrimination of the hexane component from
the absorbance bands of the organic mixture.

Laboratory Reference Spectrum Plan EPA Contract No. 68-D-98-027, MRI Work Assignments 2-12 and 2-13
Draft June 14, 1999 Page |



1.2 Background

Spectra of samples measured at the field test sites contained infrared absorbance features
that may be due to a mixture of non-aromatic organic compounds. The samples were measured
using quantitative reference spectra in the EPA library and the hexane reference spectra provided
the best model for the observed absorbance features. The EPA library contains a limited number
of reference spectra, primarily HAPs, listed in Title I of the 1990 Clean Air Act Amendments,
which includes hexane. To obtain accurate measurements of target components it is helpful to
use reference spectra of all compounds in the sample gas mixture. In this case it was decided to
measure reference spectra of some additional organic compounds, which are similar in structure
and have spectral features similar to hexane. The revised analyses will measure the sample
absorbance in the 2900 cm™! region using a combination of the hexane and new reference
spectra. The revised analyses should provide more accurate hexane measurements, by measuring
the non-hexane sample components more accurately.

2.0 TECHNICAL APPROACH

The analytical region used to measure hexane lies near 2900 cm’!. Other aliphatic
hydrocarbons with structures similar to hexane exhibit similar absorbance band shapes in this
region. MRI viewed spectra of aliphatic organic compounds to identify some likely components
of the sample spectra. Table 1 identifies the compounds that were selected for reference
spectrum measurements. Cylinder standards of the selected compounds will be purchased from a
commercial gas supplier. The standards will be about 50 ppm of the analyte in a balance of
nitrogen. The cylinders will contain gravimetric standards (analytical accuracy of +1 percent) in
a balance of nitrogen.

2.1 Measurement System

A controlled, measured flow of the gas standard will be directed from the cylinder to the
infrared gas cell. The gas cell is a CIC Photonics Pathfinder. This is a variable path White cell
with an adjustable path length from 0.4 to 10 meters. The path lengths have been verified by
measurements of ethylene spectra compared to ethylene spectra in the EPA FTIR spectral library.
The inner cell surface is nickel coated alloy to minimize reactions of corrosive compounds with
the cell surfaces. The cell windows are ZnSe. The cell is heat-wrapped and insulated.
Temperature controllers and digital readout are used to control and monitor the cell temperature
in two heating zones. The gas temperature inside the cell will be recorded using a T-type
thermocouple temperature probe inserted through a 1/4 in. Swagelok fitting. The gas
temperature will be maintained at about 120°C. Documentation of the temperature probe and
thermometer calibration will be provided with the report.

Laboratory Reference Spectrum Plan EPA Contract No. 68-D-98-027; MRI Work Assignments 2-12 and 2-13
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TABLE 1. ORGANIC COMPOUNDS SELECTED FOR THE LABORATORY STUDY

{LCompound Name Boiling Point (°C)
n-hexane? 69
n-heptane ' 98.4
Pentane 36.1
isooctane? - 99.2
1-pentene 30
2-methyl,1-pentene ‘ 60.7
2-methyl,2-butene 38.6
2-methyl,2-pentene 67.3
3-methylpentane 63.3
Butane -0.5

—_—
2 Hexane and isooctane are HAPs. Their reference spectra will be re-measured because the reference
spectra in the EPA library were measured at ambient temperature.

The instrument is an Analect Instruments (Orbital Sciences) RFX-65 optical bench
equipped with a mercury-cadmium-telluride (MCT) detector. The RFX-65 instrument is capable
of measuring spectra at 0.125 cm’! resolution. The reference spectra will be measured at
0.25 cm™! or 0.50 cm™! resolution. Gas pressure in the sample cell will be measured using an
Edwards barocell pressure sensor equipped with an Edwards model 1570 digital readout. A
record of the pressure sensor calibration will be provided with the report.

A continuous flow of the gas standard will be maintained through the cell as the spectra
are recorded. A mass flow meter will be used to monitor the gas flow (Sierra Instruments, Inc.,
model No. 822S-L-2-OK1-PV1-V1-Al, 0 to 5 liters per minute).

The instrument system will be configured to measure 0.25 cm! or 0.50 cm™! resolution
spectra. The measurement configuration is shown in Figure 1. Calibration transfer standards
(CTS) will be measured each day before any reference spectra are measured and after reference
spectra measurements are completed for the day.

2.2 Procedure

Information will be recorded in a laboratory notebook. Additionally, the instrument
operator will use check lists to document that all procedures are completed. There will be three
checklists for: (1) daily startup prior to any reference measurements, (2) reference spectrum
measurements, and (3) daily shut down after reference measurements are completed. Example
checklists are at the end of this document.

The information recorded in the laboratory notebook includes; the cell temperature,
ambient pressure, background, CTS and spectrum file names, sample temperatures and pressures
for each measurement, cell path length settings, number of background and sample scans,
instrument

Laboratory Reference Spectrum Plan . EPA Contract No. 68-D-98-027, MRI Work Assignments 2-12 and 2-13
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/ Computer

FTIR
spectrometer

Optical connection

Cylinder gas inlets :
" . — P
‘ Calibration MFM ? m Gas cell :O G

| manifold — TP
) Heated line l
(250 F)
Rotameter
‘ Vent

Figure 1. Measurement system configuration.
PG = pressure gauge; TP = temperature probe; MFM = mass flow meter.

resolution, gas standard concentration, sample cylinder identification, and sample flow rates for
each measurement. Certificates of Analysis for all gas standards used in the project will be
provided with the report.

The MCT detector will be cooled with liquid nitrogen and allowed to stabilize before
measurements begin.

The cell will be filled with dry nitrogen and vénted to ambient pressure. The pressure, in
torr, will be recorded from the digital barocell readout. The cell will then be evacuated and leak
checked under vacuum to verify that the vacuum pressure leak, or out-gassing, is no greater than
4 percent of the cell volume within a 1-minute period. The cell will then be filled with nitrogen
and a background will be recorded as the cell is continuously purged with dry nitrogen. After the
background spectrum is completed the cell will be evacuated and filled with the CTS gas. The
CTS spectrum will be recorded as the cell is continuously purged with the CTS gas standard.
The purge flow rates will be 0.5 to 1.0 LPM (liters per minute) as measured by the mass flow
meter.

Laboratory Reference Spectrum Plan EPA Contract No. 68-D-98-027, MRI Work Assignments 2-12 and 2-13
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After the background and CTS measurements are completed the cell will be filled with a
reference gas sample. The reference spectra will be recorded as the cel] is continuously purged at
0.5 to 1.0 LPM with gas standard. The gas flow will be monitored with a mass flow meter before
the gas enters a heated line, and with a rotameter after the gas exits the cell. The mass flow
meter is calibrated for nitrogen in the range 0 to 5 LPM. The purpose of the heated line
connection is to help maintain the gas temperature inside the cell. This may only require placing
a heat wrap on the line where the gas enters the cell.

The gas temperature of each nitrogen background, CTS, and reference gas will be
recorded as its spectrum is collected.

Several preliminary spectra will be recorded to verify that the in-cell gas concentration
has stabilized. Stabilization usually occurs within 5 minutes after the gas is first introduced into
the cell with the measurement system that will be used for this project. Duplicate (or miore)
reference spectra will be collected for each flowing sample. The second reference spectrum will
be recorded at least 5 minutes after the first spectrum is completed while the continuous gas flow
is maintained.

At least 100 scans will be co-added for all background, CTS , and reference
interferograms.

Anew background single beam spectrum will be recorded for each new compound or
more frequently if the absorbance base line deviates by more than +0.02 absorbance units from
zero absorbance in the analytical region.

After reference spectrum measurements are completed each day, the background and CTS
measurements will be repeated.

The CTS gas will be an ethylene gas standard, either 30 or 100ppm in nitrogen
(+1 percent) or methane (about 50 ppm in nitrogen, +1 percent). The methane CTS may be
particularly suitable for the analytical region near 2900 cm’_.

3.0 QUALITY ASSURANCE AND QUALITY CONTROL

The following procedures will be followed to assure data quality.
3.1 Spectra Archiving

Two copies of all recorded spectra will be stored, one copy on the computer hard drive
and a second copy on an external storage medium. The raw interferograms will be stored in
addition to the absorbance spectra. After the data are collected, the absorbance spectra will be
converted to Grams (Galactic Industries) spectral format. The spectra will be reviewed by a
second analyst and all of the spectra, including the Grams versions will be provided with a report
and documentation of the reference spectra.

Laboratory Reference Spectrum Plan EPA Contract No. 68-D-98-027, MRI Work Assignments 2-12 and 2-13
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3.2 CTS Spectra

Thg CTS spectra will provide a record of the instrument stability over the entire project.
The precision of the CTS absorbance response will be analyzed and reported. All of the CTS
spectra will be archived with the background and reference spectra.

3.3 Sample Pressure

The barocell gauge calibration will be NIST traceable and will be documented in the
reference spectrum report. The ambient pressure will be recorded daily and all of the samples
will be maintained near ambient pressure within the IR gas cell.

3.4 Sample Temperature

The IR gas cell is equipped with a heating jacket and temperature controllers. The
temperature controller readings will be recorded whenever spectra are recorded. Additionally,
the temperature of each gas sample will be measured as its spectrum is collected using a
calibrated temperature probe and digital thermometer. The calibration record will be provided
with the reference spectrum report. The gas sample will be preheated before entering the cell by
passing through a heated 20 ft. Teflon line. The Teflon line temperature will be maintained at
about 120°C. The line temperature controllers will be adjusted to keep the gas sample
temperature near 120°C.

3.5 Spectra

MRI will record parameters used to collect each interferogram and to generate each
absorbance spectrum. These parameters include: spectral resolution, number of background and
sample scans, cell path length, and apodization. The documentation will be sufficient to allow an
independent analyst to reproduce the reference absorbance spectra from the raw interferograms.

3.6 Cell Path Length

The cell path length for various settings is provided by the manufacturer’s documentation.
The path length will be verified by comparing ethylene CTS spectra to ethylene CTS spectra in

the EPA spectral library.
3.7 Reporting

A report will be prepared that describes the reference spectrum procedures. The report
will include documentation of the laboratory activities, copies of data sheets and check lists, and
an electronic copy of all spectra and interferograms.

Laboratory Reference Spectrum Plan EPA Contract No. 68-D-98-027, MRI Work Assignments 2-12 and 2-13
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3.8 Documentation

Laboratory analysts will use three check lists to document data recording activities. The
check lists are appended to this plan. The checklists: (1) record start up activities such as
instrument settings, background and CTS spectra, (2) record reference spectra activities, and

(3) record daily shut down procedures, including post-reference spectra background and CTS
measurements.

In addition to the check lists the operator will record notations in a laboratory notebook.
Copies of the check lists and note book pages will be provided with the reference spectrum
report.

A draft of the reference spectrum report will be provided with the revised test reports.
The reference spectrum report will then be finalized and submitted separately.

Laboratory Reference Spectrum Plan EPA Contract No. 68-D-98-027, MRI Work Assignments 2-12 ang 2- li
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Project No. MIDWEST RESEARCH INSTITUTE

DAILY CHECKLIST
Stért up Procedure

DATE: OPERATOR:

Check cell temperature

Verify temperature using thermocouple probe and hand-held readout
Purge cell with dry nitrogen and vent to ambient pressure
Record ambient pressure in cell, (P,)
Vacuum Leak Check Procedure:

. Bvacuate cell to baseline pressure.
Isolate cell (close cell inlet and cell outlet)
Record time and baseline pressure (Fny)

Leave cell isolated for one minute Time Pra

Record time and cell pressure (P,

Calculate "leak rate” for 1 minute Time Prax
AP =Py - Proax

Calculate “leak rate” as percentage of total pressure AP
% VL =(AP/P,) * 100
|% V| should be < 4 % Vi

Record Nitrogen Background
Purge cell with dry nitrogen

Verify cell is as dry as previous background

Record ambient pressure using cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Backgxound (AQBK) under continuous flow and ambient pressure
Record information in data book.

Copy Background to C-drive and backup using batch file.

Record CTS Spectrum

Record Cell path length setting

Evacuate Cell

Fill Cell with CTS gas

Open cell outlet and purge cell with CTS at sampling rate (1 to 5 LPM)
Record cylinder [D Number

Record CTS gas cylinder identity and concentration

~ Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.

Record Barytron pressure during collect

Record information on "Background and Calibrations” data sheet.
Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name

1T

Reviewed by: Date:




Project No. : MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

DATE: OPERATOR:

Reference Spectrum Sample
Start Time
Record Cell path length setting
Record Background Spectrum File Name
Record CTS Spectrum File Name
Record Compound Name
Record Cylinder Identification Number
Record Cylinder Concentration
Record Spectrum File Name
Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent valve
Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for 5 minutes
Record sample pressure in cell
Record sample flow rate through cell
Start spectrum collect program
Record information in data book
Copy Spectrum and Interferogram to backup directories
End Time

Reviewed by: Date:

Initials
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Project No. MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Shut Down Procedure

DATE: OPERATOR:

- Initials

Purge sample from cell using ambient air or nitrogen
Record Nitrogen Background
Purge cell with dry nitrogen
Verify cell is as dry as previous background
Record ambient pressure using cell Barocell gauge
Record nitrogen flow rate (about sampling flow rate)
Collect Background (AQBK) under continuous flow and ambient pressure
Record information in data book.
Copy Background to C-drive and backup using batch file.

1111

Record CTS Spectrum

Evacuate Cell

Fill Cell with CTS gas

Open cell outlet and purge cell with CTS at sampling rate (1 to 5 LPM)
Record cylinder ID Number

Record CTS gas cylinder identity and concentration

Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect

Record information on "Background and Calibrations" data sheet.
Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name

Close cylinders

Evacuate or Purge CTS from cell using nitrogen
Leave cell under [ow nitrogen purge or under vactum
Fill MCT detector dewar

Reviewed by: Date:




SHIPPING ORDER
MIDWEST RESEARCH INSTITUTE

425 Voiker Boulevard, Kansas City, Missouri 84110

O TRANSFER O RETURN FOR CREDIT
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Code: MRI-0701
Revision: 3
Effective: 10/23/98
Page: 12 of 12

Attachment 1
Instrument Found Out of Tolerance

Instrument: IS0 indteatheC w«“{'ﬁ Wedoyli ]l Q@ed‘wq Mapemedes

Manufacturer: ECQ(nnr\fO\

MRI Number: ﬁd/E)« V-L412 4 Y-6£13

Serial Number: 4237 4 364120 $Y

Acceptance Criteria: MFG ﬂccurac7 v

Date of calibration or test that revealed the out of tolerance condition: _S-6-7 9

Date of previous calibration: _ 4~NKAMew A

Respon51ble person: _] em é!ex(e[ ~___(Must receive a copy of this report)

Tested/Calibrated b(a% Mﬂ) Date: _S-6-99

Reviewed by: W Date: 2@74795‘

Unct feaal 7.9 P 97 torr /\l‘j‘\ ) )‘HJ{JS‘#J b M'% Yolerancae.

I hereby certify that I have received a copy of this report and will notify the appropriate
people and take the appropriate actions necessary to determine what data may have been
corrupted and what corrective actions are indicated.

Signed: r\%w%./—‘ (Responsible person)
Date: 5’ // ‘//?9

MRI-QAMRI-0701.00C



Code: MRI-0722
Revision: 0
Effectve: 03/22/99
Page: 60of6

Attachment 1

Pressure
g W A Gauge Calibration Data Sheet
MRI No. g%‘fﬁModel No. / Type Is70 Serial No._4{237
Report No. with Weooy (/11 YN 80412159
Noun &rocg',l fressare. lndtczﬁ(‘ Ambient Temperature :ZJ'F Ambient Humidity _¢/ 74
Applied Pressure Inidal Check Final Check Tolerance = Pass Fail
SO0 okl 507.9 1K SDO.§ LR | \2 TR| —
|_eoo  PRK ©0%.3 TRR L00.2  TBRR K. Y7 [
| _Teo  ToRK 208.6 TRR 4999 TRK LS TaRK | —
7250  TK 2158.7  BRL 1498 ™R 1.6 —
oo PR §08.2 TRR 799.7 _TeRR L7 ToRR | T
Jo0__7RR 909.2 ™RL | 3994 TR | 19 méR| -
1000 TORA (009.7 DRL| 999.3 TR 2 ek | -
= = —

Cumulative uncertainties of the standards used to perform this calibration did not exceed the requirements
of MRI-0701 and ISO 10012-1.

Standards Used: MRI No. Date Calibrated Date Due Calibration
1-64(3 (-22-99 (-22 o0
P——
/
Notes/Ad]ustments/Repaxrs/Modxﬁcatxons
Tron: ac s 0157 Mq(a%v3 taotdh Fs (ren«dnb.ﬁfﬂ + 0.005% FS
Getotomg coef ) + 002% (5@4 temg coof). Tadicahor Iotel accuracy: 2.005 9 (DG 2 counts . Tofek
Aysiem accuracy abevg,
p dic v Ko llscal o

Limitations for use:

Net1- ;d‘_éw é{olu $00 704

Date Calibrated: S-6-99 Date Due Recalibration: _S-6-0 8 Cal Interval: {7 Mo ,C;%\

Calibradon Performecfb@c_—e_’ Date: $°6-99

Reviewed by: Date: f/ﬁl/ 729

MRI-QAUMRI-OTR. DOC



Code: MRI-0721

Revision: 0
Effective: 01/29/99
Page: 9 of 9
Attachment
Calibration Data Sheet
MRINo.: _——— ~ Model No./Type: TT 3§ -|8&-|2 Serial No..: T99 (30 Report No.: ——
Noun?'f'".‘rm;vocﬂu'n/ Ambient Temperature: :z¢° F Ambient Humidity: _3} Z
Appliv:dctimgerature Initialr ch:::k l Final check Tzlerance £ Pass Fail
. L ame <
-25.0 292371 -24.5 Same, (.0 “—
0.0 0.0089] 0.2 | Same 1.0 “
1000 42991 999 |  Some 10 -
[$0.0 67043 1 150.0 | Sawwe K —
__300.0 22911 1 oo.! Same .S —
__300.0 14,876S| 3003 Same 28 p—
_400.0 2.8913| 4003 Same 3

Cumulative uncertainties of the standards used to perform this calibration did not exceed the requirements

of MRI-0701 and ISO 10012-1.

Standard§__tlsed: MRI No. Date calibrated Date due calibration
Y-5335" (2-4-93 (2-4-99
O{&QO/ 5'-,1&-94 S-26-9¢
02600 R399 ¢-23-00
012673 1-2-99 [-7-00
Not$ djustments/Repairs/Modifications:
T
Limitagtions for use:
,«ﬁ»
Date Calibrated: _S™~ 7’?9 Date Due Recalibration: S~ /=99 Cal Interval: _{_{ear

Calibration Performed by e aﬂ‘wb

Reviewed by: ’//;/\-/*: 47vf /‘/"% /d(L

MRI-QAUNMR!I-Q72)

Date: _S-7-99

Date: f'/ﬂ'?7




Code: MRI-0721
Revision: 0
Effective: 01/29/99
Page: 9of9

Attachment
Calibration Data Sheet

MRINo: Y=6¥2F  Model No./Type: HHRI __ Serial No.: T-20632( Report No: ~—
Noun: Thermocsug Ambient Temperature: 24°F Ambient Humidity: _28 °
Thesmoneter '

Applied temperature [nitial check Final check Tolerance = Pass Fail
" -200°C -200.4°c Saws 0.8% e
¥ -0p°c -100-3°< - 0.72% -
M o't -0.2°¢c D 0.6% —
T wo’e 9.7 < / 8.7% —
B o % 149.7° < ( 0.75¢ —
BT 200 % 199.6°<c. \ 0.8°% —
T 3eo’c 29.7°< J 0.9"% —
T o0 e 399.7°< H e [.0°s —

Cumulative uncertainties of the standards used to perform this calibration did not exceed the requirements
of MRI-0701 and ISO 10012-1.

Standards used: MRI No. Date calibrated Date due calibration
Y-5838 [2-4~98 ' IR-4-99
— ——
///
//

Notcs/Adjustments/RepaxrsModxﬁcanons
Lol

Limitations for use:

—

macau,olu o»J// v

Type T

Date Calibrated: $-7-99 Date Due Recalibration: S-7-©¢ __ Cal Interval: _/ Year

Calibration Performed by: %ZLA Date: __{-2-77
Reviewed by: ﬁ’" Z A,,,/ Q Date:. T -70-99

MRI-QALYMRI-072]



- —— e e AR P L 1R PA@ 83

Scott Specialty Gases
pped 6141 EASTON ROAD, BLDG 1 PO BOX 310
From: PLUMSTEADVILLE PA 18945-0310

Phone: 215-766-8861 Fax: 215-766-2070

cCE R_T IFICATE OF ANALYSTIS

T TR N TR M M M M e e T D SN R T M M W e e e W e o = o  em e o e " = W e = = o - . - -

MIDWEST RESEARCH PROJECT #: 01-01788-006
SCOTT KLAMM PO#: 033452
425 VOLKER BLVD ITEM #: 01021951 S5AL
DATE: 3/31/98
KANSAS CITY MO 64110
CYLINDER #: ALM025384 ANALYTICAL ACCURACY: +/-5%

FILL PRESSURE: 2000 PSIG
BLEND TYPE : CERTIFIED WORKING STD

REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
ETHYLENE 20. PPM 20.0 PPM
"NITROGEN BALANCE BALANCE

ANALYST: &mﬁﬁzzx&gﬂ@
GENYA
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Scott Specialty Gases

ped 1750 EAST CLUB BLVD -
From: DURHAM NC 27704
Phone: 919-220-0803 - Fax: 919-220-0808

CERTIFICATE CF ANALYSTIS

MIDWEST RESEARCH PROJECT #: 12-34162-005
’ PO#: 038546
CROSSROADS CORP PARK ITEM #: 12022751 1AL
5520 DILLARD RD,SUITE 100 DATE: 5/26/99
CARY NC 27511
CYLINDER #: ALM046483 ANALYTICAL ACCURACY: +-1%
FILI, PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/26/2000
BLEND TYPE : GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
METHANE : 50. PPM 52.6 PPM

NITROGEN BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST: ) A
B.M.SBECTON — °




Scott Specialty Gases

ped 1750 EAST CLUB BLVD
From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808
CERTIFICATE OF ANALYSTIS
MIDWEST RESEARCH PROJECT #: 12-34162-004
. PO#: 038546
CROSSROADS CORP PARK ITEM #: 12022232 1AL
5520 DILLARD RD,SUITE 100 DATE: 5/25/99
CARY NC 27511
CYLINDER #: ALM045092 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/25/2000
BLEND TYPE GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
N-HEXANE 50. PPM 49.6 PPM
NITROGEN BALANCE ' BALANCE

NIST TRACEABLE BY WEIGHT




BY Scott Specialty Gases

1750 EAST CLUB BLVD
DURHAM NC 27704

Phone: 919-220-0803 Fax: 919-220-0808

CERTIFICATE O F ANALYSTIS

MIDWEST RESEARCH PROJECT #: 12-34167-006
. PO#: 038545
CROSSROADS CORP PARK ITEM #: 1202M2034951AL
5520 DILLARD RD,SUITE 100 DATE: 5/27/99
CARY NC 27511
CYLINDER #: ALM037409 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/27/2000
BLEND TYPE : GRAVIMETRIC MASTER GAS
, REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
3-METHYLPENTANE 50. PPM 50.0 PPM
NITROGEN BALANCE ' BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST:

TAYLOR

I
I




Scott Specialty Gases

pped 1750 EAST CLUB BLVD -
From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

CERTIFICATE OF ANALYSTS

MIDWEST RESEARCH PROJECT #: 12-34162-006
PO#: 038546
CROSSROADS CORP PARK ITEM #: 1202P2000801AL
5520 DILLARD RD,SUITE 100 DATE: 5/27/99
CARY NC 27511
CYLINDER #: ALM041358 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/27/2000
BLEND TYPE : GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT CONC ‘MOLES (MOLES)
N-PENTANE 50. PPM 49.99 PPM
NITROGEN » BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST:

L / UI‘AYLOR




T Scott Specialty Gases

pped 1750 EAST CLUB BLVD
From: DURHAM NC 27704

Phone: 919-220-0803 Fax: 919-220-0808

CERTIFICATE OF ANALYSTIS

MIDWEST RESEARCH PROJECT #: 12- 34167 005
PO#: 038545
CROSSROADS CORP PARK ITEM #: 1202M2034941AL
5520 DILLARD RD,SUITE 100 DATE: 5/26/99
CARY NC 27511
CYLINDER #: ALM054078 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/26/2000
BLEND TYPE : GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
2-METHYL-2-PENTENE 50. PPM 51.4 PPM
NITROGEN ‘ BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST: @/_
B. M‘qBECTO

|B_17{




B Scott Specialty Gases

1750 EAST CLUB BLVD
DURHAM NC 27704

Phone: 919-220-0803

Fax: 919-220-0808
CERTIFICATE OF ANALYSTIS

T T T R R  EE E o e e o e et m e = = e e = = e e = = o o = e = o o = - - an —

MIDWEST RESEARCH PROJECT #: 12-34167-004
PO#: 038545

CROSSROADS 'CORP PARK ITEM #: 1202M2034961AL
5520 DILLARD RD,SUITE 100 DATE: 5/26/99
CARY NC 27511
CYLINDER #: ALM00S5876 : ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/26/2000
BLEND TYPE : GRAVIMETRIC MASTER GAS
) REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
2-METHYL 2-BUTENE 50. PPM 50.04 PPM
NITROGEN BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

1=
ANALYST: ey VS (

L. LOR' N

— S ——
e —— s — -




Scott Specialty Gases

TIpped 1750 EAST CLUB BLVD
From: DURHAM NC

Phone: 919-220-0803

27704
Fax: 919-220-0808

CERTIFICATE OF ANALYSTIS

MIDWEST RESEARCH PROJECT #: 12-34167-003

PO#: 038545
ITEM #: 1202M20345971AL
DATE: 5/26/99

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100

CARY : NC 27511

CYLINDER #: ALM017936 ‘ ANALYTICAL ACCURACY: +-1%

FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/26/2000

BLEND TYPE : GRAVIMETRIC MASTER GAS

REQUESTED GAS ANALYSIS

'COMPONENT CONC MOLES (MOLES)
2-METHYL-1-PENTENE 50. PPM 50.08 PPM
NITROGEN BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST: M/M

L. TAYLOR\

[

wo— — —— —

I



Scott Specialty Gases

pped 1750 EAST CLUB BLVD
From: DURHAM . NC 27704

Phone: 919-220-0803

Fax: 919-220-0808
CERTIFICATE OF ANALYSTS

MIDWEST RESEARCH

PROJECT #: 12-34162-003
PO#: 038546

CROSSROADS CORP PARK ITEM #: 1202N2007311AL

5520 DILLARD RD,SUITE 100 DATE: ©5/26/99
CARY NC 27511
CYLINDER #: AAL21337 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/26/2000
BLEND TYDPET : GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT" CONC MOLES (MOLES)
N-HEPTANE 50. PPM 49.97 PPM
"NITROGEN BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

L. TAYLOR 1%




Scott Specialty Gases

pped 1750 EAST CLUB BLVD
From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

CERTIFICATE O F ANALYSTIS

MIDWEST RESEARCH PROJECT #: 12-34167-002
PO#: 038545
CROSSROADS CORP PARK ITEM #: 1202P2019421AL
5520 DILLARD RD,SUITE 100 DATE: 5/27/99
CARY NC 27511 '
CYLINDER #: ALM041929 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/27/2000
BLEND TYPE : GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
1-PENTENE 50. PPM 50.1 PPM
NITROGEN - BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

ANALYSf?fizzgngQ‘\/;‘315

B.M. BECTON




g Scott Specialty Gases

1750 EAST CLUB BLVD
DURHAM

Phone: 919-220-0803

pped
From:

CERTIFICATE

MIDWEST RESEARCH

NC

27704

Fax: 919-220-0808

ANALYSTS

© PROJECT #: 12-34162-001
: PO#: 038546
CROSSROADS CORP PARK ITEM #: 12021152 1AL
5520 DILLARD RD,SUITE 100 DATE: 5/25/99
CARY NC 27511
CYLINDER #: ALM020217 ANALYTICAL ACCURACY: +-1%
FILL PRESSURE: 2000 PSIG PRODUCT EXPIRATION: 5/25/2000
BLEND TYPE GRAVIMETRIC MASTER GAS
REQUESTED GAS ANALYSIS
COMPONENT CONC MOLES (MOLES)
N-BUTANE 50. PPM 51.3 PPM
NITROGEN BALANCE BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST: & : %(— éﬁaj—""/

B.M. BECTON




Project No. _9451-12- 13

Rt

MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Start up Procedure
DATE: _7-7-99 OPERATOR: (£, et s
{
Inivals
Check cell temperature 23.9 %
Verify temperature using thermocouple probe and hand-held readout Zlg
hrgecellwithdrynitmgeumdvemtoambiemme 7999 _tar
Record ambieat pressure ia cell, (P,)
Veowum Leak Check Procedure:  ( pos fiie Pressuce ) Yl
Evacuats cell to baseline pressurs.
Isolate cell (close cell iniet and cell outler)
Record time and baseline pressure (P..) [i07.4S 775.¥ Z1
Leave cell isolated for one minuts Time Pra
Record time and cell pressure (P, #:29:v8 715. 1 iz
Calculate "leak rate” for | minute Time Proax '
AP =2 Ppy - P 9,3 j@
Calculate "leak rate” as percentage of total ptessure AP
% Vy = (AP/P, ) * 100 . L) FAT)
|% V| should be < 4 . %V,
(7 f({Mé&'«m &«; F P“""‘"B
Record Nitrogea Background
Purge cell with dry nitrogea _ 7lp
Verify cell is as dry as previous background i
Record ambient pressure using cell Barocell gauge 1.9
Record nitrogen flow rate (about sampling flow rate) o8 Len (sl S tow)
Collect Background (AQBK) under continuous flow and ambient pressure ofLiM ¢
Record information in data book. 2«
Copy Background to C-drive and backup using batch file. q; " BeoreA
Record CTS Spectrum
Record Ceil patlx length setting :
Exacuats Celk _ : m_o?_ﬁe
Fill Cell with CTS gas: 4:23% 24
Open cell outlet and purge ceil with CTS at sampling rate (1 to 5 LPM) _;,_u/_h_z
i Number : : g1547
mgrsmmmm and concentration » L Tl g M2 (1A pp
gas cy ty
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file. —_—
Record Burytron pressnn du-in; collect s 715/.8
Venfy that spectrum and interferogram were eopud to directories. ____ZZ
Record CTS Spectrum File Name _Crso1o7A

Reviewed by: ﬂ 0‘3/ Datec 1/ 1 {?°!



Project No. __1951:/2 (% MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Start up Procedure

D"‘mﬂ? ~ OPERATOR-T %

Check cell temperature
Verify temperature using thermocouple probe and hand-held readout
Purge cell with dry nitrogen and vent to ambient pressure
Record ambient pressure in cell, (P)
Vacuum Leak Check Procedure:
Evacuate cell to baseline pressure.
Isolate ceil (close cell inlet and cell outlet)
Record time and baseline pressure (P,,)
Leave cell isolated for one minuts Time
Record time and ceil pressure (P,,,.)
Calculate "leak rate” for 1 minute Time
AP = Ppyg - Poux
Calculate "leak rats” as percentage of total pressure
% Vy = (AP/P, ) * 100

Praa
Pru
AP

|% V| should be < 4 A1
Record Nitrogea Background
Purge cell with dry nitrogen
Verify cell is as dry as previcus background

Record ambient pressure using cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Background (AQBK) under continuous flow and ambient pressure
Record information in data book.

Copy Background to C-drive and backup using batch file.

Record CTS Spectrum
Record Cell path length setting
Qua® Evacuaie Cell
Fill Cell with CTS gue
Open cell outiet and purgs cell with CTS at sampling rate (1 to 5 LFM)
Record cylinder [D Number
Record CTS gas cylinder ideatity and concentration

| fm%f

y

Breo1o7 A

jo03

L
7|
.0 Lt H?
AL sp25339
29.9 yym ﬂ‘l;iwwﬁ

ﬁ 75).%8 py

——————

czzo-_n] B

Recordmdcopyspecmmdinted«omtoc-dﬁvemdbackupusingcrswchfm.
ReeordBatytmnpnmdzmgeonect -
—y [

; migromnd el Cafrucn “
Vaxfydntspecmmdmu’fmmwmcopwdtodnecton«
Record CTS Spectrum File Nams | //

: Date: 7(1199
Reviewed by: 4&#},«/” 3



Project No. _11%][- (2 K

MIDWEST RESEARCH INSTITUTE
DALLY CHECKLIST
Start up Procedure
DATE: 7-%-99 OPERATOR: _ T. Ge. /"
Check cell temperature 24,0 °c
Verify temperature using thermocouple probe and hand-held readout ./[r.

Purge cell with dry nitrogen and vent to ambient pressure
Record ambient
at pressure in cell, (P,) 450 S Yarv
Veowun Lu% Check Procedurs: .
: %ﬂ;‘;‘“ Evacute cell to mﬁﬁm
Isolata cell (close cell inlet and cell outlet)

<

Record time and baseline pressure (P,,) [v.7%C.(0 711. 0 —Lle
Leave cell isolated for one minute T Time Poa 4’—-
Record time and cell pressure (B,.,) (02350 779.% - 75{{
Calculats "leak rats” for | minute Time Proax RS
AP = Pryg - Py 0.3 lﬁ }
Calculats "leak rate” as percentage of total pressure ) :

% vlﬂ(AP,Pb). l(X)
|% Vy| should be < 4 P

-’

o

&

% g 8«0{ "?“/ﬂo"‘#
Record Nitrogea Background .
Purge ceil with dry nitrogen é[g
Verify cell is as dry as previous background 452
Record ambient pressure using cell Baroceil gauge 250.5
Record nitrogen flow rate (about sampling flow rate) QT LPA
Collect Background (AQBK) under continuous flow and ambient pressure 42
Record information in data book. 42
CopyBackpmmdtoC-drivundbwhxpusingbatchﬁle. %2’
Record CTS Spectrum
Record Cell path length setting
Exacuats Cel} /_p,_o:,_
qﬁmcmwmcmp 2
Open cell outiet and purge cell with CTS at sampling rate (1 to S LPM) ng
Record cylinder ID Number Alpszs 84
Record CTS gas cylinder identity and concentration 20 gpm <Thylemt
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect 52,71 & 4%

Record information on "Background and Calibrations® data sheet.
Vexify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name o X X X,

Rgviewedby:__%\/ Datec ‘!(gl{‘l‘L

FEER




Project No.

Yq gl - 121D

MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Start up Procedure

pate 7/4{99

OPERATOR: _ - Geve ¢

M

N
Check temperature
Verify temperature using thermocouple probe and hand-held readout
ngecellwi!hdryniu'ogenmdvmtoambientpremm
Record ambient pressure in cell, (P,)
Yaouufih Leak Check Pr:so‘d‘!cu;c(,
Posdtucs Bvicuate cell 16 ifis pressure.
el e i # L@
Prew Isolate cell (close cell inlet and cell outlet) 4
Record time and baseline pressure (P...) ][ o8 . % 270. 8
Leave cell isolated for one minute Time o Proa
Record time and cell pressure (R lend _I/:of: 30 iR
Calculate "leak rate” for | minute Time Prax
AP’P,,'-'P_ Q :Z
Calculate "leak rate” as percentage of total pressure AP
% V= (APP,)* 100 '
|% V| should be < 4

Record Nitrogea Background'
Purge cell with dry nitrogen
Verify cell is as dry as previous background
Record ambient pressure using cell Baroceil gauge
Record nitrogen flow rate (about sampling flow rate) -
Collect Background (AQBK) under continuous flow and ambient pressure
Record information in data book. .
Copy Background to C-drive and backup using batch file.

Record Cell path length setting

¢utExacuate Cell

Fill Cell with CTS gas

Open ceil cutiet and purge call with CTS at sampling rate (1 to 5 LPM)

Record cylinder ID Number

Record CTS gas cylinder identity and concentration
Racordandcopyspecmuﬂinmdaomtoc-dﬁvemdbackupusingcrsbau:hfxln.
Record Barytron pressure during collect | '

Record information on "Background and Calibrations® data sheet.

Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name

48

ek L

Fh¥

O
5
$

Pri

Reviewedby._qéﬁg Datec _7[/1(/14



Project No. _1951-12 MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Start up Procedure
DATE: _{[ 149 OPERATOR: |- Cyu
Check cell temperature m{ 2 .S ?g
Verify temperature using thermocouple probe and hand-held readout Zle
Purge cell with dry nitrogen and vent to ambient pressure 7§3.3 feer
Record ambient pressure in cell, (P)
Q“’dr‘" Mceutobue “pnsnm. ' Zie
Isolate cell (close cell infet and cell o‘ml'et) LiVd
Record time and baseline pressure (P,) F:52.30 7733 e
Leave cell isolated for one minute Time Pua
Record time and ceil pressure (By,)- 8,si: 30 4,0 Ip
Calculats "leak rate” for | minute Time Praa '
AP =Py - Py 0.70 4!
Calculate "leak rate” as percentage of total pressure AP
% V_=(AP/P, ) * 100 2.4 9, 24
{% V| should be < 4 A
509 fong = ki
Record Nitrogea Background
Purge cell with dry nitrogen | WAN A
Verify cell is as dry as previous background =2
Record ambient pressure using cell Barocell gauge _753.%
Record nitrogen flow rate (about sampling flow rate) Ll Efm

Collect Background (AQBK) under continucus flow and ambient pressure gg
Record information in data book. m

Copy Background to C-drive and backup using batch file.

Record CTS Spectrum

Record Cell path longth setting _ 0.0 4414
Jixacuile Celk —_

Fill Cell with CTS gas ol

Open cell cutiet and purge cell with CTS at sampling rate (1 to 5 LPM) _QLJ,n M
Record cylinder ID Numbee ALug 15384
Record CTS gas cylinder identity and conceatration 0.0 i‘r‘q‘“‘-
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file. 1

Record Barytron pressure during collect zgk,j

Record information on “Background and Calibrations” data sheet. 42

Verify that spectrum and interferogram were copied to directories. A

Record CTS Spectrum File Name 1074

Reviewed by: ﬂ“'}@gré_, Date: d/n-lln



\
Project No. _1981 -12 (b MIDWEST RESEARCH INSTITUTE
DAILLY CHECKLIST
Start up Procedurs

DATE: _1[\3 \aq

Check cell temperafurs

tify&mpep«mmhg thermocouple probe and hand-held readout
Purge cell with dry nitrogen and vent to ambient pressure
Record ambient pressure in cell, (P,)

_Vaeutita Leak Check Proced «© pg,,c»uﬂ;'
Qc.é“"z cell to baseline pressure.

Isolate cell (closs ceil inlet and cell outlet)

Record time and baseline pressure (P, (0°Y2:0% 77,4

Leave cell isolated for one minuts Time Pra

Record time and cell pressure (Py,,) (2:4( 0> 711.8

Calculate "leak rate” for 1 minute Time _ Proga
AP =Poy - Pre 0.‘_1

Calculats "leak rate” as percentage oftonlpressm'o AP
% Vy = (AP/P,) * 100 ‘ 2.1
|% Vy| should be < 4 ( %

Purge cell with dry nitrogen

Verify cell is as dry as previous background

Record ambient pressure using cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Background (AQBK) under continuous flow and ambient pressure
Record information in data book.

Copy Background to C-drive and backup using batch file.

Record CTS Spectrum
ReeadCeﬂp‘mlngdxm;

Q ;mﬁc.n
Fill Cell with CTS gas
Opmcallouhuﬂmeﬂlwuhmnumphngnu (1to SLPM)
Record cylinder [D Number
ReeordC!‘Sgucylmdandenntyandmmﬁm
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect
Record information on "Background and Calibrations® data sheet.
Verify that spectrum and interferogram were copied to directories.
Record CTS Specrum File Nams

WALLAAE e e 1

OPERATOR: __ T Geqar—

206
7429 Verr

f

‘

0.0 LYo

il

Ao 26384

200 Yo PVifeis

Lk

L

si’ze'“") A

Reviewed by: _J,é-.%&pc Date 7 ! 151/41



ProjectNo. 948/~ 12 v MIDWEST RESEARCH INSTITUTE

DAILY CHECKLIST
Start up Procedure
DATE: __7/i5/99 OPERATOR: _ 7", Gwmuy
tnitial
Checkeentupclt!n zc‘
Verify temperature using thermocouple probe and hand-held readout 126
Puxgecellwithdrynitrogenmdvemtoambiempmm ﬂ
Record ambieat pressure in cell, (P,) 75Y. 8 4m
Vacuum Leak Check Procedure: N '
ME/vuﬁa cell to basehne presmaﬁ ﬂé
Isolate cell (close ceil inlet and ceil outlet) . :14
Record time and baseline pressure (P.) (:24:45 774.4 4&
Leave cell isolated for one minuts _Time Pra
Record time and cell pressure (P, I:27:08 774.8 j(-
Calculate "leak rate” for | minute Time . Py '
AP =Py -Pr, 0.4 76
Calculate "leak rate” as percentage of total pressure AP 6
| % Vy=(APP,)* 100 204 7
{% V| should be < 4 /%Vr.
F B .
Record Nitrogea Background 7‘ ,I oy &“"”J
Purge cell with dry nitrogen G
Verify cell is as dry as previous background
Record ambient pressure using cell Baroceil gauge 1/ 46
Record nitrogen flow rate (about sampling flow rate) __Mf\
Collect Background (AQBK) under continuous flow and ambient pressure _qL
Record information in data book.
Copy Background to C-drive and backup using batch file.
Record CTS Spectrum
Record Cell path length setting ‘,,0’7
(w¥Evsoice Cell —_—
Fill Cell with CTS gas ——ﬁ“—
Opea ceil outlet and purge cell with CTS at sampling rate (1 to 5 LPM) —$9— #
Record cylinde ID Number Aehs 160 Thfom
Record CTS gas cylinder identity and concentration -M%" bf
‘Record and copy spectrum and interferogram to C~drive and back up using CTS baich file. _.ﬂT
Record Barytron pressure during collect . 'J'ﬁ‘c._
Record information on "Background and Calibrations” data sheet. i
Verify that spectrum and interferogram were copied to directories. __"./‘.ib‘_; ﬁ
Record CTS Spectrum File Name . 51 ATE
el
Reviswed by: j;]“\r/"'/ Dates "[[14 )



Project No. {49 (% _1» MIDWEST RESEARCH INSTITUTE

DAILY CHECKLIST .
" Start up Procedure S
DATE:J{&‘& OPERATOR: . 5‘{ o
L)
Initials
Check ceil temperature ﬂ&
Verify temperature using thermocouple probe and hand-held readout 1263 %
ngacellwithdryniuogenandvemtoambiempusm :ak
Record ambieat pressure in cell, ®) :zsz 2~
Vacuum Leak Check Proced
gwagumcaummﬁ“‘m o
[solate ceil (close cell inlet and cell outlet) vie
Record time and baseline pressure (P.,) _as2i%e 7985 bxr — o
Leave cell isolated for one minute Time Pra _
Record time and cell pressure (P, q9:51:40 742 ' .47(,
Calculate "leak rate” for 1 minute Time Proa
APaP, -Po . 0.7 '{ZG .
Calculate “leak rats” as percentage of total pressure AP
% Vy = (AP/P, ) * 100 2. ﬂé
|% Vy| should be < 4 2%
% 7 P oy = Frudbied
Record Nitrogea Background
Purge cell with dry nitrogen _{{Q__
Verify cell is as dry as previous background _49_
Record ambient pressure using cell Barocell gauge _42_ 7852
Record nitrogen flow rate (about sampling flow rate) 2.8FLIA
Collect Background (AQBK) under continuous flow and ambient pressure
Record information in data book.

Copy Background to C-drive and backup using batch file.

SRS

Record CTS Spectrum
R:“dc"npﬁhmm

aats Coll
Fill Cell with CTS gae
Open cell outist and purge csil with CTS at sampling rate (1 to S LPM)
Record cylinder ID Number ALy 38!
Record CTS gas cylinder identity and concentration b.oum-
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file. fi‘
Record Barytron pressure during collect 14 1.1
Record information on "Background and Calibrations® data sheet. 0
Verify that spectrum and interferogram were copied to directories. i
Record CTS Spectrum File Nams ety

Reviewed by: 71(69}/'/ D 1 llx;“'n



PROJECT NO. 4951-12 and 13

SITE: NCO Laboratory

_ FTIR DATA FORM
Background and Calibration Spectra

DATE: ’//7/ 79

BAROMETRIC:

7¢9. 9 *rut

OPERATOR: _ -7 Geyer

FILE (Disl) NUMBER Resolution Gss . Gas
TIME NAME PATH NOTES SCANS (cm-1) TEMP(F) | PRESSURE BKG APOD
10:49 | BreorrA | ez | M2 Wemalcetl@ o8 Pny goo l.0 238 | 75(% — wibhd
31| crserera | 1o ppam CTacybone € [pLdA | g l.0 239 7518 7617 "
[2:45 | c750%78 0 20.0 ppm 57471.-9 LotPA Sov .o 23.% 758 To7H "
| (33| Bkeorof| 50T A €—2. 2 LM 5@ +—to— [ 13, 751 A -
]
(349 cSor01¢ 10.03 200 ppm i?ﬁ"lw @ l.oLfm ‘5"" (.o 3.5 n1sl. ,‘ 7077A 'U/“

emc_backNfy9M9S I\ 2\refs\ftir data sheets for references.xls

07-07-99

0.9 uX

Reviewed by i% - 4

Date 2~ 2‘1‘7



PROJECT NO. 4951-12 and 13

FTIR DATA FORM

Background and Calibration Spectra

BAROMETRIC:_ ~2- 5
SITE: NCO Laboratory DATE: 7/ 8/%9 OPERATOR: T. (e
FILE (Disd) NUMBER Resolution Gas Gas
TIME NAME PATH NOTES SCANS (cm-1) TEMP j”/ PRESSURE BKG APOD
. py) L c¥ @ ouvip
jo:4o | Bkeom8RA | ,003 q,{-‘ resZisu. $oo | to 4o | 7513 - Ob)uo
0.0 ppee %.7(«. @ o.10 LY
I(:32 | c150708R | 100 20 “e 28 | 1577|7024 | #
. _ AaednanY
Lios | PKeoW3A| 1003 W © O.50 LAY . l.o . 5% — 0, “799.0
/6t o5 /] 10.0 6410-44"0 28 fo Sovcs sqmlf 50 2.5 1v9. 9 /mﬁ
G old o Z“' 0‘) DO Y
I‘eJcr\ 71‘ %
. £ L @ 0‘7 7 ‘ Pﬂ ;w .0 )
ot | €| . é‘”“/pm ' r2e.4t| 7509 | 2ee Wl |
I
!
emc_back\fy99M95 I\§ 2\refs\tir data sheets for references. xis Reviewed by
07-07-99



PROJECT NO. 4951-12 and 13

FTIR DATA FORM

Background and Calibration Spectra

BAROMETRIC: 77/.Y

SITE: NCO Laboratory DATE: 17/_7/77 OPERATOR: __ /" 9+
FILE (Dial) ' NUMBER Resolution Gas Gas
TIME NAME PATH NOTES SCANS (cm-1) TEMP (F) PRESSURE BKG APOD
(38 | BKeotorA | 1003 | M2 € 013 471 i l.o /262 753 — | o
o0.89
(2Hy |O20705AR |oeoy e .._.e Fat s@o e /126.3 | 7520 A h
52 G m 4 ‘0 M I - ‘ . ‘4_ ty
CHT| 11607690 | r0.¢3 Mq-;_pm} ‘ 5 .0 (2.3 | v52.9
52.6 pe Mlloe i Ay 0 ,
: @10 crm 50 ' .3 | 752 4 ¢
' N2 o o LM > 751.%
4 :64 BREOMIB | o0 _0/:’03/ 5 |0 (2.3 | 7504~ » "«
L2 %] ewotoan | 20 | 00T mﬁ("’ €23 oo «0 (a6l | 754° b “
i Al
.‘2‘ Ge 9% o™ L LM S0 {.0 ZG.‘ . “«
e . Jle © Afung 1183 ! \ 7513 4
_ Fe.6 M
/":7‘1 /"0709 0 0.0 é 110 P so! [{.O fzbll 7‘/. 2. A ¢,

emc_back\fy9PM9S NI Zvref s\ftir data sheets for references.xls

07-07-99

Da

Reviewed by /
te.



]

FTIR DATA FORM

Background and Calibration Spectra

PROJECT NO. 4951-12 and 13 BAROMETRIC: S 3 3
SITE: NCO Laboratory DATE: _7/%/77 OPERATOR: __7- Geper
FILE (Dial) NUMBER Resolution Gas Gas )
TIME NAME PATH NOTES SCANS (cm-1) TEMP (F) PRESSURE BKG APOD
Ay M‘k cetl @ 412 LPH '
10 vs &eorzp | 1003 see /-e 2¢.0| 75.3 -
0.0 g le ll 7212 .
10, X8~ Crso7iap | w03 0”“/. ok :.’ oM * soe lo 72¢.0 7s6./ A !
_ -~ ¥ & o ‘
. ¢cTs07i2P8 | i0.03 - PP . yeo /.0 c. 9 )
ito : (7120 e o Iow) Lo e 78 )
52_0 Y, e /409‘&0 ~ KJL Tz
' O 10 LAPN Fé "
12320 | 116012 A 1003 (4 . Mo 13> o o 126./ 7651 A
’ A’z_ @ lt "’ ‘,M . —
12:45| # ﬁ"‘m# 0.0, ' see (-0 (26./ | 7%6.0 “
20,0 ppw Mb(l«a e 500 Lo 7155.6 702 & "
IYwo | crsonzre | w.o™ L0 LA . (2.3
' $2.6 pon P 0, s |«
(]
[Hise| (%rmd |3 | o 0 Lo Sv0 (.o 2.4 | 156, |™*%

emc_back\fy9N495 I\l 2\refs\ftir data sheets for references.xls

07-07-99

) /o =
s «d’ré‘ 2

u

“

“v

/ :
Reviewed by # (’

Date

7/t5

’



PROJECT NO. 4951-12 and 13

FTIR DATA FORM

Background and Calibration Spectra
BAROMETRIC: 75< 7

SITE: NCO Laboratory DATE: 1/3/77 OPERATOR: 7 S4er—
FILE (Dia) NUMBER Resolution Gas Gas
TIME NAME PATH NOTES SCANS (cm-1) TEMP(F) | PRESSURE BKG APOD
~ Wy Vit cetl @
hi® | BKeo7:134 | r003 n 2 0.9C LPA . 500 o 25,5 | 75V 9 = %w
Mﬂ.ﬂs’.‘{‘.&ug_uﬁ
, : O
\,.5 BKGO-"") 8 00 Dve www ‘ e . _ ' ¢
' ‘ 0y becue CopllaTis focc | 3 - 1254 | 719
Sare Cc\;fffu; l{lo:‘u— ]
1:sY | BreoT™E | o0 Gl o1 em &0 e 1254 | 1s8-9 g ‘ '
200 ppm Higlous 2 V2 73 -
12:70 cTSor>A 0% Mnfz}'agq é’dﬂslﬁi so® ,. o 128. 7s¥.0 c' «
"
""‘0‘5 CT1S 07 58 0.0 p .12 LPn go0 /- O l?f.o 75"- J-d t e
‘ : §2.0 ™ M‘%"‘ 113 . N !
13:11— lq‘o"l‘,n ‘0(0-} @ / o2 L’/’ _foo {.O lz‘.; 7ggt‘
45* c’vsn'nc, 0.0 e-o op~ m"?"""@ 014 ¢~ ¢.0 (2sM | 2.2 T B
sV |6 sNG | oy | 9° é’vml 2z bP/\ §< (.o (s | gs¢.0 |7 | 7
Reviewed by dé/

emc_back\fy9P95 I\1 2\refs\ftir data sheets for references.xls

07-07-99

Dawm

by



FTIR DATA FORM

Background and Calibration Spectra

PROJECT NO. 4951-12 3ad 1 BAROMETRIC: _ 75%.8 %7
SITE: NCO Laboratory DATE: _ 7//5/73 OPERATOR: 7+ S%par—
FILE ) . NUMBER | Reselution Gee G
TIME NAME PATH NOTES SCANS (cm-1) TEMP(® | PRESSURE 3KG APOD
’ ANa ,“o—,k @ r.one fm 787}
(lLuo | Bneousa 10.03 B I e ro Iz25.5 | 2s#8 - %,«.D
AS, o pre~ ‘”’L.a & /.07 ™
12us | (TSOUSA |00y Alagassey it r.e 1252 | 7571 A a
2.0 , ;4.,91,, . P
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"PROJECT NO. 4951-12 and 13

FTIR DATA FORM
Background and Calibration Spectra

BAROMETRIC: 755.¢
SITE: NCO Laboratory DATE: L/ct/ LA OPERATOR: __ 7. Gayer—
FILE (Dial) NUMBER Resolution Gm Gms
TIME NAME PATH NOTES SCANS (cw-1) TEMP@Y | PRESSURE »KG APOD
! ﬂ) [’} (‘J é‘—-\‘ L
112¢ | Bueor e | oo o3 Lo £o0 o 25| 7 - ﬂB/u
2w .© mm?k .
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emc_badkNy9PM9S I\l Zirefs\ftir data sheets for references.xls
07-07-99



“{"141-:21,'»

Reviewed by:

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist
' DATE:_1-9-94 OPERATOR:
Reference Spectrum Sample

sanTime (Al clled /

Record Cell path length setting

Record Background Spectrum File Nams

Record CTS Spectrum File Name

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent vaive

Adjust sample flow through cell t0 0.5 to | LPM. Record flow rate
" Allow to equilibrate for § minutes

Record sample pressure in cell

Record sample flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories
End Time

 OGeyer

Initials

_Home
L33
0.6
Br6014 P

(13029 A D //16070?
leM
ALugysors
49.6_rpm
0507044
—de
—




Project No.

DATE:_7-9-99

Y95 12 >

MIDWEST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist

Reference Spectrum Sample

Reviewed by: ___4Lr<

Start Time 15 e

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name ‘

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill ceil to ambient pressure with gas from cylinder standard
Open cell outlet vent valve

Adjust sample flow through cell 10 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for 5§ minutes

Record sample pressure in cell

Record sample flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum and [nterferogram to backup directories
End Time

OPERATOR: __ 7. GCeur

[nitials

HEexAnt O150009D

D0
[ Bupo709 8
C74e294 b 160109 A-




, $1-12 Y
Project No. ___ 172112 i MIDWEST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist
DATE:_(-1%-19 OPERATOR: 7. G mesr”
- - Initials
Reference Spectrum Sample 1 (- ’,.‘Jg

Start Time oy

Record Cell path length setting 0.0

Record Background Spectrum File Name _ Bieo?(3 R

Record CTS Spectrum File Name QTS oM A-C (4o

Record Compound Name = Pede /

Record Cylinder Identification Number . Lo Y4 R

Record Cylinder Concentration : $o.( tom

Record Spectrum File Name ‘ [Pga1aR

Fill cell to ambient pressure with gas from cylinder standard ﬁo

Open cell outlet vent valve " 40

Adjust sample flow through cell t0 0.5 to 1 LPM. Record flow rate [-00 LA*

Allow to equilibrate for S minutes $

Record sample pressure in ceil TS

Record sample flow rate through cell 00 LIM

Start spectrum collect program @:

Record information in data book &

Copy Spectrum and Interferogram to backup directories _J&

End Time el
j26.0°C

Reviewed by: yzcﬂ-\r/ : Date: /I,/';./”



Project No. 19s(-n ,.f"

DATE: :Zt"“”

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

Reference Spectrum Sample

Start Tims

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard

Open cell cutlet vent valve

Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate
Allow t equilibrate for § minutes Bisd) fom K
Record sample pressure in cell

Record sample flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories

End Time

Reviewed by: ﬂllc "i)c/

OPERATOR: 7. begar
J

Initials
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Project No. \MSI"?‘;‘«?

MIDWEST RESEARCH INSTITUTE
- FTIR Reference Spectrumn Checklist

DATE 1- n"99

Reference Spectrum Sample
Start Time
Record Cell path length setting
- Record Background Spectrum File Name
Record CTS Spectrum File Nams
Record Compound Name
Record Cylinder Identification Number
Record Cylinder Concentration
Record Spectrum File Name
Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent valve
Adjust sample flow through cell t0 0.5 to | LPM. Record flow rate
Allow to equilibrate for § minutes ¢
Record sample pressure in cell
Record sample fTow rate through cell
Start spectrum collect program
Record information in data book
Copy Spectrum and [nterferogram to backup directories
End Time

Reviewed by: Q%IIGM

OPERATOR: 7 G eyar
7

Initials

o n- begla

\Y:10
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BKGee112 0

(T30ULA-¢ Qoo
N Ms‘fﬂ-n
Jae 21331
H4.a1 g4~
Rgona A
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[ 00 Lém

:

1551 brre
[.UOLI'A

e
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Project No. L‘M“ﬂ -1 1147

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist
DATE:_1//%(%% OPERATOR: T+ G4
- Tnitials

Reference Spectrum Sample n-hoptoms

' Start Time —,qﬂ,_,:—
Record Cell path length setting Y
Record Background Spectrum File Name Bkenn b
Record CTS Spectrum File Name Dot fuort A,
Record Compound Name . A e
Record Cylinder Identification Number QAL 2137
Record Cylinder Concentration 44.99 gpm
Record Spectrum File Name He ot §
Fill cell to ambient pressure with gas from cylinder standard ' zk
Open cell outlet vent valve '
Adjust sample flow through cell 0 0.5 t0 I LPM. Record flow rate [.co LM
Allow to equilibrate for § minutes ww ‘-u- A ?12
Record sample pressure in cell 7553
Record sample flow rate through cell [.00 (P
Start spectrum collect program 1)
Record information in data book _4._
Copy Spectrum and Interferogram to backup directories __Adje
End Time qy?

Reviewed by: 7}7[/4/ D "}';1?1



ProjectNo. ___4961°12 % MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

DATE: __ 14|29 OPERATOR: <, benus”

- Initials
Reference Spectrum Sampie y ﬁl -2+ Pt
Start Time \3; ¢
Record Cell path length setting 10.0% Bkec1ve
Record Background Spectrum File Name CDIUBAC (20T A
Record CTS Spectrum File Name
Record Compound Name 2- -2 pumdeya
Record Cylinder Identification Number Alug 407 g
Record Cylinder Concentration -1 ~
Record Spectrum File Name _ ‘ 2m27P71%8
Fill cell to ambient pressure with gas from cylinder standard
Open ceil outlet vent valve ’

Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for § minutes ww&bﬂ &

ERFRE

Record sample pressure in cell .

Record sample flow rate through cell 0.q8LfM
Start spectrum collect program 6
Record information in data book jlb
Copy Spectrum and Interferogram to backup directories ZZ A

End Time #4 (405

Reviewed by: 7|6 ' : Dm:’)/lf/ﬂ



Project No. uﬁg’, 12 ;/7)

Reviewed by: ' A

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist
DATE__7/1 OPERATOR: _ & - o™
- [nitiais
Reference Spectrum Sampie 3- a-gd E“L’
Start Time KN

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet veat valve

Adjust sample flow through ceil t0 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for S minutes '

Record sample pressure in cell

Record sample flow rate through ceil

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories
End Time

(0,09

o1 &
coIRAL i et3h,
Z'Nﬁé#[pdw

ALig 3q4oY
imPo1A

:

Fh

oo L

tk

7546
[ 90 LPM

i

ey
o

Date: 7/ ! {.[ﬁ



Project No ___1751- (¥ MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist
DATE: _7]»]aa OPERATOR: ' Gaur
- Initials
Reference Spectrum Sample 3 ’L‘%_W““’
Start Time 143y
Record Cell path length setting 002
Record Background Spectrum File Name BKoorIsC-
Record CTS Spectrum File Name CHe»pC 90013
Record Compound Name '
Record Cylinder Identification Number ALME 37Hoq
Record Cylinder Concentration , 2.0
Record Spectrum File Nams ‘ M PE026
Fill cell to ambient pressure with gas from cylinder standard zk. '
Open cell cutlet vent valve ‘ __(Lg___ '
Adjust sample flow through cell to 0.5 to | LPM. Record flow rate _D4giia
Allow to equilibrate for § minutes L,‘slw«.géw A '
Record sample pressure in cell \ 154 tor(
Record sample flow rate through cell _9-agutm
Start spectrum collect program __&_
Record information in data book ——v}b—-
Copy Spectrum and Interferogram to beckup directories e
End Time ' C A

Reviewed by: G Date ”%l»( / 71



Project No, _445(-12 » MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

DATE: /s OPERATOR: __ T ooy«

-~ Initials
(2,2, 4-t1imifey /peSams
(Se oc'fa-g‘
‘S =

0.0

Reference Spectrum Sample
SanTime  (ofat punqe)
Record Cell path length setting

Record Background Spectrum File Name . BUgarsA
Record CTS Spectrum File Name ColiSAD Gedl5A
Record Compound Name . (500 cans
Record Cylinder Identification Number —ATEFTS Alpyy
Record Cylinder Concentration 50-3 g g
Record Spectrum File Name leS 06 A
Fill cell to ambient pressure with gas from cylinder standard Z
Open cell cutlet vent valve 36
Adjust sampie {low through cell t0 0.5 to | LPM. Record flow rate . [ole LEM
Allow to equilibrate for § minutes 7)o
Record sample pressure in cell 1510
Record sample flow rate through ceil Laa LM
Start spectrum collect program il
Record information in data book Ab
Copy Spectrum and Interferogram to backup directories #] 0
End Time ’ 1 2'0%
125,2 °C

Reviewed by: | q4;@p' Datex -le(%



Project No, __1931-1% )12 MIDWEST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist
DATE:__ {517 OPERATOR: _ 7. beyat™
- Initials

Reference Spectrum Sample UsaecToma
Start Time {310
Record Cell path length setting ip.o%
Record Background Specu'umﬁleNam? PG A
Record CTS Spectrum File Nams ¢T%50115R 8 1qu0ush @
Record Compound Name ‘ Lo Nous
Record Cylinder [dentification Number- . fLuo 4D
Record Cylinder Concentration $0:3 pom
Record Spectrum File Name _ Jg50SA
Fill ceil to ambient pressure with gas from cylinder standard Cow%'#"ﬂgéu\h' Zle
Open cell outlet vent vaive [lb
Adjust sample flow through cell t0 0.5 to 1 LPM. Record flow rate __Dag
Allow to equilibrate for § minutes
Record sample pressure in cell e
Record sample flow rate through cell A
Start spectrum collect program ___@_C(_
Record information in data book 4l
Copy Spectrum and Interferogram to backup directories j
End Time —

Reviewed by: V/! " | Datec 4([10 / 99



ProjectNo. Y351 =12 \% MIDWEST RESEARCH INSTITUTE

—
FTIR Reference Spectrum Checklist
DATE: 1 \; qﬂ OPERATOR: <. 6
| <Dl
- , [nitials
Reference Spectrum Sample a- Pt
Start Time e
Record Cell path length setting o0
Record Background Spectrum File Name PieGos B
Record CTS Spectrum File Namse cTsougp 8 ﬁbo‘u{R,’?
Record Compound Name X
Record Cylinder Identification Number . ﬁL! :3“3{?
Record Cylinder Concentration " 49.99
Record Spectrum File Name Pe 0115R
Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent valve ' 5
Adjust sample flow through cell 10 0.5 to 1 LPM. Record flow rate 7/6__j.01LEM
Allow to equilibrate for § minutes VA
Record sample pressure in cell 15k ﬂ
Record sample flow rate through cell [ 09 LM
 Start spectrum collect program )¢
Record information in data book A
Copy Spectrum and Interferogram to backup directories _Adle
End Time 44}
4.4 %

Reviewed by: 4 (mv(r*/ - Date: 4& g‘n



Project No. __ 135/ - (2 A%

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist
DATE: ] ‘,é‘qq OPERATOR: TG eqd
- Initials
Reference Spectrum Sample L,
f - Do

Start Time < s
Record Cell path length setting 10,0%
Record Background Spectrum File Name Flep o @
Record CTS Spectrum File Name CTS0NUS b B 1qenst
Record Compound Name 4 Q‘)&\,
Record Cylinder Identification Number AtMoanaiT
Record Cylinder Concentration LYA) ppo-
Record Spectrum File Name TSR

_ Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent valve
Adjust sample flow through cell t0 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for 5§ minutes
Record sample pressure in cell
Record sample flow rate through cell
Start spectrum collect program
Record information in data book
Copy Spectrum and Interferogram to backup directories
End Time

Reviewed by: /71"6[/ J'I(’; -?, i

e

/.0l LPm

Tl

oo Lom
_ﬂi"_
4(’/
Hle
(',".11’
(29,9°%.

Date: 'll//w(/ﬂ



Project No. tﬁ"((- x 17

s MIDWEST RESEARCH INSTITUTE
" FTIR Reference Spectrum Checklist
DATE _7)}$ !1? OPERATOR: _ 1, G414
- - « [nitials
e <P
Reference Spectrum Sample et B tnr
Start Tims E
Record Cell path length setting (0.°Y
Record Background Spectrum File Nams 2139
Record CTS Spectrum File Name CHJNLAS  19001E
Racord Compound Name . ﬁﬂE .
Record Cylinder Identification Number : AL4o0av]
Record Cylinder Concentration 7,3 po~
Record Spectrum File Name ’ ' vTaNSA
Fill cell to ambient pressure with gas from cylinder standard &
Open cell outlet vent valve . E’ ¢
Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate Lo
Allow to equilibrate for § minutes j%
Record sample pressure in cell .
Record sample flow rate through cell Lo
- Start spectrum collect program &
Record information in data book 3{2
Copy Spectrum and Interferogram to backup directories __4L
End Time __Ls_«‘:@_

244 hos

Reviewed by: ﬁz{é A'}r/ | Date 7{14??



4asl -1z 1% MIDWEST RESEARCH INSTITUTE

DATE: 7/t |19

FTIR Reference Spectrum Checklist

Reference Spectrum Sample

Start Time

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Nams

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent valve

Adjust sample flow through cell t0 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for 5 minutes :

Record sample pressure in cell

Record sample flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories
End Time

OPERATOR:

T b oar

[nitials

2"“3’&‘-2- bd(u‘
(0%

D.0Y

206 A

CTSo s

196 0T,

’

A“«ooa‘p'm

J'D.oj‘,pnq

AM20 A

EFPPT

g

1%« ”0

/14.1’(’

pue 7| ol as

Reviewed by: 4&75/



Project No.

DATE:_7[ e |11

'MSM’L‘ 12

MIDWEST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist

OPERATOR: . Oaysr™

Reference Spectrum Suﬁplo l? :30

Start Time

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard

Open cell outlet vent valve '

Adjust sample flow through ceil t0 0.5 to 1 LPM. ‘Record flow rate o
Allow to equilibrate for § minutes Coilrned o A
Record sample pressure in cell '

Record sampls ffow rate through ceil

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories

End Time '

Initials

7"‘“'“‘:1! 2-bodes

(0-073

OKeoried

CTAMer B Kieoreh b

e
A L#OO ST
" 50. M ppm.
2620871 B

_Fr/.t_.

Reviewed by: Nl _ Datec | "’l/ “‘(\7"



Project No.

DATE:

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

Reference Spectrum Sample

Reviewed by:

Start Time

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name

Record Compound Namse

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name '
Fill cell to ambient pressure with gas from cylinder standard
Open cell outlet vent valve .
Adjust sample flow through cell 10 0.5 to 1 LPM. Record flow rats
Allow to equilibrate for § minutes

Record sample pressure in cell

Record sample flow rate through cell

Start spectrumi collect program

Record information in data book

Cepy Spectrum and Interferogram to backup directories
End Time

OPERATOR:

Date:

g
E

i




Project No. HCIQ'H"!-"

MIDWEST RESEARCH INSTITUTE

DATE:

Reference

Reviewed by: o Datec

FTIR Reference Spectrum Checklist

)49

Spectrum Sample

Start Time

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name .

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard
Open cell cutlet vent valve

Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate
Allow to equilibrate for $ minutes '
Record sample pressure in cell

Record sampls flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories

End Time

OPERATOR: _ { bv,er
4

F T

Initials
Loyl -1 - peTens
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Il A
215N (e #
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Project No. Yesl-12 ' (>

Reviewed by: Datec

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist
DATE: 1% 91 OPERATOR:
Reference Spectrum Sample gt
Start Time Cve ¥ ()“ A

Record Cell path length setting

Record Background Spectrum File Name

Record CTS Spectrum File Name

Record Compound Nams

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum File Name

Fill cell to ambient pressure with gas from cylinder standard

Open cell outlet vent valve :

Adjust sample flow through cell to 0.5 to | LPM. Record flow rate
Allow to equilibrate for 5§ minutes
Record sample pressure in cell
Record sample flow rate through cell
Start spectrum collect program
Record information in data book
Copy Spectrum and Interferogram to backup directories
End Time

T' é&sdﬁ




Project No. _ 1181 -1* )% MIDWEST RESEARCH INSTITUTE W

FTIR Reference Spectrum Checklist

DATE: “7['¢ {19

OPERATOR: T, Gevyul"

- Initials

Reference Spectrum Sample n-h ﬁf .

Start Time 12§

Record Cell path length setting (0.3

Record Background Spectrum File Name Jie A

Record CTS Spectrum File Name cisotieA (Aol A

Record Compound Name 2

Record Cylinder Identification Number ARL 2) 537

Record Cylinder Concentration 49.11 g9~

Record Spectrum File Name Helolte A

Fill cell to ambient pressure with gas from cylinder standard 40

Open cell outlet vent valve

Adjust sample flow through cell t0 0.5 to 1 LPM. Record flow rata pAlLIn

Allow to equilibrate for § minutes &

Record sample pressure in ceil ah 756.1

Record sample flow rate through cell 0.95 LM

Start spectrum collect program ﬂb

Record information in data book T&

Copy Spectrum and Interferogram to backup directories 4@

End Time (150

Reviewed by: Date:




Project No. 451712 1 MIDWEST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist
DATE: _7/(w]94 OPERATOR: _T. b+~
- - * Initials
Reference Spectrum Sample
Start Time M"““‘;'Q ﬁw\ “" M'
Record Cell path length setting (0.07
Record Background Spectrum File Name 2ig A
Record CTS Spectrum File Name (T3e6 A (%0116A
Record Compound Name -
Record Cylinder Identification Number {As 2137 .
Record Cylinder Concentration 44,19
Record Spectrum File Name _ 1S Po oA
Fill cell to ambient pressure with gas from cylinder standard &
Open cell cutlet vent valve {{Q ‘
Adjust sample flow through ceil to 0.5 to 1 LPM. Record flow rate %
Allow to equilibrate for S minutes Z£
Record sample pressure in cell 156.1
Record sample flow rate through cell 0.9(4A
Start spectrum collect program ﬁQ
Record information in data book
Copy Spectrum and Interferogram to backup directories i
End Time _ 19

Reviewed by: , _ Date:




FTIR DATA FORM

| | Sampling Data
PROJECT NO. 4951-12 and 13 BAROMETRIC: _75/. ¢
SITE: NCO Laboratory pATE:  7[1/99 OPERATOR: 7+ beer
Fle (Dial) Resolution Gas Flow Gas
Time Name Path NOTES Scans , (cm-1) Temp (°C) Rate Pressure BKG
“ Hovone (‘H.G ({ L Nz) $00 1o 126.2 dorr »d
5.3 0% € 0 /M : ) lLottm . 8
\ 0qSo19A4| (*-* ALP0 45092 A5 1513
< Ma
YA | ) Woxows  4ade o = _
15:7%] oasteafl] jou03 AL Ao USpIT s oo to (-t | (oque| T | TUE
|
I
emc_back\Nfy9MI5 1\t 2vrefs\ftir data sheets for references.xls Reviewed by

07-07-99

Date

T



FTIR DATA FORM
Sampling Data
PROJECT NO. 4951-12 and 13

BAROMETRIC: 753. |
SITE: NCO Laboratory

DATE: 7 /2/r?

OPERATOR: __7- ye

Flle | (Dial) Resolution Gas Flow Gas
Time Name Path NOTES Scans . (cm-1) Temp (CC) Rate Pressure BKG
SU-lpp I - Pasilene :
1y | VFEOMRR] 4004 ALkg e s5® Lo (260 | /o0t | 7156, 7
6o\ ppt |- Pestems
\3:3% | \PeoniaB] (00 ot ¢oo 1.6 12 .1 lo Lom 1s€. ¢, 2
'-'q a1, n ""W

LA 20 (0 :

o | 410 o ARL 213 $00 l.o (262 |[o0Ldm | as5.2 | B

. "W
14320 | 4601120 | (00, g0 1.0 m(‘,* l00 Lom | 1553 8

emc_back\fy99M95 NI 2refs\ftir data sheets for references.xls
07-07-99

Reviewed by
Date 2 ( "



FTIR DATA FORM

' 8ampling Data

ns2.9

PROJECT NO. 4951-12 and 13 BAROMETRIC:
SITE: NCO Laboratory DATE: ﬂ,apj OPERATOR: 7. Sey o/
Flle (Dial) Resolution Gas Flow Gas
Time Name Path NOTES Scans , (cm-D) Temp (°C) Rate Pressure BKG
2-»(:“.,1 “2- pundepe .
\-,'.46 2!42?1!’»4 r0.03 Al kg ¢4078 Sl ppm | 500 {O (25.¢ 1.00 L 751.9 1%
(3.5 | amanne] s ) o o | @5e | ot | g 4 | 23
' LPA -
. uron? ' 3- Pedfons (50.0 ﬂw) o €< M
{:2' |9 1d.07y )1 g 37409 §o0 (. /2€. 1.OLPM 154 ]| 7> =
M2 Imegno8) 003 ! ¢ 1o 125.5 | 0 q2un| 78l | T3 C
!
|
Reviewed by

emc_back\Ny99MI9S I\ 2\refs\fuir data sheets for references. xls

07-07-99

(7
Date +3



FTIR DATA FORM

Sampling Data

PROJECT NO. 4951-12and 13

BAROMETRIC: 75%.8 Yorr

SITE: NCO Laboratory DATE: _7/is/13 OPERATOR: __ T, Grterar—
File (Diad) Resolutlon Gas Flew Gas
Time Name Path NOTES Scans , (cm-1) Temp (°C) Rate Pressure BKG
Gt sorpmin
(2:59 leSotisp | 1403 Alre Pbe3 rr- # svo Lo (253 l.ogp i 72529 | 7/5A
-
. UeveTone @ O 08 1
1’113 Ib 507("’ 10,0y oo /O 72¥%.2% dc?“-’m 7:6. 7 Zes A
n-Pellove @ (09 LPM .
14:37 [ 25 w0150 | (o0 : &0 ‘0 24.9%| L.oa 1%.-2 | 16 B
ot @ .
PEnolsp| o0.0% 4§ o0 o (24-4 lio 156-5 |us .a
(4. 9¢ ALMo 2413 5¢
v '), TS 5.3 ppm . ’
1698 |8 dotsh| (0.0Y AL o 202¢] §00 Lo 124.8 | (.cocen| 70! 7€ B
$i.3 BN e , ‘ ]
'f': 10| BuTos® | to.0y e ye0 @ (24.9 {02 fM 7560 75 B
! | |
emc_back\fy99M95 NI Z\refs\tir data sheets for references.xls Reviewed by

07-07-99

Date

i



FTIR DATA FORM

Sampling Data
PROJECT NO. 4951-12 and 13 : BAROMETRIC: _755,2
SITE: NCO Laboratory | g DATE: __ 7/ie[74 OPERATOR: _7-O4yar
File (Dinl) . Resolution Gas Flow Ges -
Time Name Path NOTES Scams | . (cm-D) Temp (°C) Rate Pressure BKG
=T )
6 lamadmwal re.o3 Z""W"’D““’ s 1.0 , 6.9 7
1340 )2 AL ao o 5876 ,fo.-'c,aH (262 | leoeta | 7 :
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Project No. 445112, ™ MIDWEST RESEARCH INSTITUTE
DAILLY CHECKLIST
Shut Down Procedure

pate_4-7-19 OPERATOR:

A
N
\

g
5

Purge sample from cell using ambient air or nitrogen
Record Nitrogea Background
Purge cell with dry nitrogen ,
Verify cell is as dry as previous background
Record ambient pressure using cell Barocell gauge
Record nitrogea flow rate (about sampling flow rate)
Collect Background (AQBK) under contimuous flow and ambient pressurs
Record information in data book. ‘
Copy Background to C-drive and backup using batch file.

TR

Record CTS Spectrum

Evacuate Cell

Fill Cell with CTS gas

Open ceil outlet and purge cell with CTS at sampling rate (1 to § LPM)

Record cylinder ID Number

Record CTS gas cylinder identity and concentration

Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect

Record information on "Background and Calibrations” data sheet.

Verify that spectrum and interferogram were copied to directories. ,
Record CTS Spectrum Fils Nams 270 &

Close cylinders
vamuhiom&nmaﬂlﬁn;nim
Leave cell under low nitrogen purge or under vacuum
Fill MCT detsctor dewas

Rt f]

Reviewed by: cﬁ G‘*ﬁ/ | Date: 1/ 'Jﬁ



ProjectNo. __195!1- 2, 1% MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Shut Down Procedure

DATE_ 1|4 {99 OPERATOR:

e re

Initials

Cdﬁ‘%ﬂw S ﬁ:_;a. Uhes, and o AV $ihdiion . Tl Buskgrend

o & $éod 4 Yo Tuatsws sncae
Purge sample from cell using ambient air or nitrogen
Record Nitrogea Background
Purge cell with dry nitrogea

Verify ceil is as dry as previous background

Record ambient pressure using cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Background (AQBK) under continucus flow and ambient pressure
Record information in data book. '
Copy Background to C-drive and backup using batch file.

Record CTS Spectrum

Qw"\fﬁnem'Cell
Fill Cell with CTS gas
Open cell cutlet and purge ceil with CTS at sampling rate (1 to S LPM)
Record cylinder ID Number
Record CTS gas cylinder identity and concentration
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect
Record information on "Background and Calibrations” data sheet.
Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name

Close cylinders -

Evacuate or Purge CTS from call using nitrogen
Leave ceil under low nitrogen purge or under vacuum
Fill MCT detector dewar

i

ol L4m
Aenp 25384

:Zﬂ" Lhgad

k

£q52798 )

b

Reviewed by: QOJ‘TZ | Date: ?( “‘l 11
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Project No. MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Shut Down Procedure
pate_1[1(99 OPERATOR: _T- bever
s Initials
Purge sampie from cell using ambient air or nitrogea
Record Nitrogea Background :
Purge cell with dry nitrogea 2,
Verify cell is as dry as previous background : 42
Record ambient pressure using cell Barocell gauge :qu,‘

Recard nitrogea flow rats (about sampling flow rate)

Collect Background (AQBK) under continuous flow and ambient pressure 709 8
Record information in data book.

Copy Background to C-drive and backup using baich file:

Record CTS Spectrum

SIS

QB edite Cell
Fill Ceil with CTS gas
Open cell outlet and purge cell with CTS at sampling rate (1 to 5§ LPM)
Record cylinder [D Number Ao ALpug 25384
Record CTS gas cylinder identity and concentration  A(s Mttheawe - See dute shect . 20 jpm SThufens
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file. 7/&
Record Barytron pressure during collect 4é 7511
Record information on "Background and Calibrations” data sheet 74
Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum Fils Name TS 009 b
Close cylinders __1&_
Evacuate or Purgs CTS from ceil using nitrogen —F
Leave cell under low nitrogen purge or under vacuum _4{,_

Fill MCT detector dswae

RM.'“WM?/ Date '!.,/M#H
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Project No, _ 415/ - 1 MIDWEST RESEARCH INSTITUTE

DAILY CHECKLIST
Shut Down Procedure
DATE: 1+ S OPERATOR: _ T . Oever”
- Initials

P\ngesgmple from cell using ambient air or nitrogen -
Record Nitrogen Background

Purge cell with dry nitrogen H

Verify cell is as dry as previous background E

Record ambient pressure using cell Barocell gauge . o M

Record nitrogen flow rate (about sampling flow rate) v

Collect Background (AQBK) under continuous flow and ambient pressure

Record information in data book.

Copy Background to C-drive and backup using batch file.
Record CTS Spectrum
Fill Cell with CTS gas &
Open cell outlet and purge cell with CTS at sampling rate (1 to 5§ LPM) (o LIn
Record cylinder [D Number Alug 25384
Record CTS gas cylinder identity and concentration 20 0w iT"lou
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file. ZC
Record Barytron pressure during collect 258.%
Record information on "Background and Calibrations” data sheet. & !G
Verify that spectrum and interferogram wers copied to directories. Uz
Record CTS Spectrum File Name cTs50712 &
Close cylinders

Evacuate or Purge CTS from cell using nitrogea
Luvudlmdcbwmmmumdumm
Fill MCT detector dewae

ekt

Reviewed;y: J Datex jz/ /5 T/ﬂ



Project No. Yal-1* Y

MIDWEST RESEARCH INSTITUTE
DALY CHECKLIST
Shut Down Procedure

DATE: 11344 OPERATOR: T. C‘D‘)(

Initials

Purge sample from cell using ambient air or nitrogea
Racord Nitrogea Background
Purge cell with dry nitrogen
Verify cell is as dry as previous beckground
Record ambient pressure using cell Barocell gauge * Q ,“‘)U
Record nitrogen flow rats (about sampling flow,rate) “"%&"
Collect Background (AQBK) under continucus flow and ambient pressure
Record information in data book.
Copy Background to C-drive and backup using batch file.

Record CTS Spectrum
Cell

Fill Cell with CTS gas

Open: cell cutlet and purge cell with CTS at sampling rate (1 to S LPM) AP _Dus 25384

Record cylinder ID Number 4’0

Record CTS gas cylinder identity and concentration :

Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.

Record Barytron pressure during collect '

Record information on "Background and Calibrations® data sheet.

Verify that spectrum and interferogram were copied to directories.

Record CTS Spectrum File Name

|
)

LTI D

1
fu

rpif

Yo

Closs cylinders

Evacuats or Purge CTS from cell using nitrogen
Leave ceil under low nitrogen purge or under vacuum
Fill MCT detectos dewar

bl

Reviéwed by: V}(/ Datec 7'5/7?

{7

~
~



Project No. __ {91~ (2 ) MIDWEST RESEARCH INSTITUTE . :

DAILY CHECKLIST
Shut Down Procedure
patE_ 111%]94 OPERATOR: 1. Geysr—
I
- Initials

Purge sample from cell using ambient air or nitrogen “
Record Nitrogea Background <9 — —

Purge cell with dry nitrogen , Lo

Verify cell is as dry as previous background 0 .

Record ambient pressure using ceil Barocell gauge W

Record nitrogen flow rate (about sampling flow rate)

Collect Background (AQBK) under continuous flow and ambient pressure

Record information in data book.

Copy Background to C-drive and backup using batch file.
Record CTS Spectrum

vokvatuaecel P

Fill Ceil with CTS gas i
Open cell outlet and purge cell with CTS at sampling rate (1 to 5 LPM) __zdi—
Record cylinder [D Number ALubas3gd
Record CTS gas cylinder identity and concentration 20 jpm Srhgla~s
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect

Record information on "Background and Calibrations” data sheet.
Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name 18071 S
Close cylinders -

Evacuate or Purge CTS from ceil using nitrogen
Leave cell under low nitrogen purge or under vacuum
Fill MCT detector dewag

Lt ek

Reviewed by: ‘7}16/ | Date ‘7/“/7‘)



Project No. _4451 12 %
1

DATE: ’Ilu.‘:a‘

MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Shut Down Procedure
OPERATOR:

Purge sample from cell using ambient air or nitrogen

Record Nitrogea Background
Purge cell with dry nitrogen
Verify cell is as dry as previous background
Recudnmbiempnsmusingcéu Baroceil gauge
Record nitrogea flow rate (about sampling flow rate)
Collect Background (AQBK) undex continuous flow and ambient pressure
Record information in data book. '
Copy Background to C-drive and backup using batch file.

Record CTS Spectrum

| Cell

Fill Cell with CTS gas ,
Open cell outlet and purge cell with CTS at sampling rate (1 to 5§ LPM)
Record cylinder [D Numbee
Record CTS gas cylinder identity and concentration
Record and copy spectrum and interferogram to C-drive and back up using CTS batch file.
Record Barytron pressure during collect
Record information on "Background and Calibrations” data sheet.
Verify that spectrum and interferogram were copied to directories.
Record CTS Spectrum File Name

Close cylinders

smmcru;'-'crs from cell using nitrogen
Leave ceil under low nitrogen purge or under vacuum
Fill MCT detector dewae

Reviewed by:

) ony—

r 7

o

w

Date:

T.6

R

Initials

(
1"“
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Scott Specialty Gases

6141 EASTON ROAD
From: PLUMSTEADVILLE PA  18949-0310
Phone: 215-766-8861

PO BOX 310

Fax: 215-766-2070
CERTIPICATE

OF ANALYSTIS
MIDWEST RESEARCH PROJECT #: 01-88514-001
TOM GEYER PO#: 029257
425 VOLKER BLVD ITEM #: 01021951 1AL
DATE: 3/25/97
KANSAS CITY MO 64110
" CYLINDER #: ALM023940 ANALYTICAL ACCURACY: +-1% ‘
FILL PRESSURE: 2000 PSIG
BLEND TYPE : GRAVIMETRIC MASTER GAS
REQUESTED GAS
COMPONENT —CONC MOLES
ETHYLENE ' 20. . PPM
NITROGEN BALANCE
e 5
. ¥ (8
. i, Y
@ - ¥
'gf« ¥ ¥
s LR
g L

THE
FREMONT. CA  SAN DGRNAROING, CA LONGMONT,CO CHICAGO. L WAKEFIELOD, MA TROY, M BAEDA NETHERLANCS
DURHAM. NC  SOUTH PLANAIGLD, NJ  SAANIA, ONTARIO PLUMSTRADVRLE PA  PASADENA, TX SHEFPORD. UNITED KINGDOM



12/19/1997 16:46 9192268888 SCOTT SPECIALTY NC PAGE 82

Scott Specialty Gases
pped - 1750 EAST CLUB BLVD
From: DURHAM NC 27704

Phone: 919-220-0803 Fax: 919-220-0808

CERTIPICATE OF ANALYSTIS

- - e o o e e e e e e m i w e e EEM e EE e am e e .- -

MIDWEST RESEARCH PROJECT #: 12-24558-001
PO # 031064 PO#: 031064
425 VOLKER BLVD ITEM #: 12023912 4AL
- o DATE: 8/14/97
KANSAS CITY MO 64110 ‘
CYLINDER #: ALM0€0523 ANALYTICAL ACCURACY: +/- 2%
FILL PRESSURE: 600 PSIG
BLEND TYPE :. CERTIFIED MASTER GAS ‘
REQUESTED GAS ANALYSIS
COMPONENT , CONC MOLES (MOLES)
TOLUENE 200. PPM 196.6 - PPM
AIR - BALANCE " -+ BALANCE
Vo f

ANALYST: __j? 7zzc;§%d255ufé;g




Scott Specialty Gases

|
ped 1290 COMBERMER@ STREET
From: TROY MI 48083

Phone: 248-589

-2950 Fax: 248-589-2134

CERTIPFICATE OF ANALYSTIS

MIDWEST RESEARCH T eSS e e ceaoao

PROJECT #: 05-97268-002
MELISSA TUCKER; # 026075 PO#: 026075
425 VOLKER BLVD ITEM #: 05023822 4A
DATE: 6/03/96
KANSAS CITY "MO 64110
CYLINDER #: A7853 ‘ ANALYTICAL ACCURACY: +/- 2%
FILL PRESSURE: 2000 PSI PRODUCT EXPIRATION: 6/03/1997
BLEND TYPE : CERTIFIED MASTER GAS
f REQUESTED GAS ANALYSIS
OMPONENT CONC MOLES (MOLES)
SULFUR HEXAFLUORIDEB 4. PPM 4.01 PPM
VITROGEN BALANCE BALANCE

CERTIFIED MASTER GAS

N
ANALYST: W “74&654




APPENDIX D

TEST METHODS



D-1 EPA METHOD 320
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Appendix A’ of part 63 is amended by adding, in numerical
order, Methods 320 and 321 to read as follows:
Appendix A to Part 63-Test Methods
S
TEST METHOD 320
MEASUREMENT OF VAPOR PHASE ORGANIC AND INORGANIC EMISSIONS
BY EXTRACTIVE FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY
1.0 Introduction.

Persons unfamiliar with basic elements of FTIR
spectioscopy should not attempt to use this method. This
method describes sampling and analytical procedures for
extractive emissioﬂ measurements using Fourier transform
infrared (FTIR) spectroscopy. Detailed analytical
procedures for interpreting infrared spectra are described
in thé "Protocol for the Use of Extractive Fourier Transform
Infrared (FTIR) Spectrometry in Analyses of Gaseous
Emissions from Stationary Sources," hereafter referred to as
the "Protocol." Definitions not given in this method are
given in appendix A of the Protocol. References to specific
sections in the Protocol are made throughout this Methed.
For additional information refer to references 1 and 2, and
other EPA reports, which describe the use of FTIR
spectrometry in specific field measurement applications and

validation tests. The sampling procedure described here is



2
extractive. Flue gas is extracted through a heated gas
transport and handling system. For some sources, sample
conditioning systems may be applicable. Some examples are
given in this method. Note: sample conditioning systems
may be used providing the method validation requirements in
Sections 9.2 and 13.0 of this method are met.
1.1 Scope and Applicability._
1.1.1 Analytes. Analytes include hazardous air pollutants
(HAPs) for which EPA reference spectra have been developed.
Other compounds can also be measured with this method if
reference spectra are prepared according to section 4.6 of
the protocol.
1.1.2 Applicability. This method applies to the analysis
of vapor phase organic or inorganic compounds which absorb
energy in the mid-infrared spectral region, about 400 to
4000 cm™ (25 to 2.5 pym). This method is used to determine
compound-specific concentrations in a multi-component vapor
phase sample, which is contained in a closed-path gés cell.
Spectia of samples are collected using double beam infrared
absorption spectroscopy. A computer program is used to
analyze spectra and report compound concentrations.
1.2 Method Range and Sensitivity. Analytical range and
sensitivity depend on the frequency-dependent analyte
absorptivity, instrument configuration, data collection

parameters, and gas stream composition. Instrument factors
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include: (a) spectral resolution, (b) interferometer signal
averaging time, (c) detector sensitivity and response, and
(d) absqrption path length.
1.2.1 For any optical configuration the analytical range is
between the absorbance values of about .01 (infrared
transmittance relative to the background = 0.98) and 1.0 (T
= 0.1). (For absorbance > 1.0 the relation between
absorbance and concentration may not be linear.)
1.2.2 The concentrations asséciated with this absorbance
range depend primarily on the cell path length and the
sample temperature. An analyte absorbance greater than 1.0,
can be lowered by decreasing the optical path length.
Analyte absorbance increases with a longer path length.
Analyte detection also depends on the presence of other
species exhibiting absorbance in the same analytical region.
Additionally, the estimated lower absorbance (A) limit (A =
0.01) depends on the root mean square deviation (RMSD) noise
in the analytical region.
1.2.3 The concentration range 5f this method is determined
by the choice of optical configuration.
1.2.3.1 The absorbance for a given concentration can be
decreased by decreasing the path length or by diluting the
sample. There is no practical upper limit to the
measurement range.

1.2.3.2 The analyte absorbance for a given concentration
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may be increased by increasing the cell path length or (to
some extent) using a higher resolution. Both modifications
also cause a corresponding increased absorbance for all
compounds in the sample, and a decrease in the signal
throughput. For this reason the practical lower detection
range (quantitation limit) usually depends on sample
characteristics such as moisture content of the gas, ﬁhe
presence of other interferants, and losses in the sampling
system. |

1.3 Sensitivity. The limit of sensitivity for an optical
configuration and integration time is determined using
appendix D of the Protocol: Minimum Analyte Uncertainty,
(MAU) . The MAU depends on the RMSD noise in an analytical
region, and on the absorptivity of the analyte in the same
region.

1.4 Data Quality. Data quality shall be determined by
executing Protocol pre-test procedures in appendices B to H
of the protocol and post-test procedures in appendices I and
J of the protocol.

1.4.1 Measurement objectives shall be established by the
choice of detection limit (DL;) and analytical uncertainty
(AU;) for each analyte.

1.4.2 An instrumental configuratidn shall be selected. An
estimate of gas composition shall be made based on previous

test data, data from a similar source or information
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gathered in a pre-test site survey. Spectral interferants
shall be identified using the selected DL, and AU; and band
- areas from reference spectra and interferant spectra. The
baseline noise of the system shall be.measured in each
analytical region to determine the MAU of the instrument
configuration for each analyte and interferant (MIU;).
1.4.3 Data quality for.the application shall be determined,
in part, by measuring the RMS (root mean square) noise level
in each analytical spectral region (appendix C of the
Protocol). The RMS noise is defined as the RMSD of the
absorbance values in an analytical region from the mean
absorbance value in the region.
1.4.4 The MAU is the minimum analyte concentration for
which the AU, can be maintained; if the measured analyte
concentration is less than MAU,, then data quality are
unacceptable.
2.0 Summary of Method.
2.1 Principle. References 4 through 7 provide background
material on infrared spectroscopy and quantitative analysis.
A summary is given in this section.
2.1.1 Infrared absorption spectroscopy is performed by
directing an infrared beam through a sample to a detector.
The frequency-dependent infrared absorbance of the sample 1is
measured by comparing this detector signal (single beam

spectrum) to a signal obtained without a sample in the beam



path (background).

2.1.2 Most molecules absorb infrared radiation and the
absorbancg occurs in a characteristic and reproducible
pattern. The infrared spectrum measures fundamental
molecular properties and a compound can be identified from
its infrared spectrum alone.

2.1.3 Within constraints, there is a linear relationship
between infrared absorption and compound concentration. If
this frequency dependent relationship (absorptivity) is
known (measured), it can be used to determine compound
concentration in a sample mixture.

2.1.4 Absorptivity is measured by preparing, in the
laboratory, standard samples of compounds at known
concentrations and measuring the FTIR "reference spectra" of
these standard samples. These "reference spectra"” are then
used in sample analysis: (1) compounds are detected by
matching sample absorbance bands with bands in reference
spectra, and (2) concentrations‘are measured by comparing
sample band intensities with reference band intensities.
2.1.5 This method is self-validating provided that the
results meet the performance requirement of the QA spike in
sections 8.6.2 and 9.0 of this method, and results from a
previous method validation study support the use of this
method in the application.

2.2 Sampling and Analysis. In extractive sampling a probe
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assembly and pump are used to extract gas from the exhaust
of the affected source and transport the sample to the FTIR
gas cell. Typically, the sampling apparatus is similar to
that used for single-component continuous emission monitor
(CEM) measurements.

2.2.1 The digitized infrared spectrum of the sample in the
FTIR gas cell is measured and stored on a computer.
Absorbance band intensities in the spectrum are related to
sample concentrations by what is commonly referred to as

Beer's Law.

A =abc 1)
where:.
A; = absorbance at a given frequency of the ith sample
component.
a; = absorption coefficient (absorptivity) of the ith

sample component.
b = path length of the cell.
c; = concentration of the ith sample component.
2.2.2 Anaiyte spiking is used for quality assurance (QA).
In this procedure (section 8.6.2 of this method) an analyte
is spiked into the gas stream at the back end of the sample
probe. Analyte concentrations in the spiked samples are

compared to analyte concentrations in unspiked samples.
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Since the concentration of the spike is known, this
procedure can be used to determine if the sampling system is
removing the spiked analyte(s) from the sample stream.
2.3 Reference Spectra Availability. Reference spectra of
over 100 HAPs are available in the EPA FTIR spectral library
on the EMTIC (Emission Measurement Technical Information
Center) computer bulletin board service and at internet
address http://info.arnold.af.mil/epa/welcome.htm.
Reference spectra for HAPs, or other analytes, may also be
prepared according to section 4.6 of the Protocol.
2.4 Operator Requirements. The FTIR analyst shall be
trained in setting up the instrumentation, verifying the
instrument is functioning properly, and performing routine
maintenance. The analyst must evaluate the initial sample
spectra to determine if the sample matrix is consistent with
pre-test assumptions and if the instrument configuration is
suitable. The analyst must be able to modify the instrument
configuration, if necessary.
2.4.i The spectral analysis shall be supervised by someone
familiar with EPA FTIR Protocol procedures.
2.4.2 A technician trained in instrumental test methods is
qualified to install and operate the sampling system. This
includes installing the probe and heated line assembly,
operating the analyte spike system, and performing moisture

and flow measurements.



3.0 Definitions.

See appendix A of the Protocol for definitions relating
to infrared spectroscopy. Additional definitions are given
in sections 3.1 through 3.29.

3.1 Analyte. A compound that this method is used to
measure. The term "target analyte" is also used. This
method is multi-component and a number of analytes can be
targeted for a test.

3.2 Reference Spectrum. Infrared spectrum of an anal?te
prepared under controlled, documented, and reproducible
laboratory conditions according to procedures in section 4.6
of the Protocol. A library of reference spectra is used to
measure analytes in gas samples.

3.3 Standard Spectrum. A spectrum that has been prepared
from a reference spectrum through a (documented)
mathematical operation. A common example is de-resolving of
reference spectra to lower-resolution standard spectra
(Protocol, appendix K to the addendum of this method).
Standard spectra, prepared by approved, and documented,
procedures can be used as reference spectra for analysis.
3.4 Concentration. In this method concentration is
expressed as a molar concentration, in ppm-meters, or in
(ppm-meters) /K, where K is the absolute temperature
(Kelvin). The latter units allow the direct comparison of

concentrations from systems using different optical
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configurations or sampling temperatures.
3.5 Interferant. A compound in the sample matrix whose
ipfrared spectrum overlaps with part of an analyte spectrum.
The most accurate analyte measurements are achieved when
reference spectra of interferants are used in the
quantitative analysis with the analyte reference spectra.
The presence of an interferant can increase the analytical
uncertainty in the measured analyte concentration.
3.6 Gas Cell. A gas containment cell that can be
evacuated. It is equipped with the optical components to
'pass the infrared beam through the sample to the detector.
Important cell features include: path length (or range if
variable), temperature range, materials of construction, and
total gas volume.
3.7 Sampling System. Equipment used to extract the sample
from the test location and transport the sample gas to the
FTIR analyzer. This includes sample conditioning systems.
3.8 Sample Analysis. The process of interpreting the
infrared spectra to obtain sample analyte concentrations.
This process is usually automated using a software routine
employing a classical least squares (cls), partial least
squares (pls), or K- or P- matrix method.
3;9 One hundred percent line. A double beam transmittance
spectrum obtained by combining two background single beam

spectra. Ideally, this line is equal to 100 percent
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transmittance (or zero absorbance) at every frequency in the
spectrum. Practically, a zero absorbance line is used to
measure tﬁe baseline noise in the spectrum. |
3.10 Background Deviation. A deviation from 100 percent
transmittance in any region of the 100 percent line.
Deviations greater than t S percent in an analytical region
are unacceptable (absorbance of 0.021 to -0.022). Such
deviations indicate a change in the instrumeﬁt throughput
relative to the background single beam.
3.11 Batch Sampling. A procedure where spectra of
discreet, static samples are collected. The gas cell is
filled with sample and the cell is isolated. The spectrum
is collected. Finally, the cell is evacuated to prepare for
the next sample.
3.12 Continuous Sampling. A procedure where spectra are
collected while sample gas is flowing through the cell at a
measured rate.
3.13 Sampling resolution. The spectral resolution used to
collect sample spectra.
3.14 Truncation. Limiting the number of interferogram data
points by deleting points farthest from the center burst
(zero path difference, ZPD).
3.15 2Zero filling. The addition of points to the
interferogram. The position of each added point is

interpolated from neighboring real data points. Zero
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filling adds no information to the interferogram, but
affects line shapes in the absorbance spectrum (and possibly
analytical results).
3.16 Reference CTS. Calibration Transfer Standard spectra
that were collected with reference spectra.
3.17 CTS Standard. CTS spectrum produced by applying a de-
resolutioﬁ procedure to a reference CTS.
3.18 Test CTS. CTS spectra collected at the sampling
resolution using the same optical configuration as for
sample spectra. Test spectra help verify the resolution,
temperature and path length of the FTIR system.
3.19 RMSD. Root Mean Square Difference, defined in EPA
FTIR Protocol, appendix A.
3.20 Sensitivity. The noise-limited compound-dependent
detection limit for the FTIR system configuration. This is
estimated by the MAU. It depends on the RMSD in an
analytical region of a zero absorbance line.
3.217 Quantitation Limit. The lower limit of detection for
the FTIR system configuration in the sample spectra. This
is estimated by mathematically subtracting scaled reference
spectra of analytes and interferences from sample spectra,
then measuring the RMSD in an analytical region of the
subtracted spectrum. Since the noise in subtracted sample
spectra may be much greater than in a zero absorbance

spectrum, the quantitation limit is generally much higher
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than the sensitivity. Removing spectral interferences from
the sample or improving the spectral subtraction can lower
the quantitation limit toward (but not below) the
sensitivity.
3.22 Independent Sample. A unique volume of sample.gas;
there is no mixing of gas between two consecutive
independent samples. In continuous sampling two independent
samples are separated by at least 5 cell volumes. The
interval between independent measurements depends on the
cell volume and the sample flow rate‘(through the cell).
3.23 Measurement. A single spectrum of flue gas ccntained
in the FTIR cell.
3.24 Run. A run consists of a series of measurements. At
a minimum a run includes 8 independent measurements spaced
over 1 hour.
3.25 Validation. Validation of FTIR measurements is
described in sections 13.0 through 13.4 of this method.
Validation is used to verify the test procedures for
measuiing specific analytes at a source. Validation
provides proof that the method works under certain test
conditions.
3.26 Validation Run. A validation run consists of at least
24 measurements of independent samples. Half of the samples
are spiked and half are not spiked. The length of the run

is determined by the interval between independent samples.
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3.27 Screening. Screening is used when there is little or
no available information about a source. The purpose of
screening is to determine what analytes are emitted and to
obtain information about important sample characteristics
such as moisture, temperature, and interferences. Screening
results are semi-quantitative (estimated concentrations) or
qualitative (identification only). Various optical ana
sampling configurations may be used. Sample conditioning
systems may be evaluated for their effectiveness in removing
interferences. It is unnecessary to perform a complete run
under any set of sampling conditions. Spiking is not
necessary, but spiking can be a useful screening tool for
evaluating the sampling system, especially if a reactive or
soluble analyte is used for the spike.
3.28 Emissions Test. An FTIR emissions test is performed
according specific sampling and analytical procedures.
These procedures, for the target analytes and the source,
are based on previous screening and validation results.
Emission results are quantitative. A QA spike (sections
8.6.2 and 9.2 of this method) is performed under each set of
sampling conditions using a representative analyte. Flow,
gas temperature and diluent data are recorded concurrently
with the FTIR measurements to provide mass emission rates
for detected compounds.

3.29 Surrogate. A surrogate is a compound that is used in
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a QA spike procedure (section 8.6.2 of this method) to
represent other compounds. The chemical and physical
properties of a surrogate shall be similar to the compounds
it is chosen to represent. Under given sampling conditions,
usually a single sampling factor is of primary concern for
measuring the target analytes: for example, the surrogate
spike results can be representative for analytes that are
more reactive, more soluble, have a lower absorptivity, or
have a lower vapor pressure than the surrogate itself.
4.0 Interferences.

Interferences are divided into two classifications:
analytical and sampling.
4.1 Analytical Interferences. An analytical interference
is a spectral feature that complicates (in extreme cases may
prevent) the analysis of an analyte. Analytical
interferences are classified as background or spectrél
interference.
4.1.1 Backgrouﬁd Interference. This results from a change
in thioughput relative to the single beam background. It is
corrected by collecting a new background and proceeding with
the test. 1In severe instances the cause must be identified
and corrected. Potential causes include: (1) deposits on
reflective surfaces or transmitting windows, (2) changes in
detector sensitivity, (3) a change in the infrared source

output, or (4) failure in the instrument electronics. 1In
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routine sampling throughput may degrade over several hours.
Periodically a new background must be collected, but no
other corrective action wili be required.
4.1.2 Spectral Interference. This results from the
presence of interfering compound(s) (interferant) in the
sample. Interferant spectral features overlap analyte
spectral features. Any compound with an infrared spectrum,
including analytes, can potentially be an interferant. . The
Protocol measures absorbance band overlap in each analytical
region to determine if potential interferants shall be
classified as known interferants (FTIR Protocol, section 4.9
and appendix B). Water vapor and CO, are common spectral
interferants. Both of these compounds have strong infrared
spectra and are present in many sample matrices at high
concentrations relative to analytes. The extent of
interference depends on the (1) interferant concentration,
(2) analyte concentration, and (3) the degree of band
overlap. Choosing an alternate analytical region can
minimize or avoid the spectral interference. For example,
CO, interferes with the analysis of the 670 cm™ benzene
band. However, benzene can also be measured near 3000 cm™
(with less sensitivity).
4.2 Sampling System Interferences. These prevent analytes
from reaching the instrument. The analyte spike procedure

is designed to measure sampling system interference, if any.
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4.2.1 Temperature. A temperature that is too low causes
condensation of analytes or water vapor. The materials of
the sampling system and the FTIR gas cell usually set the
upper limit of temperature.
4.2.2 Reactive Species. Anything that reacts with
analytes. Some analytes, like formaldehyde, polymerize at
lower temperatures.
4.2.3 Materials. Poor choice of material for probe, or
sampling line may remove some analytes. For example, HF
reacts with glass components.
4.2.4 Moisture. In addition to being a spectral
interferant, condensed moisture removés soluble compounds.
5.0 Ssafety.

The hazards of performing this method are those
associated with any stack sampling method and the same
precautions shall be followed. Many HAPs are suspected
carcinogens or present other serious health risks. Exposure
to these compounds should be avoided in all circumstances.
For ihstructions on the safe handling of any particular
compound, refer to its material safety data sheet. When
using analyte standards, always ensure that gases are
properly vented and that the gas handling system is leak
free. (Always perform a leak check with the system under
maximum vacuum and, again, with the system at greater than

ambient pressure.) Refer to section 8.2 of this method for
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leak check procedures. This method does not address all of
the potential safety risks associated with its use. Anyone
performing this method must follow safety and health
practices consistent with applicable legal requirements and
with prudent practice for each application.

6.0 Equipment and Supplies.

Note: Mention of trade names or specific products does

not constitute endorsement by the Environmental

Brotection Agency,

The equipment and supplies are based on the schematic
of a sampling system shown in Figure 1. Either the batch or
continuous sampling procedures may be used with this
sampling system. Alternative sampling configurations may
also be used, provided that the data quality objectives are
met as determined in the post-analysis evaluation. Other
equipment or supplies may be necessary, depending on the
design of the sampling system or the specific target
analytes.

6.1 Sampling Probe. Glass, stainless steel, or other
appropriate material of sufficient length and physical
integrity to sustain heating, prevent adsorption of
analytes, and to transport analytes to the infrared gas
cell. Special materials or configurations may be required
in some applications. For instance, high stack sample

temperatures may require special steel or cooling the probe.



19

For very high moisture sources it may be desirable to use a
dilution probe.

6.2 Particulate Filters. A glass wool plug (optional)
inserted at the probe tip (for large particulate removal)
and a filter (required) rated for 99 percent removal
efficiency at l-micron (e.g., Balston™) connected at the
outlet of the heated probe.

6.3 Sampling Line/Heating System. Heated (sufficient.to
prevent condensation) stainless steel,
polytetrafluorocethane, or other material inert to the
analytes.

6.4 Gas Distribution Manifold. A heated manifold allowing
the operator to control flows of gas standards and samples
directly to the FTIR system or through sample conditioning
systems. Usually includes heated flow meter, heated valve
for selecting and sending sample to the analyzer, and a by-
pass vent. This is typically constructed of stainless steel
tubing and fittings, and high-temperature valves.

6.5 Stainless Steel Tubing. Type 316, appropriate diameter
(e.g., 3/8 in.) and length for heated connections. Higher
grade stainless may be desirable in some applications.

6.6 Calibration/Analyte Spike Assembly. A three way valve
assembly (or equivalent) to introduce analyte or surrogate
spikes into the sampling system at the outlet of the probe

upstream of the out-of-stack particulate filter and the FTIR
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analytical system.
6.7 Mass Flow Meter (MFM). These are used for measuring
apalyte spike flow. The MFM shall be calibrated in the range
of 0 to 5 L/min and be accurate to + 2 percent (or better)
of the flow meter span.
6.8 Gas Regulators. Appropriate for individual gas
standards.
6.9 Polytetrafluorocethane Tubing. Diameter (e.g., 3/8 in.)
and length suitable to connect cylinder regulators to gas
standard manifold.
| 6.10 Sample Pump. A leak-free pump (e.g., KNF"), with by-
pass valve, capable of producing a sample flow rate of at
least 10 L/min through 100 ft of sample line. If the pump
is positioned upstream of the distribution manifold and FTIR
system, use a heated pump that is constructed from materials
non-reactive to the analytes. If the pump is located
downstream of the FTIR system, the gas cell sample pressure
will be lower than ambient pressure and it must be recorded
at regular intervals.
6.11 Gas Sample Manifold. Secondary manifold to control
sample flow at thé inlet to the FTIR manifold. This is
optional, but includes a by-pass vent and heated rotameter.
6.12 Rotameter. A 0 to 20 L/min rotameter. This meter
need not be calibrated.

6.13 FTIR Analytical System. Spectrometer and detector,
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capable of measuring the analytes to the chosen detection
limit. The system shall include a personal computer with
compatible software allowing automated collection of
spectra.
6.14 FTIR Cell Pump. Required for the.batch sampling
technique, capable of evacﬁating the FTIR cell volume within
2 minutes. The pumping speed shall allow the operator to
obtain 8 sample spectra in 1 hour.
6.15 Absclute Pressure Gauge. Capable of measuring
pressure from 0 to 1000 mmHg to within t 2.5 mmHg (e.g.,
Baratron®) .
6.16 Temperature Gauge. Capable of measuring the cell
temperature to within t 2°C.
6.17 Sample Conditioning. One option is a condenser
system, which is used for moisture removal. This can be
helpful in the measurement of some analytes. Other sample
conditioning procedures may be devised for the removal of
moisture or other interfering species.
6.17.1 The analyte spike procedure of section 9.2 of this
method, the QA spike procedure of section 8.6.2 of this
method, and the validation procedure of section 13 of this
method demonstrate whether the sample conditioning affects
analyte concentrations. Alternatively, measurements can be
made with two parallel FTIR systems; one measuring

conditioned sample, the other measuring unconditioned
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sample.
6.17.2 2Another option is sample‘dilution. The dilution
factor measurement must be documented and accounted for in
the repo;ted concentrations. An alternative to diiution is
to lower the sensitivity of the FTIR system by decreasing
the cell path length, or to use a short-path cell in
conjunction with a long path cell to measure more than one
concentration range.
7.0 Reagents and Standards.
7.1 Analyte(s) and Tracer Gas. Obtain a certified gas
cylinder mixture containing all of the analyte(s) at
concentrations within * 2 percent of the emission source
levels (expressed in ppm-meter/K). If practical, the
analyte standard cylinder shall aiso contain the tracer gas
at a concentration which gives a measurable absorbance at a
dilution factor of at least 10:1. Two ppm SF¢ is sufficient
for a path length of 22 meters at 250 °F.
7.2 Calibration Transfer Standard(s). Select the
calibration transfer standards (CTS) according to section
4.5 of the FTIR Protocol. Obtain a National Institute of
Standards and Technology (NIST) traceable gravimetric
standard of the CTS (t 2 percent).
7.3 Reference Spectra. Obtain reference spectra for each
analyte, interferant, surrcgate, CTS, and tracer. If EPA

reference spectra are not available, use reference spectra
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prepared ;ccording to procedures in section 4.6 of the EPA
FTIR Protocol.
8.0 Sampling and Analysis Procedure.

Three types of testing can be performed: (1) screening,
(2) emissions test, and (3) validation. Each is defined in
section 3 of this method. Determine the purpose(s) of the
FTIR test. Test requirements include: (a) AU,, DL,, overall
fractional uncertainty, OFU;, maximum expected concentration
(CMAX;), and t,, for each, (b) potential interferants, (c)
sampling system factors, e.g., minimum absolute cell
pressure, (P,,), FTIR cell volume (Vs), estimated sample
absorption pathlength, Lg', estimated sample pressure, Ps',
T¢', signal integration time (tg), minimum instrumental
linewidth, MIL, fractional error, and (d) analytical
regions, e.g., m = 1 to M, lower wavenumber position, FL,,
center wavenumber position, FC,, and uppef wavenumber
position, FU,, plus interferants, upper wavenumber position
of the CTS absorption band, FFU,, lower wavenumber position
of thé CTS absorption band, FFL,, wavenumber range ENU to
FNL. If necessary, sample and acquire an initial spectrum.
From analysis of this preliminary spectrum determine a
suitable operational path length. Sét up the sampling train
as shown in Figure 1 or use an appropriate alternative
configuration. Sections 8.1 through 8.11 of this method

provide guidance ¢on pre-test calculations in the EPA
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protocol, sampling and analytical procedures, and post-test
protocol calculations.
8.1 Pretest Preparations and Evaluations. Using the
- procedure in section 4.0 of the FTIR Protocol, determine the
optimum sampling system configuration for measuring the
target analytes. Use available information to make
reasonable assumptions about mo}sture content and othef
interferences.
8.1.1 Analytes. Select the requi¥ed detection limit (DL,)
and the_maximum pérmissible analytical uncertainty (AU;) for
each analyte (labeled from 1 to i). Estimate, if possible,
the maximum expected concentration for each analyte,‘CMAXp
The expected measurement range is fixed by DL; and CMAX; for
each analyte (1i).
8.1.2 Potential Interferants. List the potential
interferants. This usually includes water vapor and CO,,
but may also include some analytes and other compounds.
8.1.3. Optical Configuration. Choose an optical
confiéuration that can measure all of the analytes within
the absorbance range of .01 to 1.0 (this may require more
than one path length). Use Protocol sections 4.3 to 4.8 for
guidance in choosing a configuration and measuring CTS.
8.1.4. Fractional Reproducibility Uncertainty (FRU;). The
FRU is determined for each analyte by comparing CTS spectra

taken before and after the reference spectra were measured.
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The EPA para-xylene reference spectra were collected on
10/31/91 and 11/01/91 with corresponding CTS spectra
"ctsl03la,"” and "ctsll0lb." The CTS spectra are used to
estimate the reproducibility (FRU) in the system that was
used to collect the references. The FRU must be < AU.
Appendix E of the protocol is used to calculate the FRU from
CTS spectra. Figure 2 plots results for 0.25 cm! CTS
spectra in EPA reference library: S; (ctsllOlb - ctsl03la),
and S, [(ctsll0lb + ctsl1031a)/2]. The RMSD (SRMS) is
calculated in the subtracted baseline, S,, in the
corresponding CTS region from 850 to 1065 cm't. The area
(BAV) is calculated in the same region of the averaged CTS
spectrum, S,.
8.1.5 Known Interferants. Use appendix B of the EPA FTIR
Protocol.
8.1.6 Calculate the Minimum Analyte Uncertainty, MAU
(section 1.3 of this method discusses MAU and protocol
appendix D gives the MAU procedure). The MAU for each
analyﬁe, i, and each analytical region, m, depends on the
RMS noise.
8.1.7 Analytical Program. See FTIR Protocol, section 4.10.
Prepare computer program based on the chosen analytical
technique. Use as input reference spectra of all target
analytes and expected interferants. Reference spectra of

additional compounds shall also be included in the program
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if their presence (even if transient) in the samples is
considered possible. The program output shall be in ppm (oxr
ppb) and shall be corrected for differences between the
reference path length, L, temperature, Ty, and pressure, P,,
and the conditions used for collecting the sample spectra.
If sampling is performed at ambient pressure, then any
pressure correction is usually small relative to corrections
'for path length and temperature, and may be neglected. -
8.2 Leak-check.
8.2.1 Sampling System. A typical FTIR extractive sampling
train is shown in Figure 1. Leak check from the probe tip
to pump‘outlet as follows: Connect a 0- to 250-mL/min rate
meter (rotameter or bubble meter) to the outlet of the pump.
Close off the inlet to the probe, and record the leak rate.
The leak rate shall be < 200 mL/min.
8.2.2 Analytical System Leak check. Leak check the FTIR
cell under vacuum and under pressure (greater than ambient).
Leak check connecting tubing and inlet manifold under
pressﬁre.
8.2.2.1 For the evacuated sample technique, close the valve
to the FTIR cell, and evacuate the absorption cell to the
minimum absolute pressure P,,. Close the valve to the pump,
and determine the change in pressure AP, after 2 minutes.
8.2.2.2 For both the evacuated sample and purging‘

technigues, pressurize the system to about 100 mmHg above
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atmospheric pressure. Isolate the pump and determine the
change in pressure AP, after 2 minutes.
8.2.2.3 Measure the barometric pressure, P, in mmHg.
8.2.2.4 Determine the percent leak volume %V, for the
signal integration time tg and for AP..,, i.e., the larger of

AP, or AP,, as follows:

AP
WV = 50t —== @

where 50 = iOO% divided by the leak-check time of 2 minutes.
8.2.2.5 Leak volumes in excess of 4 percent of the FTIR
system volume Vg are unacceptable.

8.3 Detector Linearity. Once an optical configuration is
chosen, use one of the procedures of sections 8.3.1 through
8.3.3 to verify that the detector response is linear. If
the detector response is not linear, decrease the aperture,
or attenuate the infrared beam. After a change in the
instfument configuration perform a linearity check until it
is demonstrated that the detector response is linear.

8.3.1 Vary the power incident on the detector by modifying
the aperture setting. Measure the background and CTS at
three instrument aperture settings: (1) at the aperture
setting to be used in the testing, (2) at one half this

aperture and (3) at twice the proposed testing aperture.
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Compare the three CTS spectra. CTS band areas shall agree
to within the uncertainty of the cylinder standard and the
RMSD noise in the system. If test aperture is the maximum
aperture, collect CTS spectrum at maximum aperture, then
close the aperture to reduce the IR throughput by half.
Collect a second background and CTS at the smaller aperture
setting and compare the spectra again.
8.3.2 Use neutral density filters to attenuate the infrared
beam. Set up the FTIR system as it will be used in the test
measurements. Collect a CTS spectrum. Use a neutral
density filter to attenuate the infrared beam (either
immediately after the source or the interferometer) to
approximately 1/2 its original intensity. Collect a second
CTS spectrum; Use another filter to attenuate the infrared
beam to approximately 1/4 its original intensity. Collect a
third background and CTS spectrum. Compare the CTS spectra.
CTS band areas shall agree to within the uncertainty of the
cylinder standard and the RMSD noise in the system.
8.3.3' Observe the single beam instrument response in a
frequency region where the detector'résponse is known to be
zero. Verify that the detector response is "flat" and equal
to zero in these regions.
8.4 Data Storage Requirements. All field test spectra
shall be stored on a computer disk and a second backup copy

must stored on a separate disk. The stored information
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includes sample intérferograms, processed absorbance
spectra, background interferograms, CTS sample
interferograhs and CTS absorbance spectra. Additionally,
documentation of all sample conditions, instrument settings,
and test records must be recorded on hard copy or on
computer medium. Table 1 gives a sample presentation of
documentation.
8.5 Background Spectrum. Evacuate the gas cell to s 5
mmHg, and fill with dry nitrogen gas to ambient pressure (or
purge the cell with 10 volumes of dry nitrogen). Verify
that no significant amounts of absorbing species (for
example water vapor and CO,) are present. Collect a
background spectrum, using a signal averaging period equal
to or greater than the averaging period for the sample
spectra. Assign a unique file name to the background
spectrum. Store two copies of the background interferogram
and processed single-beam spectrum on separate computer
disks (one copy is the back-up).
8.5.1 Interference Spectra. If possible, collect spectra
of known and suspected major interferences using the same
optical system that will be used in the field measurements.
This can be done on-site or earlier. A number of gases,
e.g. CO,, SO,, CO, NH,;, are readily available from cylinder

gas suppliers.

8.5.2 Water vapor spectra can be prepared by the following
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procedure. Fill a sample tube with distilled water.
Evacuate above the sample and remove dissolved gasses by
alternately freezing and thawing the water while evacuating.
Allow water vapor into the FTIR cell, then dilute to
atmospheric pressure with nitrogen or dry air. If
quantitative water spectra are required, follow the
reference spectrum procedure for neat samples (protocol,
section 4.6). Often, interference spectra need not be
quantitative, but for best results the absorbance must be
comparable to the interference absorbance in the sample
spectra.
8.6 Pre-Test Calibrations
8.6.1 Calibration Transfer Standard. Evacuate the gas cell
to £ 5 mmHg absolute pressure, and fill the FTIR cell to
atmospheric pressure with the CTS gas. Alternatively, purge
the cell with 10 cell volumes of CTS gas. (If purge is
used, verify that the CTS concentration in the cell is
stable by collecting two spectra 2 minutes apart as the CTS
gas cbntinues to flow. If the absorbance in the second
spectrum is no greater than in the first, within the
uncertainty of the gas standard, then this can be used as
the CTS spectrum.) Record the spectrum.
8.6.2 QA Spike. This procedure assumes that the‘method has
been validated for at least some of the target analytes at

the source. For emissions testing perform a QA spike. Use
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a certified standard, if possible, of an analyte, which has
been validated at the source. One analyte standard can
serve as a QA surrogate for other analytes which are less
reactive or less soluble than the standard. Perform the
spike procedure of section 9.2 of this method. Record
spectra of at least th;ee independent (section 3.22 of this
method) spiked samples. Calculate the spiked component of
the analyte concentration. 1If the average spiked
concentration is within 0.7 to 1.3 times the expected
concentration, then proceed with the testing. 1If
applicable, apply the correction factor from the Method 301
of this appendix validation test (not the result from the QA
spike).

8.7 Sampling. If analyte concentrations vary rapidly with
time, continuous sampling is preferable using the smallest
cell volume, fastest sampling rate and fastest spectra
collection rate possible. Continuous sampling requires the
least operator intervention even without an automated
sampling system. For continuous monitoring at one locaticn
over long periods, Continuous sampling is preferred. Batch
sampling and continuous static sampling are used for
screening and performing test runs of finite duration.
Either technique is preferred for sampling several locations
in a matter of days. Batch sampling gives reasonably good

time resolution and ensures that each spectrum measures a
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discreet (and unique) sample volume. Continuous static (and
continuous) sampling provide a very stable background over
long periods. Like batch sampling, continuocus static
sampling also ensures that each spectrum measures a unique
sample volume. It is essential that the leak check
procedure under vacuum (section 8.2 of this method) is
passed if the batch sampling procedure is used. It is
essential that the leak check procedure under positive
pressure is passed if the‘continuous‘static or continuous
sampling procedures are used. The sampling techniques are
described in sections 8.7.1 through 8.7.2 of this method.
8.7.1 Batch Sampling. Evacuate the absorbance cell to

< 5 mmHg absolute pressure. Fill the cell with exhaust gas
to ambient pressure, isolate the cell, and record the
spectrum. Before taking the next sample, evacuate the cell
until no spectral evidence of sample absorption remains.
Repeat this procedure to collect eight spectra of separate
samples in 1 hour.

8.7.2 Continuous Static Sampling. Purge the FTIR cell with
10 cell volumes of sample gas. Isolate the cell, collect
the spectrum of the static sample and record the pressure.
Before measuring the next sample, purge the cell with 10
more cell volumes of sample gas.

8.8 Sampling QA and Reporting.

8.8.1 Sample integration times shall be sufficient to
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achieve the required signal-to-noise ratio. Obtain an
absorbance spectrum by filling the cell with N,. Measure
the RMSD in each anélytical region in this absorbance
spectrum. Verify that the number of scans used is
sufficient to achieve the target MAU.
8.8.2 Assign a unique file name to each spectrum.
8.8.3 Store two copies of sample interferograms and
processed spectra on separate computer disks.
8.8.4 For each sample spectrum, document the sampling
conditions, the sampling time (while the cell was being
filled), the time the spectrum was recorded, the
instrumental conditions (path length, temperature, pressure,
resolution, signal integration time), and the spectral file
name. Keep a hard cbpy of these data sheets.
8.9 Signal Transmittance. While sampling, monitor the
signal transmittance. If signal transmittance (relative to
the background) changes by 5 percent or more (absorbance =
-.02 to .02) in any analytical §pectral region, obtain a new
backgiound spectrum.
8.10 Post-test CTS. After the sampling run, record another
CTS spectrum.
8.11 Post-test QA.
8.11.1 Inspect the sample spectra immediately after the run
to verify that the gas matrix composition was close to the

expected (assumed) gas matrix.
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8.11.2 Verify that the sampling and instrumental parameters
were appropriate for the conditions encountered. For
example, if the moisture is much greater than anticipated,
it may be necessary to use a shorter path length or dilute
the sample.
8.11.3 Compare the pre- and post-test CTS spectra. The
peak absorbance in pre- and post-test CTS must be + S
percent of the mean‘value. See appendix E of the FTIR
Protocol.
9.0 Quality Control.

Use analyte spiking (sections 8.6.2, 9.2 and 13.0 of
this method) to verify that the sampling system can
transport the analytes from the probe to the FTIR system.
9.1 Spike Materials. Use a certified standard (accurate to
t 2 percent) of the target analyte, if one can be obtained.
If a certified standard cannot be obtained, follow the
procedures in section 4.6.2.2 of the FTIR Protocol.

9.2 Spiking Procedure. QA spiking (section 8.6.2 of this
method) is a calibration procedure used before testing. QA
spiking involves following the spike procedure of sections
9.2.1 through 9.2.3 of this method to obtain at least three
spiked samples. The analyte concentrations in the spiked
samples shall be compared to the expected spike
concentration to verify that the sampling/analytical system

is working properly. Usually, when QA spiking is used, the
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method has already been validated at a similar source for
the analyte in question. The QA spike demonstrates that the
validated sampling/analytical conditions are being
duplicated. If the QA spike fails then the
sampling/analytical system shall be repaired before testing
proceeds. The method validation procedure (section 13.0 of
this method) involves a more extensive use of the analyte
spike procedure of sections 9.2.1 through 9.2.3 of this
method. Spectra of at least 12 inaependent spiked and 12
independent unspiked samples are recorded. The
concentration results are analyzed statistically to
determine if there is a systematic bias in the method for
measuring a particular analyte. If there is a systematic
bias, within the limits allowed by Method 301 of this
appendix, then a correction factor shall be applied to the
analytical results. If the systematic bias is greater than
the allowed limits, this method is not wvalid gnd cannot be
used.
9.2.1 Introduce the spike/tracer gas at a constant flow
rate of < 10 percent of the total sample flow, when
possible. (Note: Use the rotameter at the end of the
sampling train to estimate the required spike/tracer gas
flow rate.) Use a flow device, e.g., mass flow meter (t 2
percent), to monitor the spike flow rate. Record the spike

flow rate every 10 minutes.
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9.2.2 Determine the response time (RT) of the system by
continuously collecting spectra of the spiked effluent until
the spectrum of the spiked component is constant for S
minutes. The RT is the interval from the first measurement
until the spike becomes constant. Wait for twice the
duration of the RT, then collect spectra of two independent
spiked gas samples. Duplicate analyses of the spiked
_ concentration shall be within 5 percent of the mean of the
two measurements.

9.2.3 Calculate the dilution ratio using the tracer gas as

follows:
SF,
SF&«»
where:
CS = DFxSpike,, + Unspike(1-DF) @
DF = Dilution factor of the spike gas; this value
shall be 210.
SFeair) = SFs (or tracer gas) concentration measured
directly in undiluted spike gas.
SFé(spr) = Diluted SF, (or tracer gas) concentration

measured in a spiked sample.
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Spikey,, = Concentration of the analyte in the spike
standard measured by filling the FTIR cell
directly.

cs = Expected concentration of the spiked samples.
Unspike = Native concentration of analytes in unspiked

samples

10.0 Calibration and Standardization.

10.1 Signal-to-Noise Ratio (S/N). The RMSD in the noise
' must be less than one tenth of the minimum analyte peak
absorbance in each analytical region. For exémple if the
minimum peak absorbance is 0.01 at the required DL, then
RMSD measured over the entire analytical region must be

< 0.001.

10.2 Absorbance Path length. Verify the absorbance path
length by comparing reference CTS spectra to test CTS
spectra. See appendix E of the FTIR Protocol.

10.3 Instrument Resolution. Measure the line width of
appropriate test CTS band(s) to verify instrument
resolution. Alternatively, compare CTS spectra to a
reference CTS spectrum, if available, measured at the
nominal resolution.

10.4 Apodization Function. In transforming the sample

interferograms to absorbance spectra use the same
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apodization function that was used in transforming the
reference spectra.
10.5 FTIR Cell Volume. Evacuate the cell to < 5 mmHg.
Measure the initial absolute temperature (T;) and absolute
pressure (P;). Conneét a wet test meter (or a calibrated
dry gas meter), and slowly draw room air into the cell.
Measure the meter volume (V,), meter absolute temperature
(Tn) , and meter absolute pressure (P,); and the cell final
absolute temperature (T,) and absolute pressure (P).
Calculate the FTIR cell volume Vg, including that of the

connecting tubing, as follows:

P

m

Vm T

Vee = n
s§ )

P, P

I, T,

11.0 Data Analysis and Calculations.

Analyte concentrations shall be measured using
reference spectra from the EPA FTIR spectral library. When
EPA library spectra are not available, the procedures in
section 4.6 of the Protocol shall be followed to prepare
reference spectra of all the target analytes.

11.1 Spectral De-resolution. Reference spectra can be

converted to lower resolution standard spectra (section 3.3
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of this method) by truncating the original reference sample
and background interferograms. Appendix K of the FTIR
Protocol gives specific deresolution procedures. Deresolved
spectra shall be transformed using the same apodization
function and level of zero filling as the sample spectra.
Additionally, pre-test FTIR protocol calculations (e.q.,
FRU, MAU, FCU) shall be perform?d using the de-resolved
standard spectra. ‘

11.2 Data Analysis. Various analytical programs are
available for relating sample absorbance to a concentration
standard. Calculated concentrations shall be verified by
analyzing residual baselines after mathematically
subtracting scaled reference spectra from the sample
spectra. A full description of the data analysis and
calculations is contained in the FTIR Protocol (sections
4.0, 5.0, 6.0 and appendices). Correct the calculated
concentrations in the sample spectra for differences in
absorption path length and temperature between the reference

and sample spectra using equation 6,

L T P
C =|= == Cca/c (6
corr
LS TI‘ PS
where:
Ceorr = Concentration, corrected for path length.
Ceaic = Concentration, initial calculation (output of the

analytical program designed for the compound).
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L, = Reference spectra path length.

L, = Sample spectra path length.

T, = Absolute temperature of the sample gas, K.

T, = Absolute gas temperature of reference spectra, K.

P, = Sample cell pressure.

P, = Reference spectrum sample pressure.
12.0 Method Performance.
12.1 Spectral Quality. Refer to the FTIR Protocol
appendices for analytical requirements, evaluation of data
gquality, and analysis of uncertainty.
12.2 Sampling QA/QC. The analyte spike procedure of
section 9 of this method, the QA spike of section 8.6.2 of
this method, and the validation procedure of section 13 of
this method are used to evaluate the performance of the
sampling system and to quantify sampling system effects, if
any, on the measured concentrations. This method is self-
validating provided that the results meet the performance
requirement of the QA spike in sections 9.0 and 8.6.2 of
this method and results from a previous method validation
study support the use of this method in the application.
Several factors can contribute to uncertainty in the
measurement of spiked samples. Factors which can be
controlled to provide better accuracy in the spiking
procedure are listed in sections 12.2.1 through 12.2.4 of

this method.
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12.2.1 Flow meter. An accurate mass flow meter is accurate
to £ 1 percent of its span. If a flow of 1 L/min is
monitored. with such a MFM, which is calibrated in the range
of 0-5 L/min, the flow measurement has an uncertainty of 5
percent. This may be improved by re-calibrating the meter
at the specific flow rate to be used.
12.2.2 Calibration gas. Usually the calibration standard
is certifiéd to within + 2 percent. With reactive analytes,
such as HCl, the certified accuracy in a commercially
available standard may be no better than * 5 percent.
12.2.3 Temperature. Temperature measurements of the cell
shall be quite accurate. If practical, it is preferable to
measure sample temperature directly, by inserting a
thermocouple into the cell chamber instead of monitoring the
cell outer wall temperature.
12.2.4 Pressure. Accuracy depends on the accuracy of the
barometer, but fluctuations in pressure throughout a day may
be as much as 2.5 percent due to.weather variations.
13.0 -Method Validation Procedure.

This validation procedure, which is based on EPA Method
301 (40 CFR part 63, appendix A), may be used to validate
this method for the analytes in a gas matrix. Validation at
one source may also apply to another type of source, if it
can be shown that the exhaust gas charactefistics are

similar at both sources.
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13.1 Section 5.3 of Method 301 (40 CFR part 63, appendix
A), the Analyte Spike procedure, is used with these
modifications. The statistical analysis of the results
follows section 6.3 of EPA Method 301. Section 3 of this
method defines terms that are not defined in Method 301.
13.1.1 The analyte spike is performed dynamically. This
means tﬁe spike flow is continuous and constant as spiked
samples are measured.
13.1.2 The spike gas is introduced at the back of the
sample probe.
13.1.3 Spiked effluent is carried through all sampling
components downstream of the probe.
13.1.4 A single FTIR system (or more) may be used to
collect and analyze spectra (not quadruplicate integrated
sampling trains).
13.1.5 All of the wvalidation measurements are performed
sequentially in a single "run" (section 3.26 of this
method) .
13.1.6 The measurements analyzed statistically are each
independent (section 3.22 of this method).
13.1.7 A validation data set can consist of more than 12
spiked and 12 unspiked measurements.
13.2 Batch Sampling. The procedure in sections 13.2.1
through 13.2.2 may be used for stable processes. If process

emissions are highly variable, the procedure in section
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13.2.3 shall be used.
13.2.1 With a single FTIR instrument and sampling system,
begin by collecting spectra of two unspiked samples.
Introduce the spike flow into the sampling system and allow
10 cell volumes to purge the sampling system and FTIR cell.
Collect spectra of two spiked samples. Turn off the spike
and allow 10 cell volumes of unspiked sample to purge the
FTIR cell. Repeat this procedure until the 24 (or more)
samples are collected.
13.2.2 1In batch sampling, collect spectra of 24 distinct
samples. (Each distinct sample consists of filling the cell
to ambient pressure after the cell has been evacuated.)
13.2.3 Alternatively, a separate probe assembly, line, and
sample pump can be used for spiked sample. Verify and
document that sampling conditions are the same in both the
spiked and the unspiked sampling systems. This can be done
by wrapping both sample lines in the same heated bundle.
Keep the same flow rate in both sample lines. Measure
samples in sequence in pairs. After two spiked samples are
measured, evacuate the FTIR cell, and turn the manifold
valve so that spiked sample flows to the FTIR cell. Allow
the connecting line from the manifold to the FTIR cell to
purge thoroughly (the time depends on the line length and
flow rate). Collect a pair of spiked samples. Repeat the

procedure until .at least 24 measurements are completed.
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13.3 Simultaneous Measurements With Two FTIR Systems. If
unspiked effluent concentrations of the target analyte(s)
vary significantly with time, it may be desirable to perform
synchronized measurements of spiked and unspiked sample.
Use two FTIR systems, each with its own cell and sampling
system to perform simultaneous spiked and unspiked
measurements. The optical configurations shall be similar,
if possible. The sampling configurations shall be the same.
One sampling system and FTIR analyzer shall be used to
measure spiked effluent. The other sampling system and FTIR
analyzer shall be used to measure unspiked flue gas. Both
systems shall use the same sampling procedure (i.e., batch‘
or continuous).
13.3.1 If batch sampling is used, synchronize the ceil
evacuation, cell filling, and collection of spectra. Fill
both cells at the same rate (in cell volumes per unit time).
13.3.2 If continuous sampling is used, adjust the sample
flow through each gas cell so that the same number of cell
voluﬁes pass through each cell in a given time (i.e. TC, =
TC,;) .
13.4 Statistical Treatment. The statistical procedure of
EPA Method 301 of this appendix, section 6.3 is used to
evaluéte the bias and precision. For FTIR testing a
validation "run" is defined as spectra of 24 independent

samples, 12 of which are spiked with the analyte(s) and 12
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of which are not spiked.

13.4.1 Bias. Determine the bias (defined by EPA Method 301

of this appendix, section 6.3.2) using equation 7:

B=5-CS ¢))
where:
B = Bias at spike level.
Sp = Mean concentration of £he analyte spiked
samp;es.
Cs = Expected concentration of the spiked samples.

13.4.2 Correction Factor. Use section 6.3.2.2 of Method
301 of this appendix to evaluate the statistical
significance of the bias. If it is determined that the bias
is significant, then use section 6.3.3 of Method 301 to
calculate a correction factor (CF). Analytical results of
the test method are multiplied by the correction factor, if
0.7 s CF £ 1.3. If is determined that the bias is
significant and CF > + 30 percent, then the test method is
considered to "not valid."

13.4.3 If measurements do not pass validation, evaluate the
sampling system, instrument configuration, and analytical
system to determine if improper set-up or a malfunction was
the cause. If so, reéair the system and repeat the

validation.
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14.0 Pollution Prevention.

The extracted sample gas is vented outside the
enclosure containing the FTIR system and gas manifold after
the analysis. In typical method applications the vented
sample volume is a small fraction of the source volumetric
fiow and its composition is identical to that emitted from
the source. When analyte spiking is used, spiked pollutants
~are vented with the extracted sample gas. Approximately 1.6
x 10 to 3.2 x 10 1lbs of a single HAP may be vented to the
atmosphere in a typical validation run of 3 hours. (This
assumes a molar mass of 50 to 100 g, spike rate of 1.0
L/min, and a standard concentration of 100 ppm). Minimize
emissions by keeping the spike flowvoffbwhen not in use.
15.0 Waste Management.

Small volumes of laboratory gas standards can be vented
through a laboratory hood. Neat samples must be packed and
disposed according to applicable regulations. Surplus
materials may be returned to supplier for disposal.
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PROTOCOL FOR THE USE OF EXTRACTIVE FOURIER TRANSFORM
INFRARED (FTIR) SPECTROMETRY FOR THE ANALYSES OF GASEOUS
EMISSIONS FROM STATIONARY SOURCES

INTRODUCTION

The purpose of this document is to set general guidelines
for the use of modern PTIR spectroscopic methods for the analysis
of gas samples extracted from the effluent of stationary emission
sources. This document outlines techniques for developing and
evaluating such methods and sets basic requirements for reporting
and quality assurance procedures.

1.0 NOMENCLATURE

1.1 Appendix A lists definitions of the symbols and terms
used in this Protocol, many of which have been taken directly
from American Society for Testing and Materials (ASTM)
publication E 131-90a, entitled "Terminology Relating to
Molecular Spectroscopy."

1.2 Except in the case of background spectra or where
otherwise noted, the term "spectrum" refers to a double-beam
spectrum in units of absorbance vs. wavenumber (cm"1l).

1.3 The term "Study" in this document refers to a
publication that has been subjected to EPA- or peer-review.

2.0 APPLICABILITY AND ANALYTICAL PRINCIPLE

2.1 Applicability. This Protocol applies to the
determination of compound-specific concentrations in single- and
multiple-component gas phase samples using double-beam absorption
spectroscopy in the mid-infrared band. It does not specifically

address other FTIR applications, such as single-beam
spectroscopy, analysis of open-path (non-enclosed) samples, and
continuous measurement techniques. If multiple spectrometers,

absorption cells, or instrumental linewidths are used in such
analyses, each distinct operational configuration of the system
must be evaluated separately according to this Protocol.

2.2 Analytical Principle.

2.2.1 In the mid-infrared band, most molecules exhibit
characteristic gas phase absorption spectra that may be recorded
by FTIR systems. Such systems consist of a source of mid-
infrared radiation, an interferometer, an enclosed sample cell of
known absorption pathlength, an infrared detector, optical
elements for the transfer of infrared radiation between
components, and gas flow control and measurement components.
Adjunct and integral computer systems are used for controlling
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the }nstrument, processing the signal, and for performing both
Fourier transforms and quantitative analyses of spectral data.

2.2.2 The absorption spectra of pure gases and of mixtures
of gases are described by a linear absorbance theory referred to
as Beer’s Law. Using this law, modern FTIR systems use
computerized analytical programs to quantify compounds by
comparing the absorption spectra of known (reference) gas samples
to the absorption spectrum of the sample gas. Some standard
mathematical techniques used for comparisons are classical least
squares, inverse least squares, cross-correlation, factor
analysis, and partial 1least squares. Reference A describes
several of these techniques, as well as additional techniques,
such as differentiation methods, linear baseline corrections, and
non-linear absorbance corrections.

3.0 GENERAL PRINCIPLES OF PROTOCOL REQUIREMENTS

The characteristics that distinguish FTIR systems from gas
analyzers used in instrumental gas analysis methods (e.g.,
EPA Methods 6C and 7E) are: (1) Computers are necessary to
obtain and analyze data; (2) chemical concentrations can be
quantified using previously recorded infrared reference spectra;
and (3) analytical assumptions and results, including possible
effects of interfering compounds, can be evaluated after the
quantitative analysis. The following general principles and
requirements of this Protocol are based on these characteristics.

‘ 3.1 Verifiability and Reproducibility of Results. Store

all data and document data analysis techniques sufficient to
allow an independent agent to reproduce the analytical results
from the raw interferometric data.

3.2 Transfer of Reference Spectra. To determine whether
reference spectra recorded under one set of conditions (e.g.,
optical bench, instrumental 1linewidth, absorption pathlength,
detector performance, pressure, and temperature) can be used to
analyze sample spectra taken under a different set of conditions,
quantitatively compare "calibration transfer standards" (CTS) and
reference spectra as described in this Protocol. (Note: The CTS
may, but need not, include analytes of interest). To effect
this, record the absorption spectra of the CTS (a) immediately
before and immediately after recording reference spectra and
(b) immediately after recording sample spectra.

3.3 Evaluation of FTIR Analyses. The applicability,
accuracy, and precision of FTIR measurements are.iqfluenged by a
number of interrelated factors, which may be divided into two
classes: .

3.3.1 Sample-Independent Factors. Examples are system
configuration and performance (e.g., detector sensitivity and
infrared source output), quality and applicability of reference
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absorption spectra, and type of mathematical analyses of the
spectra. These factors define the fundamental limitations of
FTIR measurements for a given system configuration. These
limitations may be estimated from evaluations of the system
before samples are available. For example, the detection limit
for the absorbing compound under a given set of conditions may be
estimated from the system noise level and the strength of a
particular absorption band. Similarly, the accuracy of
- measurements may be estimated from the analysis of the reference
spectra.

3.3.2 Sample-Dependent PFactors. Examples are spectral
interferants (e.g., water vapor and CO;) or the overlap of
spectral features of different compounds and contamination
deposits on reflective surfaces or transmitting windows. To
maximize the effectiveness of the mathematical techniques used in
spectral analysis, identification of interferants (a standard
initial step) and analysis of samples (includes effects of other
analytical errors) are necessary. Thus, the Protocol requires
post-analysis calculation of measurement concentration
uncertainties for the detection of these potential sources of
measurement error.

4.0 PRE-TEST PREPARATIONS AND EVALUATIONS

Before testing, demonstrate the suitability of FTIR
spectrometry for the desired application according to the
procedures of this section.

4.1 Identify Test Requirements. Identify and record the
test requirements described below in 4.1.1 through 4.1.5. These
values set the desired or required goals of the proposed
analysis; the description of methods for determining whether
these goals are actually met during the analysis comprises the
majority of this Protocol.

4.1.1 Analytes (specific chemical species) of interest.
Label the analytes from i = 1 to I.

4.1.2 Analytical uncertainty limit (AUj). The AUj is the
maﬁimum permissible fractional uncertainty of analysis for the
iR analyte concentration, expressed as a fraction of the analyte
concentration in the sample.

4.1.3 Required detection limit for each analyte (DL;, ppm).
The detection limit is the lowest concentration of an anaiyte for
which its overall fractional uncertainty (OFU;) is required to be
less than its analytical uncertainty limit (Abi).

4.1.4 Maximum expected concentration of each analyte
(mi: ppm) . ’
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4.2 Identify Potential Interferants. Considering the

chemistry of the process or results of previous Studies, identify
potential interferants, i.e., the major effluent constituents and
any relatively minor effluent constituents that possess either
strong absorption characteristics or strong structural
similarities to any analyte of interest. Label them 1 through
N;,.where the subscript "j" pertains to potential interferants.
Estimate the concentrations of these compounds in the effluent
(CPOT4, ppm) .

4.3 Select and Evaluate the Sampling System. Considering
the source, e.g., temperature and pressure profiles, moisture
content, analyte characteristics, and particulate concentration),
select the equipment for extracting gas samples. Recommended are
a particulate filter, heating system to maintain sample
temperature above the dew point for all sample constituents at
all points within the sampling system (including the filter), and
sample conditioning system (e.g., coolers, water-permeable
membranes that remove water or other compounds from the sample,
and dilution devices) to remove spectral interferants or to
protect the sampling and analytical components. Determine the
minimum absolute sample system pressure (P;;,, mmHg) and the
infrared absorption cell volume (Vgg, 1liter). Select the
techniques and/or equipment for the measurement of sample
pressures and temperatures.

4.4 Select Spectroscopic System. Select a spectroscopic
configuration for the application. Approximate the absorption
pathlength (Lg’', meter), sample pressure (Pg’, kPa), absolute
sample temperature Tg’, and signal integration period (tgg,
seconds) for the analysis. Specify the nominal minimum
instrumental linewidth (MIL) of the system. Verify that the
fractional error at the approximate values Pg’ and Tg’' 1is less
than one half the smallest value AU; (see Section 4.1.2).

4.5 Select Calibration Transfer Standards (CTS’s). Select
CTS’s that meet the criteria listed in Sections 4.5.1, 4.5.2, and
4.5.3. ’

Note: It may be necessary to choose preliminary analytical
regions (see Section 4.7), identify the minimum analyte
linewidths, or estimate the system noise level (see
Section 4.12) before selecting the CTS. More than one
compound may be needed to meet the criteria; if so, obtain
separate cylinders for each compound.

4.5.1 The central wavenumber position of each analytical
region lies within 25 percent of the wavenumber position of at
least one CTS absorption band. ‘

4.5.2 The absorption bands in 4.5.1 exhibit peak
absorbances greater - than ten times the .value RMSpgr (see
Sectioh 4.12) but less than 1.5 absorbance units.
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4.5.3 At least one absorption CTS band within the operating
range of the FTIR instrument has an instrument- independent
linewidth no greater than the narrowest analyte absorption band;
perform and document measurements or cite Studies to determiné
analyte and CTS compound linewidths.

4.5.4 For each analytical region, specify the upper and
lower wavenumber positions (FFU, and FFL_, respectively) that
bracket the CTS absorption bang or bands for the associated
analy;ical region. Specify the wavenumber range, FNU to FNL,
containing the absorption band that meets the criterion of
Section 4.5.3.

4.5.5 Associate, whenever possible, a single set of CTS gas
cylinders with a set of reference spectra. Replacement CTS gas
cylinders shall contain the same compounds at concentrations
within 5 percent of that of the original CTS cylinders; the
entire absorption spectra (not individual spectral segments) of
the replacement gas shall be scaled by a factor between 0.95 and
1.05 to match the original CTS spectra.

4.6 Prepare Reference Spectra.

Note: Reference spectra are available in a permanent soft
copy from the EPA spectral library on the EMTIC (Emission
Measurement Technical Information Center) computer bulletin
board; they may be used if applicable.

4.6.1 Select the reference absorption pathlength (Lg) of
the cell. _

4.6.2 Obtain or prepare a set of chemical standards for
each analyte, potential and known spectral interferants, and CTS.
Select the concentrations of the chemical standards to correspond
to the top of the desired range.

4.6.2.1 Commercially-Prepared Chemical Standards. Chemical
standards for many compounds may be obtained from independent -
sources, such as a specialty gas manufacturer, chemical company,
or commercial laboratory. These standards (accurate to within
+2 percent) shall be prepared according to EPA Protocol 1 (see
Reference D) or shall be traceable to NIST standards. Obtain
from the supplier an estimate of the stability of the analyte
concentration; obtain and follow all the supplier’s
recommendations for recertifying the analyte concentration.

4.6.2.2 Self-Prepared Chemical Standards. Chemical
standards may be prepared as follows: Dilute certified
commercially prepared chemical gases or pure analytes with ultra-
pure carrier (UPC) grade nitrogen according to the barometric and
volumetric techniques generally described in Reference A,
Section A4.6. :
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4.6.3 Record a set of the absorption spectra of the CTS
{Rl}, then a set of the reference spectra at two or more
concentrations in duplicate over the desired range (the top of
the range must be 1less than 10 times that of the bottom),
followed by a second set of CTS spectra {R2}. (If self-prepared
standards are used, see Section 4.6.5 before disposing of any of
the standards.) The maximum accepted standard concentration-
pathlength product (ASCPP) for each compound shall be higher than
the maximum estimated concentration-pathlength products for both
analytes and known interferants in the effluent gas. For each
analyte, the minimum ASCPP shall be no greater than ten times the
concentration-pathlength product of that analyte at its required
detection limit.

4.6.4 Permanently store the background and interferograms
in digitized form. Document details of the mathematical process
for generating the spectra from these interferograms. Record the
sample pressure (Pg), sample temperature (TgR), reference
absorption pathlength (Lp), and interferogram signal integration
period (tgp). Signal 1integration periods for the background
interferograms shall be atgyr. Values of Pp, Lp, and tg shall
not deviate by more than i1 percent from the time of recording
{R1} to that of recording {R2}.

4.6.5 If self-prepared chemical standards are employed and
spectra of only two concentrations are recorded for one or more
compounds, verify the accuracy of the dilution technique by
analyzing the prepared standards for those compounds with a
secondary (non-FTIR) technique as follows:

4.6.5.1 Record the response of the secondary technique to
each of the four standards prepared.

4.6.5.2 Perform a linear regression of the response values
(dependant variable) versus the accepted standard concentration
(ASC) values (independent variable), with the regression
constrained to pass through the zero-response, zero ASC point.

4.6.5.3 Calculate the average fractional difference between
the actual response values and the regression-predicted values
(those calculated from the regression line using the four ASC
values as the independent variable).

4.6.5.4 If the average fractional difference value
calculated in Section 4.6.5.3 is larger for any compound ;hgn the
corresponding AUy, the dilution technique is not sufficiently
accurate and the reference spectra prepared are not valid for the
analysis.

4.7 Select Analytical Regions. Using the general
considerations in Section 7 of Reference A and the spectral
characteristics of the analytes and interferants, select the
analytical regions for the application. Label them m = 1 to M.
Specify the lower, center and upper wavenumber positions of each
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analytical region (FLy,, FCy, and FU,, respectively). Specify th
analytes and interferants which m'exhibit: absogptionp in yeacﬁ
region.

. 4.8 Determine Fractional Reproducibility Uncertainties.
Using Appendix E, calculate the fractional reproducibility
uncertainty for each analyte (FRU;) from a comparison of {R1} and
{R2}. . 1If FRUj > AU; for any analyte, the reference spectra
generated in Section 4.6 are not valid for the application.

4.9 Identify Known Interferants. Using Appendix B,
determine which potential interferant affects the analyte
concentration determinations. If it does, relabel the potential
interferant as "known" interferant, and designate these compounds
from k = 1 to K. Appendix B also provides criteria for
determining whether the selected analytical regions are suitable.

4.10 Prepare Computerized Analytical Programs.

4.10.1 Choose or devise mathematical techniques (e.g,
classical least squares, inverse 1least squares, cross-
correlation, and factor analysis) based on Equation 4 of
Reference A that are appropriate for analyzing spectral data by
comparison with reference spectra.

4.10.2 Following the general recommendations of Reference
A, prepare a computer program or set of programs that analyzes
all the analytes and known interferants, based on the selected
analytical regions (4.7) and the prepared reference spectra
(4.6). Specify the baseline correction technique (e.g.,
determining the slope and intercept of a linear baseline
contribution in each analytical region) for each analytical
region, including all relevant wavenumber positions.

4.10.3 Use programs that provide as output [at the
reference absorption pathlength (Lg), reference gas temperature
(Tg) and reference gas pressure (PR)1 the analyte

concentrations, the known interferant concentrations, and the
baseline slope and intercept values. If the sample absorption
pathlength (Lg), sample gas temperature (Tg) or sample gas
pressure (Pg) during the actual sample analyses differ from Lp,
Tg, and Pp, use a program or set of programs that applies
multiplicative corrections to the derived concentrations to
account for these variations, and that provides as output both
the corrected and uncorrected values. Include in the report of
the analysis (see Section 7.0) the details of any transformations
applied to the original reference spectra (e.g.,
differentiation), in such a fashion that all analytical results
may be verified by an independent agent from the reference
spectra and data spectra alone.

4.11 Determine ' the Fractional Calibration Uncertainty.
Calculate the fractional calibration uncertainty for each analyte
(FCU4) according to Appendix F, and compare these values to the
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fractional wuncertainty 1limits (AU;; see Section 4.1). If

FCU; > AUy), either the reference i
i il Spectra or analytical programs
for that analyte are unsuitable. Y prog

4.12 Verify System Configuration Suitability. Using
Appendix C, measure or obtain estimates of the noise level
(RMSpgp, absorbance) of the FTIR system; alternatively, construct
thg complete spectrometer system and determine the values RMS
using Appendix G. Estimate the minimum measurement uncertainty
for each analyte (MAU;, ppm) and known interferant (MIU,, ppm)
using Appendix D. Verify that (a) MAU; < (AU,) (DLy), FRU; < AUj,
and FCU; < AU; for each analyte and that (b) the S chosen meets
the requirements listed in Section 4.5.

5.0 SAMPLING AND ANALYSIS PROCEDURE

5.1 Analysis System Assembly and Leak-Test. Assemble the
analysis system. Allow sufficient time for all system components
to reach the desired temperature. Then determine the leak-rate
(Lg) and leak volume (Vp), where Vi = Lp tgg. Leak volumes shall
be s4 percent of Vgs-

5.2 Verify Instrumental Performance. Measure the noise
level of the system in each analytical region using the procedure
of Appendix G. If any noise level is higher than that estimated
for the system in Section 4.12, repeat the calculations of
Appendix D and verify that the requirements of Section 4.12 are
met; if they are not, adjust or repair the instrument and repeat
this section. ‘

5.3 Determine the Sample Absorption Pathlength. Record a
background spectrum. Then, f£ill the absorption cell with CTS at
the pressure P, and record a set of CTS spectra {R3}. Store the
background an unscaled CTS single beam interferograms and
spectra. Using Appendix H, calculate the sample absorption
pathlength (Lg) for each analytical region. The values LS shall
not differ from the approximated sample pathlength Lg (see
Section 4.4) by more than 5 percent.

5.4 Record Sample Spectrum. Connect the sample line to the
source. Either evacuate the absorption cell to an absolute
pressure below 5 mmHg before extracting a sample from the
effluent stream into the absorption cell, or pump at least ten
cell volumes of sample through the cell before obtaining a
sample. Record the sample pressure Pg. Generate the absorbance
spectrum of the sample. Store the background and samplq single
beam interferograms, and document the process by which the
absorbance spectra are generated from these data. (If necessary,
apply the spectral transformations developed in Section 5.6.2).
The resulting sample spectrum is referred to below as Sg.
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Note: Multiple sample spectra may be recorded according to

thg grgcedures of Section 5.4 before performing Sections 5.5
an .6.

5.5 Quantify Analyte Concentrations. Calculate the
unscaled analyte concentrations RUA; and unscaled interferant
concentrations RUIp using the programs developed in Section 4.
To correct for pathlength and pressure variations between the
reference and sample spectra, calculate the scaling factor
RLPS - (LRPRTS)/(LSPST ). Calculate the final analyte and
interferant concentrations RSA{ = Ry pgRUA; and RST) = RLPSRUIk-

5.6 Determine Fractional Analysis Uncertainty. Fill the
absorption cell with CTS at the pressure Pg. Record a set of CTS
spectra {R4}. Store the background and CTS single beam
interferograms. Using Appendix- H, calculate the fractional
analysis uncertainty (FAU) for each analytical region. . If the
FAU indicated for any analytical region is larger than the
required accuracy requirements determined in Section 4.1, then
comparisons to previously recorded reference spectra are invalid
in that analytical region, and the analyst shall perform one or
both of the following procedures:

5.6.1 Perform instrumental checks and adjust the instrument
to restore its performance to acceptable levels. If adjustments
are made, repeat Sections 5.3, 5.4 (except for the recording of a
sample spectrum), and 5.5 to demonstrate that acceptable
uncertainties are obtained in all analytical regions.

5.6.2 Apply appropriate mathematical transformations (e.g.,
frequency shifting, zero-filling, apodization, smoothing) to the
spectra (or to the interferograms upon which the spectra are
based) generated during the performance of the procedures of
Section 5.3. Document these transformations and their
reproducibility. Do not apply multiplicative scaling of the
spectra, or any set of transformations that is mathematically
equivalent to multiplicative scaling. Different transformations
may be applied to different analytical regions. Frequency shifts
shall be smaller than one-half the minimum instrumental
linewidth, and must be applied to all spectral data points in an
analytical region. The mathematical transformations may be
retained for the analysis if they are also applied to the
appropriate analytical regions of all sample spectra recorded,
and if all original sample spectra are digitally stored. Repeat
Sections 5.3, 5.4 (except the recording of a sample spectrum),
and 5.5 to demonstrate that these transformations lead to
acceptable calculated concentration uncertainties in all
analytical regions.

6.0 POST-ANALYSIS EVALUATIONS

Estimate the overall accuracy of the analyses performed in
Section 5 as follows:
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6.1 Qualitatively Confirm the Assumed Matrix. Examine each
analytical region of the sample spectrum for spectral evidence of
unexpected or unidentified interferants. If found, identify the
interfering compounds (see Reference C for guidance) and add them
to the list of known interferants. Repeat the procedures of
Section 4 to include the interferants in the uncertainty
calculations and analysis procedures. Verify that the MAU and
FCU values do not increase beyond acceptable levels for the
application requirements. Re-calculate the analyte
concentrations (Section 5.5) in the affected analytical regions.

6.2 Quantitatively Evaluate Fractional Model Uncertainty
(FMU) . Perform the procedures of either Section 6.2.1 or 6.2.2:

6.2.1 tising Appendix I, determine the fractional model
error (FMU) for each analyte. ‘

6.2.2 Provide statistically determined uncertainties FMU
for each analyte which are equivalent to two standard deviations
at the 95% confidence level. Such determinations, if employed,
must be based on mathematical examinations of the pertinent
sample spectra (not the reference spectra alone). Include in the
report of the analysis (see Section 7.0) a complete description
of the determination of the concentration uncertainties.

6.3 Estimate Overall Concentration Uncertainty (OCU).
Using Appendix J, determine the overall concentration uncertainty
(OCU) for each analyte. If the OCU is larger than the required
accuracy for any analyte, repeat Sections 4 and 6.

7.0 REPORTING REQUIREMENTS

[Documentation pertaining to virtually all the procedures of
Sections 4, 5, and 6 will be required. Software copies of
reference spectra and sample spectra will be retained for some
minimum time following the actual testing.l
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EPA FTIR Protocol Page 12

APPENDIX A

DEFINITIONS OF TERMS AND SYMBOLS

A.l Definitions of Terms

absorption band - a contiguous wavenumber region of a spectrum
(equivalently, a contiguous set of absorbance spectrum data
points) in which the absorbance passes through a maximum or
a series of maxima.

absorption pathlength - in a spectrophotometer, the distance,
measured in the direc¢tion of propagation of the beam of
radiant energy, between the surface of the specimen on which
the radiant energy is incident and the surface of the
specimen from which it is emergent.

analytical region - a contiguous wavenumber region (equivalently,
a contiguous set of absorbance spectrum data points) used in
the quantitative analysis for one or more analyte.

Note: The quantitative result for a single analyte may be
based on data from more than one analytical region.

apodization - modification of the ILS function by multiplying the

interferogram by a weighing function whose magnitude varies
with retardation.

background spectrum - the single beam spectrum obtained with all
system components without sample present.

baseline - any line drawn on an absorption spectrum to establish
a reference point that represents a function of the radiant
power incident on a sample at a given wavelength.

Beers’s law - the direct proportionality of the absorbance of a
compound in a homogeneous sample to its concentration.

calibration transfer standard (CTS) gas - a gas standard of a
compound used to achieve and/or demonstrate suitable
quantitative agreement between sample spectra and the
reference spectra; see Section 4.5.1.

compound - a substance possessing a distinct, unique molecular
structure.

concentration (¢) - the quantity of a compound contained in a
unit quantity of sample. The unit "ppm" (number, or mole,
basis) is recommended. :

concentration-pathlength product - the mathematical product of
concentration of the species and absorption pathlength. For
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reference spectra, this is a known quantity; for sampl
L3 (] 1 e
Spectra, it is the quantity directly determineé from Beer’'s

law. The wunits “"centimeters-ppm" or "meters-ppm" are
recommended.
derivative absorption spectrum - a plot of rate of change of

absorbance or of any function of absorbance with respect to
wavelength or any function of wavelength.

double boan spectrum - a transmission or absorbance spectrum
derived by dividing the sample single beam spectrum by the
background spectrum. »

Note: The term "double-beam" is used elsewhere to denote a
spectrum in which the sample and background interferograms
are collected simultaneously along physically distinct
absorption paths. Here, the term denotes a spectrum in
which the sample and background interferograms are collected
at different times along the same absorption path.

fast Pourier transform (FPT) - a method of speeding up the
computation of a discrete FT by factoring the data into
sparse matrices containing mostly zeros.

flyback - interferometer motion during which no data are
recorded.

Fourier transform (FT) - the mathematical process for converting
an amplitude-time spectrum to an amplitude-frequency
spectrum, or vice versa.

Fourier transform infrared (FTIR) spectrometer - an analytical
system that employs a source of mid-infrared radiation, an
interferometer, an enclosed sample cell of known absorption
pathlength, an infrared detector, optical elements that
transfer infrared radiation between components, and a
computer system. The time-domain detector response
(interferogram) is processed by a Fourier transform to yield
a representation of the detector response vs. infrared

frequency.

Note: When FTIR spectrometers are interfaced with other
instruments, a slash should be used to denote the interface;
e.g., GC/PFTIR; HPCL/FTIR, and the use of FTIR should be
explicit; i.e., FTIR not IR.

frequency, Vv - the number of cycles per unit time.

infrared - the portion of the electromagnetic spectrum containing
wavelengths from approximately 0.78 to 800 microns.

interferogram, I(¢) - record of the modulated component qf the
interference signal measured as a function of retardation by
the detector.
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inte;terannter - device that divides a beam of radiant energy
into two or more paths, generate an optical path difference
between the beams, and recombines them in order to produce

repetitive interference maxima and minima as the optical
retardation is varied.

lineqidth - the full width at h;&f maximum of an absorption band
in units of wavenumbers (cm ™ t).

mid-infrared - the region of thi electromagnetic spectrum from
approximately 400 to 5000 cm™*.

pathlength - see "absorption pathlength."

reference spectra - absorption spectra of gases with known
chemical compositions, recorded at a known absorption
pathlength, which are used in the quantitative analysis of
gas samples.

retardation, ¢ - optical path difference between two beams in an
interferometer; also known as "optical path difference" or
"optical retardation."

scan - digital representation of the detector output obtained
during one complete motion of the interferometer’s moving
assembly or assemblies.

scaling - application of a multiplicative factor to the
absorbance values in a spectrum.

single beam spectrum - Fourier-transformed interferogram,
representing the detector response vs. wavenumber.

Note: The term "single-beam" is used elsewhere to denote
any spectrum in which the sample and background
interferograms are recorded on the same physical absorption
path; such usage differentiates such spectra from those
generated using interferograms recorded along two physically
distinct absorption paths (see "double-beam spectrum"”
above) . Here, the term applies (for example) to the two
spectra used directly in the calculation of transmission and
absorbance spectra of a sample.

standard reference material - a reference material, the
composition or properties of which are certified by a
recognized standardizing agency or group.

Note: The equivalent ISO term is "certified reference
material."

transmittance, T - the ratio of radiant power transmitted by the
sample to the ~radiant power incident’ on the sample.
Estimated in PFTIR spectroscopy by forming the ratio of the
single-beam sample and background spectra.
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wavenumber, v - the number of waves per unit length.

Note: The ugfal unit of wavenumber is the reciprocal
centimeter, cm™ . The wavenumber is the reciprocal of the
wavelength, A, when A is expressed in centimeters.

zero-filling - the addition of zero-valued points to the end of a
measured interferogram.

Note: gerforming the FT of a zero-filled interferogram
results in correctly interpolated points in the computed
spectrum.

A.2 Definitions of Mathematical Symbols

A, absorbance - the logarithm to the base 10 of the reciprocal of
the transmittance (T). :

A = log,, (%) = -log,,T (1)

AAI;, - band area of the ith analyte in the mth analytical
region, at the concentration (CL;) corresponding to the
product of its required detection 1limit (DL;) and analytical
uncertainty limit (AUy)

AAVy, - average absorbance of the ith analyte in the mth
analytical region, at the concentration (CL;) corresponding
to the product of its required detection limit (DL;) and
analytical uncertainty limit (AU;)

ASC, accepted standard concentration - the concentration value
assigned to a chemical standard.

ASCPP, accepted standard concentration-pathlength product - for
a chemical standard, the product of the ASC and the sample
absorption pathlength. The units "centimeters-ppm" or
"meters-ppm" are recommended.

AUy, analytical uncertainty 1limit - the maximum ggrmissible
fractional uncertainty of analysis for the i analyte
concentration, expressed as a fraction of the analyte
concentration determined in the analysis.

AVT, - average estimated total absorbance in the mtP analytical
region.

cxnuk - estimated concentration of the kER xnown interferant.

CMAX; - estimated maximum concentration of the jth analyte.
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CPOTj - estimated concentration of the jth potential interferant.

DLy, required detection 1limit - for the ith analyte, the lowest
concentration of the analyte for which its overall
fractional uncertainty (OFU;) is required to be less than
the analytical uncertainty limit (AUy4) .

PCp - center wavenumber position of the mth analytical region.

FAU;, fractional analytical uncertainty - ci%culated uncertainty
in the measured concentration of the it analyte because of
errors in the mathematical comparison of reference and
sample spectra. :

FCUy, fractional calibration uncertainty - c?}culated uncertainty
in the measured concentration of the it analyte because of
errors in Beer’s law modeling of the reference spectra
concentrations.

FFL, - lower wavenumbez'IPosition of the CTS absorption band
associated with the m® analytical region.

FFU, - upper wavenumber IPosition of the CTS absorption band
associated with the m® analytical region.

FL, - lower wavenumber position of the m‘® analytical region.

FMU;, fractional model uncertainty - calcglated uncertainty in
the measured concentration of the it analyte because of
errors in the absorption model employed.

FNy - lower wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands.

FNy - upper wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands.

FRUy, fractional reproducibility uncertainty - gglculated
uncertainty in the measured concentration of the i analyte
because of errors in the reproducibility of spectra from the
FTIR system. _

FU, - upper wavenumber position of the mth analytical region.
IALy, - band area of the jtP potential interferant in the mth

analytical region, at its expected concentration (CPOTj).

IA.V}n . average absorbance of the itP analyte in the mtH
b4

analytical region, 4t its expected concentration (CPOTj).
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Isci or k'’ indicated standard concentration - the concentration

from the computerized analytical psggram for a ﬁingle-
gompound reference spectrum for the it analyte or k%® known
interferant.

kPa - kilo-Pascal (see Pascal).

Lg’ - estimated sample absorption pathlength.

Lp - reference absorption pathlength.

Lg - actual sample absorption pathlength.

MAU; - mean of the MAU;,, over the appropriate analytical regionms.

MAU;,, =inimum analyte qncortainty - the calculated minimum
concentration for which the analyticgl uncertainty limit
(AU;) in the measurement ﬁf the it analyte, based on
spectral data in the m® analytical region, can be
maintained.

KIUj - mean of the MIUjm over the appropriate analytical regions.

n+ Dinimum interferant uncertainty - the calculated minimum

concentration for which the analy%%sal uncertainty limit

CPOTé/zo in the measurementtgf the j interferant, based on
r

spectral data in the m analytical region, can be
maintained.

MIUj

MIL, minimum instrumental linewidth - the minimum linewidth from
the FTIR system, in wavenumbers.

Note: The MIL of a system may be determined by observing an
absorption band known (through higher resolution
examinations) to be narrower than indicated by the system.
The MIL is fundamentally limited by the retardation of the
interferometer, but is also affected by other operational
parameters (e.g., the choice of apodization).

N; - number of analytes.
Ny - number of potential interferants.
Ny - number of known interferants.

N - the number of scans averaged to obtain an interferogram.

scan

OFU; - the overall fractional uncertainty in an analyte
concentration determined in the analysis (OFUy = MAx{FRUi,
FCU;, FAU;, FMU;}).

Pascal (Pa) - metric unit of static pressure, equal to one Newton
per square meter; one atmosphere is equal to 101,325 Pa;
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1/760 atmosphere (ome Torr, or one millimeter H '
to 133.322 Pa. g) is equal

Ppin - minimum pressure of the sampling system during the
sampling procedure.

Pg’ - egtimated sample pressure.
Pp - reference pressure.
Pg - actual sample pressure.

RMSg, - measured noise level of the FTIR system in the mth
analytical region.

RMSD, zroot mean square difference - a measure of accuracy
determined by the following equation:

it C R S

n = the number of observations for which the accuracy is
determined.

ej = the difference between a measured value of a property
and its mean value over the n observations.

Note: The RMSD value '"between a set of n contiguous
absorbance values (Aj) and the mean of the values" (BAy) is
defined as

woo- [ Ew A

RSAy - the (calculated) final concentration of the ith analyte.

RSI, - the (calculated) final concentration of the kB known
interferant.

tscan' gscan time - time used to acquire a single scan, not

including flyback.

tg, signal integration period - the period of time over wh;ch an
interferogram is averaged by addition and scaling of
individual scans. In terms of the number of scans Ng.,, and

scan time tgogn, tg = Ngcantscan-

tsp - signal integration period used in recording reference
spectra.
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tss
T

- signal integration period used in recording sample spectra.

absolute temperature of gases used in recording reference
spectra.

Tg - absolute temperature of sample gas as sample spectra are

TP,

Vss

Wix

recorded.

Throughput - manufacturer’s estimate of the fraction of the
total infrared power transmitted by the absorption cell and
transfer optics from the interferometer to the detector.

- volume of the infrared absorption cell, including parts of
attached tubing.

- weight used to average over analytical regions k for
quantities related to the analyte i; see Appendix D.

Note that some terms are missing, e.g., BAV,, OCU, RMSSm, SUBg,
SIC;, SACy, Sg
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APPENDIX B

IDENTIFYING SPECTRAL INTERFERANTS

B.1l General

B.1.1 Assume a fixed absorption pathlength equal to the
value Lg’.

B.1.2 Use band area calculations to compare the relative
absorptigﬁ strengths of the analytes and potential interferants.
In the m*" analytical region (FLp to FUp,), use either rectangular
or trapezoidal approximations to determine the band areas
described below (see Reference A, Sections A.3.1 through A.3.3);
document any baseline corrections applied to the spectra.

B.1.3 Use the average total absorbance of the analytes and
potential interferants in each analytical region to determine
whether the analytical region is suitable for analyte
concentration determinations. ‘

Note: The average absorbance in an analytical region is the
band area divided by the width of the analytical region in
wavenumbers. The average total absorbance in an analytical
region is the sum of the average absorbances of all analytes
and potential interferants.

B.2 Calculations

B.2.1 Prepare spectral representations of each analyte at
the concentration CLy = (DLj) (AUj), where DL; is the required
detection limit and U*_' is the maximum permissible analytical
uncertainty. For the m analytical region, calculate the band
area (AAI;,) and average absorbance (AAV;_) from these scaled
analyte spectra.

B.2.2 Prepare spectral representations of each.'potentiaé
interferant at its expected concentration (CPOT;). For the m®
analytical region, calculate the band area (IA}- ) and average
absorbance (IAij) from these scaled potentfgi interferant
spectra.

B.2.3 Repeat the calculation for each analytical regiog,
and record the band area results in matrix form as indicated in
Figure B.1l.

B.2.4 If the band area of any potential interferant in an
analytical region is greater than the one-half the band area of
any analyte (i.e., IAIj > 0.5 AAI;, for any pair ij and any m),
classify the potentiallinterferant as known interferant. Label
the known interferants k = 1 to K. Record the results in matrix

form as indicated in Figure B.2.
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B.2.5 Calculape the average total absorbance (AVT,) for
each analytical region and record the values in the last row of

the matrix described in Figure B.2. Any analytical region wh
AVT, >2.0 is unsuitable. o Y g exe

FIGURE B.l1 Presentation of Potential Interferant Calculations

Analytical Regions

1 . M
Analyte Labels '
1 AAI,;; . . . RAI,y
I AAIIl . . . AAIIM
Potential Interferant

Labels

1 IAI;; . . . IAIy
J IAI;; . . . IAIgy

______——————————:-—_——————_———————-——__——___—-—

FIGURE B.2 Presentation of Known Interferant Calculations

Analytical Regions

1 . M

Analyte Labels

1 AAI;; . . . . RAIyy

I AAT;; . . . . AAIy
Known Interferant

Labels
1 IAI;; . - - . IAIyy
K IATgq . . . . IAIgy

Total Average
Absorbance AVT4 AVTy
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APPENDIX C

ESTIMATING NOISE LEVELS

C.1 General

c.1.1 The root-mean-square (RMS) noise level is the
standard measure of noise in this Protocol. The RMS noise level
of a contiguous segment of a spectrum is defined as the RMS
difference (RMSD) between the absorbance values which form the
segment and the mean value of that segment (see Appendix A).

c.1.2 The RMS noise value in double-beam absorbance
spectra is assumed to be inversely proportional to: (a) the
square root of the signal integration period of the sample single
beam spectra from which it is formed, and (b) to the total
infrared power transmitted through the interferometer and
absorption cell. -

c.1.3 Practically, the assumption of C.1.2 allow the RMS
noise level of a complete system to be estimated from the
following four quantities:

(a) RMS - the noise level of the system (in absorbance
units), without the absorption cell and transfer optics,
under thoge conditions necegsary to yjeld the specified

linewi , €.g., Jacquinot stop
size.

(b) t - the manufacturer’s signal integration time used
to getermine RMSpyaN-

(c) tgg - the signal integration time for the analyses.

(d) TP - the manufacturer’s estimate of the fraction of the
total infrared power transmitted by the absorption cell
and transfer optics from the interferometer to the
detector.

C.2 Calculations

C.2.1 Obtain the values of RMSyay, tmans, and TP from the
manufacturers of the equipment, or determine the noise level by
direct measurements with the completely constructed system
proposed in Section 4.

C.2.2 Calculate the noise value of the system (RMSpgy) as
follows:

£
'RMSggp = RMSyy TP | —22 (4)

tMAN
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APPENDIX D

ESTIMATING MINIMUM CONCENTRATION MEASUREMENT
UNCERTAINTIES (MAU and MIU)

D.1 General‘

Estim%:e the minimum concentr%gion measurement uncertainties
for the i analyte (MAU;) and j interferant (MIU;) based on
the spectral data in the mth analytical region by ¢ aring the
analyte band area in the analytical region (AAI;,) and estimating
or measuring the noise level of the system (RMSpgp Or RMSgp).

Note: For a single analytical region, the MAU or MIU value
is the concentration of the analyte or interferant for which
the band area is equal to the product of the analytical
region width (in wavenumbers) and the noise level of the
system (in absorbance units). If data from more than one
analytical region is used in the determination of an analyte
concentration, the MAU or MIU is the mean of the separate
MAU or MIU values calculated for each analytical region.

D.2 Calculations

D.2.1 For each analytical region, set RMS = RMSg, if

measured (Appendix G), or set RMS = RMSpgym if estimated (Appendix
C).

D.2.2 For each analyte associated with the analytical
region, calculate

- Flnm
D.2.3 If only the mth anathical region is wused to
calculate the concentration of the it analyte, set MAU; = MAUj;.

D.2.4 If a number of analy%%cal regions are used to
calculate the concentration of the it8 analyte, set MAU; equal to
the weighted mean of the appropriate MAUin values calculated
above; the weight for each term in the mean is equal to the
fraction of the total wavenumber range used for the calcu}ation
represented by each analytical region. Mathematically, if the
set of analytical regions employed is {m’}, then the MAU for each
analytical region is
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MAU, = Z W, MAU,,
ke{m’}

(6)

where the weight W;, is defined for each term in the sum as

Wik=(FMk-FLk)( Y [FM,,-FI..,,])'1 N

peim’}

D.2.5 Repeat Sections D.2.1 through D.2.4 to calculate the
analogous values MIU; for the interferants j = 1 to J. Replace
the value (AUi)(DLé in the above equations with CPOT./20;

replace the value im in the above equations with IALyp- J
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APPENDIX B
DETERMINING FRACTIONAL REPRODUCIBILITY UNCERTAINTIES (FRU)

E.1 General

To estimate the reproducibility of the spectroscopic results
of the system, compare the CTS spectra recorded before and after
preparing the reference spectra. Compare the difference between
the spectra to their average band area. Perform the calculation
for each analytical region on the portions of the CTS spectra
associated with that analytical region.

E.2 Calculations

E.2.1 The CTS spectra {Rl1} consist of N spectra, denoted by
S1i, i=1, N. Similarly, the CTS spectra {R2} consist of N
spectra, denoted by Sy4, i=1, N. Each Syj is the spectrum of a
single compound, where i denotes the compound and k denotes
the set {Rk} of which S is a member. Form the spectra S,
according to S3y = Spy for each i. Form the spectra S,
according to Sy = [321*‘511}/2 for each i.

E.2.2 Each analyt:ical region m is associated with a portion
of the CTS spectra S and S,4, for a partlcular i, with lower
and upper wavenumber 1m1ts F and FFU_., respectively.

E.2.3 PFor each m and the associated i, calculate the band
area of S,y in the wavenumber range FFU, to FFLg,. Follow the
guldellnes of Section B.1.2 for this %and area calculation.
Denote the result by BAV,

E.2.4 For each m and the associated i, calculate the RMSD
of S3i between the absorbance values and their mean in the
wavenumber range FFU, to FFL,. Denote the result by SRMSp

E.2.5 For each analytical region m, calculate the quantity
FMy, = SRMS, (FFUp-FFLy) /BAVp,

E.2.6 If only the m® analxtlcal region is wused to
calculate the concentration of the i analyte, set FRU; = FMy.

E.2.7 If a number py of anal%tlcal regions are used to
calculate the concentration of the i analyte, set FRU; equal to
the weighted mean of the appropriate values calculated above.
Mathematically, if the set of analytical regions employed 1is
{m’}, then

FRU; = Y Wy FM (8)
ke (m’} '

where the Wy, are calculated as described in Appendix D.
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APPENDIX F
DETERMINING FRACTIONAL CALIBRATION UNCERTAINTIES (FCU)
F.1l General

F.1.1 The concentrations yielded by the computerized
analytical program applied to each single-compound reference
spectrum are defined as the indicated standard concentrations
§ISC’s). The ISC values for a single compound spectrum should
ideally equal the accepted standard concentration (ASC) for one
analyte or interferant, and should ideally be zero for all other
compounds. Variations from these results are caused by errors in
the ASC values, variations from the Beer’s law (or modified
Beer’s law) model used to determine the concentrations, and noise
in the spectra. When the first two effects dominate, the
systematic nature of the errors is often apparent; take steps to
correct them.

F.1.2 When the calibration error appears non-systematic,
apply the following method to estimate the fractional calibration
uncertainty (FCU) for each compound. The FCU is defined as the
mean fractional error between the ASC and the ISC for all
reference spectra with non-zero ASC for that compound. The FCU
for each compound shall be 1less than the required fractional
uncertainty specified in Section 4.1.

F.1.3 The computerized analytical programs shall also be
required to yield acceptably low concentrations for compounds
with ISC=0 when applied to the reference spectra. The limits
chosen in this Protocol are that the ISC of each reference
spectrum for each analyte or interferant shall not exceed that
compound’s minimum measurement uncertainty (MAU or MIU).

F.2 Calculations

F.2.1 = Apply each analytical program to each reference
spectrum. Prepare a similar table as that in Figure F.1 to
present the ISC and ASC values for each analyte and interferant
in each reference spectrum. Maintain the order of reference file
names and compounds employed in preparing Figure F.1.

F.2.2 For all reference spectra in Figure F.1l, verify that
the absolute value of the ISC’s are less than the compound’'s MAU
(for analytes) or MIU (for interferants).

F.2.3 For each analyte reference spectrum, calculate the
quantity (ASC-ISC)/ASC. For each ?Palyte, calculate the mean of
these values (the FCU; for the ith analyte) over all reference
spectra. Prepare a similar table as that 1in Figure F.2 to
present the FCU; and analytical uncertainty limit (AUy) for each
analyte.
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FIGURE F.1

Presentation of Accepted Standard Concentrations (ASC’s)
and Indicated Standard Concentrations (ISC’s)

FIGURE F.2

Presentation of Fractional Calibration Uncertainties (FCU’s)
and Analytical Uncertainties (AU’s)

| Fcu | AU
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APPENDIX G

MEASURING NOISE:- LEVELS

G.1l General

The root-mean-square (RMS) noise level is the standard
measure of noise. The RMS noise level of a contiguous segment of
a spectrum is the RMSD between the absorbance values that form
the segment and the mean value of the segment (see Appendix A).

G.2 Calculations

G.2.1 Evacuate the absorption cell or f£ill it with UPC
grade nitrogen at approximately one atmosphere total pressure.

G.2.2 Record two single beam spectra of signal integration
period tgg.

G.2.3 Form the double beam absorption spectrum from these
two single beam spectra, and calculate the noise level RMSg, in
the M analytical regions.
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APPENDIX H

DETERMINING SAMPLE ABSORPTION PATHLENGTH (L) AND
FRACTIONAL ANALYTICAL UNCERTAINTY (FAU?

H.1l General

Reference spectra recorded at absorption pathlength (Lp),
gas pressure (Pp), and gas absolute temperature (Tgr) may be used
to determine analyte concentrations in samples whose spectra are
recorded at conditions different from that of the reference

spectra, i.e., at absorption pathlength (Lg) , absolute
temperature (Tg), and pressure (Pg) . Appendix H describes the
calculations for estimating the fractional uncertainty (FAU) of
this practice. It also destcribes the calculations for

determining the sample absorption pathlength from comparison of
CTS spectra, and for preparing spectra for further instrumental
and procedural checks.

H.1.1 Before sampling, determine the sample absorption
pathlength using least squares analysis. Determine the ratio
Lg/Lp by comparing the spectral sets {R1} and {R3}, which are
recorded using the same CTS at Lg and Ly, and Tg and Ty, but both
at PR.

H.1.2 Determine the fractional analysis uncertainty (FAU)
for each analyte by comparing a scaled CTS spectral set, recorded
at Lg, Tg, and Pg, to the CTS reference spectra of the same gas,
recorded at Lg, % , and Pp. Perform the quantitative comparison
after recording the sample spectra, based on band areas of the
spectra in the CTS absorbance band associated with each analyte.

H.2 Calculations

H.2.1 Absorption Pathlength Determination. Perform and
document separate linear baseline corrections to each analytical
region in the spectral sets (R1} and {R3}. Form a one-

dimensional array Ap containing the absorbance values from all
segments of {R1l} that are associated with the analytical regions;
the members of the array are Ag;, i = 1, n. Form a similar one-
dimensional array Ag from the ébsorbance values in the -spectral
set {R3}; the members of the array are Agy, i = 1, n. Based on
the model Agls rAp + B, determine the least-squares estimate gf
r’, the value of r which minimizes the square error E®.
Calculate the sample absorption pathlength Lg = T’ (Tg/Tg)Lg.

H.2.2 Fractional Analysis Uncertainty. Perform and
document separate linear baseline corrections to each analytical
region in the spectral sets {R1} and (R4}. Form the arrays
and Ap, as described in Section H.2.1, using values from {R1l} to
form Ap, and values from {R4} to form Ag. Calculate the values
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and

The fractional analytical uncertainty is defined as

NRMS,

FAU = AL,

(11)
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APPENDIX I

DETERMINING FRACTIONAL MODEL UNCERTAINTIES (FMU)

I.1 General

To prepare analytical programs for FTIR analyses, the sample
constituents must £first be assumed; the calculations in this
appendix, based upon a simulation of the sample spectrum, verify
the appropriateness of these assumptions. The simulated spectra
consist of the sum of single compound reference spectra scaled to
represent their contributions to the sample absorbance spectrum;
scaling factors are based on the indicated standard

concentrations (ISC) and measured (sample) analyte and
interferant concentrations, the sample and reference absorption
pathlengths, and the sample and reference gas pressures. No

band-shape correction for differences in the temperature of the
sample and reference spectra gases is made; such errors are
included in the FMU estimate. The actual and simulated sample
spectra are quantitatively compared to determine the fractional
model uncertainty; this comparison uses the reference spectra
band areas and residuals in the difference spectrum formed from
the actual and simulated sample spectra.

I.2 Calculations

I.2.1 For each analyte (with scaled concentration RSA;),
select a reference spectrum SA; with indicated standard
concentration ISC;j. Calculate the scaling factors

T, Lg Pg RSA,

(12)
Tg Ly Py 1SC,

R.Ai=

and form the spectra SAC; by scaling each SAy by the factor RA;.

I.2.2 PFor each interferant, select a reference spectrum SIy
with indicated standard concentration ISCy. Calculate the
scaling factors

Ty Lg Pg RSI,

(13)
Tq Ly Py ISCy

RI, =

and form the spectra SIC, by scaling each SI) by the factor RI,.

I.2.3 For each analytical region, determine by visual
inspection which of the spectra SAC; and SICy exhibit absorbance
bands within the analytical region. Subtract each spectrum SAC;
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and SIC, exhibiting absorbance from the sample spectrum S to
form the spectrum SUBg. To save analysis time and to avoid the
introduction of unwanted noise into the subtracted spectrum, it
is recommended that the calculation be made (1) only for those
spectral data points within the analytical regions, and (2) for
each analytical region separately using the original spectrum Sg.

I.2.4 For each analytical region m, calculate the RMSD of
SUBg between the absorbance values and their mean in the region
FFU, to FFL,. Denote the result by RMSS,,.

I.2.5 For each analyte i, calculate the quantity

RMSS,, ( FFU, - FFL,) AU, DL,

™, = AAI, RSA, (14)

for each analytical region associated with the analyte.

I.2.6 If only the mth analxtical region 1is wused to
calculate the concentration of the it analyte, set FMU; =FMp,.

I.2.7 If a number of analytgcal regions are used to
calculate the concentration of the it analyte, set FM; equal to
the weighted mean of the appropriate FMp values calculated above.
?at?ematically, if the set of analytical regions employed is

m’}, then

FMU, = Y, Wy FM,
K€ (m’}

(15)

where Wy, is calculated as described in Appendix D.
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APPENDIX J

DETERMINING OVERALL CONCENTRATION UNCERTAINTIES (OCU)

The <calculations in previous sections and appendices
estimate the measurement uncertainties for various FTIR
measurements.’ The 1lowest ©possible overall concentration
uncertainty (OCU) for an analyte is its MAU value, which is an
estimate of the absolute concentration uncertainty when spectral
noise dominates the measurement error. However, if the product
of the largest fractional concentration uncertainty (FRU, FCU,
FAU, or FMU) and the measured concentration of an analyte exceeds
the MAU for the analyte, then the OCU is this product. In
mathematical terms, set OFU; = MAX{FRU;, FCUy, FAU;, FMU;} and
OCU; = MAX{RSA,*OFU;, MAU;}.
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APPENDIX X

SPECTRAL DE-RESOLUTION PROCEDURES

K.l General.

High resolution reference spectra can be converted into
lower resolution standard spectra for use in quantitative
analysis of sample spectra. This is accomplished by truncating
the number of data points in the original reference sample and
background interferograms.

De-resolved spectra must meet the following requirements to
be used in quantitative analysis.

(a) The resolution must match the instrument sampling
resolution. This is verified by comparing a de-resolved CTS
spectrum to a CTS spectrum measured on the sampling instrument.

(b) The Fourier transformation of truncated interferograms
(and their conversion to absorbance spectra) is performed using
the same apodization function (and other mathematical
corrections) used in converting the sample interferograms into
absorbance spectra.

K.2 Procedures

This section details three alternative procedures using two
different commercially available software packages. A similar
procedures using another software packages is acceptable if it is
based on truncation of the original reference interferograms and
the results are verified by Section K.3.

K.2.1 KVB/Analect Software Procedure - The following
example converts a 0.25 em 1 100 ppm _ethylene spectrum (cts0305a)
to 1 cm'l‘resolution. The 0.25 cm 1 CTS spectrum was collected
during the EPA reference spectrum program on March 5, 1992. The
original data (in this example) are in KVB/Analect FX-70 format.

(1) decomp cts0305a.aif,0305dres,1,16384,1
"decomp® converts cts0305a to an ASCII file with name
0305dres. The resulting ASCII interferogram file is truncated to

16384 data points. Convert background interferogram
(bkg0305a.aif) to ASCII in the same way.

(ii) compose 0305dres, 0305dres.aif,1

"Compose" transforms. truncated interferograms back to spectral
format.
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(iii) IG2SP 0305dres.aif,0305dres.dsf,3,1,low cm"l,high cm-l

"IG2SP" converts interferogram to a single beam spectrum
using Norton-Beer medium apodization, 3, and no zero filling, 1.
De-resolved interferograms should be transformed using the same
apodization and zero filling that will be used to collect sample
spectra. Choose the desired low and high frequencies, in cm”
Transform the background interferogram in the same way.

(iv) DVDR 0305dres.dsf,bkg0305a.dsf,0305dres.dlf

"DVDR" ratios the transformed sample spectrum against the
background.

(v) ABSB 0305dres.dlf,0305dres.dlf
"ABSB" converts the spectrum to absorbance.

The resolution of the resulting spectrum should be verified
by comparison to a CTS spectrum collected at the nominal
resolution. Refer to Section K.3.

K.2.2 Alternate KVB/Analect Procedure -- In either DOS
(FX-70) or Windows version (FX-80) use the "Extract" command
directly on the interferogram.

(1) EXTRACT CTS0305a.aif,0305dres.aif,1,16384

"Extract" truncates the interferogram to data points from to
16384 (or number of data points for desired nominal resolution).
Truncate background interferogram in the same way.

(i1) Complete steps (iii) to (v) in Section K.2.1.

K.2.3 Grams™ Software Procedure - Grams™ ig a software
package that displays and manipulates spectra from a variety of
instrument - manufacturers. $Bis procedure assumes familiarity
with basic functions of Grams'™.

This procedure is specifically for using Grams to truncate
and transform reference interferograms that have been imported
into Grams from the KVB/Analect format. Table K-1 shows data
files and parameter values that are used in the following
procedure.

The choice of all parameters in the ICOMPUTE.AB call of step
3 below should be fixed to the shown values, with the exception
of the “Apodization” parameter. This parameter should be set
(for both background and sample single beam conversions) to the
type of apodization function chosen for the de-resolved spectral
library. :

TABLE K-1. GRAMS DATA FILES AND DE-RESOLUTION PARAMETERS.
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Data File Name Parameter “N”
Value
Z200250.sav 65537
Z00500.sav 32765
Z201000.sav 16385
2.0 Z02000.sav_____ 8193

(1) Import using "File/Import" thevdesired * aif file. Clear
all open data slots.

(1i) Open the resulting *.spc interferogram as file #1.

(iii) X£lip - If the x-axis 1is increasing from left to right,
and the ZPD burst appears near the left end of the trace, omit
this step.

In the “Arithmetic/Calc” menu item input box, type the text
below. DPerform the calculation by clicking on “OK” (once only),
and, when the calculation is complete, click the “Continue”
button to proceed to step (iv). Note the comment in step (1i1)
regarding the trace orientation.

xflip:#s=#s (#0,#N) +50

(iv) Run ICOMPUTE.AB from “Arithmetic/Do Program” menu.
Ignore the “subscripting error,” if it occurs.

The following menu choices should be made before execution
of the program (refer to Table K-1 for the correct choice of
"N":)

First: N Last: O Type: Single Beam

Zero Fill: None Apodization: (as desired)
Phasing: User

Points: 1024 Interpolation: Linear Phase
Calculate

(v) As in step (iii), in the “Arithmetic/Calc” menu item
enter and then run the following commands (refer to Table 1 for
appropriate "FILE," which may be in a directory other than
"c:\mdgrams.")

setffp 7898.8805, 0 : loadspc “a:\mdgrams\ FILE” : #2=#8+#2

(vi) Use “Page Up” to activate file #2, and then use the
“Pile/Save As” menu item with an appropriate file name to save
the result.

K.3 Verification of New Resolution
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K.3.1 Obtain interferograms of reference sample and
background spectra. Truncate interferograms and convert to
absorbance spectra of desired nominal resolution.

K.3.2 Document the apodization function, the level of zero
filling, the number of data points, and the nominal resolution of
the resulting de-resolved absorbance spectra. Use the identical
apodization and level of =zero filling when collecting sample
spectra.

K.3.3 Perform the same de-resolution procedure on CTS
interferograms that correspond with the reference spectra
(reference CTS) to obtain de-resolved CTS standard spectra (CTS
standards) . Collect CTS spectra using the sampling resolution
and the FTIR system to be used for the field measurements (test
CTS) . If practical, use the same pathlength, temperature, and
standard concentration that were used for the reference CTS.
Verify, by the following procedure that CTS linewidths and
intensities are the same for the CTS standards and the test CTS.

K.3.4 After applying necessary temperature and pathlength
corrections (document these corrections), subtract the CTS
standard from the test CTS spectrum. Measure the RMSD in the
resulting subtracted spectrum in the analytical region(s) of the
' CTS band(s). Use the following equation to compare this RMSD to
the test CTS band area. The ratio in equation 7 must be no
greater than 5 percent (0.05).

RMSSi X H(FFUI - FFLi)

< .05 (16)
AC‘I‘S- test

RMSS=RMSD in the ith analytical region in subtracted result, test
CTS minus CTS standard.

n=number of data points per eml. Exclude zero filled points.

FFU; &=The upper and lower limits (cml), respectively, of the
FFL; analytical region.

Atest-CTS'band area in the ith analytical region of the test CTS.
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