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ABSTRACT 

The public is concerned about emissions of hazardous organic compounds from 
incinerators. This concern is reflected in the Clean Air Act Amendment of 1990, which requires 
monitoring of air toxics from various sources, including incinerators. Stack effluent will have to 
be tested for these compounds by continuous emission monitors (CEMs) when the provisions of 
the Clean Air Act become effective. Fourier transform infrared (FTIR) spectrometry can provide 
the technology for continuous emission monitoring from incinerator stacks. This paper presents a 
discussion of the advances in developing a prototype FTIR-CEM system that has recently been 
field tested at a Toxic Substances Control Act (TSCA) incinerator at K-25 in Oak Ridge, 
Tennessee. 

The FTIR-CEM prototype integrates the FTIR spectrometer, the heated sample cell, the 
sampling system, and the calibration system into a compact, portable system. Computer software 
developed by Argonne National Laboratory controls the calibration of the instrument, data 
collection, data processing of the sample, and data reporting and documentation. This system is 
able to collect sample data continuously (at a rate of every six minutes) and simultaneously analyze 
carbon monoxide, carbon dioxide, hydrogen chloride, methane, ethylene, benzene, and some 
chlorinated hydrocarbons in the stack sample. In the recent test at the TSCA incinerator at K-25 in 
Oak Ridge, the system was continuously run for eight days. Results from the test are presented in 
this paper. 

During development of hardware for the FI'IR-CEM, a Standard Operation Procedure for 
applying FTIR technology to monitoring of incinerator emissions was developed, based on the 
U.S. Environmental Protection Agency (EPA) protocol. The EPA has recently converted the 
protocol into a procedure; if followed, the procedure will provide data quality acceptable to the 
EPA. The field test at the TSCA incinerator was conducted in accordance with the EPA procedure. 
This paper also discusses the methods used to meet the requirements of the EPA procedure for the 
FrIR technology. 
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INTRODUCTlON 

A continuous emission monitor that can detect specific compounds from incinerator stack 
emissions would address public concerns about the safety of incinerators and would meet the 
requirements of the 1990 Clean Air Act Amendment for monitoring air toxics in major sources, 
such as incinerators. Fourier transform infrared (FTIR) spectroscopy has proven to be a vital 
technology in measuring most organic compounds and some inorganic compounds (such as 
hydrogen chloride, carbon monoxide, and carbon dioxide) in incinerator emissions. The 
advantage of the Fl3R is that it can simultaneously measure multi-compounds in a relative short 
time at the parts per million (ppm) or parts per billion (ppb) level. The FTIR spectrometers are 
commercially available and are widely used in many analytical laboratories. The challenge in 
developing FTIR-CEM for monitoring incinerator emissions is that the technology must be 
integrated with proper sampling techniques to operate effectively under harsh sampling conditions: 
high water content (as high as 50% in volume), a corrosive environment, and the presence of 
particulates. The system should be robust and stable for use in the field and should be operated 
continuously and automatically for calibration, data collection, data processing and data reporting. 
On the other hand, quantitative methods for interpreting the data should be developed and 
validated. 

We started with testing an FTIMong-path cell system in our laboratory incinerator. The 
incinerator operating conditions, such as temperature, excess air and waste feed rate, can be 
deliberately changed to simulate upset conditions of incinerators. Products of incomplete 
combustion (PICs), such as carbon monoxide, methane, benzene, and ethylene, and principal 
organic hazardous constituents (POHCs) were successfully detected in the upset conditions from 
our laboratory test. Based on the laboratory test results, a breadboard type of FTIR long-path cell 
system was designed and tested at the K-25 TSCA incinerator, in Oak Ridge, Tennessee, from 
August 23 to September 2,1993. Testing results indicated that the FTIR system performance was 
stable and the instrument was able to quantitatively detect the compounds that were spiked into the 
sample stream. However, the system was not easy to use; for example, the optical system needed 
to be assembled and re-aligned in the field. This led us to integrate the sampling system and the 
FTlR long-path cell system to a transportable unit robust enough for field use. 

In developing the system hardware, efforts were made to initiate QNQC procedures that 
would help ensure the U.S. Environmental Protection Agency's (EPA's) acceptance of the FTIR 
data. The EPA has issued a protocol for utilizing FTIR spectrometry in monitoring emissions. We 
adapted this protocol into a standard operating procedure (SOP) that was used in the 1993 field 
test. Based on the EPA protocol and the SOP, a procedure was written and submitted to EPA for 
approval. If the procedure is approved and followed during future on-line monitoring, the FTIR 
data will be accepted by the EPA. 

Our prototype unit is designed to follow the requirements of the proposed procedure. A 
master program was written to control the system automatically conducting data sampling and 
QNQC checks. In this paper, we will describe the portable FI7.R-CEM system prototype, the 
basic requirements of the proposed sampling procedure, and the results of field tests conducted at 
the K-25 TSCA incinerator at Oak Ridge, Tennessee, from September 12 to September 21,1994. 

SYSTEM SETUP 

Instnune ntabon 

All measurements were obtained using a Mattson 7020 FTIR spectrometer (manufactured 
by ATI, Madison, Wisconsin). The instrument contains a hot-wire infrared source and a mercury 
cadmium telluride (MCT) detector. It can be operated manually using Mattson's WinFirst software 
or automatically using software written specifically for this project. The instrument was connected 
to a personal computer (486DX50) through a parallel port, which greatly reduces data transmission 
time. Data were collected at 0.5 cm-1 resolution. Sixty-four scans were co-added and saved as a 
single interferogram file. This interferogram was Fourier-processed to give a single-beam 
spectrum using Beer-Norton medium apodization. The single-beam spectrum was then compared 
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to the instrument background to provide the transmittance spectrum and the absorbance spectrum. 

A heated, 10-m, fixed-path-length cell (manufactured by Nicolet, Madison, Wisconsin) 
was used. The cell cylinder is made of aluminum and its inner wall is coated with nickel. The 
field mirror and the object mirror in the cell are cut directly into the aluminum end plates by using 
diamond-turning optical manufacturing techniques and are coated with gold. Two zinc selenide 
windows in the one end plate direct the infrared beam in and out of the cell. The cell was 
interfaced to the interferometer through a parabolic mirror and to the detector through an elliptical 
mirror. The design provides a robust optical alignment for the cell. The optical alignment did not 
need any adjustment when the system was shipped to the site and back to the laboratory. The cell 
temperature was maintained at 150OC using a custom-made oven. 

Samp ling - svste m 

A schematic of the sampling system is shown in Figure 1. The sample gas is extracted 
from the stack using a stainless steel probe containing a particulate filter. The sample is then 
transferred through a Teflon heat-traced line to a heated-head diaphragm pump. The sample flow 
rate through the system can be adjusted by using the two valves in the outlet of the pump. 
Particulates are further removed in a heated fine filter; the sample flows through the heated cell at a 
rate of about 2 liters per minute. Exiting the cell, the water in the sample is removed using a 
condenser, and the sample flow rate is measured by a rotameter. 

A vacuum pump is used to evacuate the cell, so that it can be filled with nitrogen, to collect 
the background spectrum, or with calibration gas, to check the instrument performance. Valves 1, 
2, and 3 are remote control valves used to direct the sample gas through the cell or bypass the cell, 
so that the sample gas always flows through the sampling line even when the cell is isolated from 
the system (for collecting background spectra and for calibration). This eliminates the problem 
encountered in the 1993 field test. Solenoid valves 4 to 9 are used to evacuate the cell and to 
backfill the cell with nitrogen or calibration gases. Solenoid valve 10 is for spiking the calibration 
gas into the sampling line. All valves are controlled by a personal computer. 

A mass flowmeter measures the flow rate of the spiking gases. The flow rate signal is sent 
to the computer for recording. A pressure sensor monitors the cell pressure, and the signal is also 
sent to the computer. When evacuating the cell to O.Olatm, the pressure signal triggers valve 4 to 
close and the corresponding valve to open, allowing the nitrogen or the calibration gas to enter the 
cell. An increase in the cell pressure to 1.01 a m  triggers valve 5 to open, and the nitrogen or the 
calibration gas flows through the cell at ambient pressure. 

software 
The whole FTIR-CEM system is controlled by a personal computer and runs continuously. 

A master control program, TEAM (toxic air emission monitor), written by Argonne with Visual 
Basic and in the Microsoft window environment, communicates with other commercially available 
softwares: WinFirst (Mattson, ATI, Madison, Wisconsin), Labview (National Instruments, 
Austin, Texas) and LabCal (Galactic Industries, Salem, New Hampshire). The WinFirst directs 
the FTlR to collect the interferogram, to Fourier-process the data, and to save the data on the hard 
disk. The Labview provides interfaces between the valves and the computer and reads the mass 
flow signal and the cell pressure signal. The LabCalc PLS software is used for quantitative 
analysis of the spectral data and reports the measured concentrations of the target analytes. 

The TEAM window sits on the top of other windows, and displays a flow diagram 
showing the current flow path and the valve positions. Two operating modes can be selected from 
the TEAM. In the manual mode, a valve can be opened or closed by clicking the valve on the 
diagram, and spectral data can be manually collected and processed by using the WinFirst 
software. In the automatic mode, the FTIR-CEM operates according to a scheduled event 
sequence. A timer controls the sequence and timing of the events; these are programmed in the 
dialog box of the TEAM. When one cycle of the events has completed, the timer is set to zero to 
begin a new cycle. Table I shows the event sequence used in the 1994 field test. During each 
event, the TEAM communicates with other softwares to conduct a series of functions required as 
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part of the event. 

The collected interferogram data and the corresponding absorbance spectral data are 
automatically named and saved as data files on the hard disk. A computer log file automatically 
keeps track of all the conditions in collecting the data, such as the data file name, the date and the 
time when the data were collected, the corresponding event and valve positions, the flow rate of the 
calibration gas, and the cell pressure. 

PROCEDURE REQulREMENTS 

The EPA has issued a protocol (draft) for the use of extractive FTIR spectrometry in 
analyses of gaseous emissions from stationary industrial sources. However, there is no EPA- 
approved method for using the Fl3R in monitoring incinerator stack emissions. Therefore, based 
on the draft EPA protocol, a procedure was written in conjunction with Entropy Environmentalists, 
Inc., and submitted to the EPA. The field test at the K-25 TSCA incinerator, Oak Ridge, 
Tennessee in September 1994 was conducted in accordance with the proposed procedure. The 
data from the field test have been evaluated and will be submitted to the EPA. If the procedure is 
approved and followed, the FTIR data obtained from monitoring the stack emissions of 
incinerators will be accepted by the EPA. The major requirements of the procedure are briefly 
described in the following paragraphs. 

General m u m  - men& 

The interferogram data for every background and every sample must be saved as files in 
two independent devices. This allows to check the measurements later, if necessary. The 
configuration of the spectrometer, the parameters and the mathematics method for processing the 
data, and the sampling conditions must be well documented, and must be kept consistent both in 
collecting the reference spectra in the laboratory and in monitoring the stack emissions in the field. 
A log of the instrument performance, such as throughput, noise, and the instrument maintenance or 
repair, should also be maintained. 

Calibration Transfer Standard (CTS) spectra are required to determine whether the 
reference spectra collected in the laboratory can be used to analyze sample spectra acquired in the 
field. Ethylene (at 100 ppmv) balanced by nitrogen is suggested as the CTS. The spectra of the 
CTS should be collected before and after collecting the reference spectra, and be obtained regularly 
during the on-line monitoring. The Fractional Reproducibility Uncertainties (FRU) of the CTS 
spectra, as defined in the EPA protocol should not exceed 5%; otherwise, the system should be 
checked to eliminate the cause of this discrepancy. When variable-path-length cell is used, the 
C T S  test result may be used as a scaling factor for the calibration training set. 

Pre-test preparation is important to the success of on-site monitoring. This preparation 
includes determination of the target analytes and relevant interferants in the effluent, collection of 
reference spectra of the target analytes and the interferants, development of quantitative analysis 
methods, and validation of the methods. 

Information about the possible composition of the stack emission is required and can be 
obtained by reviewing previous emission data (collected using EPA-approved methods) and by 
estimating possible products of incomplete combustion under incinerator upset conditions. The 
target analytes selected for this study are benzene, toluene, chlorobenzene, trichloroethylene 
(TCE), l,l,l-trichloroethane (TCA), tetrachloroethylene (PCE), methane, ethylene, carbon 
monoxide, and hydrogen chloride. Carbon dioxide and water are combustion products of 
hydrocarbon and are present at high concentrations in the emissions. They present severe spectral 
interferences to other target analytes. Therefore, their spectra must be subtracted from the sample 
spectra, or be included in the calibration training set, in order to obtain correct quantitative results. 

Reference spectra for each target analyte and each interferant must be collected at five 
concentration levels covering the whole concentration range of interest. The spectrometer setup 
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and the cell conditions must be the same as those used in the field sampling. The barometric static 
method may be used for nonreactive analytes in the calibration, but the dynamic method must be 
used for reactive analytes, such as hydrogen chloride. Besides these reference spectra, some 
single-compound spectra and mixture spectra need to be collected as an evaluation set. CTS 
spectra are required as described above. 

The reference spectra are used to form training sets in developing quantitative methods for 
analyzing unknown samples. Commercial software for multivariate analysis can be used. Several 
methods are often needed to complete an analysis for all compounds in the sample; each method 
predicts only a certain group of analytes. The spectra of water and carbon dioxide should be 
included in the training set if spectral interference in the selected analytical wavenumber region is 
detected. 

The quantitative methods should be validated against the evaluation set. A percent 
difference is defined as follows: 

percent difference = [actual concentration - predicted concentration] / actual concentration. 

For target analytes, the percent difference shall be no greater than 25%, and for the interferants, no 
greater than 35%. No false positive shall be reported. Otherwise, the methods must be revised to 
reach these requirements. 

Field samp ling 

During the field sampling, a slip stream of stack effluent is continuously transported 
through the FTIR-CEM system. The transfer line, the sampling pump, and relevant valves should 
be heated to a temperature high enough to prevent water condensation. Materials used should be 
inert to the gas sample. Sample flow rate should be about 2 liters per minute at the cell condition, 
which gives the sample 1 minute of the mean residence time in the cell. Time between successive 
analyses should be no greater than 15 minutes and no less than 1 minute. 

A background sample is collected every 4 hours with pure nitrogen replacing the sample 
gas in the cell. The sample is used in the following cycle to obtain absorbance spectra. 
Immediately after collecting the background, a blank (nitrogen in the cell) is taken to examine the 
instrument noise. Two hours later, another blank (with nitrogen in the cell) is collected. If any 
analyte or unknown spectral feature is found in the blank spectrum, contamination of the cell or 
mirrors might occur. Appropriate measures to clean the cell and the mirror should be taken. 

The CTS test is conducted every 4 hours, following collection of the background sample, 
by filling the cell with the C T S  gas. The ethylene concentration measured with the FITR should 
not deviate more than 5% from the CTS concentration. 

It is necessary to periodically test the system performance by spiking the sampling stream 
(at a point as close to the sampling probe as possible) with various standard gases. At minimum, 
an inert standard spike and a matrix standard spike are required. The inert standard is a compound 
that is not present and does not react with any compounds in the sample. A 10.1 ppm sulfur 
hexafluoride (SF6) in nitrogen spike was used in this study. The matrix standard is a mixture of 
selected target analytes. The spectra of these analytes should cover major wavenumber regions 
selected for the quantitative analysis, and spectral overlaps of at least three compounds should be 
present. Table 11 lists the composition of the matrix standard used in this study. 

During spiking, the sample flow rate and the spiking rate should maintain constant. The 
concentrations of the spiked compounds can be calculated from the mass balance. Often, the 
concentrations of water and C02 in the effluent are approximately constant over a period of time. 
A change in water or C02 concentration reflects the mixing ratio of the spiking stream and the 
sample stream, as shown in the following equation: 

where DR is the dilution ratio, Cw.l is the water concentration in the sample before and after 
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spiking, and Cw.3 is the water concentration in the sample during spiking. Then, the spiked 
concentration is calculated as follows: 

where Cs.l is the concentration of the spiked compound present in the sample stream before 
spiking, Cs 2 is the concentration of the spiked compound in the standard, and Cs.3 is the 
concentration of the compound during spiking. The percent difference between the calculated and 
the measured values should be no greater than 10% for the SF6. The allowed maximum percent 
differences for the matrix spikes are listed in Table 11. 

Post-test e valuaBo n 

After the test, evaluation of selected spectral data may be necessary, especially for those 
data that were reported with large uncertainties. The quantitative methods for analyzing the data 
were based on the training sets formed by the selected target analytes and interferants. If there are 
some unknown compounds in the sample that are not represented by the training sets, the 
quantitative methods would not predict the sample correctly. Therefore, residual spectra should be 
studied to determine whether unknown compounds are present in the emission samples. If an 
unknown compound is found and it has spectral feature in the selected wavenumber region for the 
quantitative analysis, the compound must be included in the calibration training set, and the 
methods must be modified. Any sample reported with large uncertainties needs to be re-analyzed 
by using the modified methods. 

FIELD TEST RESULTS 

The portable FTIR-CEM was field tested from September 12 to 21, 1994, at the TSCA 
incinerator in Oak Ridge, Tennessee. A total of 1,540 samples were collected at a rate of one every 
6 minutes. This accounts for 80% of the testing time. Two major interruptions of on-line 
monitoring occurred during the test. One was caused by a data transmission problem between the 
FTlR and the computer using a rapid data transmission board. Another was caused by the burnout 
of the infrared source. Daily backup of sample files required about half an hour every morning. 

The FTIR-CEM was located in a trailer with poor air conditioning, where the temperature 
often reached l W F  at noon and the relative humidity could reach as high as 90%. The field test 
demonstrated that the system could work continuously under such harsh conditions. 

Instrume nt performance 

The infrared throughput was measured when the background sample was collected. The 
central burst voltage of the background interferogram is considered as the instrument infrared 
throughput. During the nine days of field testing, the average throughput was 2.77 volts. There 
were some fluctuations around the average throughput; the relative standard deviation around the 
average was calculated as 9%. A decline of the throughput was observed during the testing. This 
could be due to the gradual fogging of the (KBr) window in the interferometer caused by high 
humidity. By replacing the KBr window with a more expensive, but water-resistant window 
(made of a material such as zinc selenide) this problem will be resolved. 

Instrument noise is another criterion used to measure instrument performance. The noise is 
measured in the blank sample taken immediately after the background. Ideally, the absorbance 
spectrum should show a zero baseline (often called the 100% line) with only noise superimposed 
on it. However, the system was evacuated to 0.02 atm before filling the cell with pure nitrogen 
during the continuous monitoring. Residual water in the system added water bands in the 100% 
line. If the system was evacuated for longer time, or filled with nitrogen and then evacuated and 
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filled again, the 100% line would have been a nearly ideal one. However, this would take too 
much time and reduce the time available for monitoring. Because of the water band interference, 
the noise could not be identified in the three analytical wavenumber regions as it was during the 
1993 field test. Instead, we selected a region from 2,420 to 2,680 cm-l, where there was no water 
interference, to evaluate the noise. The results are presented in Table III. The increased noise 
could be caused by the reduction in the throughput. 

Instrument stability can be further examined by evaluating the CTS spectra data. During 
the test period, a total of 51 CTS spectra were collected. The predicted average concentration of 
ethylene for all the CTS data was 117.1 ppm, with a standard deviation of 0.37 ppm. This 
indicates that the instrument performance was stable. However, there was a deviation from the 
CTS standard that was 121 ppm used in this field test. This deviation could also be related to the 
fact that the system was not completely evacuated before the CTS gas was added into the cell. 

Blank test results 

About 100 blank samples were collected during the field test. No analytes were detected in 
the blank samples. We even took a single-beam spectrum of a blank sample collected at the end of 
the test, and compared a portion of it to the background sample collected at the beginning of the 
test. The resulting absorbance spectrum is shown in Figure 2. The 100% line is offset from the 
zero baseline, probably because of the throughput change during the period. Except for some 
water peaks and noise, no any spectral feature can be found. This indicates that the cell mirrors 
were not contaminated during the field test. The distortion of the baseline is normal and will not 
affect the measurement because background information was renewed every 4 hours. 

A CTS standard was spiked into the sample stream 4 four hours during the field test. 
Figure 3 shows the spectrum collected during CTS spiking, the spectrum collected after subtracting 
the water and C02,  and the spectrum of ethylene (51.1 ppm). The spiked ethylene is clearly 
shown in the spectrum after removing the water and C02  peaks. A total of 35 CTS spikes were 
added during the field test. Average percentage difference between the measured and the calculated 
concentrations is 3.8% for all 35 samples. Larger deviations for samples DIN 183,223, and 263, 
which were taken during the ignition period were noted. This could be due to the variation in 
water concentrations during the ignition period of the incinerator. The dilution ratio based on the 
water concentration, as described in the previous section, might not be accurate. 

Inert standard SD - ikine resu I& 

Sulfur hexafluoride (SFg), a compound that was not present in the incinerator emissions, 
was selected as an inert standard to test the FI'IR-CEM performance. A 10.1 ppm SFg spike was 
added to the sampling line every 4 hours. Figure 4 shows the spectrum during the SFg spiking, 
the spectrum after subtracting the water and C 0 2  bands, and the spectrum of 2.29 ppm sF6. The 
spectral feature of SF6 is clearly shown in the collected sample spectrum during the spiking. A 
total of 35 SF6 spikes were added during the field test. The measured concentrations of SF6 and 
the calculated spiking values demonstrate good agreement with an average percent difference of 
4.3% for the 35 samples. 

. .  Matrix standard s p k  np results 

A matrix standard spiking was also conducted every 4 hours. Figure 5 shows a portion of 
the spectrum of the matrix spiking. After removing the water and the C 0 2  bands, the spectral 
features of TCE, PCE and ethylene can be clearly identified. A total of 33 matrix standard spike 
samples were collected during the field test. Two spike samples were not included because the gas 
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cylinder valve was not open. Table IV lists the average percentage difference of each compound 
between the measured and the calculated values at a concentration level of about 7 ppm. The 
percentage differences for each compound are higher than those for the single compound spiking 
results described above, but still well below the values specified in the procedure. 

Stack emission data du rinp the imition period 

The K-25 incinerator was under routine monthly calibration when the FTIR-CEM was 
connected to the stack sampling line. During the monthly calibration, all waste feeds and burners 
in the incinerator were turned off. On September 14, at 8:16 a.m., the secondary combustion 
chamber (SCC) auxiliary burner was ignited, and then at 8:22 a.m., the primary combustion 
chamber (PCC) auxiliary burner was turned on. During this period, the FTIR-CEM was 
conducting its routine spiking test, and successfully detected the change in the stack emissions. 
Table V lists the FTlR-CEM results from 8:07 a.m. to 8:37 a.m. 

At 8:07 a.m., all burners of the incinerator were off. Methane was detected at 2.8 ppm, 
corresponding to the ambient methane Concentration. C 0 2  and water were detected at 
concentrations of 0.016% and 5.8%, respectively. At 8:16 a.m., the FTIR-CEM was conducting 
the CTS spiking while the SCC burner was ignited. The 60.3 ppm ethylene was detected because 
of the spiked ethylene, and the dilution ratio was calculated as 0.5, based on 121 ppm of ethylene 
in the CTS. Therefore, the actual concentration in the stack sample should be twice that detected 
by the FIIR. This gives 10.8 ppm for methane, 14 ppm for carbon monoxide, 0.42% for C02, 
and 7.0% for water, which show reasonable concentration increases of these compounds due to 
burner ignition. At 8:22 a.m., matrix standard (MS) was spiked into the sampling line, and the six 
compounds were detected along with C02  and water. Methane and CO were present both in the 
stack sample and in the matrix standard; their concentrations in the stack sample were estimated 
from the dilution ratio calculated from the measured concentrations of benzene, TCE, PCE, and 
ethylene. The estimated concentrations of methane and CO in the stack sample were 5.8 ppm and 
14.4 ppm, respectively. At 8:28 a.m., sF6 was spiked into the sampling line, and 5.43 ppm SF6 
was detected. At 8:31 and 8:37 a.m., normal stack samples were measured, and a decrease of 
methane and CO concentrations was noticed. Figure 6 shows the spectra before and after ignition 
of the burners. The noticeable difference of the two spectra is caused by the concentration changes 
of C02  and water before and after the ignition. 

Stack s a m ~  le resu 1Q 

Because the automatic data analysis algorithm is still being developed, two samples were 
randomly selected before and after the spiking for evaluation. The K-25 TSCA incinerator has two 
CO CEMs and two C 0 2  CEMs. One CO CEM reported the CO concentration between 5 and 7 
ppm, and another one reported a concentration between 3 and 5 ppm. The C 0 2  was reported from 
7% to 8.7% by the two C 0 2  CEMs. These data were measured after water had been condensed, 
and were normalized on the basis of a 7% oxygen content. Our FTIR-CEM measures hot and wet 
gas samples without any sample conditioning. Therefore, there is no direct comparison between 
the FTIR data and the incinerator CEM data. However, an estimation can be made to compare the 
two sets of data. The stack samples of the K-25 incinerator contained about 50% (by volume) 
water vapor. Therefore, the FTIR-CEM detects only half of the CO and the C 0 2  that the CEMs 
detects because the water vapor diluted the dry sample. This is what the FTIR-CEM reported in 
the field test. For C02, the FTIR measured in a range from 3.2 to 3.9%, which was consistent 
with the TSCA C 0 2  monitor if a factor of two was applied. The FTIR did not detect CO for most 
of the stack samples, except for the ignition period discussed above. If we take the data reported 
by the TSCA CO monitor and divide them by two, the FTIR should report CO concentration in the 
range of 1.5 to 3.5 ppm. This is in the borderline of the FTIR detection limit for CO. For the 
ignition period, the FTIR measured CO in a range of 16 to 28 ppm (a correction factor was 
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applied) while the TSCA CO monitor reported a co range of 10 to 20 pprn. 

Methane was detected in the samples before the ignition, and an increase in methane 
concentrations was found during the ignition period, as shown in Table VI. For most of the 
samples under the normal incineration conditions, methane was not detected, except for the 
samples obtained at 3:Ol a.m. and 4:43 a.m. on September 19, when methane was detected at 5.2 
and 4.7 ppm, respectively. 

No other target analytes were detected for the normal stack samples. As described above, 
all spiked analytes in the spiking test were accurately detected. This indicated that the failure to 
detect the target analytes in the stack gas was caused by excellent operating conditions of the 
incinerator, and not by any defect or failure of the FIR-CEM system. 

CONCLUSION 

The integrated, transportable FI'IR-CEM was successfully tested from September 13 to 2 1, 
1994, at the K-25 TSCA incinerator, in Oak Ridge, Tennessee. The field test followed the 
requirements of a procedure, which was submitted to the EPA for approval. The test results met all 
the requirement listed in the proposed procedure. 

Extensive spiking tests were conducted during the field test. The FTIR-CEM quantitatively 
detected all spiked analytes measured the stack emission variation during the ignition period of the 
incinerator. For the stack samples obtained under normal incineration conditions, no target 
analytes were detected at concentrations above the instrument detection limits, except for methane, 
which was occasionally detected at 4-5 ppm. 

Future work will involve making the master control software more robust to use, 
improving the accuracy of the analytical methods, and testing system effectiveness for various 
emission sources. A commercial version of the system is currently being developed. 
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Table I Event sequence used in the field test 

0 
3 
9 
15- 1 14 
120 
126 
132 
138 
144-234 
240 

EVENT 
Background 
Blank 
CTS test 
Stack sampling(every 6 minutes) 
Blank 
CTS spiking 
Matrix standard spiking 
SFg spiking 
stack sampling(every 6 minutes) 
Start a new event cycle 

Table II Matrix standard composition and allowable maximum percentage difference during 
spiking 

Comnound 
Benzene 
Methane 
Carbon monoxide 
Ethylene 
Trichloroethylene 
Tetrachloroethylene 

Concentration(pDrn1 
257  

Table III Instrument noise 

Dak Time 

9/13/94 1454 

912 1/94 13:55 

19/11/94 9:45 

25.0 
25.1 
26.2 
25.2 
25.1 

Allowable difference (%I 
20% 
40% 
35% 
20% 
20% 
20% 

Noise (peak to peak) Remarks 
(2,420-2,680 cm-l) 
0.00122 Start at the field 

0.00165 

0.00154 

End at the field 

Back to the lab 
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Table N Matrix spiking results 

ComDound 

Benzene 
Methane 
Carbon monoxide 
Ethylene 
TCE 
PCE 

Average Concentration Averape % deference 
in the S ~ i k e d  Streamh Dm) 

7.2 
7.9 
7.3 
7.9 
7.8 
8.0 

9.5% 
7.0% 
8.4% 
3.4% 
5.7% 
10.8% 

Table V Results in the ignition period (9/14/94) 

TlME MEASURE D CONCENTRATION hpm) REMARKS 
BenzeneTCEmMethaneEthvlenemrn- H_3Q 

8:07 

8:16 

8.22 

8:28 

8:3 1 

8:37 

9.8 

I 2.8 .016% 5.8% 

10.5 9.9 

5.4 60.3 7.0 .21% 3.5% 
(10.8) (14.0) (1.4%) (7.0%) 

13.4 10.1 18.6 -67% 5.6% 
(11.6) (14.4) (1.1%) (9.2%) 

4.2 
(9.1) 

4.5 

3.7 

All burners off 

SCC burner on 
CTS test 

PCC burner on 
Matrix spike 

6.9 -47% 5.6% 5.43 SFgspike 
(14.9) (1.0%) (12.1) 

12.3 .88% 

8.4 1.6% 14.7% 

0.2 





.05 

1 a2 
0 1  

XANK CHECK (1221. 9/21/94 VS. 2191. 9/14/94) 

i 

CTS spike detected 

1 

Water and CO2 subtracted 

51.1 ppm ethylene 

950 
Xuvawnbsn (-1) 

Fig.:! Blank check Fig.3 CTS spike 

SFB spike 

229 ppm sF6 

toOD SSQ 900 - h - 1 )  

Fig.4 SF, spike 

Matrix epika 
I I 

a 

li 

PCE I 

Fig.5 Matrix spike 
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