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ABSTRACT

The Clean Air Act of 1990 regulates the emission of 189 air toxics. Currently,
there is no existing technology by which a regulatory agency can independently
determine if a facility is in compliance. Ve have successfully tested the ability
of passive-remote Fourier transform infrared (FTIR) spectroscopy to detect chemical
plumes released in the field. Additione “nboratory releases demonstrated that FTIR
spectroscopy can detect target analytes .n mixtures containing components which have
overlapping absorbances. The FTIR spectrometer was able to identify and quantify
each component released with an average quantitative error of less than 20% using
partial least squares (PLS) analysis and 40% using classical least squares analysis
(CLS) when calibration files containing pure components and mixtures were used.
Calibration files containing only pure analytes resulted in CLS outperforming PLS
analyses.

INTRODUCTION

The Clean Air Act of 1990 regulates the emission of 189 air toxics. Sources of
air toxics will be required to self-monitor their own facilities. At this time, the
Environmental Protection Agency (EPA) has no independent means to determine if a
facility is in compliance. The problem is especially acute if there is public
concern about the emissions of a facility such as a pulp mill or an incinerator.

The potential of a passive-remote FTIR sensor to assure compliance of a
facility with the Clean Air Act will be discussed. Passive-remote FTIR sensors
would monitor natural emissions of organic molecules in the atmospheric bandwidth
region ¢ . 8-12 um. This method has potential for monitoring a wide variety of toxic
species because most organic molecules have a unique "fingerprint" in this spectral
regior.

A passive-remote FTIR sensor must be able to qualitatively identify an air
toxic in the environment. The instrumentation must first detect the air toxic with
a2 low probability of false positives or false negatives. Hence, it must be able to
detect the air toxic in an environment that contains other components which have
overlapping absorbanres in IR spectra. It must also function in a continually
changing background so that it can track a plume to its source.

A field test is required to assess the ability of an FTIR spectrometer to track
a plume. The field test described in this paper was performed av a Drug Enforcement
Administration site. Pure chemicals were released in the environment to simulate
the concentrations found at illegal drug laboratories. A ground-based XM21 FTIR
spectrometer was used to monitor the plumes.

The ability of this technology to identify a target analyte in a mixture
containing components which have overlapping absorbances was tested in the

laboratory. A remote-passive FTIR sensor was constructed from a conventional
Nicolet 6000 FTIR spectrometer. Mixtures conta‘ning totally overlapping absorbances
were quantitatively released in front of the instrument. The ability to detect

single components in the presence of completely overlapping spectral bands was
determined using PLS and CLS software.



EXPERIMENTAL

Field Releases

Releases simulating methamphetamine and cocaine laboratories were performed in
an open area. The methamphetamine laboratory simulation consisted of a Freon-11

release. A mobile office trailer was used. The Freon-11 was poured into a cooking
pot sitting on a hot plate. A window fan vented the evaporating liquid through an
adjacent window, Sulfur hexafluoride (SF;) was released immediately before and

after the Freon-11 release. Freon-11 was released for 21 min at an average rate of
3.7 g/s.

A cocaine laboratory simulation consisted of acetone and ethyl ether releases.
An 8-ft by 2-ft (2.4-m by 0.6-m) metal tray was covered by plastic sheeting.
Evaporation was achieved by use of 24-125 VW infrared lights immediately above the
liquid. A standard floor fan was used to blovw the evaporating liquid down wind.
Acetone was released for approximately 30 min at an average release rate of 2.8 g/s,

and ether was released for approximately 30 min at an average release rate of 4.2
g/s.

Field Instrumentation

The ground-based XM21 FTIR spectrometer was placed approximately 30-50 m from
the release point. There was a 2 m/s crosswind. The XM21l spectrometer collected
data at 4 cm~! resolution, a data collection rate of 10 kHz, and a scan speed of
approximately 4 scans per second.

Laboratory Releases
It was necessary to convert the liquids studied to low concentration vapors. A
vaporizer was constructed to convert an accurately measured liquid stream to a vapor

phase release in the low ppm-m concentration level. This vaporizer has been
described elsewhere.! The liquid flow, which 1is adjusted through the use of a
syringe pump, determined the concentration of the release. When mixtures wvere

released, the liquids were mixed together and then placed in the syringe.

All releases were performed in a hood with the FTIR instrument positioned 2 m
from the release point, A blackbody (modified hot plate) was constructed as a
reference source. The surface of the hot plate was ground down until it was flat,
and a 1/2-in.-thick aluminum plate was screwed onto the surface to increase the
thermal mass of the hot plate. The surface was blackened with candle soot. The
temperature of the blackbody was monitored by drilling a hole in the aluminum plate
to its approximate midpoint and inserting a thermocouple. The blackbody was piugged
into a Variac, and the voltage was regulated so that the blackbody temperature
remained within 50-52°C.

Laboratory Instrumentation

A Nicolet 6000 FTIR spectrometer was modified for wuse in this project. The
source, entry optics, and aperture were removed to make the FTIR a passive systen.
The inlet optics were replaced with a four-mirror design, which allowed focusing at
a target 2 m from the interferometer. The beam width was
2.5 cm. A diagram of the apparatus is shown in Figure 1.

The vaporizer released precise amounts of eath chemical at 37°C in front of the
blackbody, which was kept at 50-52°C.  The energy that was not absorbed traveled to
two flat pick-off mirrors (A), which were used to aim on the target. The energy
ther, traveled to a 60 degrees off-axis objective paraboloid mirror (B), which
focused the energy on a magnifying collimating off-axis mirror (C). The energy then
entered the interferometer and passed through the bench mirrors and empty sample
chamber, terminating at an MCT-A detector.

A background interferogram was collected for each sequence of analyte released.
Interferograms were also collected for releases of pure or mixed components of
selected chemicals. The data were processed by the ratioing of sample to background
spectra. All data were transferred to a personal computer (PC) using FILTRN
softwvare on the Nicolet 1180 computer and SECSTRN software (Galactic Industries,
Inc.) on the PC.
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Qudntitation Software

All identification and quantitation of chemical components were done using
LabCalc software (Galactic Industries, Inc.). The data vere analyzed using both CLS
and PLS algorithms. Data were converted from the Nicolet format to the LabCalc
format using the LabCalc Nicolet driver.

Experimental Method
In a typical experiment, the initial background is determined with the

vaporizer on and all zone temperatures stable. Next, a 20 mL syringe filled with
pure analyte is placed in the syringe pump, and the syringe pump (calibrated for
each fluid) is started at the lowest speed. After a 2-min equilibrium time, 128

scans are collected and coadded. Data collection time is approximately 2 min. The
syringe pump is then turned to the next setting, and the process repeated with all

the pure liquids and mixtures studied. A typical background spectrum is shown in
Figure 2.

FIELD TEST RESULTS

The passive-remote FTIR spectrometer consists of entry optics, an
interferometer, and a detector. The entire system is contained in a small package,
which can weigh as little as 16 1b (7.3 kg). The spectrometer uses ambient energy
as its source. The sampling area can be anywhere within the field of view of the
spectrometer. The spectrometer obtains emission spectra, the amplitude of which is
a function of the analyte concentration and the temperature of the background and
the plume.

Passive-remote systems are ideal for detecting a solvent plume and tracing the
plume to its origin. The primary obstacle in developing a functioning field system

is the constantly changing background, A moving spectrometer would encounter sky,
grass, trees, asphalt, cement, roofing materials, and siding materials as
backgrounds. Each background would be at its own temperature and would emit a
different background infrared envelope. The infrared blackbody window even varies

when a sky background is wused due to the absorption of infrared energy by
atmospheric water, which is emitted in pulses,

Most passive-remote instruments cope with the variable background by collecting
a background spectrum with no analyte present and subtracting this background from
the sample. Similar results can be obtained by the ratioing of the spectrum with
analyte to the background spectrum. These methods are often unsatisfactory because
it may not be possible to obtain a comparable background. Also, data analysis must
immediately follow data collection so that appropriate background and sample spectra
can be determined.

The U.S. Army, Chemical Research, Development, and Engineering Center (CRDEC)
has advanced the technology of adapting to changing backgrounds in two ways. The
XM21 FTIR spectrometer has a series of 1internal blackbodies, which it uses as a
reference. The internal blackbodies provide a point of reference for all spectra.
The spectrometer’s internal computer also compares the change in each successive
spectrum to determine if an analyte is present. The newest CRDEC unit, a modified
Midac FTIR, uses a digital filtering algorithm to eliminate the background from the
sample. This unit was developed by R. Kroutil and G. Small.?

The XM21 was designed to operate under battlefield conditions. Its internal
blackbody helps to stabilize the response, and the MCT-A detector is optimized for
the atmospheric bandwidth window of 1200-900 em™t, The optical system makes it
simple to eliminate alignment problenms.

The XM21 detected the SF, releases with a large signal-to-noise (S/N) ratio.
Figure 3 shows a typical SF; spectrum. At the simulated methamphetamine laboratory,
Freon-11 was released from a window in a trailer. The Freon-11 vas also detected
with a large S/N ratio. The spectrum of a ¥reon-11 standard and the actual spectrum
obtained during the release are shown in Figure 4.

The cocaine laboratory simulation consisted of acetone and ethyl ether
releases. The acetone releases were more difficult to detect because the primary
absorption band is 1220 cm™!, which is beyond the region for which the detector was
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designed. The acetone and ethyl ether releases were performed by pouring each
liquid into 8-ft (2.4-m) long trays in open sheds and evaporating the liquid with
the use of heat lamps. The XM21 was able to detect both these solvents in the open
area and in the 60-ft canopy. The reference and actual release spectra for acetone
and ethyl ether are shown in Figures 5 and 6, respectively.

LABORATORY RESULTS

The ability of an FTIR spectrometer to discriminate between a target analyte
and an environmental impurity which may have an overlapping spectral absorbance is
critical if FTIR is to be wused for compliance assurance. We will report
quantitative results obtained in the laboratory for a two-component mixture
consisting of isopropanol (IPROH) and dimethyl methyl phosphonate (DMMF) and a
three-component mixture consisting of methanol (MEOH), DMMP, and IPROH. These

components all have overlapping peak absorbances over the bandwidth for the
atmospheric window.

Two-Component Mixture

Data were obtained for pure IPROH, pure DMMP, IPROH-DMMP (1:2 volume ratio),
and IPROH-DMMP (2:1 volume ratio). The spectral data for each run are shown in
Figure 7.

The PLS and CLS analysis results were compared using approximately half the
releases as calibration standards. The data are presented in Table I. Both
mixtures and pure components were in the calibration set. PLS slightly
outperformed CLS for the quantitation of TIPROH in the mixture, and CLS slightly
outperformed PLS for the quantitation of DMMP in the mixture. One value for the
PLS analysis had a high error. If this value 1is not considered, PLS and CLS are
approximately equal for the quantitation of DMMP in the mixture. Diethyl malonate
(DEM) was added to the spectral library of the two-component mixture to determine if

either algorithm would show a false positive. The results are presented in Table
II. In this case, there were no false positives. Both algorithms correctly
identified only IPROH and DMMP as present. However, the quantitative results were

changed. The average percent deviation for the quantitation of IPRCH using PLS data
analysis improved from 12.3% to 8.6% with DEM in the library. The percent error of
DMMP also improved from 29.3 to 26.4% average error vhen DEM was added to the
library. The results for CLS data analysis were just the opposite. The percent
error of 21.1% for IPROH deteriorated to 31.5% when DEM was added to the library.
The results were much more drastic for DMMP, where the percent error increased from
an average of 19.9% to 46.3% when DEM was added to the library.

The reason for the improvement of data quality for PLS and the deterioration

of data quality of CLS is not immediately clear. PLS always works better with a
larger data set. However, little work has been done on the effect of using a large
library where many components are not present. The deterioration of CLS data is

also not understood.

Three-Component Mixture

Data were obtained for pure MEOH, pure L[J4MP, pure IPROH and mixtures of the
three-components in the ratios 1:1:2, 1:2:4, 2:1:3, and 10:1:5. The spectral data
for the pure components and their mixtures are given in Figures 8-14. Extensive
data analysis was performed wusing both PLS and CLS algorithms. Two PLS data
analysis runs were performed. Both PLS data sets and a CLS data set are shown in
Table III. PLS1 had the same number of standards that were used for our other data
analyses. Regression analysis showed that two standards deviated the most from the
linear fit of the data but vere not considered outliers. Another calibration set
was run, PLS2, without these two standards. Elimination of these two standards
improved the guantitative accuracy of IPROH on the two mixtures, but pure IPROH
results deteriorated. It had minor effects in all other cases.

The accuracy of PLS was significantly better than that for CLS. The PLS
algorithms were accurate within an average value cf 20%. The CLS average was closer
to 40%. CLS seemed to perform better with low concentrations of methanol. The most
difficult detection was in the 10:1:5 mixture. The DMMP peak wvas visually not
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Table I.

SEQUENCE WPROH-DMMP

FILE
NAME

PURE IPROH AS5055

AB057
A505%
A2081

ABOG3
A5085
AS5087

PURE DMMP  A5070

IPROH:1
DMMP 2

IPROH:2
DMMP:1

A5072
A5074
A5078
A5078
A5080
AS082

A5085
A5087
ALOB9
A5091

AS083
A5005

A5098
AB011
As013
A8015
ABO1 7

.

-

0000000

0.097

013
Q.22
Q.32
0.47
0.63

019
a.25
0.45
0.85
a8

ISOPROPANOL FLOW RATE
PLS ANALYSIS
CALC 9% DEV

0.27
032
0.38
a6t

0.88
1.27
1.90

-0.02
-0.01

-0.01

-0.03
-0.08
-0.07
0.03

a13
017
0.256
0.37
0.52
0.83

* USED N CALIBRATION STANDARD

Table II.

.

~

20.9

13.6

141

109
0.3

6.8

107
-8.6

CLS ANALYSIS

CALC % DEV ACTUAL

0.31

0.09
015
0.23
0.35
0.53
0.70

010
018

0.51
0.85

64.2
35.2
139
1.9
4.7
-7.2
3.3

14.8

DMMP FLOW RATE

Comparison of PLS and CLS data analyses for IPROE-DMMP mixtures.

PLS ANALYSIS CLS ANALYSES

containing DEM added to the spectral library.

BEQUENCE PROH-DMMP (DEM IN CALIRRATION FILE)

PURE IPROH

PURE DMWP

PURE DEM

IPROH:t
OMMP:2

IPRQH:2
DMMP:1

FLE
NAE
ABD55
ABOST
ASDGS
AS0G1
AS083
ASDOS
ASOST

ABOTO

ASQT2 *

ASO74
ASOT8
ASO78
A0
ASDE2

AXZ3 *

A6
A7

ASDB6
AS087
AS089
ABD21
ABD3
AGDBG

AB008
ABO11
AS13
Ao 6
A7

oQo

0.087
013
022
03z
047
063

o018
az6
048
066
[3°<]

* USED IN CALIBRATION STANDARD

IBOPROPANOL FLOAY RATE
PLS ANALYSIS CLY ANALYSIS
CAC % DEY CALC %DEV ACTUAL
az? iR 03z &80 0
a3x0 21 040 M8 [*]
a%x 11 Q45 174 o]
Q68 4.3 oece 10 0
oes a1 as4 <8 "
128 106 1.3 46 0
190 at 1.68 44 ]
Qo aot at1e
0o 0ot Q.29
Rl Qoo 0.3
o062 om 067
oo Qo 0.87
000 Qo2 1.4
oot Qo8 1.0
om aos 0
0.01 0.06 0
000 Q05 o]
007 .278 a0 -a81 a1e
Q12 17 a4 77 025
o 64 az3 50 045
o a 03?7 182 065
047 04 os8 226 093
oen -43 Q73 160 1.9
019 00 09 &6 0097
027 €8 Q13 <88 013
0.43 A4 Q28 -38%¢ 0.2
o<} BBl 047 -282 o
0B84 [+£.1 o8l -130 0.47

-0.01
Q.00
-0.01
-0.02
-0.03
“0.04
-0.06

oo
0.04
0.16
[+ 8} ]
0.54

DMMP FLOW RATE
PLS ANALYBIS CL8 ANALYSIS
CALC %DEV CALC =% DEY
0.02 nos
0oc 0.08
oo 005
0.00 004
Qo o
aot og2
£.00 000
o3 N7 012 J78
o V-] 03 030 3B
0.3 32 041 68
a7z 7.2 076 122
3] 08 1.0 LR}
122 129 1.28 -89
134 2023 141 -2%58
ol 001
£.01 -000
oo oo
oy 868 003 1137
a2 00 01§ 260
aaz2 6.8 038 142
0.68 12 066 06
o.m 06 o 25
ag 362 [+1: S TR
ato 21 005 -84
012 49 007 477
022 09 017 222
0.3 1.3 028 100
a48 21 Q47 04

coooocooco

0000000

coococoo

cooooo

CALC % DEV CALC

Comparison of PLS aad CLS data analyses for IPROH-DHHP mixtures

% DEV
a13
Qi5
0.14
013
012
a1z
014
0.00 -100.0
21 -26.9
0.37 1.8
0.82 21.8
1.18 19.4
1.51 7.8
1.67 -11.9
011 -1553
Q17 324
0.44 2.4
0.78 20.0
108 181
095 274
008  -14.4
015 11.5
0.30 365
0.47 45.68
0.89 46.2
DEM FLOW RATE
PLEANALYSIS  CLE ANALYBIS
CALC %OEV  CALC %DEV
.00 06
ao 006
0.0t 008
o Qo6
001 004
000 003
000 am
Q00 004
000 a0
0o Q02
001 %
000 003
001 001
oot oot
028 4t 03¢ 172
0 60 04 2t
066 1.0 060 104
o0 a0t
oo 001
000 00
0.00 000
a0t 001
oot a02
0t 001
007 054
001 004
Q00 0.08
aot 0.08
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Table IV. Comparison of PLS and CLS data analyses for MEOH-DMMP-IPROH
mixtures using only pure components in the calibration standard.

SEGUENCE MEOH-DMMP-PROH
METHANOL FLOW RATE OMMP FLOW RATE ISOPROPANOL FLOW RATE
FILE PLS ANALYSIS  CLS ANALYSIS PLSANALYSIS  CLS ANALYSIS PLS ANALYSIS  CLS ANALYS'S
NAME ACTUAL CALC %DEeV CALC %DEY ACTUAL CALC %DEV CALC %DEY  ACTUAL CALC % DEY CALC %D&v
PURE MEQOH A30R0 aig Q18 -18s8 acs 737 0 aot Qo 0 Q48 .05
A3C82 a2 * 029 -1.0 Q24 165 0 Qo4 Qo 0 441 Q27
A3C84 Q.28 107 1824 Q47 23 0 Qo4 aos ¢} 2 58
A3C86 as7 * 1.3 5.7 an :§:] 0 Qio ace 0 254 Q78
A3CE8 ae7 1.4 448 Qss 1.6 0 ¢S] Q4 c 265 £.97
A3C0 14+ 135 -36 1.4 as 0 Q25 Q23 0 285 -1.28
A2 19 ¢« 13 |09 188 4 0 Q37 034 o 242 1.6
793 179
PURE CMMP A0S 0 Q76 Q27 019 0.18 -4.2 Qi8 £3 0 +1.80 0co
A3097 0 060 (e85 029 * Q29 14 azs Qa3 0 -1.588 Q19
A4010 0 Q49 ax azs * Q37 32 Q37 26 o] -1.39 [skek]
Ad012 0 Q3zs Qs3 067 * Q68 21 069 25 ] 417 Qa7s
AdD14 0 0z8 a7 087 * Q% Q7 Qs 8 0 1.04 110
A4016 0 0.20 (s8:-0) 1.4 116 172 116 172 ] Q81 1.28
As018 0 032 (e8] 1.9 127 334 121 33 [¢] -4.07 1.45
a9 89
PUREIFRCH  A4021 0 033 0cs 0 a0t Relyy] 019 026 .2363 010 25
A4023 0 062 Q{7 a 0ot Lete) a9 * Q15 469 025 Q7
AL025 0 -092 024 0 Q01 Q01 038 08 639 044 1247
Adg27 0 .16 Q323 0 Qo0 Q.0 Q67 * Q%1 254 Q70 ar
A4029 0 1.3 Q44 0 oo am Qs? 1.20 241 053 22
A4l 0 ~1.85 Q8 0 oo ac 14 " 146 45 143 1.9
A4033 0 -1.74 Q&2 0 acz ox 19 * 173 -89 188 1.3
54?,7 11.9
MECH:1 ALC3S Q.ces 0.24 -8516 014 421 0.035 Q1g 684 Qs 59 Q19 02 2000 023 222
DMMP A4DC8 Q17 Qz8 -2635 0 e29 017 029 7.2 09 682 04 029 .1844 029 159
PROH:2 A4D40 024 012 -804 asy 1079 0.24 Q40 683 040 653 Q48 084 2740 Q4 150
A4042 ass Q74 1147 oe8 1823 0325 05 594 ass 574 a7 .69 3414 Q23 823
A4D44 Q.48 697 1029 12 1152 0.48 as4 338 064 223 0ss 201 311 062 .3
A4046 a7 0sd 108 1056 469 0.72 0s0 167 Qs ARt 1.4 475 2249 059 .£34
1485 B79 530 &2 1.0 =5
MEOH:1 A4049 0.054 010 -2889 Q28 4722 o111 a7 873 017 839 022 084 3473 007 £85
DMMP:2 A4S 0.096 029 -399.0 'SR ¥ Q19 026 342 Q25 M2 a8 Q29 {750 Q76 1co8
IPRONH:4 A40S3 Q14 012 -1879 02 1073 nzg Q34 214 Q34 214 ass QSt -1%22 080 93
A40S5 Q2 035 725 052 1645 0.4 Q48 192 Q48 190 o8 416 2444 065 190
AL0S7 Qz7 1.00 2689 Q71 1644 0.54 Q49 -9.1 Q43 96 1.1 208 .2886 045 .£38
A4DS9 Q4 0s8 1385 Q77 868 [oR:<) Q50 -39.3 05 -298 1.6 204 2276 Q6 €52
2259 1670 304 292 2458 £25
MECH:2 A4062 Q13 028 3115 ac8 -1600 0.c63 Qoo 568 Qm  Se4 a9 034 2763 008 €00
DMMP:1 A4DE4 0.2 Q22 -197.7 Q4 -282 011 a3 182 Q13 18§ a4 040 2165 Q18 <82
PRCH.3 A4066 az2 037 169 a2 150 016 a0 219 Q19 188 Q043 4.2 3542 Qc4 .08
A4068 Q.46 o9l 8.5 Q57 248 0 Q24 61 Q24 as a7 -1.898 2821 Q11 1156
A4070 Q€3 106 678 ces 294 0.22 Q41 266 Q40 228 0ss 216 3261 000 1004
A4QT2 097 070 278 112 185 0.48 Qs 6.0 Q49 29 1.4 .60 2146 Q19 852
1200 4gg " 293 271 2950 825
MECH.10 A4075 024 Q30 -2233 017 -0 0024 0c8 2333 Q07 2000 Q2 028 L3703 750
DMMP:1 A4077 0.42 047 -211.2 a7 117 | 0.042 Q16 2905 015 2867 a2 401 4033 065 757
PRCH.& A40T9 06! 4128 3261 04 -251 0.061 028 20 Q226 28 Qa3 1.32 3400 024 27
A4C8t oes -.27 -2447 0 85 0.Ces 039 7S Q2% 3136 044 121 1138 Q2 s22
A4C83 1.2 053 -1439 175 461 012 062 4142 058 /42 ass 023 607 037 4815
A4085 1.8 Qs3 -1293 §75 .26 [eA}:] 062 2428 058 2228 gt Q23 745 027 1405
2131 8 2534 857 1807 €55



observable for this mixture, as can be seen in Figure 14.
not detected (false negative).
error.

The data were also analyzed with only pure components in the search library.
The calibration standards used are noted by an asterisk in Table IV. The accuracy
of the PLS algorithms deteriorated significantly, with quantitative accuracy greateE
than 100%. There were false negatives for low-concentration analytes. With high-
concentration analytes, the CLS algorithm actually improved in accuracy for the pure
analytes and for mixtures. With low-concentration analytes, accuracy deteriorated;
however, CLS still outperformed PLS in these instances. ’

The addition of DEM to the data set .did -not improve PLS data accuracy, as it

did in the two-component mikture. There vere no false positives in the PLS data, as
can be seen in Table V. ' D

: CLS reported the DMMP as
PLS did detect the DMMP, but with a 40% quantitation

Table V. Comparison of PLS and CLS data analyses for MEOH-DMMP-IPROH
mixtures containing DEM added to the spectral library.

SEQUENCE : MEOH-DMMP 4PROH (DEM iN CALIBRATION FILE) -

METHANOL FLOW RATE DMMP FLOW RATE 1SOPROPANOL FL OW RATE DEM FLOW RATE
FILE PLS ANALYSIS PLE ANALYSIS PLB ANALYSIS PLE ANALYSIS
NAME ACTUAL CALC %DEV  ACTUAL CALC % DEV ACTUAL CALC % DEV ACTUAL. CALC % DEY
PURE MEOH A3080 :81] oz 89 ] .08 +] 2.0 ) Qo
A30&2 * a2e9 oK o] a1 [|] 004 -] oo [+] Qo1
A3084 038 045 178 [¢] 0.01 o 1 :] -] Q00
A3088 ¥ X174 .67 oo 0 002 (o] 000 [¢] <ot
A3088 ae? ot a1 0 Q.04 s} ao [} Qo2
ABS080 * 1.4 137 22 o 0.05 [*] ReYa -3 [¢] ool
A3082 i 1.81 4.6 [+] aos [¢] ©.06 [+] 000
624 .
PURE DMMP AI096 Q Q11 1) 019 -1 o a0 [+] £.00
A0Q7 * o 0.08 0.29 o.28 At ] aoa [+] 000
A4010 Q Qs 038 038 -A.7 [+] 0.09 [*] Qot
A4D12 <] -0.02 0.67 066 -3.4 o -0.00 [¢] 0.0t
A4O1 4 0 0.09 087 0.80 20 0 000 [¢] aot
A4D18 , 0 017 t.4 1.00 -228 Q o2 [ ooz
A4018 [ 019 ‘oz 110 374 a oot <] 001
PURE IPAOH  A4021 0 0.08 -] Q06 019 014 -274 o 0oz
A4023 ¢ 0 0.03 0 .08 0.29 028 €3 [o} -a00
A4028 Q o0 o] 0.08 0.98 033 1286 [} .o
A4OZ7 v 0 Qoo o 002 067 0.61 04 o .ot
A4029 [+] -0.m o 0.02 0.87 aeo 76 ] ao
AL - o a2 o 0.09 1.4 1,44 1] ] 000
A4 -] -ao7 o o1e 1.9 2.00 6.1 [¢] a2
PURE DEM A3C23 (<] o2 o 0.02 o 004 (%] Q3 121
AR5 ¢ [¢] -0.02 0 000 -] 003 038 042 102
A2027 +] Qo2 [¢] oo ] 004 067 0.62 .70
MEOH:1 AADIE 0085 0.09 8.3 0.096 aoe 84 S]] 022 32 Q awo
DMMP :t A4038 v Q17 013 -268 o117 020 188 034 028 -138 ] Qo2
IPROH:2 AADY, Q24 o2 117 024 033 364 c48 0.46 a3 0 Qoo
A2 * Q38 0.8 9.4 0938 048 363 07 or 10 <] 000
ALJ44 0.48 065 144 0.48 063 208 0.86 136 423 [¢] oo
A4D46 ¢ ar2 070 23 072 067 214 1.4 1.44 28 [*] 0
1183
MEOH:1 A4D49 0.064 027 2063 att aog 218 az2 azo 109 [+] [+%s ]
OMMP:2 ALD51 0.008 014 427 019 027 414 0.38 008 1628 [¢] 001
IPAOH:4 'A4053 014 014 0.7 0.28 o 11.8 0.66 063 147 o oo
ALOSES ¥ 02 o018 9.0 04 0468 160 08 0.82 22 0 0o
AL0D57 ¢ 027 0.ze 62 0.64 0.62 4.3 1.1 1.04 £5 -] aoa
A4059 0.41 0.40 -20 0.83 o6 37 1.8 130 186 [¢] 40,03
1.9t
MEOH:2 A40G2 013 005 -61.6 0.063 003 -141.3 018 ai7z  -11.8 [¢] o
DMMP ALDB4 022 Q41 B850 0.11 010 127 0.34 020 409 [¢] oo
IPROH:3 A4068 0.22 046 422 016 017 a1 0.48 aan a7t ] 0.02
A4DBB ¢ .48 0.42 8.7 o.23 0.26 7.4 %4 065 7.9 [¢] <ot
A4070 a6l [ X" aa 0.32 030 231 0.86 0.90 67 o oo
A4Q72 * [«X-}4 1.0 44 0.48 048 0.4 1.4 1.42 1.6 ) oo
34.26
MEOH:10 AATTS ¢ 24 Q.26 kA 0.024 Q02 4708 ot2 018 487 ] oo
DMMP 1 A4D77 Q.42 Q48 102 0.042 002 874 o2t 028 233 Q a0
IPROH.6 A4070 * 0.61 o.e1 08 0.061 004 3%23 03 0.29 27 [+] aot
AADBY v (]} 080 22 0.008 010 21 0.44 .44 L ¥4 o 0.0
A4083 12 1.76 488 ai12 023 060 0.69 a7ea e o .00
A4085 1.0 1.76 22 [31:] 023 2a0 a.et o7e 166 [¢] 000

* UBED IN CALIBRATION STANDARD
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|
SUMMARY !

Passive-remote FTIR sﬁectrometers have been successfully field tested, and this
demonstrated its capability for identifying a chemical plume. In addition,
laboratory tests showed that this instrumentation can identify a single component in
a mixture containing completely overlapping IR spectra absorbances. Therefore, FTIR
technology has the potential for use as an independent method for compliance
assurance under Title III, Air Toxics of the Clean Air Act of 1990. Moreover, the
light weight and portability of the instrumentation are significant advantages.

Work must continue in developing a large spectral library data base consisting

of analytes and backgrounds. Appropriate QA/QC procedures must also be developed to
obtain EPA certification.
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Figure 1. Schematic of the experimental apparatus.
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Figure 3. Passive-remote IR spectrum of SFq obtained during a field

release,
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Figure 2. Background spectrum obtained using the Nic6000 and an
MCT-A detector.
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Figure 4. Passive-remote IR spectrum of Freon-11 obtained during a
field release.

10

RS



ACETONE DIFFERENCE SPECTRUM USING XM21

DIETHYL ETHER DIFFERENCE SPECTRUM WITH xmM2i

e.002 _ B
8.001
W
~0.004 1
0,000 ¢ ARE.
ARB . UNTITS
UNITS
" -9.003
-8.0082 - + ——— -8.088 + + SO RE—
‘700 =11 1100 1300 ‘709 1] 1100 1:60
WAVENUMBERS WAVENUMBERS
ACETONE REFERENCE SPECTRUM DIETHYL ETHER! REFERENCE SPECTRUM
1.000 1.5080
lga. T60 1 g
E Z1.000
g g
83. L1 g
a @
¢ I
9.5080
8.250 +
0. 000 ¥ i + —t— 0.000 SS e e ; .
o0 800 iie0 1308 780 280 1109 13080
WAVENUMBERS WAVENUMBERS :
Figure 5. Passive-remote IR spectrum of acetone obtained during a Figure 6. Passive-remote IR spectrum of ethyl ether obtained
field release. during a field release.
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Figure 7. Passive-remote IR spectra of pure isopropanol, pure DMMP, and two isopropanol-DMMP mixtures.
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Figure 8. Passive-remote IR spectra of pure MEOH used for the
analysis of a mixture of MEOH-DMMP-IPRCH in the spectral
region 1200-940 cm-1,
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Figure 9. Passive-remote IR spectra of pure OMMP used for the
analysis of a mixture of MEOH-DMMP-IPROH in the spectral
region 1200-940 cm-!,
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Figure 10. Passive-remote IR spectra of pure IPROH used for the
analysis of a mixture of MEOH-DMMP-IPROH in the spectral
region 1200-940 cm-!,
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Figure 11. Passive-remote IR spectra ot a mixture of MEOH- DMWMP-
IPRC 4 with a volume ratio of 1:1:2 in the spectral region of
1200-540 cme 1,
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Figure 12. Passive-remote IR spectra of a mixture of MEOH-DMMP-
IPROH a volume ratio of 1:2:4 in the speciral region
1200-940 cm- Y,
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Figure 13. Passive-rtemote IR spectra of a mixture ¢” MEOH-DMMP-
IPROH with a volume ratio of 2:1:3 in the spectral region
1200-940 cm- Y.
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Figure 14. Passive-rtemole IR spectra of a mixture of MEOH-
DMMP-IPROH with a volume ratio of 10:1:5 in the spectral
region 1200-940 cm-?,
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