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Development of EPA’s Target Compound List (TCL)
G-1. Introduction |

The two most common purposes for performing air monitoring at HTRW sites are to (1) provide information on
HAPs concentrations for use in a site’s overall hazard assessment and (2) assess the status of compliance with
applicable Corps, state, local, or federal air pollution regulations. Both of these purposes can have a significant
influence on the selection of sampling methods and the design of sampling programs.

As discussed earlier, CERCLA requires that a hazard assessment be performed at both Superfund and Corps
. HTRW sites, including an evaluation of the inhalation route of exposwre, The usual approach for performing a
hazard assessment is to make use of “risk assessment” techniques. The EPA’s Superfund Public Health
Evaluation Manual defines an acceptable level of cancer risk as being in the range of 107 to 10, The EPA .
defines this as the acceptable level of risk for an adult exposed to maximum predicted ambient air concentration
for a 70-year period, 24 hours per day. A 107 risk is a 1-in-10-million.chance of death from cancer, whereas a
10 risk is a 1-in-10 thousand chance of death from cancer. Obviously, an FFMS at an HTRW site must be
capable of measuring fenceline contaminant concentrations corresponding to risks within the 107 to 10~ range,

In addition to the need for performing risk asséssments, air sampling may also be required to determine the status
of the HTRW site and its compliance with applicable regulations, defined in CERCLA as “applicable or relevant
and appropriate” requirements (ARARs). An ARARisa promulgated regulatory requirement at either the stats
" of federal levels of government (e.g., a National Ambient Air Quality Standard or a state air emission standard).

ARARs apply to emissions from the HTRW site itseif as well as to emissions from any remedial operations at
the site. ' . ' : :

- Inaddressing the regulatory nesds of the state agencies, EPA found a need, to assist remediation programs in the
identification of most probable analytes found at Superfund and HTRW sites. The objective of EPA developing
a target compound list (TCL) was to help prioritize analytes of concern so applicable sampling and analytical
methods could be identified and used in quantitating emissions to 107 risk levels,

Since no generally accepted list of HAPs existed, EPA developed a master list based upon the Hazardous .
Substances Priority Lists (HSPLs) and augmented with 60 additional HAPs sclected from other authoritative lists
(e.g., the Superfund Public Heaith Evaluation manual, the California Air Resources Board list of carcinogens,
and lists published by the USEPA Office of Air Quality Planning and Standards).

After the master list was compiled, a simple scheme to rank these énalytes in order of importance as HAPs at
Superfund and HTRW sites was developed. The most important factors considered in developing this scheme
were: : '

*  Health effects of the anal}rte.

*  EPA, Corps, and state needs for regulating the analyte.
*  Regulatory importance of the analyte.

*  Potential for human exposure during site activities.

Availability of sampling/analytical mcihods and reference standards for quantitating the analyte.
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G-2. Heslth Effects

In considering health effects, a toxic compound list developed by EPA’s Pollutant Assessment Branch (PAB)
was used. This list is maintained within EPA’s Office of Air Quality Planning and Standards (OAQPS). PAB
also maintains a separate list of compound involving “cancer potency slopes” which in most cases are based upon
the ingestion route of exposure. Because in many cases these cancer potency slopes have been, and will continue
to be, converted to inhalation factors for use in HAPs risk assessments, these data were included in the
assessment and ranking of health effects. ' . ' o

For noncarcinogens, lists maintain by EPA’s noncarcinogen workgroup were used. These are compounds for
which EPA has determined a need for the deveiopment of “reference dose” (RID) values. RID’s are used by EPA
- as threshold values in evaluating noncarcinogenic health effect. For other compounds on the list which were not
described by any of the above date; various health effects indicators such as threshold limit values, and as a last
resort, reportable quantity date from SARA Title I1I, were relied upon, - R :

G-3. EPA, Corps, and State Needs

In asscssiﬁg EPA, Corps, and state needs for sampling guidance and analytical methods for specific HAPs, a
questionnaire was developed and sent to interested parties 10 determine important HAPs of concern. The
respondents - provided lists of important HAPs, and the frequency with which specific compotnds were of
interest. ' -

The response from the questionnaire was supplemented by a data base developed by the National Air Toxics
Information Clearinghouse as an indicator of State regulatory activity for specific HAPs. For the various States
regulating on the basis of acceptable ambient levels (AALs), the frequency of occurrence of regulations for
specific chemicals was the third most important ranking criterion. .

G-4. Regulatory Lists

- Frequency of occurrence on lists of hazardous materials vias also considered to be a useful ranking indicator. The
California Air Resources Board (ARB) publishes a “Lists of Lists” which shows the frequency with which
specific chemicals are listed in 12 authoritative lists of HAPs. The New York Air Guide II also categorizes
specific air toxics compounds as high, meditm, or low toxicity. SARA Title III, Section 313, also lists hazardous
poliutants. Frequency of occurrence in each of these lists was used as an indicator of the relative importance of
* these compounds, '

G-5. Potential for Human Exposure

Indicators for the potential for human exposure were incorporated by considering both the frequency of
occurrence at Superfund and HTRW sites and the volatility of each of the listed compounds, Frequency of
occurrence at Superfund sites was obtained directly from the August 1988 list entitled “Frequency Distribution
of Substances Present at Final and Proposed NPL Sites.” A volatility ranking number between 0.5 and 3 for each
compound was derived from boiling point and/or vapor pressure data, as available. These indicators are generally
considered o represent the potential for human exposure through the air pathway at Superfund sites.

G-6. Availability of Analytical Methods and Reference Standards

To complete the ranking process, cach of the candidate chemicals on the expanded _'t'naslcr list was entered into
a Lotus 1-2-3 spreadsheet and arrayed with corresponding numerical data describing each of the 10 ranking

G-2 -
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criteria. A ranking index algorithm (RLA) was devised which would position the maximum value of each of the
ranking criteria terms in its relative weighted position. The algorithm for ranking of the target compounds is:

RIA = 10G + 1138 + 120M + 7.5D + 23.3F + 10K + 20L + 40E + 35C + 15J
Explanation of the development and derivation of term values can be found in Chapler 3.

As illustrated in Chapter 3, the RIA was designated as the sum of the dcscriptors tertns. The complete target
compound list developed for the Corps and EPA nationwide for Superfund sites utilizing the above algorithm
consist of approximately 257 target compounds. Of the 257 compounds, 43 percent are volatiles thus having
vapor pressure greater than 0.1 mm Hg, Appromnately 32.4 percent of the target compound list are classified
. as semi-volatiles with vapor pressure ranging from 107! to 107 mmHg, Finaily, metals comprise approximately
28 percent of the target compound list. The full target compound Inst of 257 compounds, marked in imporiance

as determined by the RIA, is provided below in Table G-1,

-

G-3
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Table G-1. EPA's Superfund Targel Compound List {TCL]
. o E DEMOHSTRATED SAMPUNG MEBIODOLOGY {5) AND
. Y SO APPROACHABLE METHOD DETECTION LIS (1 - {
Ranking Ak Tovies . of - FrcATON | - Fesll e S Filer 3y .
A8 LES] weo b fw )i cAL | sesax |- O B e
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1 | vioyt Crlorids . s v
2 |"Teichioioethyiene - s v 1304 750001431 —_1.5380/0.2862
3 |*Cadavem f M ) 185101 ooosemoonyise | o.00s20.0000
4 |rchioiom + v 2on0* ] oaooossos | cossomenre
5 . lbenzens v et |  avooorse 0.2400/0.8751
8__ |*Carbon Tetrachiotide v 0.41 817 15aud | oaroo1004 0.$340/0,0213
7 | Arsenic + M unt_ lracar Fxp 0 430} | 000720,0000751
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9 | Chiomlve + u MNT FICAP . 0.002 12101 § 0000830000039 0.0002/.000%
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14 {“Heplachlonheplachioreposid’ I3 Hit  |PUr.GERECD, PUF-GCARS 001 | 13x107] 00072/0.0000504 0.002/0.0001
] .
15 11,1.Dichinrosthane v ] e Hucocms 0.3 @) SO:t03 | 025005044 0.0400/0.0101
18__{-Acrytonitie + v +F1 _ |uc.ooass e8:10%| oo15m.008012 0.0300/0.0138
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__|spanrhueLcv .

13 |*1,2.Dichlomsthans v +8  lucocms 0.30 as 20:10% | 0.0300.0003877 D.O7S0M0.0488

19 iChlosohentens v +N G GCMS 0.48 1.7 10.0°2.1722
20 Jiead M HNT_[FICAP FXR - - 0.0187 0. 14/0.0185
21 |‘Foimaldabyde * v N SEPJC, ACHM 0012 _ b fe} 8 1xs0? 1842013353 0328
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Table G-1. {Conlinued)
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Table G-1. {Continued)
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Abbreviations for Table G-1, EPA’s Superfund Target Compound List

(1) As dctcrm.incd by EPA’s RIA, discussed in Chapter 3.

(2) Those toxics that have unit risk numbers developed. by U.S. Environmental Protection Agency and ot.her
agencies are indicated by an asterisk.

(3) Classification

V=

SVa

P =
M=

Volatile air toxic compounds having vapor pressure above 10" mm Hg at standard. condmons

(20°C and 760 mm Hg).

Volatile air toxic compounds having vapor pressure between 107! and 107 mm Hg at standard
conditions (20°C and 760 mm Hg). .

Those air toxics retained on filter material, either glass fi bcr or Teflon®©, durmg sarnphng
Atwrborne particulate with metallic constituents,

(4} Available standards.

o+
N
G
NT
F7

(3) Notation
Sep-PAKO Silica gel unprcgnatcd with 2 4-Duun-ophcnyﬂ1ydrazmc for extracting aldehydes

U.S. EPA, Quality Assurance Division, AREAL, RTP, NC, Group 5/6 gas standards.

Neat solution available from manufacturers.

Gas cylinder standards produced and validated by consultants under EPA contract,
national Institute of Standards and Technology (NIST) solutions available,

U.S. EPA, Quality Assurance Division, AREAL, RTP, NC, Future Group 7 gas standards.

and ketones from air,
Canister . SUMMAO passivated stainless steel canister for collecting whole air samples.
Adsorbent Solid adsorbents, typically Tenax-GC |
Filter Filter material, either glass fiber, Teflon or nylon, used to retain particles,
PUF ~ Polyurethane foam for retaining semi-volatile pollutants.
IC Ion chromatography analysis using conductivity detector,
GC/MS Gas chromatography/mass spectroscopy analysis, applicable to both canisters and
~ solid adsorbents.
ICAP Inductively coupled argon plasma spectroscopy analysis, applicable for metal
analyses.
HPLC High performance liquid chromatography using ultraviolet detector.
{(6) Available sampling/analytical notation -
ACM Ambient continuous monitor,
ADS-AA Solid adsorbent sampling followed by flameless atomic adsorption
analysis.
ADS-GC/MS Solid adsorbent sampling fo]]owcd by gas chromatography/mass
spectroscopy analysis.
C-C/MS Canister sampling followed by chromatography/mass spectroscopy
: analysis, '
C-GC/MS Canister sampling by gas chromatography/mass spectroscopy analys:s
CT-GC/ECD Activated charcoal tube sampling followed by gas chromatography with
' electron capture.
CT-GCFID Activated charcoal tube sampling followcd by gas chromatography with
flame ionization,

CT-GFAA . Activated charcoal tube adsorbent followed by radnochcmlsm



CV-AA
DI-ICAP

Denuder-IC
F-AA
F-GC/NPD
F-GFAA
F-HPLCAUV
F-ICAP

F-Micr
F/ICT-GFAA

F/CT-GC/FID
F/lmp-HPLC/UV
F/SG-GC/FID
FISG-HPLC/UV
GB-GC/FID
GB-GC/FPD
GB-GCMS
Imp-COL
Imp-HPLC
PUF-GC/ECD
PUF-GC/FID
PUF-GC/FPD
PUF-GC/MS
PUF/XAD-2-GC/MS
PUF-GC/NPD

PUF-HRGC/HRMS
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Filter sampling followed by cold vapor atomic adsorption spectroscopy.
Dichotomous sampling followed by inductively coupled argon plasma

 Spectroscopy analysis.

Abbreviations for Table G-1 (continued).

Annual Denuder sampling followed by ion chromatographic analysis.
Filter sampling followed by atomic adsorption spectroscopy.

Filter sampling followed by gas chromatography separation with nitrogen-
phosphorus detection.

Filter sampling followed by graphlte furnace atomic adsorption
SpEctroscopy.

Filter sampling followed by lugh petfonmnoc liquid chromatography wu.h
ultraviolet detection.

Filter sampling foliowed by mducnve!y couplcd argon plasma

" spectroscopic analysis.

Fiiter sampling followed by microscopic analysis.

Filter/activated charcoal tube sampling with graphite furnace atomic.
absorption spectroscopy analysis.

Filter/activated charcoal tube sampling followed by gas chromatography
with flame ionization detection.

Filter/impinger sampling followed by high performance liquid
chromatography with ultraviolet detection.

" Filter/silica gel adsorbent followed by gas chromatography with flame

ionization detection.

Filter/silica gel sorbent foliowed by high performance liquid
chromatography with ultraviolet detection.

Glass bulb samplmg followed by gas chromalog'aphy separation with
flame ionization detection.

Glass bulb sampling followed by gas chromatography separation with
flame photometric detection.

Glass bulb sampling followed by gas chromatography separation with
mass spectroscopy identification.

Impinger sampling followed by colorimetric analysis.

Impinger sampling followed by high performance liquid chromato graphy.
Polyursthane foam of XAD-2 sampling followed by a gas
chromatography separation with electron capture detection.

Polyurethane foam sampling followed by gas chmmatography separation

" with flame ionization detection,

Polyurethane foam sampling followed by gas chromato graphy separation

" with flame photometric detection.

Polyurethane foam sampling followed by gas chromatographylmass

spectroscopy analysis,

Polyurethane foam combined with XAD-2 resin for sampling followed by
gas chromatography/mass spectroscopy analysis.

Polyurethnnc foam sampling followed by high performance liquid

chromatography.

Polyurethane foam sampling foliowed by high resolution gas

chromatography with high resolution mass spectroscopy.



EM 200-1-5
30 Sep 96

S(Chromo 104)-GC/FID Sorbent (chromosorb 104) sampling followed by gas chromatography

S(firbk)-HPLC/UV

separation with high resolution mass spectroscopy.
Sorbent (firebrick) samplmg followed by hzgh pcrformancc qumd
chromatography analysis.

S(Porapak-QS)-GC/NPD Sorbent (Porapak-QS) sampling follo“cd by gas chromatographs

separation with nitrogen-phosphorus detection.

Abbreviations for Table G-1 (continued).

S(silica gel)-GC/FID
S(silica gel)-GC/FID
S(silica gel)-HPLC/UV
S(TN)-GC/HECD
S(TN)-GG/NPD
SCXAD-2)-HPLC/UV
S(XAD-7)-HPLC/UV
SEP-HPLC

SEP-IC

T-GCMS

: T/C-GC/MS

(7) Detection limits

Adsorbent (silica gel)- sampling followed by gas chromatography
separation with flame ionization detection.
Adsorbent (silica gel) samplmg followed by gas chromatography .
separation with flame ionization detection,
Sorbent (silica gel) sampling followed by high pcrformancc hqmd
chromatography with ultraviolet detection.

_Sorbent (Thermosorb N) sampling followed by gas chromatography

separation with Hall electron capture detector,
Sorbent (Thermosorb. N) sampling followed by gas chrcmatogaphy

- separation with nitrogen phosphorus detection.

Sorbent (XAD-2) sampling followed by high performance hql.ud
chromatography analysis.

Sorbent (XAD-7) samplmg followed by hlgh performance hqmd
chromatography analysis.

Sep-PAKQ impregnated cartridge sampling followed by high performance
liquid chromatography.

Sep-PAKQO impregnated cartndgc samplmg followed by ion
chromatography analysis.

Tenax solid adsorbent tube sampling followed by gas
chromatography/mass spectroscopy a.nalysns

Tenax solid adsorbent tube or canister sampling followed by gas
chromatography/

mass spectroscopy analysis,

(a) Notamenable to Tenax analysis.

(b) Not amenable to canister analysis. -

(¢) No detection limits avaiiable, but feasible. _

(d) Canister - GC/MS in the SIM mode, Hewlett-Packard 5988A, column: 30 m x 0.32 id,,

~ DB-624 fused silica capillary, Perma Pure Dryer, 200 mL cryotrap sample, seven reph::ate

samples analysis, LDD = (std, DEV .) x (one-tailed Student’s value at 99% level),

(¢) Detection limit based upon 2500 m 3 of air sampled, through a 8" x 10" glass filter with a2.0.75"
x 1" strip analyzed in final sample volume of 40 mL acid extraction solutlon

(f)  PUF - Amount of air sampled determines MDLs, MDL based upon 273 m? of theoretical air
sampled, evaporate to 1 mL and analyze tul by GC/MS/SIM.

(8) Approximate Air Risk Specnﬁc Concentratlon = [Acceptable Risk Level (i.e., 10 '6)]![Umt Risk Factor].

(9) Reference Ambient Levels (RALs) were developed from state agency acceptable ambient levels (AALs) as
approximations of potential Applicable or Relevant and Appropriate Requirements (ARARs) or “To-Be-

- G-14
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Considered” materials (TBCs) in establishment of air cleanup standards for remedial actions at national Priority
List (NPL) sites, . :

G-15
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A Discussion of the Use of the FTIR for Monitoring at Industrial Complexes

George M Russwurm :
ManTech Environmental Technology, Inc
Research Triangle Park
North Carolina

The field of Fourier transform infrared (FTIR) remote sensing using a long-path, open-path
instrument to monitor atmospheric pollutants has enjoyed vigorous growth and development during
the last 10 years. The instrument itself is based on the optical component known as the Michelson
interferometer. Figure 1 is a picture of one of the FTIR systems available commercially in the United
States. It is a monostatic system in which a collimated beam of infrared energy is transmitted over a
long, open atmospheric path that contains one or more absorbing gases. As one of the mirrors in the
Michelson interferometer moves, an interferogram, which is the primary information recorded, is
produced. In order to obtain a spectrum from which the path-averaged concentrations of the gases
of interest are determined, a Fourier transform is generally performed on the interferogram. This
process produces a so-called single beam spectrum, and that is used to produce an absorbance
spectrum.

Figure 2 shows the single beam spectrum taken along a 200-meter path and shows the
positions of various absorbing gases. The absorbance spectrum is then used for all subsequent
analysis. The fundamental physical law that governs the data reduction is Beer’s law, which states that
the fractional change in intensity in a beam of energy traversing an absorbing medium is equal to the
quantity -&CL. Here, C is the concentration, L is the path length, and & describes a physical property
of the molecule—the absorption coefficient as a function of wave length. Several techniques are used
for actual spectral analysis, but the predominant one is classical least squares. In this mathematical
process a set of reference spectra must be available to the operator.

Figure 3 shows a portion of a spectrum taken along a 200-meter path. The top curve is the
field spectrum, which shows the constituents water, carbon monoxide, and nitrous oxide. The center
curve is a reference spectrum of nitrous oxide, and the bottom curve is a reference spectrum of
carbon monoxide. These reference spectra have been carefully measured by using known
concentration path-length products of a pure sample of gas; one reference spectrum must be available
for each absorbing gas in the long, open path. The classical least-squares technique then produces the
path-averaged concentration of each gas along the path. In practice, the entire procedure described
above is more or less transparent to the operator, and the instrument, under computer control,
produces data in terms of concentration directly. Commonly, data is collected once every 1 to
5 minutes in order to obtain a decent signal-to-noise ratio, and then the processing is accomphshed
in a few seconds. '

Figure 4 is a portion of a typical output from one of the commercially available instruments.
It is a time sequence plot of the concentrations of four gases being monitored.
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Although there are several variations, two primary geometrical configurations for the FTIR
have been developed. They are the monostatic and the bistatic modes, which are shown schematically
in Figure 5. In the former, the infrared source and the receiver are at the same end of the optical path,
and the beam is transmitted to the retroreflector at the far end of the path. Thus the beam is
transmitted through the absorbing gas twice. The bistatic geometry has the infrared source at one end
of the path and the receiver at the other end so that the beam traverses the absorbing gas only once.
There are advantages and disadvantages to each type.

The advantages of the monostatic system include the fact that the infrared beam traverses the
absorbing gas twice, and the infrared beam is transmitted through the interferometer before it
traverses the path. In effect, the latter modulates the beam and eliminates the effect of other sources
of infrared energy in the instrument’s field of view. Since the beam is folded at the far end of the
optical path, no power source is required at that end. One disadvantage is that in order to use the
same end of the path for the transmitter and for the receiver, a second beam splitter is generally put
in the system. That significantly reduces the signal strength and limits the path length that can be used.
However, for path lengths up to about 0.5 kilometers this has not been a mé.jor problem.

The advantages of the bistatic system include the fact that in general these systems have a
better signal-to-noise ratio. The most significant disadvantage is the fact that these systems do record
the so-called 300 K black body radiation (shown in Figure 6) because the beam is not modulated
before it traverses the path. That radiation must be subtracted from the spectrum before the analysis
can be performed. That is an additional step in the analysis procedure, but unless the instrument is
actually pointing at the sky, it is not difficult to accomplish. If radiation from the sky is allowed to
enter into the field of view of the instrument, however, subtraction of this radiation can then be a
more significant and time-consuming task. The bistatic system should be considered when the
instrument is to be used for monitoring plumes, particularly if the plume is narrow compared to the
optical path length. For example, interpreting carbon monoxide data from a plume would be difficult
if the ambient levels of CO were high. :

The current method of choice for the actual data analysis is classical least squares. The
primary requirement for this technique is that a set of so-called reference spectra must be available
to the operator. These spectra are generally not produced by the operator because they require great
attention to the experimental details. There has to be a reference spectrum whose concentration path-
length product is precisely known for each absorbing gas present in the long; open path. The most
difficult one to obtain is the reference spectrum for water vapor because it is tedious to determine
how much water is present when the measurement is being made. Software is presently being
developed in the United States that allows for the calculation of a water reference from the HITRAN
database. '

At the present time there are two reference spectral databases readily available in the United
States for use with the FTIR system. Each of these contains spectra for about 125 compounds. The
National Institute of Standards and Technology (NIST) in the United States is currently preparing
a database for use with FTIR analysis. The NIST database now has about 20 spectra available. These
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spectra are available as elther high- or low-resolution spectra and can be obtained after having been
processed with any of several different apodization functions.

Using data from these databases and a knowledge of the root mean square (RMS) noise from
thei nstruments at Research Triangle Park, North Carolina, we have estimated the detectlon limits for
65 of the most important compounds. The results are shown in Table 1.

These detection limits are not directly transferable to all instruments nor to all operatmg
situations, but they are included here to act as a guide to the user. Generally, the data in this table
indicate that for a path length of 100 meters, the detection limits in terms of concentrations is on the
order of 10 ppb, and that seems to be true experimentally.

There are several documents published in the United States that act as guides for users of the
FTIR remote sensing instruments. They are listed below. '

® FTIR Open-Path Monitoring Guidance document
G. M. Russwurm and J. W. Childers
USEPA Report No. EPA/600/R-96/040

® Compendium Method TO-16—Long-Path Open-Path Fourier Transform Infrared
Monitoring of Atmospheric gases
USEPA Report No. EPA/625/R-96/010b

L Standard Guide for Open-Path Fourier Transform Infrared (OP/FT-IR) Momtonng of
Gases and Vapors in Air
ASTM Designation E 1865-97

The guidance document describes the general operation of open-path FTIR systems. It has
10 chaptersthat, among other things, discuss the operation of the Michelson interferometer, the single
beam spectrum, and the generation of a water vapor reference spectrum. It also contains an extensive
bibliography of more than 275 publications that have been written on the subject.

The TO-16 compendium method is a standard procedural document that guides the operator
through the reduction of FTIR data, starting with the single beam spectrum and ending with the
application of the classical least-squares technique to obtain concentration data. It has a chapter that
describes a minimum set of quality control procedures for the FTIR,

The ASTM guide is a document that has been produced under the auspices of the American
Society for Testing and Materials, and it is very similar to the USEPA guidance document in its
scope. This document is again meant as a guide for the FTIR open-path users. It clearly describes
various aspects of the use of these instruments in the field and alerts the user to several significant
instrumental and operational parameters that are peculiar to the FTIR. An ASTM standard practice
that complements the USEPA TO-16 document is currently under revision and should be published
shortly. In addition to these documents, several paragraphs describing the siting criteria for open path
monitors have been added to the Federal Register. These are also listed in the guidance document.
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Early in the development of the open path FTIR systems an issue arose concerning
comparability of the data with data obtained by other more mature monitoring techniques. Thisis no
longer an issue and it is commonly agreed that the FTIR measurements are in agreement with other
instrumentation. An issue of the accuracy of the FTIR data still exists, and this may be the most
difficult parameter to establish in the field. It should be noted that the errors as produced by the
normal classical least squares techniques do not properly account for the real errors. The response
of the FTIR system is slightly nonlinear, as is shown in Figure 7. The intersection of the two curves
in that figure is the concentration path-length product of the reference spectrum, and errors can be
generated when the concentration path-length product of the field spectrum is not the same. The
nonlinearity is, in part, caused by the apodization function used, and the errors get higher with lower
resolution. This problem is currently being studied by three groups in the United States. At the
present time, however, the accuracy of the FTIR data should be considered to be about + 30%.

Over the past 10 years the FTIR has been used to monitor the concentrations of many
atmospherics gases at a variety of sites. These include Superfund sites, toxic waste sites, and
industrial complexes. It is currently being used in other countries such as Germany, Brazil, Taiwan,
and Japan. The U.S. Navy is using two FTIR systems at a naval air facility in Atsugi, Japan, ina .~
rather unique setup. The situation is shown in Figure 8. The infrared beam is transmitted through the
stack plume to a retroreflector and back to the detector. A second system transmits the beam
essentially along the same path but below the top of the stack. By using the data from the second

instrument as a measure of the background, the stack emissions can be determined.

Conventionally, the FTIR is used to monitor the concentrations of gases along a fence line
at some facility. The path-integrated data is then used with one of the mathematical models (e.g.,
Gaussian plume model or PAL model) to determine the emission rates from the facility. Figure 9
shows an arrangement using two FTIR systems and two retroreflectors in order to monitor the total
perimeter of the facility—a toxic waste dump.

There are a number of conclusions that can be stated about the FTIR as a monitoring tool at
this time. They include the following, '

® The FTIR is considered to be a mature monitoring technique.
® Its capability has been demonstrated at many sites, and comparability is no longer an issue,

® It is primarily used as a fence line monitor or as an early warning system for chemical spills.
It should probably not be used to monitor ambient air in more or less pristine areas.

® TUnderstanding the uricertainties inthe FTIR data s still considered problematic, although the
data seem to be good to about = 30%.



TABLE 1 Estimated Method Detection Limits (MDL) for Selected Gases'

_ a T Vg MDL® Vinad MDL®

Compound Class (er) (ppb-m) (o) (ppb-m)
acetaldehyde caa 1761 2063 2729 65874
acetonitrile caa 1463 8403 1042 46085
acroiein : ) pp,caa 1730 1297 958 4509
acrylic acid caa 1726 ‘639 1439 1326
acrylonitrile pp,caa 954 3398 971 4548
ammonia pp 967 820 931 718
benzene pp,cas 673 266 3047 4449 .
bis-{2-chloroethyl)ether pp.caa 1138 2157 767 4372
bromomethane pp,caa 1308 11547 2983 12455
1,3-butadiene caa 208 1445 1014 5719
2-butanone _ pp.caa 1746 - 1483 1175 3224
carbon dioxide ag 2361 637 668 608
carhon disulfide pp,caa 1541 191 1527 266
carbon monoxide cp 2173 - 4583 2112 5417
carbon tetrachioride . pp,caa 795 178 773 1027
carbonyl sulfide caa 2070 240 2051 330
chlorobenzene pp,caa - 740 1341 1483 3980
chloroethane pp.caa 1288 6744 677 6871
chloroform pp.caa 772 358 1219 - 1927
chloromethane pp,caa 732 6852 1459 9517
m-dichlerobenzene pp 1681 1266 784 1305
o-dichiorohanzene PP 749 1428 1462 5142
dichlorodifluoromethane pp 1161 204 921 303
1,1-dichlorosthane pp.caa 705 2049 1060 3053
1,2-dichloroethane " pp.caa 731 1983 1237 6803
1,1-dichloroethene PP 869 1241 . 793 1814
1,2-dichloroethene ‘pp.caa 864 5024
dichloromethane pp.caa 750 1174 1276 4113
1,1-dimethylhydrazine caa 2775 1962 808 3774
ethylbenzene pp,caa 2975 2031 697 2277
sthylene oxide pp,caa 3066 987 872 3327
formaldehyde caa 1745 1248 . 2802 2581
hexane caa 2964 1023 1467 7710
hydrogen chloride caa 2045 3164 2822 3620
hydrogen fluoride caa 4038 578 3877 761
hydrogen sulfide caa _ 1293 535003
isooctane caa 2981 554
methane ' ag : a7 1597 1305 2998
methano! caa 1033 124% 2982 5033
methylmethacrylate caa 1169 1199 1748 1341

- nitric oxide 1804 4388 1843 6816
nitrobenzene _ pp.caa 1653 852 1355 1049
nitrogen dioxide cp 1629 540 1588 742
nitrous oxide ag 2213 932 1300 3946
ozone cp 1054 2533 1040 3971
phosgene - , caa 849 318 1832 667
phosphine caa 2326 7608 992 12468
propionaldehyde caa 1762 2305 2992 4107
propylene oxide caa 3001 - 2838 . 837 4549 -
styrene caa - 685 1720 909 2908
sulfur dioxide cp - 1377 372
suifur hexafluoride tracer 947 42 615 420
tetrachlorcethens pp,caa 915 708 781 2654
toluene pp.caa 728 - 1632 . 3018 3583
1,1,1-trichloroethane pp,caa 725 533 1088 1183
1,1,2-trichloroethane pp,caa 742 1615 941 7933



TABLE 1 Estimated Method Detection Limits (MDL)-for Selected Gases'

a Vil MDL® Vi MDL®-
Compound Class (cm) (ppb-m) (e (ppb-m)
trichloroethene . pp,caa ‘ 849 1173 . 944 1578.
trichlorofluoromethane pp 846 178 1084 634
vinyl acetate caa 1225 688 1790 1327
vinyl chloride pp,caa 942 2824 1620 3643
vinylidene chioride caa 888 1669 1086 2501
m-xylene pp,caa 768 1601 690 3825
o-xylene pp,caa 741 1070 2949 5797 .
p-xylene pp,caa 795 1765 2938 3340.

TThe MDLs were estimated by using values of the absorptivity calculated from 1-cm' reference speotra with
triangular apodization from a commercially available spectral library and a minimum detectable absorbance of 1 x
102, '

®Pollutant classification: priority poliutant (-pp); criteria pollutaht (cp); hazardous air pollutant from the 1990 Clean .
Air Act Amendment (caa); atmospheric gas (ag). :

®Peak position and MDL for the most intense absorption band.
‘Peak position and MDL. for the second most intense absorption band in a different spectral region.
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Figure 6. Atmospheric 300 K Black Body Spectrum



ABSORBANCE

0.6 . A S

Y3 S e - - /
9PY S S S— RVl N

0.3.- ............................................ / ......... i
oz | / —— ACTUAL -
N / — LINEAR .............................

0 200 400 600 . 800 1000 1200

CONCENTRATION PATH LENGTH PRODUCT (PPM*M)
Figure 7. Actual and Assumed Linear FTIR Response




& 3: ¥

Figure 8. FTIR Monitoring Configuration at Atsugi, Japan.



Figure 9. FTIR Configuration for Monitoring All Four Sides of a Toxic Waste Site






~ Open path measurements using Opsis

Mr. L. Herikson
Opsis AB

Opsis AB is a Swedish company which develops, manufactures and markets
monitoring systems for ambient air quality and continuous emissions and

process control. The multi-purpose system has a wide range of appllcatlons
including:

Continuous Emissions Monitoring Ambient Air Quality Monitoring
waste incinerators fence line monitoring
power plants airport monitoring
cement industries background monitoring
mineral wool production urban trend monitoring
fertilizer plants . street-level monitoring

aluminium smeliers
chemical plants

Represented World Wide

Opsis has systematicaily entered the international market, a strategy which
has proven to be successful. Today, more than 90% of the company’s sales
go to markets outside Sweden. Through a network of subsidiary companies,
distributors and other representatives, Opsis is present on all continents.
Several hundreds of systems are in operation around the world. :

References
Several hundreds of systems are installed world wide.

Approvals

The Opsis Monitoring Systems have heen tested and approved by the
following institutes:

EPA U.S.A, TUV Germany, UMEG Germany, EPA Sweden, UBA Austna
EMPA Switzerland, Joint Research Centre Ispra ltaly, CNR Rome ltaly,

EPA Denmark, EPA leand MRI Russia, EPA Poland etc.



Some Open-path Benefits - General .
» Complete DOAS system packages » Easily calibrated

o Fully automatic monitoring system ‘e Simple report generation

o Multi-gas and multi-path system » Combines the benefits of both UV

» High data availability and IR technologies

« No sample required ' » On-line supervision

« Fast, continuous measurements - ¢ Internationally approved

¢ Operates with a minimum of « Comprehensive after-sales
maintenance : " support _ -

+ Basic modular construction which o Hundreds of systems installed
allows, expanding or updating of world wide

existing installations

Additional benefits of Open-path measurements — Air Quality Monitoring

« High-performance, open-path monitoring
» High-performance monitoring of criteria pollutants
» High-performance monitoring of Benzene, Toluene, Xylene

Additional benefits of Open-path measurements — Contmues Emlssmn Monitoring
» High-performance, cross-stack monitoring

« High-performance monitoring of phenol and formaldehyde

» High-performance monitoring of ammonia (NH3)

¢ High-performance monitoring of HF, HCl and CO

For further technical and/or commercial information please contact the Opsis
head office or the local Opsis representative.

Opsis AB

P.O. Box 244, $-244 02 Furulund, Sweden
Tel: +46 46 73 85 10 Fax: +46 46 738370
E-mail: info@opsis.se






TECHNOLOGY

Tosco Refinery
Open Path Monitoring Project

Alton W, Arnett, Product Manager
Petris Technology
2950 North Loop West ste 1050
Houston, TX 77092

For the last two years, the TOSCO Refining Company San Francisco. Area Refinery
(SFAR) in Rodeo, California, has utilized the world’s most cutting edge Optical Remote -
Sensing fenceline monitorihg system. The refinery enjoys a sound reputation and
peaceful relations with the surrounding community, which feels protected by the
company’s extensive monitoring program. '

Unfortunately, in August 1994 TOSCO didn’t have this state-of-the-art system. The
refinery experienced a release that infuriated local communities and prompted two
particularly vocal organizations, Communities for a Better Environment (CBE) and-
Shoreline Environmental Alliance (SEA) to petition the county to withhold the refinery’s
land-use permit, thus ceasing operations. In all, the accidental release would cost TOSCO
a staggering $100,000,000.

In order to restore relations between TOSCO and the community, a team was formed
comprised of TOSCO officials, as well as CBE and SEA representatives. The goal was to

develop a monitoring program that wouid be abceptable to both the community and the

refinery. Members of the team had difficulty reaching a compromise, as they disagreed
on proposed monitoring techniques. Therefore they contacted Petris Technology (a
leading optical remote sensing company) for assistance. For the last two years, Petris
Technology has worked closely with both groups to restore harmony and most
importantly, to significantly decrease the likelihood of a future release.



Petris recommended and developed the extensive monitoring program, which is in place
today at TOSCO. The program consists of three re'mbte-"s'ensing feChnOlogiés:Open-path
Fourier Transform Infrared (OP-FTIR), open-path Ultraviolet (OP-UV) and Tunable
Diode Laser Systems (TDLS). | . '

TOSCO’s OP-FTIR includes an internal calibration cell filled with a known quantity of
methane gas. Additionally, Petris added two ambients, nitrous oxide and meihane, to the
script file as Quality Assurance checks. The OP-UV system has an external quartz
calibration cell filled with a known quantity of all gases being monitored. And, the TDLS
has an internal Quality Assurance gas cell, filled with a known amount of the compound
that the system is monitoring. {For the TOSCO installation, wé are monito'ring ammonia
and hydrogen sulfide.) '

Petris has performed numerous short-term projects using all three of the remote-sensing
techniques discussed at various refineries in different parts of the world. However, there
are no other projects of this magnitude in operation anywhere in the world, so the
TOSCO project, at least for another three years, remains at the forefront of the energy
industry. '

To that end, Petris has committed to an On-Stream Efficiency (OSE) of 95 percent or
greater by March 1999. Currently, the system has an OSE of 71 percent year to date. By
making necessary hardware and.softwai'e changes, Petris is cbnﬁdent that the goal is
attainable, thus providing TOSCO and the surrounding community with an even greater
comfort level.

~ For instance, there have been some challenges with the FTIR stirling engine, which is a
cryocooler that cools the detector to 77K or —196 .Celsius, which helps increase the
signal-to-noise ratio. The stirling engine includes a 4,000-hour component; however, it’s
only been lasting 500 — 1,000 hours. Therefore, the component had to be replaced
frequently. |

To increase reliability, the FTIR manufacturer changed stirling engine suppliers, and. the
new component currently is being tested. This component has a 20,000-hour capability,

and is much simpler to install on the occasions that it does need to be replaced. By



constantly evaluating the hardware and software utilized at TOSCO, Petris will continue
to increase its OSE. '

TOSCO continues to work closely with the community groups that once called for its
closure. Data about the refinery is posted on the county’s Website, and -comrﬁunit_y |
groups are able to track TOSCO’s progress by comparing historical data to the pr’eéeht
day information that Petris supplies.

The simple lesson that can be learned from TOSCO is to not experience a release.
Unfortunately, releases do occasionally occur, just as meny companies encounter
disasters in their respective fields. It’s in the best interest of all refineries to take strong
precautionary measures against releases, and TOSCO is setting a standard for refineries
to follow. More and more refineries are learning from similar situations and are working

hand in hand with community groups to prevent, rather than react to, accidental releases.



Total Emissions Monitoring Using a Multi-Beam
Integrated Real-Time Remote Sensing System
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ABSTRACT
- Alarge west coast refinery as part of a good neighbor agreement, contracted with Terra Air

Services to design and install a real-time emissions monitoring system utilizing open-path remote
sensing technologies to include FTIR, UV, and TDL units. Meteorological data is collected concurrently
with emissions data. The complete system incorporates two FTIR, two UV, two laser units and six
organic gas detectors. All open-path instruments are timed to scan every five minutes or less. System
data can be accessed on a daily, weekly, or monthly schedule. High alarm readings are reported
immediately and appropriate action taken to notify the plant and surrounding communities. A total of
thirty-four toxics are monitored with the possibility of including other species of concern when
required. This paper describes system layout, implementation and operational functions.

INTRODUCTION : : _

Terra Air Services has contracted to provide fence line air quality monitoring for a major
refinery located on the west coast. The goal of the perimeter air monitoring program is to provide real-
time surveillance of the fence lines between plant and bordering communities so that there will be
immediate warning to refinery personne! and adjacent populations of a chemical release. Long term

- monitoring and reporting will provide a documnented history of all detected species. Table 1 lists
compounds monitored ' -

Remote sensing is defined as the ability to detect an object or phenomenon without having the
detector in direct contact with the object being sensed. Remote sensing, as applied to air toxics
measurements, is an active optical technique involving the use of long-path spectroscopy. Long-path
spectroscopy has been used in a wide variety of environmental applications during the past 25 years,
usually, however, without real-time reporting capabilities or multi-technology integration. The basic
principle involves the generation and propagation of light in a known wavelength, or range of
wavelengths, and the subsequent detection and spectral analysis after a defined pathlength has been
wraversed. By generating a ratio between the detected signal and the emitted signal and comparing this
ratio to a library of known absorption spectra, individual species can be identified and quantified.
Certain compounds are observed principally in the infrared (IR), other compounds are observed
principally in the ultraviolet (UV), and still others are observed by laser (TDL) radiation.

DATA QUALITY REQUIREMENTS

Data collected during programs using traditional point-sampling techniques at complex
industrial sites normally have not been of a quality and quantity sufficient to achieve the data quality
objectives (DQOs) required in fulfilling a decision-makers needs. .

The principal deficiencies associated with data collected via traditional point-samnpling
techniques involve data representativeness and comparability. The complex nature of air dispersion,
combined with the spatial variability of air emissions typical of industrial sites, has made it difficult,

~and often impossible, to use point-sampling techniques to identify and characterize contaminant plumes
for subsequent assessment of long-term downwind air impacts. Compounding the problem of data
representativeness is an increasing need to generate real-tine data for health-related assessments. On-site.



and off-site health and safety concerns during plant emergency response activities frequently dictate the
need for continuous real-time assessment of contaminant emissions and ambient air concentrations.

Data comparability has historically been a problem for point-sampling techniques because of an -
inability to collect data with identical meteorological conditions throughout the sampling period. This,
combined with a lack of adequate docurnentation of atmospheric transport co'n_dition'_s, has made it
virrually impossible to produce air-monitoring data that are comparable when collected over sequential
stages of the emergency response. ' _ :

A carefully designed air monitoring program involving remote optical sensing, together with
complementary traditional point sampling and on-site meteorological monitoring, can surmount these
problems and produce statistically valid, volume averaged measurements over long distances
(pathlengths) in real time (five minutes or less). The statistical representativeness intrinsic to path-
integrated air measurement data ensures its comparability throughout the monitoring process..

EXPERIMENTAL DESIGN e

Four air monitoring technologies are used to monitor the fence lines indicated in Figure A for
the presence of target compounds. If a target compound is detected above the alarm levels as it crosses
the plant perimeter, control room units are alerted. _ _ E _

Three of these technologies, the FTIR, UV, and Diode Lasers, use spectroscopic properties of
target compounds to identify and quantify them when they are present. Generally for these
methodologies, a source of light is beamed through the atmosphere along the fence lines to be
monitored. Detectors are arranged to collect the beam after it travels along the fence line. Absorption of
light at specific frequencies indicates the presence of a target analyte, and the degree of absorption is
proportional to the amount of target compound present. The fourth technology, use of organic gas point
source detectors, is non-specific. The detectors are arranged at points throughout the plant. They send a
signal to a computer when organic vapors are present. o | _

A server computer collects data from all analytical systems. Each day, the server is accessed .
remotely by Terra Air Services personnel and quality control checks for the previous day are evaluated.
A daily report indicating detection of target compounds for the previous day is generated. The daily :
report is sent to the control room computer for plant review. At the end of month, a comprehensive
report listing all species detected during this period is issued to the local project manager.

Real-time data from each open-path unit is fed to a dedicated computer monitor in the

control room and an alarm is triggered whenever a plume of target gas is detected above previously set
levels. Specifics of experimental design for each monitoring technology are discussed below.

ETIR

Semi-permanent long-path, open-path FTIR sites are on the plant perimeters near -
community A(the north monitoring site) and near community B(the sounh_monitgﬁng site). The FTIR
units employed are manufactured by Environroental Technologies Group (ETG). These instruments
project an infrared beam through the atmosphere to be coliected by a signal receiver. They are mono-
static, that is each unit contains the beam transmitter and the signal receiver. The units are aimed at a
retro-reflecting mirror located at the end of the beam path. The north FTIR path is 930 meters long and
the south path length is 900 meters. Figure A illustrates siting of all instruments in the project domain.

Each FTIR samples the atmosphere every five minutes or less. Sampling frequency will be
increased during the project if necessary. Spectra from each site are collected by a dedicated ORS
computer (one computer for each site). The single beam spectra are processed by ETG AirSentry
software and transferred into a Paradox data base. Data is automatically downloaded from each ORS
computer to a single Windows NT server every four hours (se¢ Figure B fo.r illustration of the data
acquisition system). The FTIR systems are designed to self-monitor for inadequate return beam
intensity, Whenever the return beam intensity falls below 300 counts, an alarm is raised in the control
room. Conditions responsible for insufficient return light can thus be investigated immediately.



Semi-permanent long-path open-path UV sites are set up on the plant perimeters in copjunction
with the FTIR locations. The UV systems are PerspectlIV units sold by Sci-Tec Instruments, Inc. They
~ use solid state electro-optic interferometer technology. They are bistatic, using a UV beam transmitter
located at one end of the fence line, and two co-located receivers at the opposite end of the fence line to
collect the signal. ' ' _
The PerspectUV systems provide continuous monitoring for the six compounds listed in Table 1.
As data is collected, any rise in slope of the analog output, as well as any reading obtained above pre-set
Limits, will trigger an alarm on the computer monitor in the control room. The UV systems process the
data internally and then transmit it directly to the main Windows NT server. Discreet 5-minute averages
of readings will be stored in the server. - _ -

The PerspectUV systems are designed to self-monitor for inadequate analysis conditions. If the
beam becomes blocked or the detector becomes saturated, an alarm will occur in the control room. -
Conditions responsible for insufficient return light can be diagnosed immediately.

IDLS _ | .

Tunable diode laser systems are set up along the plant perimeters in conjunction with the FTIR
and UV systems. Figure A shows the locations of the TDLS units. These systems are manufactured by
Boreal Laser, Inc, TDLS units contain a laser beam transmitter and detector in a common housing, The
laser beam is projected through the atmosphere across the monitoring perimeter and back to the detector
by a reflecting mirror. : : - A

The lasers are tuned to sense the presence of one gas each, eliminating problems from interfering
species. Two lasers are used at both the north and south sites, to monitor ammonia and hydrogen
sulfide. ' '

The TDLS units sample the atimosphere continuously. Any change in slope in the analog output -
or any reading above pre-set limits for the two gases, will raise an alarm in the control room. The laser
Systems process data internally and then send it directly to the main Windows NT server. Five-minute or
less sarnpling averages are stored. - ' '
An error message is sent in case of inadequate analysis conditions. If the laser beam becomes
blocked or the detector is saturated causing an error message, the alarm will activate in the control

room. Remedial measures are then taken.

rgani int Source Detecto

Six organic point source detectors are arranged at intervals throughout the refinery. See Figure A
for locations of these detectors. They provide a non-spectroscopic method for detection of organic
gases.  They are not specific to gas identity. All organic gas detected is semi-quantified by comparing
the signal response to that elicited by propane gas. _

Terra Air Services is responsible for collecting and reporting detected signals, only, fror the -
point source units. Terra does not manage detector operation, calibration or maintenance. This
equipment, and all quality control requirements, will remain under plant authority. '

QUALITY CONTROL MEASURES _ -

Quality control measures are carried out periodically to assure the data produced by the
technologies employed is accurate and reliable. The QC procedures currently followed are taken from
available literature, from the EPA, industry, and from experience gained in the field.

Generation of a Background Spectrum : o o

To produce concentration data for compounds present in the atmosphere, a background
spectrum in which these compounds are absent is required. Obtaining an initial background intensity
response for the FTIR instrument in long-path open-path applications is difficuit because there is no _
way to guarantee that a spectrum chosen for a background is entirely free of target species. Some _
compounds will always be present ( e.g. methane ). Several methods exist for preparing a background



spectrum. For the long-term project a synthetic background has been created with spectra analysis
software, ' '

To create the synthetic background, a single beam spectrum is chosen by the operator, the
analysis software identifies data points along the existing baseline, outside of any absorbing feature, and
then calculates the best fiting high-order polynomial function to compiete the baseline. In this way, all
spectral features of interest are taken away from the single bearn spectrum. This background is then
saved. A new background is created when charted daily quality control parameters show drift. The
parameters monitored are the nitrous oxide levels, which should vary from historical values by less than
10%, and also the signal-to-noise ratio. -

Water Vapor - the Clean Air Spectrum _ .

Several compounds are present at all times in the atmosphere. These include water, methane,
carbon dioxide, ammonia, nitrous oxide, and ozone. Water vapor particularly is assumed to interfere
with the spectrum of every target compound. Because of this, a clean air spectrum must be created and
kept on file for use in the analysis of each field data spectrum. The clean air spectrum is created by
collecting spectra using twice as many scans as are obtained for field data. An absorbance spectrum is
¢reated using the synthetic background. Absorbances found due to atmospheric compounds, and QA
compounds are subtracted from this spectra. Then the transmission spectra is generated and multiplied
by 100X the background spectra. The clean air spectrum is saved. This file is then referenced by the

-instrument for use in field data analysis. o

A new clean air spectrum is created monthly when ambient temperature and humidity are about
average. A new clean air spectra will also be created whenever a new background is generated. Also, a
daily comparison of the curvature of the baselines in the clean air spectra and the field data single beam
spectra is made as a quality control check. If this curvature has changed significantly, a new clean air
reference spectrum will be created for the data set. :

As data is collected over the long term, it will undergo continuing evaluadon. The frequency for
creating new water vapor spectra can be modified if doing so provides more or equally accurate data, -
Stray Light -

A stray light measurement is made at instrument setup, every time the instrument is altered in
any way, and annually. Stray light is determined by slewing the instrument away-from the retroreflector
and obtaining a spectrum. _

Method Noise and Signal-To-Noise Ratio | _

Method noise is calculated weekly with data collected between 10 and 12 a.m. Method noise is

also calculated at initial set-up and after changes are made to the instrumentation.

~ .Method noise is determined by acquiring two spectra under the same operating conditions as the
field data is gathered, and allowing no time to elapse between spectra acquisition. Orie of the spectra is
then used as the background and an absorption spectrum is made. The noise is determined in three
regions, by using the available software routine to perform a least-squares calculation. Eighty (?0) data
points are used, and the three regions monitored are 968-1008, 2480-2520, and 4380-4420 cm’", |

The signal to noise ratio is monitored daily and charted. If the signal to noise ratio changes by
more than 20% in a single day, and the change cannot be attributed to weather conditions, the method
noise is recalculated. Notes regarding reasons for sharp deviations in signal to noise ratios (20% or

more) are kept with the signal-to-noise charts. :

' The methed noise is charted and monitored as an indication of proper instrument operation.

Drifting values for method noise, or sharp deviations from average readings are investigated, and

remarks and/or corrective actions are recorded in the software used for chart creation.

Detection Limits '
Detection limits for each compound are established by ETG AirSentry software for each single

beam spectra obtained. At the end of the month, detection limit values for each compound are reviewed

and outlying points are discarded. The remaining values are averaged and the resulting value is



multiplied by 3 to obtain working Method Detection Limits. The Method Detection Limits are used in
reporting target compound hits for the following month. ' o :
Precision :

Assuring that instrumentation and methods are providing consistent data is an important part of
all quality assurance programs. Acquiring precision data that is representative of sample data in long-
path, open-path FTIR presents a true challenge. The nature of the sampling environment is the primary
reason why acquiring representative precision data is difficult. The path through the atmosphere over
which sampling is done is not under control of the analyst, At any moment the concentration of target
gases may be changing in this environment. It is impossible to introduce a controlled gas sample into
this open environment.

Two methods are used to monitor precision of long path, open path FTIR data. The first method
involves tracking the concentration values of the ambient nitrous oxide. Values for nitrous oxide should
not vary by more than plus or minus 10%. Each sample will be evaluated to assure it meets this QC
goal. _
The second method requires use of a short flow-through cell into which a high concentration of
gas can be passed. This cell is set into the FTIR beam and subsequent concentration readings are
compared for precision. Because target compounds may be present in any field spectra taken, and
because not all compounds can be used in these cells due to low vapor pressures, or being polar, not all
gases may be used. A compound not usually present at the plant site, and that is readily available from a
commercial supplier is chosen. . : | |

Precision is determined by comparing each surrogate value with the average values of the
surrogate from the previous month. Monitoring precision measurements, and charting other factors such
as return beam intensity and method noise, provides adequate information on the consistency of the
FTIR instrument and noise. '

Accuracy ' |

The accuracy of the FTIR system is also monitored through use of surrogates. The flow-through
gas is mixed to a known concentration, and the concentration values obtained for this gas by the FTIR
unit is compared to this known value. The value obtained via the FTIR unit should not vary from the
known amount by more than * 20%. '

Return Beam Intensity '

Return beam intensity (RBI) determines the operational signal-to-noise ratio for the FTIR
system. If the return signal becomes too low, the noise will become an appreciable part of the signal,
making concentration values inaccurate. Additionally, the RBI gives an indication of system operation,
and may indicate when a problem is present. Several problems which can be indicated by a reduced
return signal are: a blocked or partially blocked beam, misalignment of the retroreflector due to shifting,
a dirty retroreflector, weather conditions such fog, rain, snow or sleet, or a problem within the
instrument itself. RBI is recorded every 24 hours, and charted. The RBI! chart is monitored for drift or
sharp deviations. A sharp deviation of 40% or more is investigated. Notes regarding the investigation
are kept within the software file containing the daily RBI chart. Slow but steady downward drift is-
investigated as soon as it is detected. If the RBI falls below 150 counts, data collected must undergo -
quality review for validity as warranted by the circumstances. For instance, detection limits may be
determined to be much higher during periods of fog, or the data may be considered invalid during a fog.
Resolution : '

Resolution of the FTIR system is important because it determines the specificity of the
measurements. To measure the resolution, a water band at 1014.2, and a deuterated water band at 2920
are used. The resolution is defined as the full width at half height (FWHH) for these lines. This value is
measured monthly and whenever a change is made to the FTIR system equipment.

Nou-Linear Instrument Response ‘



The FTIR system must be monitored to dssure linear response to changes in light intensity. A |
non-linear response occurs when the instrument electronics becorne saturated because the signal gain is
set too high, or when the detector becomes saturated with too much light. Non-linear response can be
observed by inspecting the single beam spectrum at wave numbers below the detector cutoff. If a dip is
present in this region ( 650-680 cm™), or the signal is above zero at wave numbers below that region,
the system should be checked for linearity. If the system is operating non-linearly, the path must be
changed. : - ' o '
PERSPECT UV o - :

To attain the highest accuracy and lowest detection limits of the instrument, various sources of
instrument error need to be considered. These errors can be classified as the minimum detection limit,
baseline stability, linearity, and cross sensitivity. ' ' .
Minimum Detection Limits ' S

The MDL is defined as the amount of gas needed to yield a signal-to-noise ratio of 2 for a one
minute average. This is dependent on the strength and shape of the gas absorption curve and by the
photon statistics of the light incident on the detector. The amount of light incident on the detectoris
dependent on the optical efficiency of the transmitter, receiver telescope, and channel opics.
Baseline Stability ' _ - o :

The baseline stability is the maximum zero shift induced with no gas present under a variety of
conditions. These conditions are a change in temperature from 0° to 50° C, misalignment of the system
within permissible Limits, a path length from 1 to 650 meters, and variation over 2 months observation
time. Baseline stability, also being gas dependent, is specified individually for each gas. Typically the
baseline stability is 0.5-2 MDLs with a 500-meter path length. _ : _
Accuracy . - |
Accuracy is defined as the measurement repeatability of a standard. A calibration accuracy of
10% is normally specified for the PerspectUV instrument. There are three parameters that affect
instrument accuracy: calibration accuracy, tempesature, and alignment. _ - -

Calibration Accuracy. Commercially available calibration gases that are certified with an . >
accuracy of 2-5% are used. For gases not commercially available, samples are prepared on site and their
concentrations are measured with Matheson-Kitagawa tubes. In the way they are used, the specified
accuracies of the Matheson-Kitagawa tubes are 5%. ' -

Temperature. The birefringence of the plate where the interference occurs slightly depends on
temperature. The center wavelength of the optical filters also may exhibit a slight temperature
dependence, depending on the filter. The resulting interferometric shift is approximately 90 degrees of
the interferogram phase shift per 50° C of the temperature change inside the receiver casing. This
temperature dependence is corrected in the instrurnent by measuring the temperature inside the
instrument and adjusting the thickness of the birefringement plate. This yields a strong temperature
stability and thus measurement stability. - o

Alignment. System misalignment induces a slight phase shift into the interferogram. Transmitter
misalignment induces no effect as long as the receiver telescope is entirely illuminated, Misalignment of
the receiving telescope causes the collimated beamn to deviate from the optical axis in the channels. This
induces an interferogram shift because the effective birefringent thickness of the interferometer
changes. Quantitatively, the Jacquinot stop in the instrument limits this effect to within 6-8 degrees of
phase angle, which induces a maximum of a 1% error. When the transmitter is close (5m) to the
receiver, the system can be further mis-aligned due to angular deviation of the beam, If the proper
alignment procedure is followed, this error can be minimized so that the maxirnum total error due to
misalignment is 2%. ' ' -

Linearity _

The linearity is defined as the maximum deviation of the instrument response curve vs. real gas

concentration within a specified measurement range. For the PerspectUV the nonlinearity of the



instrument response at very igh integrated gas concentrations is caused by nonlinearity of the Beer-
Lambert law. For example, nonlinearity eror is + 5% in the measurement range of the NO, integrated
concentration from 0 to 700 ppm-m, but only £ 1% in the range of 0-300 ppro-m NO;. If necessary, this
nonlinearity can be corrected within the data processing algorithm. For a given linearity, the
[neasurement range will be gas specific, so it will be specified independently for each gas.

Cross Sensitivity ' ' _ _ - -

The cross sensitivity is the response of a channel to a gas that it is not tuned for. For example, a
channel is tuned and calibrated for benzene. There is a 21% cross sensitivity to toluene, so if 10 ppm-m
of toluene were in the optical path, the benzene channel would read a false signal of 2.1 ppm-mn. Usually
the cross sensitivity is zero, occasionally it is in the 5% - 20% range, and rarely is it larger. The largest
€ross sensitivity yet observed is that of 2 styrene channel to naphthalene (500%). These cross
sensitivities are effectively removed between observed gases with a decorrelation matrix. The matrix is
a very effective way of removing cross sensitivity. Typically, the residual cross sensitivity cannot be
measured, but from cases where there is extreme cross sensitivity, the residual CToss sensitivity is
reduced by about two orders of magnitude. Therefore, the effect on the styrene channel by naphthalene .
is reduced to 5% when both gases are measured. ' o |
TUNABLE DIODE LASER SYSTEM _

The tunable diode laser open-path monitor measures gas concentration over an open path and
consists of an integrated transmitter/receiver unit and a remote, passive retroreflector array. The
retroreflector is initially targeted by the operator using a two axis instrument mount assisted by a
telescopic sight and an on-board visible aiming laser. The transceiver houses the laser diode source,
drive electronics, detector electronics, detector module and microcomputer subsystems. The transcejver
unit is contained in a weatherproof enclosure and has connectors for power input and data I/O. The laser :
light emitted from the transceiver unit propagates through the atmosphere to the retrorefiector and
rewms where it is focused onto a photodiode detector. Simultaneously, 2 portion of the laser beam is
Passed through an onboard reference cell to provide a continuous calibration update. These two optical
signals are converted into electrical waveforms, which the IRiCrOCOMpuUter processes to determine the -
actual concentration of the gas along the optical path. The computed gas concentration is then displayed
on.the back panel of the instrument as well as being transmitted to a central coordinating computer
where the data are collected, stored, and displayed. The sensitivity of the System when monitoring H,S
is 30 ppm-m and when measuring NHj it is 10 ppm-m, both path lengths varying between 10 - 1000m.

REPORTS FOR PLANT MANAGEMENT
Monthly Reports . _ '
A monthly report covering each of the four monitoring technologies, is provided to plant

management by the 15 of the following month. These reports include an operations summary that -
details system performance, system paintenance and trouble shooting, and monthly QC checks. They
also include a data summary with tables and charts featuring target species levels and detection limits
for the month. _ _
Daily Reports . _

' Daily reports for each of the monitoring systems are tabular reports listing compounds detected -
the previous day. These reports also include meteorological conditions for that day.
Nonconformance Reports . .

If a QC objective is not met in two consecutive months, a separate report addressing the

nonconformance is written. This report formally describes the problem and suggests a course of action.
The report is signed by the on-site project supervisor. ' : :



CONCLUSIONS . . : o

The feasibility and practicality of installing and operating an integrated real-time ermissions
monitoring system based on open-path, long path technology has been demonstrated. The continuous
program of detecting and measuring not only characteristic process driven emissions but also releases
occurring on an emergency basis is ongoing and routine for this world-class refining facility. Both plant
personnel and sunounding colnmunity members are Worhng togethcr to eliminate the confrontational
demeancr of previous relations and replace it with a truly good neighbor arrangement. This project has
implications in many other industrial-community scenarios now existing throughout the hydrocarbon
and chemical processing world.
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Table 1. Monitored Compounds by Technology
Chemical |

Monitoring Technology

1,1,1 Trichloroethane _
1,3 Butadiene
Acetaldehyde

onia
Benzene
Butane
Carbon Disulfide
Carbon Monoxide
Carbony] Sulfide
Chlorine
Diethanol Armnine
Dimethyl Sulfide
Ethane
Ethyl Benzene
Ethylene
Formaldehyde
Furan
Hydrogen Chloride
Hexane
Hydrogen Cyanide _
Hydrogen Sulfide
Iso-Octane
Methane :
Methyl Mercaptan
MTBE
Naphthalene
Nickel Carbonyl
n-Octane
Phenol
Phosgene
Propane
Sulfur Dioxide
Toluene
Xylene
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Figure a. Plant Layout
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Figure b. Data Communications Schematic

Plant Data Communications Schematic
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