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Introduction

Chemical speciation of point source emissions has always been an important issue in
ambient air quality ozone modeling.  With the recent adoption of species-specific highly reactive
VOC (HRVOC) rules by the TCEQ it has become more important than ever to accurately
represent each chemical species–by type and amount–emitted from each emission source.  This
report serves as a guide, as well as a case study, in a new method of speciation of Texas point
source emissions for ozone modeling.  The author of this paper assumes the reader is familiar
with previous speciation methods used by TCEQ, most recently the method presented in,
“Development of Source Speciation Profiles from the TNRCC 2000 Point Source Database”,
PES August 2002
(ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/HGAQSE/Contract_Reports/EI/Develop
mentOfSourceSpeciationProfilesFrom2000PSDB.pdf), as well as the hierarchal profile
application method presented in Attachment 3 to the Houston/Galveston/Brazoria Mid-Course
Review Phase I Technical Support Document, “Emissions Inventory Development and Modeling
for the August 25 - September 1, 2000 Episode”
(ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/HGAQSE/Modeling/Doc/TSD_PHASE1/
attachment3-emissions_inventory.pdf).

Methodology

Limiting the Dataset

The first step in creating a fully speciated VOC modeling inventory is to perform some
initial QA and general house-keeping on the modeling emissions extract.  The current modeling
inventory, hereafter referred to as PSDB2000v15a, contains emissions data for VOC (speciated
and unspeciated), NOx, CO, SO2, etc..., for each point source emission point in Texas.  Each
emission point is uniquely identified by TCEQ and EPA identifiers.  The first phase of QA
includes, but is not limited to, removal of non-VOC species and limiting the number of points
included in the dataset to those with species-specific emission rates greater than some 
predetermined limit.

Limiting the modeling extract to VOC results in data for 59,952 emission points. 
Imposing an emissions threshold of 0.0005 tons/day (1.0 lb/day) per VOC species per point
reduces the dataset to 24,671 emission points.

ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/HGAQSE/Contract_Reports/EI/DevelopmentOfSourceSpeciationProfilesFrom2000PSDB.pdf
ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/HGAQSE/Contract_Reports/EI/DevelopmentOfSourceSpeciationProfilesFrom2000PSDB.pdf
ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/HGAQSE/Modeling/Doc/TSD_PHASE1/attachment3-emissions_inventory.pdf
ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/HGAQSE/Modeling/Doc/TSD_PHASE1/attachment3-emissions_inventory.pdf
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Removal of Non-VOC Chemical Species

The second phase of QA/house-keeping begins with methodology adopted from PES
2002.  All compounds labeled as VOC, as indicated by historical TCEQ contaminant codes, that
do not meet the definition of VOC, according to TCEQ Chapter 101 General Air Quality Rules,
(http://www.tnrcc.state.tx.us/oprd/rules/pdflib/101_ind.pdf), are removed from the data.  A list of
non-VOC compounds, developed by PES, is included in Table 1.  Species such as Methane,
Ethane, Acetone, and various Chlorofluorocarbons were removed from the dataset during the
previously mentioned initial processing.

http://www.tnrcc.state.tx.us/oprd/rules/pdflib/101_ind.pdf
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Table 1.  Non-VOC Chemical Species Removed from Speciation Process

TCEQ

CONTAM

CODE CAS SPECIES

51051 19780111 DODECENYL SUCCINIC ANHYDRIDE

51890 9004700 CELLULOSE NITRATE

52261 8001205 MODIFIED VEGET ABLE OILS

52785 9016006 LATEX

53209 7572294 DICHLOROACETYLENE

53320 75445 PHOSGENE

53390 79345 TETRACHLORO ETHAN E (1,1,2,2)

53391 630206 TETRACHLORO ETHAN E (1,1,1,2)

53524 76131 ETHAN E (1,1,2-CL,1,2,2-FL)

54079 76164 HEXAFLUOROETHANE

54295 123319 HYDROQUINONE

55315 16219753 ETHYLIDENE NORBORNENE

55360 87683 HEXACHLOROBUTADIENE

56560 67721 HEXACHLOROETHANE

58240 74908 HYDROGEN CYANIDE GAS

58846 115866 TRIPHENYL PHOSPHATE

58921 62737 VAPONA

59869 9016459 NONYLPHENOXYPOLY(ETHYLENEOXY) ETHANOL

59872 99812 PARAMETHANE

50002 POLYCYLIC ORGANICMATTER

51421 FATTY ALCOHOLS

51467 SULFOLANE

51475 GLYCERIN M IST

51492 POLYOL

51494 HYDROXYLAMINE

52471 ETHYL 3-ETHYOXYPROPRION

52764 TRIMETHYL(2.2,4)PENTADIOL(1,1,3)

52912 EPOXY RESIN

53211 CARBON TENTRAFLUORIDE

53340 TRICHLOROPROPANE

54021 HEXACHLOROACETONE

54025 ACETONE CYAN OHYDRIN

58234 POLYAM IDES-U

58241 CYANIDE COMPOUNDS

58374 UREAA FORMALDEHYDE

58520 TRIOXANE

58625 DISULFIDES-U

58805 ETHYL SILICATE

58847 ORGANO PHOSPHATES

58850 ORGANIC SULFUR-OXID ES-U

59868 TERGITAL

59870 TERGITOL 15-5-3
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Refinement of Generic Chemical Mixtures

After the non-VOC species were removed from the dataset, generic chemical mixtures
reported by industry (such as “crude oil” or “gasoline”) were split into component hydrocarbons,
using existing chemical profiles.  When available, profiles from the TCEQ database were used;
otherwise profiles from EPA’s SPECIATE database were applied.  This process involves directly
applying a profile to a generic chemical mixture and substituting the results in place of that
mixture.  A list of generic chemical mixtures, developed by PES, and their associated refinement
profiles is included in Table 2.

Five profiles were used to resolve these generic mixtures.  The methodology, developed
by PES, for selecting them is as follows:

1. PES states that “an examination of the sources associated with the reported
emissions of crude oil consisted mostly of large crude oil storage tanks and
pipelines”.  Therefore, SPECIATE profile 2487, “Composite of 7 Emission
Profiles from Crude Oil Storage Tanks – 1993" was used as the “Crude Oil”
refinement profile (Appendix A, Table A-1).

2. The “Gasoline” profile is derived from a gasoline vapor profile, for Houston Area
gasoline from the summer of 2000, provided to PES by ENVIRON.  This profile
is included in Table A-2.

3. PES also states that “several generic species could be characterized as naphthas”,
and therefore be resolved using a profile for naphthas from “Speciated VOC
Emissions for the Dallas/Fort Worth Non-attainment Area”, ENVIRON October
1997.  The “Naphthas” refinement profile is included in Table A-3.

4. Also, “several generic species could be characterized as stoddard solvents/mineral
spirits”.  Therefore, SPECIATE profile 1193, “Drycleaning” was used as the
“Stoddard Solvent” profile (Table A-4).  This profile is a composite of the
headspace of five mineral spirit samples from two companies combined in equal
amounts by volume.

5. The “Refinery” profile (Table A-5) is derived from SPECIATE profile 2457,
“Composite of 10 Emission Profiles – Misc. Chemical and Refining Plants in
Houston – 1993".  According to PES, “an evaluation of the remaining generic
species in the PSDB showed that most could be described as refinery by-products,
in-process refinery feedstocks, and general emissions from refinery processes or
storage tanks.  Generally, most of these generic chemicals are not defined well
enough to speciate individually, but could be speciated effectively as a group – all
associated as refinery emissions”.
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Table 2.  Generic Chemical Mixtures

PROFILE SAROAD

TCEQ

CONTAM

CODE CAS SPECIES

CRUD 59001 CRUDE O IL

GASO 59003 8006619 GASOLINE

NAPH 59305 NAPHTHA, PETROLEUM , HYDRO TREAT

NAPH 51895 8032324 ALIPHATIC NAPHTHA

NAPH 59871 64742898 VM&P NAPHTHA

NAPH 45101 59300 NAPHTHA

NAPH 59330 8002742 PARAFIN WAX FUMES

NAPH 43118 59800 NAPTHA,COAL-TAR

NAPH 81400 56500 PARRAFIN LINEAR-U

NAPH 81500 56001 PARRAFINS CYCLIC-U

NAPH 81400 56000 PARRAFINS-U

REFN 59002 DISTILLATE

REFN 59009 PETROLEUM DISTILLATE

REFN 52259 PETROLEUM DISTILLATES

REFN 59007 LUBRICAT ING OIL

REFN 59005 8008206 KEROSENE

REFN 58999 AROMATIC PETROLEUM DISTILLATE

REFN 52264 SWEETENED MIDDLE DISTILLATE

REFN 58997 PYROLYSIS GASOLINE

REFN 59050 CCU FEED

REFN 59200 FUEL OIL-U

REFN 58998 ALIPHATIC PETROLEUM DISTILLATE

REFN 59004 JET FUEL

REFN 59270 LIQUIFIED PETROLEUM  GAS

REFN 59490 VACUUM BOTTOMS

REFN 59450 REFORMATE

REFN 59425 REDUCED CRUDE

REFN 59410 REFORMER FEED

REFN 59400 RAFFINATE

REFN 59150 DIESEL

REFN 59350 PLATFORMATE

REFN 59090 CONDENSATE

REFN 59250 GAS OIL

REFN 59225 NO 6 FUEL OIL

REFN 59220 NO 5 FUEL OIL

REFN 59215 NO 4 FUEL OIL

REFN 59210 NO 2 FUEL OIL

REFN 59175 FCC FEED

STOD 59360 8052413 STODDARD SOLVENT

STOD 59006 MINERAL OIL

STOD 43118 59275 MINERAL SPIRITS
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SAROAD Assignment

After the “refinement” process, SAROAD codes were assigned to each TCEQ CONTAM
Code/Species using the CONTAM-SAROAD mapping, developed by PES and ENVIRON,
based on the existing EPS2x Compound Database.  This cross-reference file is not included in
this report but may be furnished upon request.  The procedure for developing this map is as
follows (from “Development of Source Speciation Profiles):

The master chemical table...was populated with SAROAD codes and CAS codes where
those codes could be determined.  PES contacted EPA personnel in an attempt to obtain a
master list of SAROAD codes, but EPA is not maintaining such a list at this time.  As
there exists no recognized standard procedure for assignment of SAROADs, one had to
be adopted to complete the SAROAD assignment exercise.  The following hierarchical
approach was obtained from ENVIRON and used to make the SAROAD assignments:

1. Find an exact match, e.g., toluene assigned to toluene.
2. Match to a general VOC category that includes the specific VOC isomer,

e.g., 2,4,4-trimethyl-1-pentene assigned to “c7 olefins.”
3. Match to a similar isomer, e.g., 2,2,4-trimethylhexane assigned to 2,2,5-

trimethylhexane.  Approach 2 is preferred to 3 because 2 shows more
clearly that a reassignment has been performed. In this case, the
assignment to a similar isomer is preferred over a general “c8 alkane”
assignment because it permits the presence of a tertiary carbon to be
identified, which impacts the resulting CB-IV split.

4. Match to the surrogate with the most similar properties, e.g., 2,4-dimethyl-
1-pentene assigned to 3-ethyl-2-pentene. Here the surrogate is selected to
show an alkene branched at the double bond.

Checking Extent of Speciation

At this point in the process we diverge from the methodology introduced in
“Development of Source Speciation Profiles from the TNRCC 2000 Point Source Database”, and
continue with a process that will retain all speciated VOC data currently in the database and
attempt to characterize the remaining portion of unspeciated data according to augmented EPA
speciation profiles.

An examination of the database after the “refinement” and SAROAD assignment
processes reveals species with no SAROAD assignment as well as unspeciated VOC mixtures
for which no entry exists in the current modeling CB-IV Compound Database or for which a
questionable entry exists.  These species are presented in Table 3.  Each of these compounds was
replaced with SAROAD 43104, TCEQ CONTAM 50001, NONMETHANE VOC-U, and
aggregated together for each emission point.  There are many different reasons why these
mixtures were reported in the first place, and they will not be discussed here as they are beyond
the scope of this report.  Theoretically, by aggregating them together and applying a detailed
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profile, such as an EPA default specific to that point’s process, results in a better approximation
of the constituents of those mixtures than simply assigning each of them to some group of
compounds or CB-IV species in arbitrary percentages.

Table 3.  Unspeciated VOC Mixtures

TCEQ

CONTAM

CODE SAROAD SPECIES

50001 43104 NONM ETHANE VOC-U

59000 43104 VOC GAS M IXT URE-U

55320 43294 HEPTENES M IXED ISOMERS

52220 45701 ANILINE-U

51100 81000 ORGANIC ACID-U

51400 81100 ALCOHOLS-U

51600 81200 ALD EHYDES-U

55000 81300 OLEFINS-U

52200 81600 AM INES-U

51470 81700 GLYCOLS-U

51800 81800 ALK YNES-U

52400 81900 AROM ATICS-U

52470 82100 POLYNUCLEAR AROM ATICS

52600 82400 ESTERS-U

52800 82500 ETHERS-U

53200 82700 CHLORINATED HYDROCARBONS

54000 82800 KETO NES-U

58400 83000 VOC - OXYGENATED-U

58700 83100 MERCAPTANS-U

58212 86031 PENT ENE NITRILES-U

58216 86033 DINITRILES

A snapshot of the inventory at this point–post "refinement" (i.e. after resolution of generic
species), SAROAD assignment, and replacement of unspeciated mixtures–revealed that
approximately 40% of the Texas inventory remained unspeciated VOC (Table 4) and in the Eight
County Houston-Galveston-Brazoria Nonattainment Area (HGB NAA) approximately 30% of
the VOC remained unspeciated (Table 5).

Table 4.  Extent of Speciation, Post Refinement, for all of Texas

TONS/DAY PERCENT OF TOTAL

Total VOC 496.37

Total Speciated VOC 296.59 59.75

Total Unspeciated VOC 199.78 40.25
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Table 5.  Extent of Speciation, Post Refinement, for the HGB 8 County NAA

TONS/DAY PERCENT OF TOTAL

Total 8 County VOC 145.27

Total 8 County Speciated VOC 101.62 69.95

Total 8 County Unspeciated VOC 43.65 30.05

Taking this analysis a step further and categorizing individual emission points based on
their extent of speciation yields Tables 6 and 7, in which we associate extent of speciation with
VOC tonnage and numbers of emission points.  This data is also presented in a graphical format
in Figures 1 and 2.

Table 6.  Extent of Speciation, Post Refinement, for all of Texas

PERCENT

SPECIATION

NUM BER

OF POINTS TONS/DAY

PERCENT

OF TOTAL

90 - 100 7602 212.57 42.83

80 - 89.99 867 36.40 7.33

70 - 79.99 952 31.09 6.26

60 - 69.99 1017 17.76 3.58

50 - 59.99 269 9.69 1.95

40 - 49.99 410 15.57 3.14

30 - 39.99 319 5.48 1.10

20 - 29.99 305 7.57 1.53

10 - 19.99 402 13.34 2.69

0 - 9.99 12469 146.89 29.59

Table 7.  Extent of Speciation, Post Refinement, for the HGB 8 County NAA
PERCENT

SPECIATION

NUM BER

OF POINTS TONS/DAY

PERCENT

OF TOTAL

90 - 100 3560 74.95 51.59

80 - 89.99 418 13.00 8.95

70 - 79.99 285 7.24 4.98

60 - 69.99 500 7.47 5.14

50 - 59.99 102 3.39 2.34

40 - 49.99 125 4.38 3.02

30 - 39.99 81 1.54 1.06

20 - 29.99 94 2.47 1.70

10 - 19.99 114 3.46 2.38

0 - 9.99 3751 27.37 18.84
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Figure 1.  PSDB Speciation, Post Refinement, for all of Texas

Figure 2.  HGB 8 County NAA Speciation, Post Refinement
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Augmenting EPA Default Profiles

The next step in developing a fully speciated modeling inventory is to apply chemical
speciation profiles to the unspeciated portion of the inventory.  For photochemical modeling,
nationally recognized EPA speciation profiles are standard.  These profiles are based on national
emissions data and may be used to represent emissions at the Source Classification Code (SCC)
level.  Each emission point is assigned a profile based on its reported SCC according to an EPA
SCC-Speciation Profile cross-reference.

Since these profiles are based on national-level data they contain chemical species
generally thought of as non-reactive for photochemical modeling or as not meeting the definition
of a VOC.  Therefore in order to accurately allocate the unspeciated portion of the modeling
inventory according to these profiles, those species not included in the initial PSDB2000v15a
VOC inventory–because they are non-reactive or non-VOC–were removed and the profiles were
re-normalized.  A list of these species is included in Table 8.  This list does not represent every
species excluded from the VOC modeling inventory, rather, it only represents those found in the
EPA speciation profiles.

Table 8.  Species Removed from EPA Default Profiles

SAROAD

TCEQ

CONTAM

CODE SPECIES

43201 60000 METHANE

43202 56550 ETHANE

43432 52760 METHYL ACETATE

43551 54020 ACETONE

43802 53230 DICHLOROETHAN E, 1,1-

43811 TRICHLOROFLUOROMETHANE

43814 1,1,1-TRICHLOROETHANE

43817 55550 PERCHLOROETHYLENE

43821 TRICHLOROTRIFLUOROETHANE

43823 DICHLORODIFLUOROMETHANE

43839 TETRAFLUOROMETHANE

43840 CHLORODIFLUOROMETHANE

43842 CHLOROPENTAFLUOROETHANE

43843 HEXAFLUOROETHANE

43845 CHLOROTRIFLUOROMETHANE

43950 OCTAMETHYLCYCLOTETRASILOXANE

46707 FLUORENE

An examination of all the resulting profiles and their associated unspeciated mass yields
EPA profile 9012 , "Petroleum Industry - Average", as the largest recipient of unspeciated VOC
emissions with EPA profile 0007, "Natural Gas Turbine", as the next largest.  Profile 0007 is also
the largest profile by number of assigned points with 2,163 emission points across Texas, while
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profile 9012 is ninth largest by assigned emission points.  In all, 170 profiles were assigned to the
199.78 tons of unspeciated VOC remaining in the modeling inventory.  The top ten profiles by
associated tonnage are presented in Table 9.

Table 9.  Top Ten Profiles by VOC Tonnage

EPA

PROFILE

NUMBER OF

POINTS TONS/DAY

9012 699 23.74

0007 2163 18.22

0003 1797 17.85

1012 913 14.38

9024 1571 10.03

1001 816 9.60

9004 1138 9.26

1014 1019 7.63

9001 266 7.58

0079 160 6.89

While it is true that some of the profiles originally existed as single compound profiles,
more single species profiles are introduced after removal of non-reactive/non-VOC species.  EPA
profile 0007 is one such profile.  It is transformed from 70% Methane, 30% Formaldehyde to
100% Formaldehyde.  Table A-6 illustrates those SCCs assigned to EPA profile 0007.  TCEQ
Modeling staff believed this profile was inaccurate and inadequate and thus substituted
California Air Resources Board (CARB) profile 0719 ,"Internal Combustion Engine -
Reciprocating - Natural Gas", in its place and subjected it to the same non-reactive/non-VOC
removal and normalization process as the EPA profiles, as well as a threshold of 0.01% per
species in order to limit the profile to its major constituents and to avoid using a mixture of
scientific and standard decimal notation in EPS2x inputs.  The resulting augmented CARB
profile 0719 is included in Table A-7.

Previous modeling inventory speciation analysis along with results from modeling staff
ambient air reconciliation projects demonstrated the need for a replacement for EPA profile
1003, “Surface Coating Operations - Coating Application -Solvent-Base Paint”.  Therefore
modeling staff replaced EPA profile 1003 with profile D404, “Coating profile, solvent based
medium gloss/high gloss”, from “Speciated VOC Emissions for the Dallas/Fort Worth Non-
attainment Area”, ENVIRON October 1997, and subjected it to the same non-reactive/non-VOC
removal and normalization process as the EPA profiles, as well as a threshold of 0.01% per
species in order to limit the profile to its major constituents and to avoid using a mixture of
scientific and standard decimal notation in EPS2x inputs.  The resulting profile is included in
Table A-8.

Summing the unspeciated portion of the modeling inventory by assigned profile not only
allows us to examine which profiles are most frequently used or which profiles have the potential
to affect the most emissions, but it also identifies which points are not assigned a profile.  This
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occurs when an emission point’s reported SCC does not match any of those included in EPA’s
official list of SCCs for one reason or another.  Although, for this case study, only one point and
0.0010135 tons/day of unspeciated VOC are not assigned a profile something must be done with
those emissions.  Modeling staff found a discrepancy between the SCC codes allowed into PSDB
and those on EPA’s official list, and determined that the rogue SCC was one such code allowed
in PSDB and not on the EPA SCC list.  As such, it was assigned EPA profile 0000, “Overall
Average”, which was consistent with profile assignments of those SCCs that most closely
matched the unidentified code.

Applying Augmented Profiles to Unspeciated VOC

The next step is to actually apply the augmented profiles assigned to each point to the
unspeciated VOC at that point.  Recall, the goal of this entire speciation process is to retain all
reported/refined speciated data and characterize the remaining portion of unspeciated data
according to augmented EPA speciation profiles.  Therefore, we do not want to split the
unspeciated VOC into compounds already reported to PSDB or introduced during the refinement
process.  This introduces the need for a comparison–on a point-by-pont basis–of reported
compounds and potential, or profile, compounds regardless of amount or percentage.  This
process relies heavily on the two sources of compounds to agree on compound naming
convention/spelling, since the SAROAD to CONTAM assignments are not necessarily unique. 
This work must be done prior to anything presented in this paper.  Once completed we may
continue with the speciation process.  At this point we have two datasets, one with speciated
VOC data and another with unspeciated VOC and profile assignments.  Any compound already
contained in the speciated data for a given point is dropped from its assigned profile and the
profile is normalized for that point.  The resulting profile may then be applied to that point’s
unspeciated VOC emissions.  This is repeated for every point with unspeciated data, essentially
creating a unique point-specific unspeciated VOC characterization profile for every point in the
dataset as illustrated in the sample “Intermediate Profile” in Figure 3.
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Figure 3.  Sample Point-Specific Profile Development

One difficulty in applying this method is encountered when a point’s reported VOC
compounds (not including the unspeciated portion) match those of the augmented profile
assigned to at that point, resulting in no intermediate profile to apply to the unspeciated VOC at
that point.  Modeling staff examined which profiles were associated with this phenomenon in
order to determine if an alternate speciation profile was necessary.  The analysis revealed a wide
range of associated profiles, therefore staff assigned these unspeciated emissions to EPA profile
0000, “Overall Average”.

Creating Point-Specific Profiles for Ambient Air Quality Modeling

After a profile was applied to each point’s unspeciated VOC the resultant data was be
merged with the speciated VOC data and a unique point-specific profile was created for each
emission point, as shown in the sample “Resulting Speciation” in Figure 3.  This step is simply a
normalization of each point’s emissions to obtain weight percentages per species per point.  A
unique profile “name” must also be created to correctly–and easily–identify each point-specific
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profile.  Modeling staff chose to identify each point-specific profile in the same manner as that
presented in “Development of Source Speciation Profiles”.  Under this convention each profile
“name” is a combination of TCEQ and EPA identifiers, namely TCEQ Air Account and EPA
Facility and Point numbers.  TCEQ’s Air Account serves as a surrogate for EPA identifiers FIPS
(County) and Plant number, while EPA Facility and Point numbers serve as a substitute for
TCEQ FIN and EPN identifiers respectively.  The result is a unique 14 character alpha-numeric
identifier for each point-specific profile.

Applying Point-Specific Profiles

EPA requires that rule effectiveness (RE) be applied to VOC emission rates for ozone
modeling.  Reported emission rates assume maximum destruction efficiency for a given piece of
control equipment 100% of operation time.  Rule effectiveness attempts to account for the fact
that controls/rules are not 100% effective due to noncompliance, malfunctions, maintenance,
downtime, etc.  Essentially, rule effectiveness is an estimate of actual in-use control efficiency
over time.  
EPA’s policy on rule effectiveness can be found in the report “Guidelines for Estimating and
Applying Rule Effectiveness for Ozone/CO State Implementation Plan Base Year Inventories”
(http://www.epa.gov/ttn/chief/old/eidocs/454r92010_nov1992.pdf).  The Emission Inventory
Improvement Program Point Sources Committee has also developed a draft document, “Emission
Inventories and the Proper Use of Rule Effectiveness”
(http://www.epa.gov/ttn/chief/eiip/committee/point_sources/ruleef3.pdf).  Further discussions on
rule effectiveness can be found in the EPA report, “Rule Effectiveness Guidance: Integration of
Inventory, Compliance, and Assessment Applications”
(http://www.epa.gov/ttn/chief/old/eidocs/452494001_jan1994.pdf), and the Texas Air Control
Board report, “Rule Effectiveness Development”, TACB February 1993.

After creation of point-specific profiles, aggregation of emission rates by point, and
application of rule effectiveness, each point-specific profile was applied to the resulting RE
emission rates, thereby creating a fully speciated ozone modeling inventory.  Those points with
small emission rates, less than 1.0 lb/day, will have their emission rates aggregated by point and
assigned an augmented EPA profile based on its SCC.

Results

Table A-9 presents an elementary analysis of species totals (post RE, post speciation
allocation) compared to the results of the speciation methodology employed in the Dec. 2002
HGB SIP (the referenced 2002 report by PES).  The species totals for the methodology presented
in this report do not include those points with small emission rates, less than 1.0 lb/day, or the
mass from those species presented in Table 1.

Overall, species totals are very similar for the eight county HGB NAA when comparing
the speciation schemes presented in this report.  The largest difference is seen in Isomers of

http://www.epa.gov/ttn/chief/old/eidocs/454r92010_nov1992.pdf
http://www.epa.gov/ttn/chief/eiip/committee/point_source/ruleef3.pdf
http://www.epa.gov/ttn/chief/eiip/committee/point_sources/ruleef3.pdf
http://www.epa.gov/ttn/chief/old/eidocs/452494001_jan1994.pdf
http://www.epa.gov/ttn/chief/old/eidocs/452494001_jan1994.pdf
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Pentane which increase almost 5.5 tons/day from the Dec. 2002 methodology.  There is a
significant decrease in Methane from 4.7 tons/day to 0.0 due to the exclusion of this species from
the EPA default speciation profiles.  Since the species totals are relatively unchanged, with the
exception of a few noted compounds, the geographic distribution of selected species–Ethylene;
Propylene; 1,3-Butadiene, and a grouping of Butenes–are compared to that of the previous
speciation scheme for the HGB 8 County NAA in Appendix B.  The maps show little or no
change in the largest emitters of each species, indicating that those points were well speciated
when reported to PSDB.

The speciation method presented in this report is currently planned as a sensitivity
analysis in HGB Phase II Mid-Course Review modeling and is expected to replace the previous
methodology.

Future Work

Obviously, chemical speciation is an important topic for ozone modeling and has received
much attention as of late.  The process presented in this report is by no means definitive and
more work can be done to improve speciation of modeling inventories, most notably by obtaining
better speciation information from industry, either voluntarily or in the form of a reporting rule. 
Also, since the augmented EPA profiles used in this speciation scheme are based on national
level data, modeling staff may create profiles based on Texas inventory data similar to the Texas
Average SCC profiles described in the PES 2002 report referenced in this document.
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Table A-1.  Crude Oil Profile

TCEQ

CONTAM

CODE SPECIES PERCENT

56725 N BUTANE 24.50

50001 NONM ETHANE VOC-U 21.51

56775 PROPANE 16.90

56752 N-PENTANE 12.77

56575 HEPTANE 6.37

56730 N-HEXANE 6.30

56625 ISOBUTANE 4.42

56674 OCTANE 4.20

52420 BENZENE 1.04

52490 TOLUENE 0.79

56050 CYCLOHEXANE 0.66

55600 PROPYLENE 0.39

52450 ETHYL BENZENE 0.07

52440 CUMENE 0.04

52514 ORTHO-XYLENE 0.03

52416 TRIMETHYL BENZENE, 1,2,4- 0.01
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Table A-2.  Gasoline Profile

TCEQ

CONTAM

CODE SPECIES PERCENT

56527 NEOPENTANE 23.20

52878 METHYL TERT-BUTYL ETHER 16.21

50001 NONM ETHANE VOC-U 10.88

56752 N-PENTANE 6.12

56528 ISOHEXANE 5.21

56725 N BUTANE 5.06

56601 MET HYL PEN TANE (3) 3.10

56751 PENTANE,224-TRIMETHYL 2.65

52490 TOLUENE 2.55

55475 BUTENE (2-METH YL-2) 2.52

56600 HEXANE 2.50

55526 PENTENE (2) 2.30

55476 BUTENE (2-METH YL-1) 1.50

56200 METHYLCYCLOPENTANE 1.43

56651 MET HYLHEXANE, 3- 1.15

56650 ISOHEPTANE 1.15

55525 PENTENE (1) 1.08

51752 BUTENE (CIS-2-) 1.07

55179 TRANS-2-BUTENE 1.06

56625 ISOBUTANE 1.01

56605 TRIMETHYLPENTANE,2,3,4- 0.91

52420 BENZENE 0.71

56575 HEPTANE 0.70

56608 DIMET HYL PEN TANE, 2,4- 0.62

56100 CYCLOPENTANE 0.61

56526 DIMET HYL BU TANE (2,2) 0.58

55477 BUTENE (3-METH YL-1) 0.50

56150 METHYLCYCLOHEXANE 0.45

56575 HEPTANE 0.34

56105 CYCLOPENTENE 0.32

55400 ISOBUTYLENE 0.29

52855 MET HYLHEPTANE,3- 0.29

55176 BUTENE (1) 0.28

56050 CYCLOHEXANE 0.28

52514 ORTHO-XYLENE 0.25

52450 ETHYL BENZENE 0.23

56674 OCTANE 0.21

52416 TRIMETHYL BENZENE, 1,2,4- 0.15

56775 PROPANE 0.10

55450 ISOPRENE 0.07

52418 TRIMETHYL BENZENE, 1,3,5- 0.06

56615 DIISOBUTYLENE 0.06
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56703 NONANE 0.06

55600 PROPYLENE 0.05

58711 ETHY LTOLUENE,0- 0.04

52428 TRIMETHYL BENZENE 0.03

52440 CUMENE 0.02

56681 DODECANE 0.01

52460 NAPHTHALENE 0.01

56683 UNDECANE 0.01

56680 DECANE 0.01
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Table A-3.  Naphthas Profile

TCEQ

CONTAM

CODE SPECIES PERCENT

56600 HEXANE 26

56750 PENTANE 25

56528 ISOHEXANE 25

56575 HEPTANE 22

56700 ISO PENTANE 2
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Table A-4.  Stoddard Solvents Profile

TCEQ

CONTAM

CODE SPECIES PERCENT

ISOMERS OF DECANE 11.28

ISOMERS OF UNDECANE 7.92

56703 NONANE 6.96

DIMETHYLOCTANES 6.49

METHYLPROPYLCYCLOHEXANE 5.99

TRIMETHYLHEPTANES 5.89

ETHYLMETHYLCYCLOHEXANE 4.27

METHYLDECANES 4.19

METHYLNONANE 4.17

ISOMERS OF BUTYLBENZENE 3.74

DIMETHYLNONANES 2.48

M-XYLENE AND P-XYLENE 2.26

52428 TRIMETHYLBENZENE 2.23

C10 OLEFINS 2.15

PROPYLCYCLOHEXANE 2.11

TRIMETHYLCYCLOHEXANOL 2.01

BUTYLCYCLOHEXANE 1.68

52514 O-XYLENE 1.56

METHYLOCTANES 1.49

ISOMERS OF DODECANE 1.12

C11 OLEFINS 0.98

ISOMERS OF PROPYLBENZENE 0.98

ETHYLDIMETHYLCYCLOHEXANE 0.95

METHYLUNDECANE 0.91

PROPENYLCYCLOHEXANE 0.77

C10 PARAFFINS 0.70

METHYLDECENE 0.67

TETRAMETHYLPENTANONE 0.64

DECALINS 0.60

ETHYLCYCLOHEXANE 0.59

DIETHYLMETHYLCYCLOHEXANE 0.55

DIMETHYLHEPTANES 0.55

METHYLDECALINS 0.55

TETRAMETHYLCYCLOPENTANE 0.55

PROPYLHEPTENES 0.55

52490 TOLUENE 0.50

ETHYLPROPYLCYCLOHEXANE 0.50

DIMETHYLCYCLOHEXANE 0.47

DIETHYLCYCLOHEXANE 0.45

ISOPROPYLMETHYLCYCLOHEXANE 0.43

PENTYLCYCLOHEXANE 0.43

C4 ALKYLPHENOLS 0.38
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ETHYLTOLUENE 0.38

TRIMETHYLOCTANES 0.35

TRIMETHYLHEXENE 0.35

52450 ETHYLBENZENE 0.35

52460 NAPTHALENE 0.35

ETHYLHEXANE 0.34

52440 CUMENE (ISOPROPYL BENZENE) 0.34

ISOMERS OF C11H20 0.32

T-BUTYLBENZENE 0.31

DIMETHYLDECANE 0.29

52430 CHLOROBENZENE 0.26

DIMETHYLUNDECANE 0.24

ETHYLOCTANE 0.21

NONADIENE 0.17

C5 ALKYLPHENOLS 0.17

PENTYLIDENECYCLOHEXANE 0.17

OCTAHYDROINDENES 0.17

TRIMETHYLCYCLOHEXANES 0.17

DIMETHYLBENZYLALCOHOL 0.15

TRIMETHYLCYCLOPENTANONE 0.15

C12 OLEFINS 0.12

DIMETHYLOCTYNE 0.10

OCTANOL 0.10

C10H16 0.10

ETHYLMETHYLHEXANE 0.10

OCTAHYDROPENTALENE 0.10

C5 ALKYLBENZENES 0.10

ISOMERS OF C10H18 0.07

BENZOTHIAZOLE 0.05

TETRAMETHYLTHIOUREA 0.05

DIMETHYLBUTYLCYCLOHEXANE 0.05

ISOMERS OF TRIDECANE 0.05

METHYLHEPTANE 0.02

TRIMETHYLDECANE 0.02

56150 METHYLCYCLOHEXANE 0.02

C9 OLEFINS 0.02
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Table A-5.  Refinery Profile

TCEQ

CONTAM

CODE SPECIES PERCENT

50001 NONM ETHANE VOC-U 32.27

56725 N BUTANE 24.61

56625 ISOBUTANE 10.31

56752 N-PENTANE 7.12

56775 PROPANE 3.98

56730 N-HEXANE 3.11

52490 TOLUENE 2.03

52420 BENZENE 1.72

56601 MET HYL PEN TANE (3) 1.71

55526 PENTENE (2) 1.45

56700 ISO PENTANE 1.44

56200 METHYLCYCLOPENTANE 1.44

55600 PROPYLENE 1.40

55179 TRANS-2-BUTENE 0.81

56575 HEPTANE 0.78

56526 DIMET HYL BU TANE (2,2) 0.75

56651 MET HYLHEXANE, 3- 0.64

55177 CIS-2-BUTENE 0.63

55525 PENTENE (1) 0.61

56100 CYCLOPENTANE 0.48

56608 DIMET HYL PEN TANE, 2,4- 0.40

52514 ORTHO-XYLENE 0.36

52416 TRIMETHYL BENZENE, 1,2,4- 0.31

56050 CYCLOHEXANE 0.29

56528 ISOHEXANE 0.25

52450 ETHYL BENZENE 0.23

56150 METHYLCYCLOHEXANE 0.20

56610 TRIMETHYL PENTANE, 2,2,4- 0.20

52440 CUMENE 0.16

52855 MET HYLHEPTANE,3- 0.14

56674 OCTANE 0.07

56605 TRIMETHYLPENTANE,2,3,4- 0.07

52418 TRIMETHYL BENZENE, 1,3,5- 0.02

56703 NONANE 0.01
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Table A-6.  SCCs Associated with EPA Profile 0007.

SCC MAJOR CATEGORY MAJOR INDUSTRY

SPECIFIC

INDUSTRY/EMISSSION

SOURCE

CATEGORY/MAJOR

PRODUCT, RAW

MATERIAL, OR FUEL PROCESS

20100201 Internal Combustion Engines Electric Generation Natural Gas Turbine

20100205 Internal Combustion Engines Electric Generation Natural Gas Reciprocating: Crankcase Blowby

20100206 Internal Combustion Engines Electric Generation Natural Gas Reciprocating: Evaporative Losses (Fuel Delivery

System)

20100207 Internal Combustion Engines Electric Generation Natural Gas Reciprocating: Exhaust

20100208 Internal Combustion Engines Electric Generation Natural Gas Turbine: Evaporative Losses (Fuel Delivery System)

20100209 Internal Combustion Engines Electric Generation Natural Gas Turbine: Exhaust

20100801 Internal Combustion Engines Electric Generation Landfill Gas Turbine

20100805 Internal Combustion Engines Electric Generation Landfill Gas Reciprocating: Crankcase Blowby

20100806 Internal Combustion Engines Electric Generation Landfill Gas Reciprocating: Evaporative Losses (Fuel Delivery

System)

20100807 Internal Combustion Engines Electric Generation Landfill Gas Reciprocating: Exhaust

20100808 Internal Combustion Engines Electric Generation Landfill Gas Turbine: Evaporative Losses (Fuel Delivery System)

20100809 Internal Combustion Engines Electric Generation Landfill Gas Turbine: Exhaust

20200201 Internal Combustion Engines Industrial Natural Gas Turbine

20200203 Internal Combustion Engines Industrial Natural Gas Turbine: Cogeneration

20200205 Internal Combustion Engines Industrial Natural Gas Reciprocating: Crankcase Blowby

20200206 Internal Combustion Engines Industrial Natural Gas Reciprocating: Evaporative Losses (Fuel Delivery

System)

20200207 Internal Combustion Engines Industrial Natural Gas Reciprocating: Exhaust

20200208 Internal Combustion Engines Industrial Natural Gas Turbine: Evaporative Losses (Fuel Delivery System)

20200209 Internal Combustion Engines Industrial Natural Gas Turbine: Exhaust

20200252 Internal Combustion Engines Industrial Natural Gas 2-cycle Lean Burn

20200253 Internal Combustion Engines Industrial Natural Gas 4-cycle Rich Burn
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20200254 Internal Combustion Engines Industrial Natural Gas 4-cycle Lean Burn

20200255 Internal Combustion Engines Industrial Natural Gas 2-cycle Clean Burn

20200256 Internal Combustion Engines Industrial Natural Gas 4-cycle Clean Burn

20300203 Internal Combustion Engines Commercial/Institutional Natural Gas Turbine: Cogeneration

20300204 Internal Combustion Engines Commercial/Institutional Natural Gas Cogeneration

20300205 Internal Combustion Engines Commercial/Institutional Natural Gas Reciprocating: Crankcase Blowby

20300206 Internal Combustion Engines Commercial/Institutional Natural Gas Reciprocating: Evaporative Losses (Fuel Delivery

System)

20300207 Internal Combustion Engines Commercial/Institutional Natural Gas Reciprocating: Exhaust

20300208 Internal Combustion Engines Commercial/Institutional Natural Gas Turbine: Evaporative Losses (Fuel Delivery System)

20300209 Internal Combustion Engines Commercial/Institutional Natural Gas Turbine: Exhaust

20300701 Internal Combustion Engines Commercial/Institutional Digester Gas Turbine

20300702 Internal Combustion Engines Commercial/Institutional Digester Gas Reciprocating: POTW  Digester Gas

20300705 Internal Combustion Engines Commercial/Institutional Digester Gas Reciprocating: Crankcase Blowby

20300706 Internal Combustion Engines Commercial/Institutional Digester Gas Reciprocating: Evaporative Losses (Fuel Storage and

Delivery System)

20300707 Internal Combustion Engines Commercial/Institutional Digester Gas Reciprocating: Exhaust

20300708 Internal Combustion Engines Commercial/Institutional Digester Gas Turbine: Evaporative Losses (Fuel Storage and

Delivery System)

20300709 Internal Combustion Engines Commercial/Institutional Digester Gas Turbine: Exhaust

20300801 Internal Combustion Engines Commercial/Institutional Landfill Gas Turbine

20300802 Internal Combustion Engines Commercial/Institutional Landfill Gas Reciprocating

20300805 Internal Combustion Engines Commercial/Institutional Landfill Gas Reciprocating: Crankcase Blowby

20300806 Internal Combustion Engines Commercial/Institutional Landfill Gas Reciprocating: Evaporative Losses (Fuel Storage and

Delivery System)

20300807 Internal Combustion Engines Commercial/Institutional Landfill Gas Reciprocating: Exhaust

20300808 Internal Combustion Engines Commercial/Institutional Landfill Gas Turbine: Evaporative Losses (Fuel Storage and

Delivery System)

20300809 Internal Combustion Engines Commercial/Institutional Landfill Gas Turbine: Exhaust

20300901 Internal Combustion Engines Commercial/Institutional Kerosene/Naphtha (Jet Fuel) Turbine: JP-4
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20300908 Internal Combustion Engines Commercial/Institutional Kerosene/Naphtha (Jet Fuel) Turbine: Evaporative Losses (Fuel Storage and

Delivery System)

20300909 Internal Combustion Engines Commercial/Institutional Kerosene/Naphtha (Jet Fuel) Turbine: Exhaust

20400301 Internal Combustion Engines Engine Testing Turbine Natural Gas

20400303 Internal Combustion Engines Engine Testing Turbine Distillate O il

20400304 Internal Combustion Engines Engine Testing Turbine Landfill Gas

20400305 Internal Combustion Engines Engine Testing Turbine Kerosene/Naphtha

20400399 Internal Combustion Engines Engine Testing Turbine Other Not Classified
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Table A-7.  Augmented CARB Profile 0719 substituted for EPA profile 0007

SAROAD

TCEQ

CONTAM

CODE SPECIES PERCENT

43204 56775 PROPANE 32.26

43205 55600 PROPYLENE 18.74

43212 56725 N BUTANE 11.09

43502 51680 FORMALDEHYDE 8.98

43203 55300 ETHYLENE 6.98

43214 56625 ISOBUTANE 4.77

43206 51820 ACETYLENE 3.55

43120 ISOMERS OF BUTENE 2.88

43122 ISOMERS OF PENTANE 1.44

43216 55179 TRANS-2-BUTENE 1.44

43220 56752 N-PENTANE 1.44

45201 52420 BENZENE 1.22

43106 ISOMERS OF HEPTANE 0.44

43262 56200 METHYLCYCLOPENTANE 0.44

45202 52490 TOLUENE 0.44

43503 51620 ACETALDEHYDE 0.33

43105 ISOMERS OF HEXANE 0.22

43107 ISOMERS OF OCTANE 0.22

43109 ISOMERS OF DECANE 0.22

43215 55400 ISOBUTYLENE 0.22

43217 55177 CIS-2-BUTENE 0.22

43230 56601 MET HYL PEN TANE (3) 0.22

43231 56730 N-HEXANE 0.22

43232 56575 HEPTANE 0.22

43233 56674 OCTANE 0.22

43242 56100 CYCLOPENTANE 0.22

43261 56150 METHYLCYCLOHEXANE 0.22

43298 52855 MET HYLHEPTANE,3- 0.22

43510 51660 BUTYRALDEHYDE 0.22

45102 52510 XYLENE-U 0.22

45207 52418 TRIMETHYL BENZENE, 1,3,5- 0.22

98040 2-METHYL-1-PENTENE 0.22
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Table A-8.  Augmented D404 profile substituted for EPA profile 1003

SAROAD

TCEQ

CONTAM

CODE SPECIES PERCENT

43238 56680 DECANE 9.65

43241 56683 UNDECANE 7.99

90073 METHYLISOPROPYLCYCLOHEXANE 6.06

90076 DIMETHYLNONANES 5.10

90048 METHYLDECANES 4.87

45238 ETHYLTOLUENE 4.08

45208 52416 TRIMETHYL BENZENE, 1,2,4- 3.77

90047 METHYLNONANE 3.35

90049 METHYLUNDECANE 2.62

45243 ETHYLDIMETHYLBENZENE 2.60

43235 56703 NONANE 2.58

90055 PENTYLCYCLOHEXANE 2.45

90074 DIMETHYLDECANE 2.20

45205 52512 META-XYLENE 2.05

43255 56681 DODECANE 1.98

43109 ISOMERS OF DECANE 1.97

90120 PROPYLCYCLOHEXANE 1.94

99909 2,6-DIMETHYLOCTANE 1.92

90090 ETHYLPROPYLCYCLOHEXANE 1.89

98060 TRIMETHYLCYCLOHEXANES 1.81

90101 BUTYLCYCLOHEXANE 1.71

90083 ETHYLMETHYLCYCLOHEXANE 1.67

99918 2-METHYLDECANE 1.55

45225 52417 TRIMETHYL BENZENE, 1,2,3- 1.43

45207 52418 TRIMETHYL BENZENE, 1,3,5- 1.43

90089 ETHYLDIMETHYLCYCLOHEXANE 1.37

90070 DIMETHYLOCTANES 1.31

46753 DECALINS 1.31

45204 52514 ORTHO-XYLENE 1.29

46748 METHYLDECALINS 1.20

90128 ISOPROPYLCYCLOHEXANE 1.08

90077 ETHYLOCTANE 0.97

99908 2,3-DIMETHYLOCTANE 0.96

45203 52450 ETHYL BENZENE 0.81

45206 52516 PARA-XYLENE 0.76

45244 TETRAMETHYLBENZENE 0.75

99110 C10 COMPOUNDS (DIESEL EXHAUST) 0.74

99111 C11 COMPOUNDS (DIESEL EXHAUST) 0.73

46747 METHYLINDANS 0.65

99916 1-METHY L-3-N-PROPYLBENZE 0.61

90121 METHYLETHYLHEPTANE 0.61

99917 1-METHYL-3-ISOPROPYLBENZNE 0.58
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99112 C12 COMPOUNDS (DIESEL EXHAUST) 0.52

99913 1-METHYL-2-ETHYLBENZENE 0.42

90015 3-METHYLOCTANE 0.37

90016 4-METHYLOCTANE 0.36

46701 52460 NAPHTHALENE 0.35

98149 2,4-DIMETHYLOCTANE 0.33

45106 52433 DIETHYL BENZENE 0.29

45209 N-PROPYLBENZENE 0.28

43233 56674 OCTANE 0.27

90071 DIMETHYLUNDECANE 0.25

98151 3,4-DIMETHYLOCTANE 0.25

98044 INDANE 0.21

90067 DIMETHYLHEXANES 0.21

45235 BUTYLBENZENE 0.18

99109 C9 COMPOUNDS (DIESEL EXHAUST) 0.17

90008 2-METHYLOCTANE 0.14

90085 ETHYLMETHYLOCTANE 0.14

98145 2,3-DIMETHYLHEPTANE 0.14

98061 ETHYLCYCLOHEXANE 0.14

98059 DIMETHYLCYCLOHEXANE 0.14

43296 2-METHYLHEPTANE 0.09

45202 52490 TOLUENE 0.07

43253 3-METHYLHEPTANE 0.06

43297 4-METHYLHEPTANE 0.04

43552 54065 METHYL ETHYL KETONE 0.03

43261 56150 METHYLCYCLOHEXANE 0.03

43258 N-TRIDECANE 0.02

43247 56608 DIMET HYL PEN TANE, 2,4- 0.02

98139 2,3-DIMETHYLHEXANE 0.02

98143 2,5-DIMETHYLHEPTANE 0.02

99113 C13 COMPOUNDS (DIESEL EXHAUST) 0.02
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Table A-9.  Comparison of Species Totals for Each Speciation Methodology

SPECIES

NEW SPECIATION

METHODOLOGY

TONS/DAY 

DEC. 2002

METHODOLOGY

TONS/DAY 

ABSOLUTE

DIFFERENCE

ISOMERS OF PENTANE 7.607127 2.168255 5.438872

METHANE 0.000000 4.700323 4.700323

METHANOL 8.406696 10.333420 1.926724

ISOMERS OF HEXANE 2.442412 0.700996 1.741416

FORMALDEHYDE 4.637015 3.025500 1.611515

N BUTANE 14.541068 13.254369 1.286698

PENTANE 5.821762 7.076858 1.255095

HEXANE 7.938597 8.923362 0.984765

ISOMERS OF HEPTANE 1.176564 0.225906 0.950658

NEOPENTANE 3.107383 4.045091 0.937708

PROPANE 14.432000 15.336817 0.904817

ETHANE 0.000000 0.892814 0.892814

CARBONYL SULFIDE 0.161269 1.051342 0.890073

TOLUENE 3.999675 4.878970 0.879296

BENZENE 6.284157 5.510771 0.773386

HEPTANE 3.513429 4.271227 0.757797

C7 CYCLOPARAFFINS 0.917611 0.175717 0.741894

METHYL TERT-BUTYL ETHER 5.007726 5.722530 0.714804

ISOHEXANE 3.289491 3.974688 0.685197

ISO PENTANE 2.508284 3.132707 0.624423

ISOMERS OF OCTANE 0.668304 0.070682 0.597622

ACETYLENE 1.325099 1.818465 0.493366

DECANE 0.951886 0.482210 0.469676

N-PENTANE 4.936645 4.506551 0.430094

N-TRIDECANE 0.703969 0.332853 0.371116

UNDECANE 0.765649 0.396954 0.368696

DIMETHYL ETHER 0.899935 0.554385 0.345550

ISOPROPANOL 1.305599 1.625473 0.319873

ISOBUTANE 8.584464 8.868379 0.283914

METHYL ETHYL KETONE 1.558531 1.823942 0.265410

GLYCOL ETHERS(CELLOSOL) 0.279910 0.023176 0.256734

ISOMERS OF BUTENE 0.423752 0.172661 0.251090

ETHANOL 1.425857 1.671940 0.246083

N-TETRADECANE 0.465486 0.219896 0.245590

DIMET HYL BU TANE (2,2) 0.517908 0.759140 0.241233

DIETHYL ETHER 1.059773 1.300621 0.240848

P-DICHLOROBENZENE 0.455822 0.219402 0.236419

MONOETHANOLAMINE 0.000000 0.234591 0.234591

N-HEXANE 1.109107 1.324498 0.215391

CYCLOHEXANE 1.192336 1.403082 0.210746
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STYRENE 2.181965 1.976610 0.205355

BUTYL ACETATE 0.155260 0.338202 0.182942

BUTYRALDEHYDE 0.403601 0.586038 0.182437

ETHYLENE DICHLORIDE 0.528925 0.347545 0.181380

XYLENE-U 2.154636 2.335120 0.180484

ACROLEIN 0.238470 0.070415 0.168055

CHLOROBENZENE 0.949580 0.784291 0.165289

C8 CYCLOPARAFFINS 0.189995 0.027448 0.162547

TRIMETHYL BENZENE, 1,2,4- 0.283558 0.124872 0.158685

ACETONE 0.000000 0.155552 0.155552

N-PENTADECANE 0.289950 0.136690 0.153260

TRIMETHYL BENZENE 0.332222 0.178975 0.153247

BUTYL CELLOSOLVE 0.239675 0.390964 0.151290

DODECANE 0.822345 0.672730 0.149615

METHYL ACETYLENE 0.162944 0.016776 0.146168

ETHYL CHLORIDE 0.284451 0.147640 0.136812

BUTADIENE 1.942149 2.071629 0.129480

DIAMINOHEXAN E (1,6) 0.165521 0.045339 0.120182

CHLOROPRENE 0.149900 0.030800 0.119100

BUTENE (1) 1.770920 1.652026 0.118894

2,4-DIMETHYLHEXANE 0.002276 0.119830 0.117553

SEC BUTYL ALCOHOL 0.175778 0.060591 0.115187

N-BUTYL ALCOHOL 1.430306 1.326046 0.104260

ACRYLON ITRILE 0.620354 0.517579 0.102775

TRIFLUOROMETHANE 0.134009 0.036537 0.097472

ETHYLHEXALDEHYDE (DOT) 0.229612 0.324473 0.094860

VINYL CHLORIDE 0.456464 0.362256 0.094208

ISO-BUTENE 0.649815 0.742751 0.092937

MET HYL BU TANAL, 2- 0.151727 0.242571 0.090844

UNIDENTIFIED 0.143876 0.053247 0.090629

PHTHALIC ANHYDRIDE 0.152733 0.065747 0.086986

VINYL ACETATE 1.625364 1.710919 0.085555

BUTENE (2-METH YL-2) 0.415689 0.496964 0.081274

METHYLISOPROPYLCYCLOHEXANE 0.080952 0.000000 0.080952

ORTHO-XYLENE 0.457818 0.538493 0.080675

MET HYL PEN TANE (3) 0.745802 0.825442 0.079640

ETHYL ACETATE 0.035072 0.113278 0.078206

TRANS-2-PENTENE 0.126027 0.047940 0.078087

HEXENE 0.684817 0.759160 0.074343

PERCHLOROETHYLENE 0.000000 0.073229 0.073229

METHYLCYCLOHEXANE 0.175226 0.248440 0.073214

ISOPHORONE 0.072338 0.000000 0.072338

METHYL FORMATE 0.213608 0.145256 0.068351

METHYLCYCLOPENTANE 0.532521 0.598688 0.066167

CUMENE 0.538693 0.604751 0.066058

ISO OCTANE 0.202973 0.137250 0.065723

DIMETHYLCYCLOHEXANE 0.011683 0.075658 0.063975
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ISOHEPTANE 0.327652 0.391190 0.063538

PENTENE (1) 0.816376 0.754102 0.062274

ISOBUTANOL 0.339676 0.400653 0.060977

N-PROPANOL 0.211219 0.271692 0.060473

TRANS-2-BUTENE 0.539744 0.479300 0.060444

2-METHYL-3-HEXANONE 0.003176 0.063022 0.059846

PENTADIENE 0.322031 0.380988 0.058957

ETHYL ACRYLATE 0.128053 0.070338 0.057715

OCTANE 1.142294 1.198827 0.056532

MINERAL SPIRITS 0.081573 0.028023 0.053549

PROPIONALDEHYDE 0.180285 0.127272 0.053013

DIMETHYLNONANES 0.079114 0.026109 0.053005

MET HYLHEXANE, 3- 0.237067 0.289396 0.052329

TRIMETHYLBENZENE 0.017634 0.069831 0.052196

ISOBUTYRALDEHYDE 0.071692 0.122554 0.050862

ETHYLTOLUENE 0.079882 0.029204 0.050678

ISOMERS OF DECANE 0.206572 0.156022 0.050551

ISOPRENE 0.475158 0.523985 0.048827

CIS-2-BUTENE 0.293685 0.245211 0.048475

ETHYL BENZENE 1.265158 1.313604 0.048447

METHYLDECANES 0.092638 0.045533 0.047104

META-XYLENE 0.585212 0.538247 0.046965

NAPHTHALENE 0.209052 0.163742 0.045310

PROPYLENE 11.858210 11.903516 0.045306

BUTENE (CIS-2-) 0.188253 0.232448 0.044195

ETHYLENE OXIDE 0.194782 0.150777 0.044006

1,1,1-TRICHLOROETHANE 0.000000 0.042368 0.042368

TETRAETHYLENE GLYCOL 0.006163 0.047628 0.041465

DIETHYL BENZENE 0.057482 0.016227 0.041255

CIS-2-PENTENE 0.062640 0.023240 0.039400

ISOBUTYLENE 0.812934 0.852277 0.039343

ETHY L HEXANOL (2) 0.141122 0.180310 0.039188

BUTENE 1.225642 1.264380 0.038738

BUTOXYETHANOL (2) 0.534450 0.496469 0.037980

ISOMERS OF PENTENE 0.044711 0.006798 0.037913

TRICHLOROFLUOROMETHANE 0.000000 0.037081 0.037081

HEXAFLUOROETHANE 0.000000 0.036586 0.036586

ETHYLDIMETHYLBENZENE 0.045018 0.008665 0.036353

METHYL ACETATE 0.000000 0.035776 0.035776

DICHLOROMETHANE 0.000000 0.035605 0.035605

TRIMETHYL BENZENE, 1,3,5- 0.088394 0.052876 0.035518

TRIMETHYLPENTANE,2,3,4- 0.229862 0.263964 0.034102

TRIMETHYL BENZENE, 1,2,3- 0.035664 0.002582 0.033082

HEXANOL 0.138921 0.171273 0.032353

DICHLORODIFLUOROMETHANE 0.000000 0.032152 0.032152

CARBON TETRACHLORIDE 0.229529 0.197962 0.031567

ACETALDEHYDE 0.645383 0.614616 0.030767
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PROPYLENE OXIDE 0.415769 0.446304 0.030535

ISOPROPYL ETHER 0.161893 0.192201 0.030307

OCTENE 0.046146 0.076419 0.030272

ACETIC ACID 0.782722 0.752660 0.030062

METHYLNONANE 0.076691 0.046634 0.030057

M-XYLENE AND P-XYLE 0.147127 0.117652 0.029475

PROPYL KETO NE DI-N 0.044060 0.073308 0.029248

TRIMETHYL PENTANE, 2,2,4- 0.065082 0.036049 0.029033

ISOMERS OF ETHYLTOLUENE 0.032545 0.004014 0.028531

METHYLUNDECANE 0.037678 0.009388 0.028289

PARA-XYLENE 0.444895 0.472598 0.027703

PENTYLCYCLOHEXANE 0.031320 0.004168 0.027152

HEXAMETHYL DIAMINE 0.001011 0.026890 0.025879

ETHYLENE GLYCOL 0.233799 0.259503 0.025704

2,6-DIMETHYLOCTANE 0.025695 0.000000 0.025695

HEPTENE 0.078981 0.053477 0.025504

DIMETHYLDECANE 0.027885 0.003026 0.024859

DIETHYLENE GLYCOL 0.112100 0.087629 0.024471

METHYL CHLORIDE 0.166457 0.143218 0.023238

BUTENE (2-METH YL-1) 0.333827 0.356509 0.022682

BUTYL ACRYLATE 0.150741 0.128342 0.022399

FORMIC ACID 0.040956 0.018944 0.022013

ETHYLCYCLOHEXANE 0.009844 0.031833 0.021990

CREOSOL(ALL ISOMERS) 0.107098 0.128942 0.021844

ACETOPHENONE 0.053399 0.075163 0.021764

MET HYL-2-PENTANO L,4- 0.072020 0.092857 0.020837

2-METHYLDECANE 0.020798 0.000091 0.020707

ETHYLPROPYLCYCLOHEXANE 0.025672 0.005057 0.020615

TOLUENE DIISOCYANATE-TD 0.035200 0.014753 0.020446

FURFURAL 0.095172 0.115386 0.020214

ANILINE-U 0.041949 0.021846 0.020104

C5 ESTER 0.000966 0.021056 0.020090

CIS-2-HEXENE 0.031143 0.011787 0.019357

TRICHLOROETHYLENE 0.040001 0.020936 0.019065

ISOPROPYL ACETATE 0.103930 0.122614 0.018684

ISOMERS OF NONANE 0.112997 0.094609 0.018388

DIMET HYL PEN TANE, 2,4- 0.168553 0.186860 0.018307

HEPTANONE (2) 0.060450 0.042182 0.018268

CARBITOL CELLOSOLVE 0.027186 0.009023 0.018162

ISOBUTYL ACETATE 0.017881 0.035978 0.018097

TRICHLOROTRIFLUOROETHANE 0.000000 0.018043 0.018043

PROPYLCYCLOHEXANE 0.039869 0.022001 0.017868

ETHYLENE 12.406948 12.424674 0.017726

METHYL METHACRYLATE 0.269110 0.286731 0.017621

ISOBUTYRIC ACID 0.000000 0.017470 0.017470

ACETONITRILE 0.174038 0.191323 0.017285

C9 OLEFINS 0.019906 0.002796 0.017110
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BUTYL CARBITOL 0.023753 0.006691 0.017061

ISOBUTYLISOBUTYRATE 0.022443 0.005609 0.016834

METHYL CARBITOL 0.022443 0.005670 0.016773

METHYL CELLOSOLVE 0.022443 0.005670 0.016773

ISOBUTYLACRYLATE 0.022148 0.005428 0.016720

DIPROPYLENE GLYCOL 0.031840 0.015219 0.016621

ISOMERS OF UNDECANE 0.071836 0.088369 0.016533

PINENE, ALPHA- 0.149917 0.166384 0.016467

BUTYLCYCLOHEXANE 0.034011 0.017731 0.016279

METHYL ISOBUTYL KETONE 0.515399 0.531587 0.016187

MALEIC ANHYDRIDE 0.055882 0.039728 0.016153

ETHYLENEAMINES 0.024726 0.008595 0.016131

ACETIC ANHYDRIDE 0.050157 0.034102 0.016055

BENZYLCHLORIDE 0.043152 0.027114 0.016038

METHYLALLENE 0.029567 0.013600 0.015967

PIPERYLENE 0.029567 0.013600 0.015967

SUBSTITUTED  C9 ESTER (C12) 0.037031 0.052964 0.015933

ETHYLENE DIBROMIDE 0.049262 0.033428 0.015834

ETHANOLAMINE 0.046300 0.030710 0.015589

NITROBENZENE 0.022551 0.006978 0.015574

PROPYLENE GLYCOL 0.086608 0.102177 0.015569

ISOMERS OF PENTADECANE 0.024156 0.008661 0.015495

METHYLSTYRENE 0.024162 0.008849 0.015313

DIISOPROPYLBENZENE 0.022704 0.008028 0.014676

TRANS-2-HEXENE 0.024005 0.009341 0.014664

ISOPROPYLCYCLOHEXANE 0.014818 0.000291 0.014527

METH YLAL 0.073573 0.059112 0.014461

ISOMERS OF DODECANE 0.040608 0.026174 0.014434

CHLORODIFLUOROMETHANE 0.000000 0.014383 0.014383

C7-C16 0.039755 0.025510 0.014244

TOTAL C2-C5 ALDEHYDES 0.047312 0.033488 0.013823

DECALINS 0.019883 0.006129 0.013754

ETHYLDIMETHYLCYCLOHEXANE 0.023468 0.009718 0.013750

TRICHLORO ETHAN E (1,1,2) 0.048675 0.034999 0.013675

METHYL-2-PYRROLIDINE-P,N- 0.055591 0.042142 0.013448

METHYLPROPYLCYCLOHEXANE 0.049381 0.062816 0.013435

PENTANE,224-TRIMETHYL 0.480727 0.494126 0.013399

C9 CYCLOPARAFFINS 0.024512 0.011138 0.013374

NONANE 0.433712 0.420608 0.013104

2,3-DIMETHYLOCTANE 0.012870 0.000000 0.012870

METHYLDECALINS 0.018236 0.005493 0.012743

NONENE 0.041732 0.054140 0.012407

DIISOBUTYLENE 0.000000 0.012281 0.012281

CYCLODODECANE 0.000000 0.012175 0.012175

BEN ZOIC ACID 0.015021 0.002894 0.012128

AMYL ALCOHOL 0.056826 0.068880 0.012054

NAPHTHA 0.035351 0.047396 0.012045
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BUTENE (3-METH YL-1) 0.097866 0.109894 0.012028

DIMETHYLAMINOETHANOL 0.083086 0.095014 0.011927

TRIMETHYLHEPTANES 0.051276 0.063199 0.011923

4-METHYL-TRANS-2-PENTENE 0.019202 0.007303 0.011899

POLYETHYLENE  GLYCOL 0.011728 0.000000 0.011728

PENTENE (2) 0.440260 0.451907 0.011647

DI(2-ETHYLHEXYL) PHTHALATE (DE 0.011646 0.000000 0.011646

DIMETHYLHEPTANES 0.005979 0.017511 0.011532

2-METHYL-1-PENTENE 0.011619 0.000093 0.011526

CRESOL 0.024305 0.012945 0.011360

TETRAMETHYLBENZENE 0.018490 0.007184 0.011306

ETHYLOCTANE 0.012736 0.001765 0.010970

ETHY LTOLUENE,0- 0.022509 0.011756 0.010753

ETHYLMETHYLCYCLOHEXANE 0.057867 0.047161 0.010706

DIMETHYLDISULFIDE 0.019246 0.008649 0.010597

CYCLOPENTENE 0.208740 0.219297 0.010556

METHYLENE BROMIDE 0.018286 0.007849 0.010437

DIETHANOLAMINE 0.055484 0.065900 0.010416

METHYL PROPYL KETONE 0.002038 0.012153 0.010115

BUTYL ETHERN- 0.006200 0.016308 0.010108

METH YL MERCAPTAN 0.067798 0.057837 0.009961

TETRAHYD ROFURAN 0.072394 0.062434 0.009960

C10 COMPOUNDS (DIESEL EXHAUST) 0.009879 0.000000 0.009879

CYCLOPENTADIENE 0.105494 0.115332 0.009838

C11 COMPOUNDS (DIESEL EXHAUST) 0.009713 0.000000 0.009713

DIETHYLAMINOETHANOL 0.009000 0.018704 0.009704

METHYL ACRYLATE 0.055427 0.045834 0.009593

METHYLINDANS 0.013030 0.003580 0.009449

PROPYL ACETATE 0.049924 0.040899 0.009025

CYCLOHEXANONE 0.097217 0.088259 0.008958

DECYL ALCOHOL 0.037000 0.045884 0.008884

DIMETHOXYMETHANE 0.000000 0.008682 0.008682

TRIMETHYLFLUOROSILANE 0.031219 0.022647 0.008572

MET HYLHEPTANE,3- 0.070165 0.061681 0.008484

1-METHY L-3-N-PROPYLBENZE 0.008187 0.000000 0.008187

METHYLETHYLHEPTANE 0.008157 0.000000 0.008157

MALEIC ACID 0.049654 0.057737 0.008083

1-METHYL-3-ISOPROPYLBENZ 0.007749 0.000000 0.007749

ACRYLIC ACID 0.153138 0.145402 0.007735

PROPYL PROPIONATE 0.013124 0.020753 0.007629

PROPASOL 0.077135 0.084572 0.007437

DICHLOROBENZENES 0.008872 0.001521 0.007351

PYRIDINE 0.035517 0.028277 0.007240

DIMETHYLPHTHALATE 0.008283 0.001064 0.007219

BISPHENOL-A 0.096766 0.103965 0.007199

DIMETHYL SULFIDE 0.021258 0.014131 0.007126

C12 COMPOUNDS (DIESEL EXHAUST) 0.006994 0.000000 0.006994



A-20

PENTADIENE (E-1,3) 0.062528 0.069389 0.006862

METHYL ISOAMYL KETONE 0.055464 0.062017 0.006554

MET HYLBU TANOL,2- 0.026197 0.032742 0.006545

2-METHYLPROPANE 0.007348 0.001116 0.006233

TERPENE 0.652060 0.658291 0.006231

ISOMERS OF PROPYLBENZENE 0.026383 0.020166 0.006217

VINYL CYCLOHEXENE 0.017968 0.024168 0.006200

PROPYLENE DICHLORIDE 0.033322 0.027123 0.006199

PHENOL 0.631199 0.625030 0.006169

PINENE, BETA- 0.085275 0.079137 0.006138

LACTOL SPIRITS 0.012415 0.006312 0.006103

CRESOL, P 0.006075 0.000000 0.006075

2,5-DIMETHYLHEXANE 0.009913 0.003901 0.006012

N-PROPYLBENZENE 0.012483 0.006543 0.005940

3,5,5-TRIMETHYLHEXANE 0.009740 0.003914 0.005826

MET HOXY -2-ACETOXYPRO PANE, 1- 0.037743 0.043450 0.005707

TRIMETHYLCYCLOHEXANES 0.024709 0.030382 0.005673

1-METHYL-2-ETHYLBENZENE 0.005609 0.000018 0.005591

DODECENE 0.086566 0.080981 0.005584

EPICHLOROH YDRIN 0.166230 0.160715 0.005515

DIMETHYLAMINE 0.025489 0.019983 0.005507

TERT BUTYL ALCOHOL 0.233528 0.238993 0.005465

DIMETHYL FORMAMIDE 0.115076 0.120539 0.005463

CELLOSOLVE ACETATE 0.016631 0.011368 0.005264

M-XYLENE AND P-XYLENE 0.017872 0.023104 0.005233

C8 PARAFFIN 0.032509 0.027298 0.005211

CELLOSOLVE SOLVENT 0.012415 0.007291 0.005124

TERTIARY BUTYL AMINE 0.030414 0.035529 0.005115

GLYCOLONITRILE 0.063312 0.068343 0.005031

CARBON DISULFIDE 0.089785 0.084791 0.004994

3-METHYLOCTANE 0.004970 0.000000 0.004970

CYCLOHEXANOL 0.056141 0.051215 0.004925

DIISOBUTYL KETONE 0.013076 0.008170 0.004906

4-METHYLOCTANE 0.004773 0.000000 0.004773

ETHYLENE GLYCOL M-ETHYL 0.000000 0.004736 0.004736

TRIETHYLENE GLYCOL 0.007593 0.002926 0.004667

ISOMERS OF DIETHYLB 0.005726 0.001111 0.004615

TRIMETHYLCYCLOHEXANOL 0.015965 0.020561 0.004596

CHLOROTRIFLUOROMETHANE 0.000000 0.004506 0.004506

ETHY L-3-PROPYL ACROLEIN, 2- 0.007823 0.012327 0.004504

M-ETHYLTOLUENE 0.004962 0.000461 0.004501

C10 AROM ATIC 0.004744 0.000259 0.004485

2,4-DIMETHYLOCTANE 0.004478 0.000000 0.004478

C6 OLEFINS 0.007910 0.003471 0.004439

C3/C4/C5 ALKYLBENZENES 0.004741 0.000370 0.004372

3-METHYL-TRANS-2-PENTENE 0.006466 0.002137 0.004329

DIMETHYLHEXANES 0.009785 0.005580 0.004205
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O-DICHLOROBENZENE 0.108442 0.112485 0.004043

BENZOYL CHLORIDE 0.004012 0.000000 0.004012

BUTY NEDIO L 1,4 0.033680 0.037668 0.003988

DIOXANE (1,4) 0.004934 0.000951 0.003983

CYCLOPENTANE 0.278745 0.274766 0.003980

MET HYL(3)PYRROLIDONE(2) 0.020184 0.024034 0.003850

DIOCTYLPHTHALATE, N- 0.007267 0.003446 0.003821

C10 OLEFINS 0.027317 0.023579 0.003738

METHYL SILOXANE 0.003704 0.000000 0.003704

PROPION IC ACID 0.120333 0.116648 0.003685

1-UNDECENE 0.003617 0.000024 0.003592

BUTYLBENZOATE 0.006988 0.003436 0.003552

INDANE 0.006561 0.003063 0.003497

METHYLHEXANE 0.019519 0.016030 0.003489

CYCLODODECATRIENE 0.000000 0.003449 0.003449

PALM ITIC ACID 0.006638 0.003254 0.003383

ALPHA METHYL STYRENE 0.027152 0.023781 0.003371

3,4-DIMETHYLOCTANE 0.003394 0.000062 0.003332

ETHYLCYCLOPENTANE 0.000752 0.004059 0.003307

HEXAMETHYLENEIMINE 0.003337 0.006595 0.003258

C7 OLEFINS 0.004854 0.001635 0.003219

DIMETHYLBUTANE 0.019271 0.016110 0.003161

ETHYLBENZENE 0.005352 0.002342 0.003010

1-METHYLCYCLOHEXENE 0.004624 0.001712 0.002912

C5 PARAFFIN 0.017612 0.014706 0.002905

ETHANETHIOL 0.055073 0.057976 0.002902

HEXAMETHYLENE DIISOCYANATE 0.014761 0.017661 0.002900

VALERIC ACID 0.005136 0.008021 0.002885

DICYCLOPENTADIENE 0.162543 0.159679 0.002864

CHLOROETHANE 0.002822 0.000000 0.002822

N BUTYL CHLORIDE 0.008124 0.005330 0.002794

DIMETHYLUNDECANE 0.004829 0.002039 0.002791

ETHYLISOPROPYL ETHER 0.006843 0.009608 0.002765

MESITYL OXIDE 0.009398 0.012137 0.002738

TETRAFLUOROMETHANE 0.000000 0.002711 0.002711

CHLOROFORM 0.168524 0.165841 0.002683

C5 OLEFIN 0.016118 0.013443 0.002675

DIHYDROXYB ENZENE (1,4) 0.002671 0.000000 0.002671

CYCLOOCTADIENE 0.000688 0.003309 0.002621

METHYL-2,4-PENT ANEDIOL (2-) 0.099866 0.102434 0.002568

METHYLPENTANE 0.014900 0.012384 0.002516

DIKETENE 0.030361 0.032866 0.002506

PROPRO XYET HANOL (2) 0.006663 0.004182 0.002481

C5 ALKYLBENZENES 0.014204 0.011745 0.002459

BUTYLBENZENE 0.002462 0.000024 0.002437

METHYLHEPTENE 0.000022 0.002438 0.002416

ACRYLONITRITE MONOMER 0.004107 0.006453 0.002346
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PROPYLENE GLYCOL MONOMETHYL 0.014532 0.016793 0.002261

ISOMERS OF BUTYLBENZENE 0.069399 0.071638 0.002238

C9 COMPOUNDS (DIESEL EXHAUST) 0.002236 0.000000 0.002236

CAPROLACTAM 0.108388 0.110497 0.002109

ETHYLMETHYLOCTANE 0.002184 0.000105 0.002079

CYMENE, P- 0.006311 0.004266 0.002045

METHYLNAPHTHALENES 0.012282 0.010251 0.002031

TRIMETHYLCYCLOPENTANE 0.002946 0.004938 0.001992

BIPHENYL 0.009241 0.007277 0.001964

PROPROXYPROPANOL 0.019483 0.021429 0.001946

METHYLSTEARATE 0.003651 0.001713 0.001938

SUBSTITUTED STYRENES 0.001923 0.000000 0.001923

BUTYL CELLOSOLVE ACETATE 0.025709 0.027630 0.001922

ETHYLENE DIAMINE 0.019818 0.021738 0.001920

2-METHYLOCTANE 0.001904 0.000000 0.001904

2,3-DIMETHYLHEPTANE 0.001888 0.000000 0.001888

DICHLOROPROPAN E (1,2) 0.000704 0.002530 0.001826

B-METHYL STYRENE 0.001805 0.000000 0.001805

ALIPHATICS (PER CARBON) 0.003319 0.001548 0.001771

2,2,5-TRIMETHYLHEXANE 0.002509 0.000801 0.001708

DIPHENYL ETHER 0.009113 0.010816 0.001703

DIMETHYLOCTANES 0.071002 0.069310 0.001692

DI-(2-ETHYLHEXYL)PHTHALATE (DE 0.000000 0.001665 0.001665

N HEXYL CELLOSOLVE 0.039195 0.040840 0.001645

2,4,4-TRIMETHYL-1-PENTENE 0.001955 0.000312 0.001643

C6H18O3SI3 0.003780 0.002156 0.001625

TEREPHTHALIC ACID 0.001834 0.000212 0.001623

PHENYLISOCYANATE 0.005554 0.003942 0.001613

C11 OLEFINS 0.008744 0.010344 0.001600

O-XYLENE 0.012463 0.010918 0.001546

METHYLOCTANES 0.019828 0.021369 0.001541

ETHY L HEXANOIC ACID,2- 0.002857 0.004344 0.001487

MET HOXY ETHAN OL, 2- 0.000000 0.001467 0.001467

BUTANEDIOL (1,3) 0.009828 0.011290 0.001462

C5 PARAFFIN/OLEFIN 0.008962 0.007537 0.001425

METHYL ISOPROPYL KETONE 0.000000 0.001397 0.001397

DECYCLENE 0.021965 0.023352 0.001386

TRIETHANOLAMINE 0.012327 0.010982 0.001346

PROPENYLCYCLOHEXANE 0.006642 0.007967 0.001325

NITROETHANE 0.000000 0.001298 0.001298

NAPTHALENE 0.003628 0.002342 0.001286

METHYLPALMITATE 0.003106 0.001824 0.001282

C10 PARAFFINS 0.005861 0.007141 0.001280

NONM ETHANE VOC-U 0.000000 0.001269 0.001269

METHYLPENTENES 0.007359 0.006104 0.001255

ISOBUTYRONITRILE 0.000000 0.001253 0.001253

TRIETHYLAMINE 0.004933 0.003693 0.001241
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2-METHYLHEPTANE 0.001242 0.000016 0.001226

METH YLHEXANAL 0.007635 0.006420 0.001214

CHLOROPENTAFLUOROETHANE 0.000000 0.001196 0.001196

D-LIMONENE 0.005874 0.004688 0.001186

C8 OLEFINS 0.003446 0.002277 0.001169

METHYLDECENE 0.005729 0.006838 0.001109

PHENANTHRENE 0.001768 0.000663 0.001105

TETRAMETHYLPENTANONE 0.006630 0.007735 0.001105

1-CHLOROBUTANE 0.002951 0.004012 0.001061

C2 ALKYLINDAN 0.007144 0.006083 0.001061

PYRROLIDONE,2- 0.007379 0.008435 0.001056

DIMETHYLHEPTANE 0.006018 0.007058 0.001039

INDENE 0.007134 0.006123 0.001011

DIMETHYLCYCLOPENTANE 0.003726 0.002751 0.000975

TRIMETHYLPENTANE 0.005643 0.004691 0.000952

BUTYLISOPROPYLPHTHALATE 0.001856 0.000908 0.000948

METHYLAMYL ALCOHOL 0.000000 0.000942 0.000942

ISOPROPYL FORMATE 0.000000 0.000940 0.000940

DICHLOROPROPYLENE, 1,3- 0.006735 0.007673 0.000938

M-DICHLOROBENZENE 0.005149 0.004218 0.000931

AMYL ACETATE 0.001693 0.002606 0.000913

DIETHYLMETHYLCYCLOHEXANE 0.004589 0.005480 0.000891

PROPYLHEPTENES 0.004589 0.005480 0.000891

1-ETHOXY-2-PROPANOL 0.001757 0.002626 0.000869

3-METHYLHEPTANE 0.000861 0.000000 0.000861

TETRAMETHYLCYCLOPENTANE 0.004715 0.005547 0.000833

PROPADIENE 0.002635 0.003446 0.000810

DIBUTYLPHTHALATE 0.001507 0.000704 0.000803

NONENONE 0.007597 0.006802 0.000795

A-CHLOROTOLUENE 0.000779 0.000000 0.000779

1,4-BUTANEDIOL 0.001379 0.000600 0.000779

OXOHEXYL ACETATE 0.002466 0.003203 0.000737

TRICHLORO BENZEN E, 1,2,4- 0.000000 0.000731 0.000731

METHYL IODIDE 0.007826 0.008554 0.000728

PIVALIC ACID 0.000721 0.000000 0.000721

CUMENE HYDROPEROXIDE 0.006119 0.006830 0.000710

CHLOROETHAN OL (2) 0.000703 0.000000 0.000703

BENZALDEHYDE 0.019264 0.019955 0.000691

C9 PARAFFIN 0.003983 0.003294 0.000689

DIETHYLENE TRIAMINE 0.005436 0.006125 0.000688

SEC-BUTYL CHLORIDE 0.001815 0.002480 0.000665

DIMETHYLINDANS 0.003537 0.002882 0.000655

ETHYLSTYRENE 0.000996 0.000349 0.000647

METHYLMYRISTATE 0.000996 0.000349 0.000647

BENZYL ALCOHOL 0.006140 0.006769 0.000629

BUTYL METHACRYLATE 0.006220 0.006848 0.000628

2-METHYL-2-PENTENE 0.000987 0.000361 0.000627
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METHYLCYCLOPENTENE 0.003710 0.003084 0.000625

TRIMETHYLDECENE 0.003588 0.002970 0.000618

C8H24O4SI4 0.001246 0.000639 0.000607

BUTYL ETHYL ETHER, TERT- 0.000000 0.000604 0.000604

ACETYLACETONE 0.000000 0.000603 0.000603

ETHYLHEXANE 0.010800 0.010203 0.000597

METHYLHEPTANE 0.003036 0.002440 0.000596

DIMETHYLCYCLOPENTENES 0.002546 0.001959 0.000587

NITROPROPANE (1) 0.001392 0.001962 0.000570

4-METHYLANILINE 0.001362 0.000795 0.000567

ISOMERS OF TETRADECANE 0.002202 0.001636 0.000567

ISOPROPYLMETHYLCYCLOHEXANE 0.003602 0.004168 0.000566

VINYLIDENE CHLORIDE 0.008589 0.009149 0.000560

MORPHOLINE 0.000558 0.000000 0.000558

CUMENE (ISOPROPYL BENZENE) 0.002800 0.002252 0.000549

DIACETONE  ALCOHOL 0.002168 0.002708 0.000540

CYCLOBUTANE 0.003298 0.003826 0.000528

DIMETHYLPENTANE 0.002987 0.002462 0.000526

HEXADIENE 0.004989 0.005503 0.000514

4-METHYLHEPTANE 0.000542 0.000038 0.000504

BUTADIENE, 1,2- 0.003929 0.004418 0.000488

BUTYLENE OXIDE, 1,2- 0.007402 0.007880 0.000478

ADIPIC ACID 1.211939 1.212413 0.000474

HEPTANOL (3-1) 0.001160 0.001631 0.000471

DIMETHYLBUTENE 0.002490 0.002023 0.000467

BUTOXYETHOXYETHANOL 0.004228 0.003762 0.000466

PARAFFINS (C16-C34) 0.000664 0.000200 0.000464

METH YLGLYOXAL 0.000833 0.000379 0.000455

TRIETHYLENETETRAMINE 0.001471 0.001912 0.000441

ETHYLMETHYLHEXANE 0.002545 0.002107 0.000438

2-(2-BUTOXYETHOXY)-ETHANOL 0.000940 0.001377 0.000436

CYCLOHEXENE 0.000969 0.000535 0.000434

O-CHLOROTOLUENE 0.000000 0.000434 0.000434

GLYOXAL 0.000904 0.000472 0.000432

N-PENTYLCYCLOHEXANE 0.001465 0.001041 0.000423

MET HYLGLUTARON ITRILE 0.000000 0.000423 0.000423

XYLENOL 3,4- 0.000000 0.000423 0.000423

ACENAPHTHYLENE 0.000589 0.000166 0.000423

METHYLHEXADIENE 0.002048 0.001628 0.000420

ISOMERS OF C10H18 0.000966 0.000548 0.000418

VINYL-2-PYRROLIDONE,N- 0.003338 0.003748 0.000409

C6 SUBSTITUTED CYCLOHEXANE 0.001953 0.001544 0.000409

C5 SUBSTITUTED CYCLOHEXANE 0.002506 0.002101 0.000405

2,2-DICHLORONITROANILINE 0.002394 0.001994 0.000400

ISOMERS OF C11H20 0.002639 0.003039 0.000400

C4 SUBSTITUTED CYCLOHEXANONE 0.001556 0.001162 0.000394

C4 ALKYLPHENOLS 0.003235 0.003618 0.000383
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ETHYL-B-ETHOXYPROPIONATE 0.001255 0.001630 0.000375

C6 ALKYLBENZENE 0.000907 0.000534 0.000373

MYRCENE 0.001327 0.000962 0.000365

B-PHELLANDRENE 0.001231 0.000873 0.000358

BUTOXYBUTENE 0.002106 0.001753 0.000353

3-(CHLOROMETHYL)-HEPTANE 0.000745 0.001094 0.000349

T-BUTYLBENZENE 0.002604 0.002952 0.000349

AMYL METHYL ETHER, TERT- 0.000000 0.000336 0.000336

2-METHYLPROPENE 0.000374 0.000039 0.000336

AM INO ETHYLPIPERAZINE, (N-) 0.001158 0.001493 0.000335

CAMPHENE 0.000989 0.000665 0.000324

ETHY LHEXYL ACRYLATE (2) 0.002144 0.002468 0.000324

TERPENES 0.000329 0.000013 0.000316

ETHYLHEPTENE 0.000398 0.000084 0.000314

ANTHRAQUINONE 0.000350 0.000038 0.000313

TRICHLORO BENZEN ES(ALL) 0.000350 0.000038 0.000313

2,3-DIMETHYLHEXANE 0.000302 0.000000 0.000302

C3 ALKYLCYCLOHEXANE 0.000333 0.000038 0.000295

BROMODINITROBENZENE 0.000332 0.000038 0.000294

ETHYLPHENYLPHENYLETHANE 0.000332 0.000038 0.000294

ETHYLMETHYLCYCLOPENTANE 0.001139 0.000848 0.000291

MONONONYLPHENOL 0.007441 0.007730 0.000289

TRIMETHYLHEXENE 0.003247 0.003533 0.000286

METHYLCYCLOHEXENE 0.001162 0.000880 0.000281

CHLOROPROPEN E (3) 0.014039 0.014320 0.000281

C4 ALKYLSTYRENES 0.000554 0.000274 0.000280

C2 ALKYLCYCLOHEXANE 0.000349 0.000076 0.000273

C4 SUBSTITUTED CYCLOHEXANE 0.000349 0.000076 0.000273

HEXADECANE 0.000409 0.000144 0.000264

ISOMERS OF HEPTADECANE 0.000405 0.000143 0.000262

2-HEXENE 0.000311 0.000051 0.000260

ISOMERS OF OCTADECANE 0.000345 0.000086 0.000259

2-BUTYNE 0.000295 0.000038 0.000257

CHRYSENE 0.000295 0.000038 0.000257

CIS-3-HEXENE 0.000295 0.000038 0.000257

FLUORANTHENE 0.000295 0.000038 0.000257

PYRENE 0.000295 0.000038 0.000257

METHACRYLIC ACID 0.001203 0.001455 0.000253

ISOMERS OF C9H16 0.000425 0.000182 0.000243

ISOPROPYLAMINE 0.004064 0.004305 0.000241

TRIMETHYLOCTANES 0.003571 0.003810 0.000238

ETHYLDIMETHYLPENTANE 0.001052 0.000815 0.000237

METHYLDIETHANOLAMINE 0.007247 0.007014 0.000233

ISOAMYL ALCOHOL 0.000279 0.000047 0.000232

TETRAETHYLENEPENTAMINE 0.000850 0.001077 0.000226

2,5-DIMETHYLHEPTANE 0.000281 0.000061 0.000219

C13 COMPOUNDS (DIESEL EXHAUST) 0.000211 0.000000 0.000211
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C2 ALKYLNAPTHALENE 0.000830 0.000620 0.000210

DIMETHYLHEXADIENE 0.000830 0.000620 0.000210

TRIMETHYLDECANE 0.000390 0.000188 0.000201

DIMETHYLETHYLCYCLOHEXANE 0.000720 0.000527 0.000193

DIMETHYLCYCLOBUTANONE 0.000506 0.000313 0.000193

METHYLHEXENES 0.000463 0.000275 0.000189

ETHER,TERT-BUTYL-METHYL 0.000000 0.000182 0.000182

BUTYL CARBITOL ACETATE 0.000000 0.000177 0.000177

DIHYDRONAPTHALENE 0.000498 0.000334 0.000164

ETHYLCYCLOPENTENE 0.000498 0.000334 0.000164

METHYLBUTENE 0.000498 0.000334 0.000164

TRIMETHY LINDAN 0.000498 0.000334 0.000164

BUTYRIC ACID 0.000000 0.000159 0.000159

ISOBUTYL ISOBUTYRATE 0.000000 0.000156 0.000156

BUTYROLACT ONE (4) 0.006418 0.006567 0.000150

HYDROXYPROPYL ACRYLATE 0.001302 0.001448 0.000147

DINITROT OLUENE (ALL ISOMERS) 0.001996 0.002140 0.000144

3-HEPTENE 0.000164 0.000021 0.000143

CIS-2-OCTENE 0.000164 0.000021 0.000143

VALERALDEHYDE 0.046982 0.047124 0.000142

ISOMERS OF TRIDECANE 0.000445 0.000314 0.000131

DIBUTYL ETHER 0.000290 0.000419 0.000130

TETRAMETHYLCYCLOBUTENE 0.000335 0.000206 0.000128

ISOVALERIC ACID 0.000819 0.000947 0.000128

C10H12 0.000332 0.000206 0.000126

C7 PARAFFINS 0.000332 0.000206 0.000126

C7H12O 0.000332 0.000206 0.000126

ETHYLINDAN 0.000332 0.000206 0.000126

METHYLCYCLOPENTADIENE 0.000332 0.000206 0.000126

PROPARGYL ALCOHOL 0.003513 0.003636 0.000123

C5 ALKYLBENZENES (U 0.000388 0.000266 0.000122

TRIMETHYLPENTADIENE 0.000388 0.000266 0.000122

DIMETHYLPENTENE 0.000166 0.000051 0.000115

ETHYLHEPTANE 0.000166 0.000051 0.000115

HEPTADIENAL 0.000166 0.000051 0.000115

METHYLCYCLOHEXADIENE 0.000166 0.000051 0.000115

METHYLHEPTYNE 0.000166 0.000051 0.000115

METHYL AMINE 0.044461 0.044571 0.000110

CHLOROPROPAN E (2) 0.001250 0.001359 0.000109

N-PROPYL CHLORIDE 0.001250 0.001359 0.000109

BENZOTHIAZOLE 0.000411 0.000314 0.000097

DIMETHYLBUTYLCYCLOHEXANE 0.000411 0.000314 0.000097

ALLYL ALCOHOL 0.014614 0.014526 0.000088

ETHYLPENTENE 0.000222 0.000138 0.000084

HEXADIENAL 0.000222 0.000138 0.000084

PENTENYNE 0.000222 0.000138 0.000084

TETRAMETHYLTHIOUREA 0.000395 0.000314 0.000081
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MEK PEROXIDE 0.000000 0.000081 0.000081

TOLUIDINE, O- 0.000976 0.001058 0.000081

C10H16 0.000829 0.000749 0.000080

DIMETHYLOCTYNE 0.000829 0.000749 0.000080

OCTAHYDROPENTALENE 0.000829 0.000749 0.000080

OCTANOL 0.000829 0.000749 0.000080

ETHY L-1,3-HEXANEDIOL,2- 0.000000 0.000079 0.000079

TRIMETHYLHEXANES 0.000776 0.000704 0.000072

2-BUTYLTETRAHYD ROFURAN 0.000183 0.000255 0.000072

METHYLISOPROPYLCYCLOHEXANE 0.000115 0.000045 0.000071

ETHYLHEXANOATE 0.000114 0.000043 0.000070

LIMONENE 0.000114 0.000043 0.000070

DIPROPYLENE GLYCOL METHYL 0.000000 0.000067 0.000067

BUTYL BENZYL PHTHALATE (BBP) 0.001211 0.001147 0.000064

OCTAHYDROINDENES 0.001478 0.001415 0.000064

BUTYNE 0.002897 0.002839 0.000058

HEXAM ETHY LENE-1, 6- 0.000000 0.000058 0.000058

C5 ALKYLPHENOLS 0.001464 0.001410 0.000055

PROPYLENE GLYCOL T-BUTYL 0.000728 0.000783 0.000054

DIHYDROXYNAPTHALENEDIONE 0.000052 0.000000 0.000052

DIMETHYLHEXANEDIOATE 0.000083 0.000032 0.000051

TETRAMETHYLHEXANE 0.000083 0.000032 0.000051

ETHYL-3-ETHOXYPROPIONATE 0.000000 0.000051 0.000051

PENTYLIDENECYCLOHEXANE 0.001344 0.001395 0.000050

NONADIENE 0.001462 0.001412 0.000050

EPOXY (1,2) PROPAN OL (3) 0.006987 0.006939 0.000048

FURFURYL ALCOHOL 0.000125 0.000077 0.000048

DIAMINOCYCLOHEXANE (1,3) 0.000000 0.000047 0.000047

DIMETHYLINDENE 0.000056 0.000012 0.000044

ETHYLBICYCLOHEPTANE 0.000056 0.000012 0.000044

METHYLBUTADIENE 0.000056 0.000012 0.000044

METHYLDIHYDRONAPHTHALENE 0.000056 0.000012 0.000044

OCTATRIENE 0.000056 0.000012 0.000044

DIMETHYLPENTANEDIOATE 0.000838 0.000794 0.000044

DICHLORO (1,3) PROPANOL (3) 0.004113 0.004157 0.000044

DIETHYLCYCLOHEXANE 0.004921 0.004879 0.000042

C12 OLEFINS 0.001035 0.000994 0.000041

ETHYLOCTENE 0.000075 0.000035 0.000040

DIMETHYLPENTANOL 0.000424 0.000385 0.000039

FLUORENE 0.000000 0.000038 0.000038

OCTAMETHYLCYCLOTETRASILOXA 0.000000 0.000038 0.000038

DIBUTYLAMINOETHANOL (2-N) 0.003290 0.003326 0.000037

CARENE,3- 0.002154 0.002118 0.000037

METHYLPROPYLNONANE 0.000063 0.000027 0.000036

METHYLNONENE 0.000058 0.000022 0.000035

ACETYLENE DICHLORIDE 0.004344 0.004377 0.000034

METHYLDODECANE 0.000046 0.000015 0.000031
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THIOPHENE 0.001642 0.001672 0.000030

DECENE,1- 0.008907 0.008876 0.000030

DIPHENYLMETHANE DIISOCYANATE 0.001158 0.001186 0.000029

BUTYRONITRILE 0.000000 0.000027 0.000027

DIMETHYLBENZYLALCOHOL 0.001283 0.001256 0.000027

DI-N-BUTYL PHTHALATE 0.000000 0.000025 0.000025

P-TOLUALDEHYDE 0.000022 0.000000 0.000022

DIMETHYLNAPTHALENE 0.000019 0.000000 0.000019

DIPHENYLETHANE 0.000019 0.000000 0.000019

DIVINYLBENZENE 0.000019 0.000000 0.000019

SILOXANE 0.000019 0.000000 0.000019

METHYL BROMIDE 0.003244 0.003262 0.000018

C5 ALKYL CYCLOHEXANE 0.000016 0.000000 0.000016

CHLORO HYDRIN 0.000614 0.000598 0.000016

2,3-DIMETHYLPENTANE 0.000133 0.000118 0.000015

EICOSANE 0.000014 0.000000 0.000014

NONADECANE 0.000027 0.000012 0.000014

2,3,3-TRIMETHYLPENTANE 0.000104 0.000092 0.000013

1-METHYL-3-ETHYLBENZENE 0.000102 0.000089 0.000012

2,3-DIMETHYLBUTANE 0.000071 0.000058 0.000012

METHYL-3-PENTANOL (2-) 0.000521 0.000510 0.000011

2,4-DIMETHYLHEPTANE 0.000010 0.000000 0.000010

SEC-BUTYLBENZENE 0.000010 0.000000 0.000010

DIMETHYLETHYLBENZOIC ACID 0.000010 0.000000 0.000010

HEX ADECANOIC ACID 0.000010 0.000000 0.000010

HENEICOSANE 0.000009 0.000000 0.000009

2,3,5-TRIMETHYLHEXANE 0.000009 0.000000 0.000009

1,2-DIETHYLBENZENE 0.000056 0.000050 0.000007

M-DIETHYLBENZENE 0.000056 0.000050 0.000006

ISOBUTYLBENZENE 0.000052 0.000046 0.000006

NEOHEXENE 0.001539 0.001533 0.000006

ISOVALERALDEHYDE 0.000005 0.000000 0.000005

1-METHYL-3-ISOPROPYLBENZENE 0.000037 0.000032 0.000005

2,2-DIMETHYLHEXANE 0.000005 0.000000 0.000005

HEXANAL 0.000026 0.000021 0.000005

PENTYLBENZENE 0.000024 0.000019 0.000004

N,N-DIMETHYLACETOACETAMIDE 0.000802 0.000799 0.000003

TRANS-3-HEXENE 0.000028 0.000024 0.000003

C16 BRANCHED ALKANE 0.000017 0.000014 0.000003

TRIMETHYLCYCLOPENTANONE 0.001241 0.001244 0.000003

CARYOPHYLLENE 0.000003 0.000000 0.000003

2,4,5-TRIMETHYLHEPTANE 0.000025 0.000022 0.000003

METHYLHEPTANOL 0.000002 0.000000 0.000002

1-METHYL-3-N-PROPYLBENZENE 0.000016 0.000014 0.000002

DIMETHYLOCTANOL 0.000002 0.000000 0.000002

CROTONALDEHYDE 0.000002 0.000000 0.000002

MET HYLENE(b)4- 0.000002 0.000000 0.000002
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DIMETHYLHEPTANOL 0.000002 0.000000 0.000002

METHOXYETHOXYETHANOL 0.000002 0.000000 0.000002

DIMETHYLHEXENE 0.000012 0.000010 0.000001

N-HEPTADECANE 0.000001 0.000000 0.000001

METHYLETHYLPENTANOATE 0.000001 0.000000 0.000001

4,4-METHYLENE DIANILINE 0.000001 0.000000 0.000001

3,5-DIMETHYLHEPTANE 0.000000 0.000000 0.000000

VINYL TOLUENE 0.002152 0.002152 0.000000

GLYOXYLIC ACID 0.001900 0.001900 0.000000

MET HYL PYRIDINE (3) 0.000930 0.000930 0.000000

DICHLOROMONOFLUOROMETHA 0.000735 0.000735 0.000000

2,2-DIMETHYLPROPANE 0.000000 0.000000 0.000000

2,3-DIMETHYL-1-BUTENE 0.000000 0.000000 0.000000

2-ETHYL-1-BUTENE 0.000000 0.000000 0.000000

3-METHYL-1-PENTENE 0.000000 0.000000 0.000000



Appendix B
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Figure B-1.  HGB 8 County NAA Ethylene Emissions (Tons/Day), New Speciation Methodology
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Figure B-2.  HGB 8 County NAA Ethylene Emissions (Tons/Day), Dec. 2002 Speciation Methodology
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Figure B-3.  HGB 8 County NAA Propylene Emissions (Tons/Day), New Speciation Methodology
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Figure B-4.  HGB 8 County NAA Propylene Emissions (Tons/Day), Dec. 2002 Speciation Methodology
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Figure B-5.  HGB 8 County NAA 1,3-Butadiene Emissions (Tons/Day), New Speciation Methodology
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Figure B-6.  HGB 8 County NAA 1,3-Butadiene Emissions (Tons/Day), Dec. 2002 Speciation Methodology
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Figure B-7.  HGB 8 County NAA Butenes (Tons/Day), New Speciation Methodology
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Figure B-8.  HGB 8 County NAA Butenes (Tons/Day), Dec. 2002 Speciation Methodology


