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IN THE UNITED STATES DISTRICT COURT
FOR THE WESTERN DISTRICT OF VIRGINIA

CHARLOTTESVILLE DIVISION
CLAUDE DAVID CONVISSER 9LE““fT%F:L‘;fé’ﬁgE,ﬁff\TifouHT
FiLE
and \
POP DIESEL AFRICA, INC,, "
Plaintiffs,

V.

UNITED STATES ENVIRONMENTAL

PROTECTION AGENCY, Civil Action No. 3 ° 2LoC\ 5

FONTAINE MODIFICATION COMPANY,

GFL ENVIRONMENTAL, INC,,

OPTIMUS TECHNOLOGIES, INC.,

AKTIEBOLAGET VOLVO a/k/a AB VOLVO,
and

VOLVO GROUP NORTH AMERICA, LLC,

Defendants
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COMPLAINT
Plaintiffs Claude David Convisser and POP Diesel Aftica, Inc. (“POP Diesel” or “the
Company”) (together “plaintiffs), by counsel,! state as their complaint under the Cledn Air Act

y

Chapter 85 of Title 42 of the United States Code, 42 U.S.C. sections 7401, et seq. (“Clean Air

'Counsel has carefully proofread this Complaint before filing it, yet continues to find new
typographical errors, spelling and basic grammatical etrors, cropping up. Any typos remaining
are the result of malicious software he is unable to rid his laptop computer of that gives
plaintiffs’ business opponents back channel access to his document creation.
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Act”), against defendants the United States Environmental Protection Agency (“EPA”), Fontaine
Modification Company, GFL Environmental, Inc., Optimus Technologies, Inc., and Aktiebolaget
Volvo a/k/a AB Volvo and Volvo Group North America, LLC for allowing light, medium and
heavy duty compression ignition (diesel) engines and motor vehicles to operate on biofuel or
biodiesel that generates excessive levels of nitrous oxides and sulfur dioxides in breach of
emissions standards, and for equipping them to operate and operating them thereon, as follows:

SUBJECT MATTER JURISDICTION

1. Original subject matter jurisdiction in this Court is premised on Title 28 U.S.C.

section 1331.

PERSONAL JURISDICTION

2. Defendant the United States Environmental Protection Agency (“EPA”) is
responsible for administering and enforcing the Clean Air Act across the United States of
America (“USA”), including within the geographical jurisdiction of the Charlottesville Division
of this Court.

3. As set forth in the section of this Complaint titled “Parties” below, all of the
defendants have transacted business within the geographical jurisdiction of this Court, engaged
in activities described herein therein, or combined to send their products into it in violation of the
Clean Air Act.

YENUE

4, Venue lies properly in this Court pursuant to Title 28 U.S.C. sections 1391(b)(2)

and 1391(b)(3).
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BIOFUEL AND BIODIESEL

5. “Biofuel” is a generic term that EPA uses to mean any fuel deriving from live
plant matter, as compared to fuel coming from fossilized matter. For the purposes of this lawsuit,
“biofuel” includes straight vegetable or fruit oil of the kind POP Diesel won EPA approval to sell
in 2013; biodiesel which is heavily processed from plant oil or animal fat changing the molecular
structure of its triglyceride molecule into fatty acid methyl esters (“FAMEs”); and hydro-
processed esters and fatty acids (“HEFAs™), made also by heavily processing triglyceride
feedstock by means of hydrogenating it, or combining it with hydrogen atoms.

6. According to a study commissioned by the European Commission, counting the
land use changes such as tearing down virgin tropical rainforest in Indonesia to plant palm oil
trees, the use of hazardous processing chemicals resulting in hazardous waste, and the high
energy input required for its manufacture, biodiesel is worse for the environment than petroleum,
which with other fossil fuels, is the primary cause of global warming.

http://euractive.com/section/climate-environment/news/biodiesel-worse-for-the-environment-

than-fossil-fuels-warn-green-campaigners/.

a. Similarly in Ghana and other tropical locales where POP Diesel seeks to
grow the jatropha curcas tree for the purpose of generating biofuel, its opponents are destroying
virgin tropical forest in a rushed attempt to preempt, displace and negate its project.

b. In the USA, federal support to farmers planting soy, the most common
feedstock used to make American biodiesel, is partially responsible for agricultural fertilizer run-
off draining into the Mississippi River that contributes oxygen-deprivation and a resulting marine

dead zone across a large swath of the Gulf of Mexico/America.
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c. On the other hand, there is enough soy grown in the USA that its oil, if
used as a substitute for fossil fuel crude petroleum, could account for around seven percent of
plastic and petro-chemical production in the USA, which itself comprises one-tenth of all
petroleum consumed in this country.

7. In 2022, the last year for which data for both fuels is publicly available, the
production volume of biodiesel in the United States was 1.62 billion gallons, or 2.6 percent of

the approximately 62 billion gallons of No. 2 petroleum diesel fuel sold for on-road use that year.

www.statista.com/statistics/509875/production-volume-of-biodiesel-in-the-us;

www.ela.gov/dnav/pet/pet_sum_mkt_dcu nus m.htm (both checked 11/2/25 at 10:51 p.m. E.T)).

The U.S. Energy Information Administration seems no longer to publish fuel prices after 2011;
assuming an average sales price of $3.50 per gallon that year, total sales of biodiesel were
approximately $5.7 billion.
PARTIES

8. Plaintiff Claude David Convisser is the Chairman and Chief Executive Officer of
plaintiff POP Diesel Africa, Inc., and at present, the sole shareholder in trust for subsistence
farmers around the tropica! world who will plant the jatropha curcas tree for use of its inedible
fruit seed oil as fuel to power diesel engines with POP Diesel’s EPA-approved, plant oil-enabling
equipment installed on them.

9. Liquid Environmental Solutions (“LES”) is a Texas corporation with its principal
place of business in Texas. It is not a defendant, but plaintiffs intend to join it as such, or seek
leave therefore, sometime after the expiration of sixty days following notice sent it of violations

of the Clean Air Act, if the provisions of 42 U.S.C. section 7604(b)(1) at that time so authorize.
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10.  With EPA’s condonation made in breach of its non-discretionary duty to regulate
biofuel to prevent excessive, hazardous emissions from combustion:
a. LES sells “biofuel” EPA has approved for combustion in diesel engines
equipped with an after-market alternative fuel conversion system manufactured by defendant
Optimus Technologies, Inc. (“the Optimus kit™). See spreadsheet titted Conversion systems for

outside useful life vehicles or engines, line 50, at https://www.epa.gov/ve-certification/lists-epa-

compliant-alternative-fuel-conversion-systems#outside-useful-life (“EPA QUL conversion

approvals™).

b. LES’s biofuel is derived from brown grease (“brown grease fuel”).

c. This brown grease fuel is made by filtering and removing the moisture
from grit trap grease that collects in the wastewater drains of restaurants, which restaurant traps
LES is in the business of cleaning and collecting from nationwide.

d. Brown grease is distinguished from “yellow grease,” which is waste
cooking oil from the restaurant fryer that is not washed down the drain.

e. Due to detergent soap that washes down the restaurant drain, brown grease
fuel is extremely high in sulfur content, which puts emissions of it when combusted, and of any
biodiesel derived from it, in breach of regulatory limits adopted under the Clean Air Act for
sulfur dioxides and their derivatives, a formative ingredient of smog pollution.

f. In addition, this brown grease futel likely comes from cooking oils used in
restaurant kitchens, such as the most common plant oil, soy, used therefore, that produce
excessive nitrous oxides (NO2) emissions when combusted, nitrogen oxides being another
formative ingredient of smog pollution that are subject to EPA regulations adopted pursuant to

the Clean Air Act.
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g. For the reasons stated in subparagraphs (e) and (f) foregoing, use of this
brown grease fuel or any biodiesel derived from it renders diesel trucks and cars equipped after-
market to run on this brown grease fuel, or any admixture of biodiesel derived from it and
petroleum diesel fuels, in violation of the proscription set forth in 42 U.S.C. section 7522(a)(3)
against tampering with original engine equipment emissions-certified by EPA which results in
their emissions’ becoming non-compliant with the Clean Air Act. 42 U.S.C. § 7522(a)(5).

h. Upon information and belief, LES supplies its brown grease fuel or
biodiesel derived from it from its facility in Yorktown, Virginia.

i LES supplies its brown grease fuel nationwide, or any admixture of
biodiesel derived from it and petroleum diesel fuels, to the trucks equipped with the Optimus kit
of defendant GFL Environmental, Inc., including those trucks operating within the geographical
jurisdiction of this Court.

11.  Defendant Fontaine Modification Company (“Fontaine™) is a Delaware
corporation with its principal place of business in North Carolina that does after-market
installation of alternative fuel systems on diesel trucks, among other services it offers to trucking
fleets.

a. As of May 30, 2024, Fontaine was installing the Optimus kit on “hundreds
of new orders” at its eleven engine modification centers around the USA, according to its
website.

b. Upon information and belief, Fontaine installs the Optimus kit at its
installation facilities in Dublin, Virginia and Salem, Virginia, both within the geographical

jurisdiction of this Court.
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12.  Defendant GFL Environmental, Inc. (“GFL”) is a Canadian corporation with its
corporate headquarters in the area of Toronto, Ontario.

a. GFL claims to be the fourth largest diversified environmental services
company in North America.

b. GFL has had the Optimus kit installed after-market on some of its solid
waste collection trucks for which Optimus kit installation EPA, in breach of its nondiscretionary
duty set forth below, gave Optimus approval in 2014.

c. GFL has refuse collection and trucking facilities in Troy, Virginia and
Ruckersville, Virginia, from which some of these trucks operate, within the geographical
jurisdiction of this Court.

d. GFL has the Optimus kit installed on other of its 7,100+ trucks based at
any of its landfills, transfer stations, organic facilities, and waste separation and recycling centers
in the United States and Canada. These may include new Volvo and Freightliner models it owns
that are part of the Optimus testing exemption program, installed by Fontaine, discussed below.

13.  Defendant Optimus Technologies, Inc. is a Pennsylvania corporation with its
principal place of business in Pittsburgh.

a. Optimus was the second company, in 2014 after POP Diesel in 2013, to
win EPA approval to instal! and sell after-market equipment, which EPA calls a “clean alternative
fuel conversion system,” enabling a diesel truck to run on 100 percent plant-based fuel. See EPA
OUL conversion approvals, lines 50, 52 and 53 (“Plant Oil Powered [POP] Diesel Fue! Systems,
Inc.”).

b. Optimus’s original 2014 EPA approval was to retrofit trucks having the

2004 model year, 7.6-liter International engines. EPA OUL conversion approvals, line 50.



Case 3:26-cv-00005-JHY-CKM  Document1 Filed 01/20/26 Page 8 of 25
Pageid#: 8

C. In addition, upon information and belief, EPA has granted Optimus a
testing exemption under 42 U.S.C. section 7522(b)(1) to install its alternative fuel conversion
system on new, Class 8 Volvo VNR Sleeper and Freightliner Cascadia Sleeper Trucks.

https://share.hsforms.com/19.2zJL1nl IT0S00uGDal PPX Anuumy and

www.pmewswire.com/newsr-releases/proven-decarbonization-technology-available-on-new-

class-8-trucks-302159788.html (“Optimus News Release” dated May 30, 2024 and checked
11/2/25).

d. Optimus supplies its kit to Fontaine for installation on trucking customers
like GFL.

15, Defendants Aktiebolaget Volvo a/k/a AB Volvo, the Swedish parent corporation,
and Volvo Group North America, LLC, a Delaware corporation headquartered in North Carolina,
own and operate Volvo Trucks in North America (together “Volvo™).

a. Volvo sells diesel trucks in the USA, including within the geographical
jurisdiction of this Court.

b. Volvo permitted Optimus to secure an emissions testing exemption to
install the Optimus kit on one model of its new trucks, the Class 8 Volvo VNR Sleeper, which

installations Fontaine are performing.

EPA’S NONDISCRETIONARY DUTIES

16.  The Clean Air Act vests in EPA certain non-discretionary duties relevant hereto.
These include:
a. Issuing a certificate to a manufacturer of a new motor vehicle or engine
for sale or introduction into commerce only if emissions resulting therefrom conform to

regulations adopted under 42 U.S.C. section 7521 of the Clean Air Act. 42 U.S.C. § 7525(a).
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b. Authorizing conversion of a motor vehicle or engine “for use of a clean
alternative fuel” only if “such vehicle complies with the applicable [emissions] standards under
f42 U.S.C.] section 7521 [] when operating on such fuel.” 42 U.S.C. § 7522(a)(5).

c. Applying “adjustment factors that the Administrator deems appropriate to
assure that each vehicle or engine [actually in use] will comply during its useful life with”
emissions standards prescribed under 42 U.S.C. section 7521. 42 U.S.C. § 7525(a)(1).

d. For a fuel or fuel additive that EPA has chosen to register pursuant to 42
U.S.C. section 7545(a), requiring the fuel or fuel additive manufacturer “on a regular basis” to
test for “the potential public health and environmental effects of the fuel or additive.” 42 U.S.C.
§ 7545(b)(2).

€. Treating biodiesel as “a fuel substitute produced from nonpetroleum
renewable resources that meets the registration requirements for fuels and fuel additives [] under
section 7545, thereby invoki-ng EPA’s nondiscretionary duty set forth in the preceding
subparagraph (d). 42 U.S.C. § 13220(f)(1).

f. If EPA determines that a combustion emission has serious, negative
“potential public health and environmental effects” or as otherwise dictated by the Clean Air Act:
issuing a National Ambient Air Quality Standard, as EPA has done for both nitrous oxides and
sulfur dioxides and their derivatives. 42 U.S.C. §§ 7409 and 7545(b)(2).

g Prescribing combustion emissions standards under 42 U.S.C. section 7521
designed to attain and satisfy the National Ambient Air Quality Standards (“NAAQS”).

h. Using EPA’s plenary authority under 42 U.S.C. sections 7414, 7521,

7542(a), 7545, and 7601(a) to forbid a fuel that EPA has chosen not to register pursuant to 42
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U.S.C. section 7545(a) from being sold and entering commerce that EPA knows exceeds
combustion emissions standards designed to attain and satisfy NAAQS.
LEGAL CLLAIMS

17.  This lawsuit is authorized against EPA by 42 U.S.C. section 7604(a)(2) and
against the other defendants by 42 U.S.C. section 7604(a)(1).

18.  Pursuant to 42 U.S.C. section 7604(b)(1), plaintiffs, copying the relevant Virginia
state authority, provided all defendants with written notice of allegations of their violations of the
Clean Air Act longer than sixty days before plaintiffs filed this Complaint. These written notices
are attached to this Complaint as Exhibit 1 and are incorporated by reference herein.

19.  Particular NO2 emissions standards EPA is facilitating violation of and the five
other defendants are alleged below to have violated are stated in the “Final Rule for Phase 1
Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and Heavy-
Duty Engines and Vehicles,” published September 15, 2011 and applicable starting in model
year 2014; “Final Rule for Phase 2 Greenhouse Gas Emissions Standards and Fuel Efficiency
Standards for Medium- and Heavy-Duty Engines and Vehicles,” adopted October 25, 2016 and
applicable to model years 2018 to 2027; EPA Final Rule “Control of Air Pollution from New
Motor Vehicles: Heavy-Duty Engine and Vehicle Standards,” adopted December 20, 2022 and
applicable to model years 2027 and beyond; and corresponding regulations adopted for nonroad

engines and vehicles pursuant to 42 U.S.C. section 7547.

10
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COUNT 1

AGAINST THE U.S. ENVIRONMENTAL PROTECTION AGENCY FOR BREACH
OF ITS NON-DISCRETIONARY DUTIES UNDER THE CLEAN AIR ACT

42 U.S.C. § 7604(b)(1)
20.  Plaintiffs reiterate paragraphs 1 through 19 above and incorporate them by
reference as if restated herein.

Factual Allegations

EPA’s Blind Eye Turned towards the Nitrous Oxides Emissions Compliance
of Biofuel and Biodiesel Running in Diesel Engines

21.  EPA knows that the source plant or animal oil has a significant effect on
emissions outcomes from biodiesel. EPA, A Comprehensive Analysis of Biodiese] Impacts on

Exhaust Emissions, Draft Technical Report, EPA420-P-02-001, October 2002, pages 51-52

(excerpt, Exhibit 2).

a, EPA'’s statistical analysis of 39 biodiesel emissions studies found that
nitrous oxides (“NO2”) emissions were, on average and without attribution to any source
feedstock, 10 percent higher for B-100 (100 percent) biodiesel than petroleum diesel fuel. David
Korotney, EPA Analysis of the Exhaust Emissions Impacts of Biodiesel: Presentation to the
Mobile Source Technical Advisory Subcommittee, October 16, 2002 (“EPA Statistical
Analysis™), slide 7 (excerpt, Exhibit 3). These biodiesel emissions results were different
depending on whether the fuel derived from soybean oil, rapeseed (Canola) oil, or animal fats.
EPA Statistical Analysis (Exhibit 3), slides 8 and 13.

b. According to the National Renewable Energy Laboratory of the U.S.
Department of Energy (“NREL”), there is a great variability in NO2 emissions, depending on the

source content of biodiesel feedstock. Bob McCormick, Effect of Biodiesel on Pollutant

11
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Emissions (for the Biodiesel Utilization Workshop in Boise, Idaho on September 9, 2004),
NREL (“NREL Report™), slides 11 and 16 (excerpt, Exhibit 4).
c. The number of double carbon bonds in a biodiesel molecule “can have a

large effect on biodiesel properties.” NREL Report (Exhibit 4), slide 9.

i The number of double carbon bonds is measured by reacting them
with iodine, giving an Iodine Value. Id.

ii. A higher Jodine Value indicates plant oil or biodiesel that is more
highly unsaturated with hydrogen atoms that will, therefore, produce higher NO2 emissions. Id.
(Exhibit 4), slides 9-12.

iii, NREL reports NO2 neutrality of a sample of plant oil or biodiesel,
meaning no higher or lower NO2 emissions than petroleum diesel fuel, at an lodine Value of 95.
Id. (Exhibit 4), slide 13.

iv. Soy plant oil’s lodine Value is typically greater than 120. Id.

v. Inedible fruit seed oil of the tropical jatropha curcas tree that POP
Diesel tested had an lodine Value of 82.2. Intertek Report No. US 621-11262 (Exhibit 5).

Vi. Palm oil is a more highly saturated plant oil that will therefore,
have a lower lodine Value. NREL Report (Exhibit 4), slide 10.

vii.  Biodiesel processed from animal fat may produce no higher NO2
emissions than petroleum diesel does. NREL Report (Exhibit 4), slide 9.

viii.  If biodiesel is processed from waste cooking oil, which accounts
for approximately one-ninth of the biodiesel manufactured in the USA, the nitrous oxides
emissions could be anywhere on the scale, since waste cooking oil can come from all manner of

animal and plant oil feedstock and an infinite variety of mixtures of them. U.S. Energy

12
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Information Administration, Composition of Feedstock for Annual Production of FAME
Biodiesel (as reported on the farmdocdaily website at the University of Illinois) (Exhibit 9).
d. EPA was and is aware of the NREL report. Exhibit 4.

22.  If a sample or batch of biodi.esel 1s uniformly from a particular source feedstock
of pure plant oil, the NO2 emissions, and whether they exceed the tipping point Iodine Value of
95, will depend on the soufce plant of the oil and the proportion of blending of plant oil
feedstocks therein.

23.  Transesterification of triglyceride / plant oil molecules into biodiesel does not
change the number of double carbon bonds.

24.  Therefore, the Iodine Value in the source feedstock of biodiesel will be the same
as with the final fuel.

25.  Therefore, the foregoing evidence of the variability of NO2 emissions will apply
to biodiesel processed from a pure plant oil or other triglyceride feedstock, in the same way as
they do to the feedstock itself.

EPA’s Seminal Failure to Screen for Excessive Nitrous Oxides Emissions from Biodiesel

26.  Fora fuel that EPA has chosen to register pursuant to 42 U.S.C. 7545(a), EPA
regulations prescribe three levels of emissions testing. 42 U.S.C. § 7545(b); 40 C.F.R. §§ 79.1,
et seq. Tier 1 testing occurs at the outset of the fuel registration process, and Tier 2 and if EPA
requires it, Tier 3 testing are follow-on.

27.  From the results of Tier ] testing for biodiesel that the National Biodiesel Board
submitted to EPA pursuant to 42 U.S.C. 7545(b) in January 1998, prepared by Christopher A.
Sharp of the Automotive Products and Emissions Research Division of the Southwest Research

Institute (“SWRI”) and approved by its Director Chris T. Hare (“NBB Biodiesel Tier 1 Testing”)

13
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(Exhibit 6), it is apparent that EPA failed to ascertain and monitor for the source of feedstock
used, to be able to measure the varying results for NO2 according to its source feedstock.
a. This data (Exhibit 6) provided EPA for biodiesel does not identify the
source feedstock.
b. However, pursuant to mandatory Tier | testing of NO2 emissions under 40
C.F.R. 79.52(b)(2)(1), the single source of neat biodiesel used therefore produced Transient NO2
Emissions that were 10 percent higher than when the same test engine was running on No. 2
petroleum diesel fuel, on average 5.17 versus 4.57 g/hp-hr. NBB Biodiesel Tier 1 Testing
(Exhibit 6), page 9, Table 3.
28.  Tier 2 data on biodiesel prepared by Lovelace Respiratory Research Institute
dated May 22, 2000 that the National Biodiesel Board submitted to EPA pursuant to 42 U.S.C.
7545(b) identified the biodiesel feedstock tested as soy, but tested and measured NO2 emissions
according to health standards (parts per million), rather than emissions standards (grams per
horsepower-hour) promulgated under 42 U.S.C, 7521. Excerpt, Exhibit 7, at 3 of Executive
Summary and at 32 of Final Report.
29.  Therefore, the sole data that EPA had before it measuring biodiesel’s compliance
with the mandate stated at 42 U.S.C. 13220(f)(1) to satisfy the registration requirements of 42
U.S.C. 7545 showed NO2 emissions of nondescript neat biodiesel to be 10 percent higher than
petroleum diesel fuel’s.

EPA’s Continuing, Willful Violation of Its Nondiscretionary Statutory Duty
to Constrain NO2 Emissions from 100 Percent Biodiesel or “Biofuel”

30.  Ten years after in 1998 EPA gave the National Biodiesel Board a pass on its Tier
1-reported excessive NO2 emissions, and several years after EPA’s and NREL's own studies

reported above that the source feedstock of biodiesel was determinative of NO2 emissions, in

14
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June 2008, Nextfuels submitted to EPA fresh Tier | data for its biodiesel, again with testing done
by SWRI (“Nextfuels’ Biodiesel Tier 1 Testing”) (excerpt, Exhibit 8).

31.  Nextfuels’ Biodiesel Tier 1 Testing utilized biodiesel made from palm oil, which
because of its high hydrogen saturation, produced NO2 emissions no worse than petroleum
diesel fuel’s. Nextfuels’ Biodiesel Tier 1 Testing (Exhibit 8), at vii and 19.

32. By that time, EPA knew that palm oil was not representative of the vast bulk of
biodiesel on the American market coming from unsaturated plant oil and fat sources that would
produce higher NO2 emissions than petroleum diesel fuel and thereby, violate emissions
standards. Exhibit 9.

33.  EPA failed to act on the confirmation in Nextfuels’ Biodiesel Tier 1 Testing
(Exhibit 8) of its own Statistical Analysis showing that while biodiesel typically produced 10
percent higher NO2 emissions than petroleum diesel fuel, emissions results varied by feedstock
source. Exhibit 3, slides 7, 8 and 13.

34.  Asaresult, with a green light from EPA’s willful disregard of its oversight
responsibility, Nextfuels was free then to manufacture biodiesel from the most widely available
feedstocks in the United States, soy oil and waste yellow grease, which produce significantly
higher NO2 emissions than petroleum diesel fuel and render an engine noncompliant with
emissions standards, just as other biodiesel manufacturers reliant on the National Biodiesel
Board’s original Tier I and 2 testing noncompliant with NO2 emissions standards were doing.

EPA’s Concealment in Defiance of lts Nondiscretionary Statutory Duty
to Constrain NQ2 Emissions from 100 Percent Biodiesel or Generic Biofuel

35.  When POP Diesel brought the foregoing topic to EPA’s attention informally in
August 2014, specifically the need to test, measure and report the Iodine Value of the biodiesel

or biofuel or its feedstock source as a surrogate for nitrous oxides emissions, EPA officials
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pointed the finger at each other and then banned further communications with him on this
subject.

a. First, on August 4, 2014, Dr. Fakhri J. Hamady, Technical Advisor on
Engines in the Ann Arbor, Michigan Compliance Division of EPA’s Office of Transportation &
Air Quality (*OTAQ”), directed POP Diesel to Jim Caldwell of EPA’s Fuel Compliance Center.

b. Then on August 7, 2014, Jim Caldwell responded, “[TThis is an
issue for the engine folks in Ann Arbor. Ideal with fuel composition and rely on the experts in
Ann Arbor with respect to an engine’s emissions performance.”

c. When Claude Convisser sought a teleconference with these and related
EPA staff to try to see if everyone was on the same page, on August 13, 2014, Justin G. Greuel,
Director of EPA’s Diesel Engine Compliance Center, responded in writing, noting that he was
copying the Director of the Fuels Compliance Center, Mr. John Weihrauch, and the Director of
the Light-Duty Vehicle Center, Mr. Linc Wehrly:

[Your] topic[] do[es] not fall within our Centers’ area of expertise

or authority. Given the significant workload in front of our teams

with implementing current regulatory programs, we respectfully

decline your meeting request. Similarly, we are directing our staff

not to respond to other questions on this matter.

36.  While the information stated above in EPA and NREL documents may have come
to EPA after the National Biodiesel Board on behalf of biodiesel fuel manufacturers submitted
their Tier 1 emissions performance admitting worse NO2 emissions than petroleum diesel fuel,
even counting the excessive NO2 emissions stated therein as a one-off aberration, they put EPA
on inquiry notice.

a. EPA’s nondiscretionary duty pursuant to 42 U.S.C. 7545(b) “on a regular

basis” to test or require manufacturers of biodiesel to test for NO2 emissions is inescapable.

16
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b. The reference in the definition of “biodiesel” stated in 42 U.S.C.
13220(f)(1) to “meet[ing] the registration requirements for fuels and fuel additives [] under
section 7545[(b)]” must be given some meaning.

C. If EPA contends that a one-time submission of Tier 1 data pursuant to 40
C.F.R. 79.52(b)(2)(i) at the beginning of a fuel’s use and introduction to the market, a
submission that showed noncompliance, no less, followed ten years later by testing solely on
palm oil biodiesel known to produce extraordinary favorable NO2 emissions results, suffices to
satisfy EPA’s nondiscretionary statutory duty “on a regular basis” to test or require testing under
42 U.S.C. 7545(b), then EPA by its own knowledge and come 2014, its concealment of its
knowledge, demonstrated awareness of its breach thereof, rendering engine and motor vehicle
certificates and approvals granted thereon void ab initio.

Elements of Law

37.  The requirement for fuel testing stated in 42 U.S.C. section 7545(b), as applied by
42 U.8.C. section 13220(£)(1) to biodiesel, is rendered meaningless if the sole data before EPA
was of a biodiesel fuel that produced worse NO2 emissions than petroleum diesel fuel, and EPA
ignored this fact in order to give approval to the National Biodiesel Board’s Tier 1 testing.

a. In other words, EPA failed in its nondiscretionary duty by allowing
biodiesel for sale which it knew from the very beginning would produce worse NO2 emissions
than baseline petroleum diesel fuel.

b. Since emissions standards have got progressively more demanding and
restrictive over the years leading to 2025, and EPA planned for them to get tighter, EPA would
have known that “worse than petroleum diesel” would mean biodiesel’s causing engines and

motor vehicles to exceed and violate emissions standards.

17
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38.  The Clean Air Act grants EPA plenary legal authority to regulate fuel content,
characteristics and measurements, as they relate to combustion emissions, and to require the
collection and storage of data. 42 U.S.C. 7414, 7521, 7542(a), 7545, and 7601(a) (identified in
the Final Rule published at 85 Fed. Reg. 78412, at 78465 (Dec. 4, 2020), as authority underlying
part 80, Registration of Fuels and Fuel Additives, of Title 40 of the Code of Federal
Regulations).

39.  However, EPA generally has deferred to fuel standards and test specifications
developed by the private, non-profit organization ASTM International’s Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants (“ASTM’s Petroleum Products Committee™).

a. See, e.g., Virginia Code section 59.1-167.1 (referring to the Uniform Fuels
and Automotive Lubricants Regulation published by the National Institute of Standards and
Technology in Handbook 130, which incorporates by reference ASTM fuel standards).

b. Yet ASTM’s Petroleum Products Committee does not consider emissions
to be an element of a fuel’s performance, and is in the process of, or has already completed,
removing all emissions-centric characteristics and test measurements, such as for aromatics,
from its foundational standard for petroleum diesel fuel adopted by reference in most states’ law,
ASTM D-975 Standard Specification for Diesel Fuel.

40.  Nonetheless, EPA has exercised its plenary authority to require fuel testing in the
past. For instance, EPA requires fuel manufacturers to measure the aromatic content of
petroleum diesel fuel at the point of manufacture, for sole use in determining the legality of the
fuel’s volatile organic compounds and particulate matter emissions for sale of the fuel on the

market. 40 C.F.R. 1090.1350(b)(2).
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41.  There is no reason pertaining to, or excuse from, EPA’s nondiscretionary duties
why the Agency cannot, did not, and does not also mandate measurement of the biodiesel, or its
feedstock’s, lodine Value as a predictor of emissions-compliant NO2.

42.  There is no reason pertaining to, or excuse from, EPA’s nondiscretionary duties
why the Agency cannot, did not, and does not also mandate measurement of a generic biofuel’s
Iodine Value as a predictor of emissions-compliant NO2, which generic biofuel EPA permits
also in breach of its nondiscretionary duty to be run in diesel engines bearing the alternative fuel
conversion system developed and sold by Optimus.

43.  EPA’s differential treatment of POP Diesel is curious as it pertains to this topic.
It was the first, in 2013, to seek approval from EPA to run select, outside-useful life engines
alternatively on No. 2 petroleum diesel fuel and 100 % plant-based fuel. After POP Diesel twice
passing laboratory emissions testing, the two United States Senators from the state where the
Company then had its headquarters had to‘ intervene to inquire why EPA had not issued its
approval and prompt it to so issue.

a. Initially, EPA gave POP Diesel approval to run these engines on
nondescript plant oil.

b. However, then Steve DeBord of EPA’s Transportation and Air Quality
Compliance Division, Diesel Engine Compliance Center, limited this approval to solely the kind
of plant oil the Company had tested with, inedible fruit seed oil of the jatropha curcas tree.

C. This limitation of EPA’s approval to the source of plant oil feedstock,
Jatopha, that POP Diesel had tested with was correct by the law and the fact of emissions

variability according the particular source feedstock.
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d. However, EPA has failed to adopt the same approach with the copycat
business model of Optimus that promotes the use of generic biofuel, which as LES has shown,
can be waste material that grossly breaches emissions standards, or biodiesel heavily processed
from plant oil, instead of the inexpensive, pure plant oil to which POP Diesel is dedicated.

44.  In violation of its nondiscretionary duty under 42 U.S.C. 7545(a) and (bj, EPA
fails to test, or to require biodiesel and diesel biofuel manufacturers “on a regular basis” to test
for, and comply with, nitrous oxides and sulfur dioxides vehicle emissions standards, when it
knows that the Tier 1 and Tier 2 testing results with regards to nitrous oxides and sulfur dioxides
are inapposite or vacuous. 42 U.S.C. § 7545(b)(2).

45.  EPA violates its other nondiscretionary duties stated herein by permitting
biodiesel and generic biofuel to run in diesel engines that it knows produce combustion
emissions that do not comply with regulations adopted pursuant to 42 U.S.C. section 7521, as
follows:

a. EPA issues certificates or verifications to a manufacturer of a new motor
vehicle or engine for sale or introduction into commerce knowing that emissions resulting
therefrom when the engine is running on biodiesel or generic biofuel will not conform to
regulations adopted under 42 U.S.C. section 7521 of the Clean Air Act. 42 U.S.C. § 7525(a).

b. EPA authorizes conversion of motor vehicles or engines “for use of a clean
alternative fuel” knowing that “such vehicle [will not] compl[y] with the applicable [emissions]
standards under [42 U.S.C.] section 7521 [] when operating on such fuel.” 42 U.S.C. §
7522(a)(5).

c. EPA fails to apply and enforce “adjustment factors that the Administrator

deems appropriate to assure that each vehicle or engine [actually in use] will comply during its
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useful life with” emissions standards prescribed under 42 U.S.C. section 7521. 42 U.S.C. §
7525(a)(1).

d. For its failure to satisfy its nondiscretionary duty to require testing “on a
regular basis™ that is not inapposite or vacuous, EPA fails to treat biodiesel as “a fuel substitute
produced from nonpetroleum renewable resources that meets the registration requirements for
fuels and fuel additives [] under section 7545.” 42 U.S.C. § 13220(f)(1).

e. EPA defies its nondiscretionary duty to authorize only a fuel, a fuel
additive, and original and after-market engine equipment that satisfy emissions standards for
nitrous oxides and sulfur dioxides and do not contribute excessively, beyond regulatory
standards, to the “potential public health and environmental effects” which the National Ambient
Air Quality Standards therefore are intended to mitigate. 42 U.S.C. §§ 7409 and 7545(b)(2).

f. EPA fails to use its plenary authority under 42 U.S.C. sections 7414, 7521,
7542(a), 7545, and 7601(a) to satisfy its nondiscretionary duty to forbid biodiesel and generic
biofuel that EPA has chosen not to register pursuant to 42 U.S.C. section 7545(a) from being sold
and entering commerce, when EPA knows such fuel causes engines to exceed combustion
emissions standards designed to attain and satisfy NAAQS.

46.  For its foregoing breaches of non-discretionary duty, EPA is liable to be subject to

appropriate temporary, preliminary, and final injunctive relief.
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COUNT 2

AGAINST FONTAINE MODIFICATION COMPANY, OPTIMUS TECHNOLOGIES
INC., GFL. ENVIRONMENTAL, INC., AND AKTIEBOLAGET VOLVO A/K/A AB
VOLVO AND VOLVO GROUP NORTH AMERICA, LLC FOR TAMPERING WITH
ORIGINAL ENGINE EQUIPMENT BY INSTALLATION OF AN ALTERNATIVE
FUEL CONVERSION SYSTEM ON ENGINES IN ACTUAL USE THAT 42 U.S.C.
SECTION 7522(a)(3) PROHIBITS FOR THEIR FAILURE TO COMPLY WITH THE
APPLICABLE NITROUS OXIDES AND SULFUR DIOXIDES STANDARDS
PROMULGATED UNDER 42 U.S.C. SECTION 7521

’

47.  Plaintiffs reiterate paragraphs 1 through 46 above and incorporate them by
reference as if restated herein.

48.  Because defendants Fontaine, GFL, Optimus and Volvo participate in installing
the Optimus kit on diesel engines after-market or in actual use knowing that these engines will
run on biodiesel or generic biofuel that fails to meet emissions requirements under 42 U.S.C.
section 7521, these defendants:

a. do not have “the purpose of [] convert[ing such] motor vehicle for use of a
clean alternative fuel” as defined in the Clean Air Act, 42 U.S.C. § 7522(a)(5), and;

b. such motor vehicles, “when operating on such fuel,” fail to comply with
the applicable standard under 42 U.S.C. section 7521. 42 U.S.C. § 7522(a)(5).

49.  Therefore, the acts complained of by these defendants are prohibited by 42 U.S.C.
section 7522(a)(3).

50.  Asaresult, each of the defendants named in this Count 2 is subject to the civil
penalties set forth at 42 U.S.C. section 7524(a) of $2,500 or $25,000 per engine, motor vehicle,
part or component, as the case may be.

51.  Optimus states on its website that it “has established trusted partnerships with

OEMs, modification centers, and national refueling providers.” Therefore, it is in a position to
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provide information as to others contributing to breaches of the same standards, limitations or
orders it is violating.

52.  These defendants are subject to appropriate temporary, preliminary and final
injunctive relief.

COUNT 3
AGAINST FONTAINE MODIFICATION COMPANY, OPTIMUS TECHNOLOGIES,
INC., AND AKTIEBOLAGET VOLVO a/k/a AB VOLVO AND VOLVO GROUP NORTH
AMERICA, LLC FOR SELLING OR INTRODUCING INTO COMMERCE NEW
MOTOR VEHICLES AND ENGINES THAT ARE NOT AND CANNOT PRESENTLY BE
COVERED BY AN EPA CERTIFICATE OF CONFORMITY ISSUED UNDER
REGULATIONS PRESCRIBED UNDER THE CLEAN AIR ACT
42 U.S.C. § 7522(a)(1)

53.  Plaintiffs reiterate paragraphs 1 through 52 above and incorporate them by
reference as if restated herein.

54.  Defendants Optimus, Fontaine and Volvo participate in installing the Optimus kit
on new Volvo and Freightliner diesel engines knowing, for failure to track its or its source
feedstock’s Jodine Value, that these engines will run on biodiesel or generic biofuel that fails to
meet emissions requirements under 42 U.S.C. section 7521.

55.  Without regulating the Iodine Value of the source feedstock for biodiesel or
generic biofuel, EPA cannot and could not issue any certificate of conformity to the engine or
motor vehicle manufacturer pursuant to 42 U.S.C. section 7522(a)(1) following the termination
of such testing exemption that would assure compliance with nitrous oxides and sulfur dioxides
emissions standards.

56.  Therefore, any testing exemption EPA has given these defendants pursuant to 42

U.S.C. section 7522(b)(1) is illusory, premised on an impossible outcome, and invalid.
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57.  Asaresult, each of the defendants named in this Count 3 is subject to the civil
penalties set forth at 42 U.S.C. section 7524(a) of $25,000 per engine or motor vehicle.

58.  Inaddition, these defendants are subject to appropriate temporary, preliminary
and final injunctive reljef.

COUNT 4
AGAINST AKTIEBOLAGET VOLVO a/k/a AB VOLVO AND YOLVO GROUP NORTH
AMERICA, LLC FOR SELLING OR INTRODUCING INTO COMMERCE NEW
MOTOR VEHICLES AND ENGINES THAT ARE NOT AND CANNOT PRESENTLY BE
COVERED BY AN EPA CERTIFICATE OF CONFORMITY ISSUED UNDER
REGULATIONS PRESCRIBED UNDER THE CLEAN AIR ACT
42 U.S.C. § 7522(a)(1)

59.  Plaintiffs reiterate paragraphs 1 through 58 above and incorporate them by
reference as if restated herein.

60.  Because defendant Volvo has certificates from EPA for the new diesel trucks and
cars it sells and EPA permits these diesel engines to fuel with biodiesel intended to meet the
definition of 42 U.S.C. section 42 U.S.C. 13220(f)(1) but failing to do so, these certificates of
conformity are invalid, as failing to satisfy regulations promulgated under 42 U.S.C. section
7521(a).

61.  Without regulating the Iodine Value of the source feedstock for biodiesel or
generic biofuel, EPA cannot and could not issue any certificate of conformity to the engine or
motor vehicle manufacturer pursuant to 42 U.S.C. section 7522(a)(1) that would assure
compliance with nitrous oxides and sulfur dioxides emissions standards.

63.  Any certificate of conformity EPA has given Volvo for such engines are illusory,

based on a false premise, and invalid.
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IN THE UNITED STATES DISTRICT COURT
FOR THE WESTERN DISTRICT OF VIRGINIA
CHARLOTTESVILLE DIVISION

Listing of All the Defendants

CLAUDE DAVID CONVISSER
and

POP DIESEL AFRICA, INC.,
Plaintiffs,

V.

UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY,

FONTAINE MODIFICATION COMPANY,

GFL ENVIRONMENTAL, INC,,

OPTIMUS TECHNOLOGIES, INC.,

AKTIEBOLAGET VOLVO a/k/a AB VOLVO,
and

VOLVO GROUP NORTH AMERICA, LLC,

Defendants
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Claude David Convisser

Attorney at Law
cdc@popdiesel.com P.O. Box 7206 tel. 703-438-0071
Charlottesville, Virginia 22906
November 4, 2025
Administrator Lee Zeldin
United States Environmental Protection Agency  Colin N, Huwyler
William Jefferson Clinton Building President
Mail Code: 1101A Optimus Technologies, Inc.
1200 Pennsylvania Avenue, N.W. 4551 Forbes Ave., Suite 200
Washington, D.C. 20460 Pittsburgh, Pennsylvania 15208
Jamil Young Patrick Dovigi
President Chief Executive Officer
Fontaine Modification Company GFL Environmental, Inc.
8810 Old Dowd Road 100 New Park Place, Suite 500
Charlotte, North Carolina 28214 Vaughan, Ontario, Canada L4K OJ3
Jed R. Mandel
Executive Director

Engine Manufacturers Association
333 West Wacker Drive, Suite 810
Chicago, Illinois 60606

Re:

Clean Air Act Notice of Violations pursuant to 42 U.S.C. 7604(b)(1) against

(1) GFL Environmental, Inc., Fontaine Modification Company, and Optimus
Technologies, Inc. for Tampering with Original Engine Manufacturer Emissions
and Engine Equipment in Breach of 42 U.S.C. 7522(a) (Motor Vehicles) and
Possibly 42 U.S.C. 7547(d) (Nonroad Engines and Vehicles) by (a) Installing an
Alternative Fuel Conversion System That Fails Its Engine to Utilize Biofuel
Meeting EPA Emissions Standards for Nitrous Oxides in Heavy Duty Engines in
Breach of 42 U.S.C. 7521 and (b) Fueling Diesel Engines with Such
Noncompliant “Biofuel” and Biodiesel In Further Breach of 42 U.S.C. 7521; and

pursuant to 42 U.S.C. 7604(b}(2), against (2) EPA for the Agency’s Failure to
Fulfill Its Nondiscretionary Duties () under 42 U.S.C. 7525 to (i) Test and
Regulate Light and Heavy Duty Compression Ignition Engines and Alternative
Fuel Conversion Systems Running on Biofuel or Biodiesel in Such Fuel’s Neat
Form or When Blended with No. 2 Petroleum Diesel Fuel, in the Only Way to
Assure Compliance with Nitrous Oxide Emissions Standards, Which Is by
Feedstock Source, and (ii) Issue Certificates of Conformity Therefore Only If
Such Engines Meet Nitrous Oxides Emissions Standards Issued pursuant to 42
U.S.C. 7521 and (b) to Regulate Nitrous Oxide Emissions Resulting from Engine
Combustion of (i) “Biofuel” Running in the Alternative Fuel Conversion System
EPA Approved of Optimus Technologies, Inc. and (ii) Biodiesel for, in Breach of
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42 U.S.C. 13220(f)(1}) Incorporating by Reference 42 U.S.C. 7545(b), Failing on a
Regular Basis to Test, or to Require Manufacturers of (A) Biodiesel for Use in
Light and Heavy Duty Compression Ignition Engines and (B) “Biofuel” for Use
in Alternative Fuel Conversions to Conduct Tests, to Assure Compliance with
Nitrous Oxides Standards under 42 U.S.C. 7521 (and for EPA’s failure 2(b),
intending to join the Engine Manufacturers Association as a party in interest)

Dear Administrator Zeldin and Mssrs Huwyler, Young, Dovigi and Mandel:

I am the General Counsel and Chief Executive Officer of Plant Oil Powered (POP) Diesel
Africa, Inc. (“POP Diesel”), which has become aware of seeming violations of the Clean Air Act
and its associated federal regulations pursuant to 42 U.S.C. 7604(a) and (b) by the above parties.

These breaches potentially subject the three heavy duty engine and trucking companies
identified above involved in installations of Optimus Technology, Inc.’s alternative fuel
conversion system to civil penalties set forth in 42 U.S.C. 7524(a). These breaches may also
subject individual members of the Engine Manufacturers Association (‘EMA”) to such penalties,
although POP Diesel does not provide notice to any EMA member of such violation at this time.

Statutory Framework

As you all know, nitrous oxides and their derivatives (“NO2”) are a criteria pollutant for
which the U.S. Environmental Protection Agency (“EPA” or “the Agency”) determined serious,
negative “potential public health and environmental effects,” 42 U.S.C. 7545(b)(2), and
therefore, issued National Ambient Air Quality Standards (“NAAQS™). 42 U.S.C. 7409.

It is a “prohibited act™ in violation of 42 U.S.C. 7522(a) for any manufacturer of a new
motor vehicle or engine to sell, offer for sale, or introduce or deliver for introduction into
commerce such vehicle and engine “unless [it] is covered by a certificate [or verification] of
conformity issued (and in effect) under regulations” prescribed under Chapter 85 of Title 42 of
the United States Code (“the Clean Air Act™). However, it is not a “prohibited act” to convert a
motor vehicle or engine “for use of a clean alternative fuel,” provided “such vehicle complies
with the applicable standard under section 7521 [] when operating on such fuel,” 42 U.S.C.
7522(a).

If EPA issues a certificate or verification of conformity when EPA has failed its
nondiscretionary duty set forth at 42 U.S.C. 7525 to test or require to be tested “in such manner
as [EPA] deems appropriate” a new motor vehicle or engine for conformity with emissions
standards promulgated under 42 U.S.C. 7521(a) (Motor Vehicles) or 42 U.S.C. 7547 (Nonroad
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Engines and Vehicles) (together “vehicle emissions standards™), then the certificate or
verification is void ab initio and the manufacturer of the new vehicle is in breach of 42 U.S.C.
7522(a)(1).

EPA has a nondiscretionary duty to “apply any adjustment factors” that it “deem][s]
appropriate to assure that each vehicle or engine will comply during its useful life (as determined
under section 7521(d)[]) with the regulations prescribed under section 7521.” 42 U.S.C.
7525(a)(1). However, if a clean alternative fuel conversion renders the vehicle noncompliant
“with the applicable standard under section 7521 [] when operating on such [alternative] fuel,”
42 U.S.C. 7522(a), then the conversion amounts to unlawful tampering in breach of 42 U.S.C.
7522(a)(3).

For a fuel that EPA has chosen to register pursuant to 42 U.S.C. 7545(a), EPA has a
nondiscretionary duty “on a regular basis” to require the fuel manufacturer to test for “the
potential public health and environmental effects of the fuel.” 42 U.S.C. 7545(b)(2). This
nondiscretionary duty includes assurance of compliance with vehicle emissions standards,
especially for a criteria pollutant such as NO2, due to its serious, negative public health and
environmental effects EPA determined when it found it necessary to adopt a NAAQS for NO2.

42 U.8.C. 13220(f)(1) defines “biodiesel” as “a diesel fuel substitute produced from
nonpetroleum renewable resources that meets the registration requirements for fuels and fuel
additives [] under section 7545.” Yet in breach of its nondiscretionary duty under 42 U.S.C.
7545(a) and (b), EPA fails to require biodiesel manufacturers to test for, and comply with,
nitrous oxide vehicle emissions standards. It violates other nondiscretionary duties stated
herein by permitting emissions noncompliant engines and alternative fuel conversions.

The Clean Air Act grants EPA plenary legal authority to regulate fuel content,
characteristics and measurements, as they relate to combustion emissions, and to require the
collection and storage of data. 42 U.S.C. 7414, 7521, 7542(a), 7545, and 7601(a) (identified in
the Final Rule published at 85 Fed. Reg. 78412, at 78465 (Dec. 4, 2020), as authority underlying
part 80, Registration of Fuels and Fuel Additives, of Title 40 of the Code of Federal
Regulations). EPA has exercised this authority in the past. For instance, EPA requires fuel
manufacturers to measure the aromatic content of petroleum diesel fuel at the point of
manufacture, for sole use in determining the legality of the fuel’s emissions for sale of the fuel
on the market. 40 C.F.R. 1090.1350(b)(2).

Most states, including Virginia, adopt fuel quality mandates by reference to standards
developed by the private, non-profit organization ASTM International’s Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants (“ASTM’s Petroleum Products Committee™).
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See, e.g., Virginia Code section 59.1-167.1 (referring to the Uniform Fuels and Automotive
Lubricants Regulation published by the National Institute of Standards and Technology in
Handbook 130, which incorporates by reference ASTM fuel standards). However, ASTM’s
Petroleum Products Committee does not consider emissions to be an element of a fuel’s
performance, and is in the process of, or has already completed, removing all emissions-centric
characteristics and test measurements, such as for aromatics, from its foundational standard for
petroleum diesel fuel adopted by reference in most states’ law, ASTM D-975 Standard
Specification for Diesel Fuel.

As explained below, there is no reason pertaining to, or excuse from, EPA’s
nondiscretionary duties why the Agency cannot, did not, and does not also mandate
measurement of the biodiesel, or its feedstock’s, Iodine Value as a predictor of emissions-
compliant NO2. The same goes for generic “biofuel” which EPA permits unlawfully to be run in
engines bearing the alternative fuel conversion system developed by Optimus Technologies, Inc.
and LLC.

Nitrous Oxide Emissions Vary According to the Biodiesel and “Biofuel” Feedstock

In 2022, the last year for which data for both fuels is publicly available, the production
volume of biodiesel in the United States was 1.62 billion gallons, or 2.6 percent of the
approximately 62 billion gallons of No. 2 petroleum diesel fuel sold that year.
www.statista. comy/statistics/509875/production-volume-of-biodiesel-in-the-us;
www.eia.gov/dnav/pet/pet_sum_mkt dcu nus m.htm (both checked 11/2/25 at 10:51 p.m. E.T.).
The U.S. Energy Information Administration seems no longer to publish fuel prices after 2011;
assuming an average sales price of $3.50 per gallon that year, total sales of biodiesel were
approximately $5.7 billion.

POP Diesel’s predecessor company became aware of the foregoing breaches of statutory
duty in 2014 when EPA published on its website a verification of the conformity of Optimus
Technologies, LLC with vehicle emissions standards for its alternative fuel conversion system to
run on “diesel / biofuel.”

POP Diesel was the first, in 2013, to secure a verification from EPA for select, outside-
useful life engines running on No. 2 petroleum diesel fuel and 100 % fatropha plant oil fuel.
Initially, EPA gave POP Diesel approval to run these engines on nondescript plant oil, but then
Steve DeBord of EPA’s Transportation and Air Quality Compliance Division, Diesel Engine
Compliance Center, limited this approval to solely the kind of plant oil the Company had tested
with, fruit seed oil of the jatropha curcas tree.
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In preparation for applying for EPA’s approval for its after-market clean altemative fuel
conversion system and fuel, POP Diesel tested a variety of different plant oils to determine their
emissions characteristics when running at 100 percent concentration in the Company’s test
vehicle and engine. Soy plant oil consistently produced higher nitrous oxide (“NO2”) emissions
than petroleum diesel fuel, and pure jatropha plant oil produced the same or lower NO2
emissions than petrolenm diesel fuel. POP Diesel reported these results to EPA as part of its
Comments on EPA’s Proposed 2014 Standards for the Renewable Fuel Standard Program and
submitted them electronically along with 52 exhibits on January 28, 2014 to Docket ID No.
EPA-HQ-OAR-2013-0479, FRL 990-90-OAR, RIN 2060-AR76 at a-and-r-docket@epa.gov
(“POP Diesel’s Comments™).

EPA itself determined that the source plant or animal oil has a significant effect on
emissions outcomes from biodiesel. EPA, A Comprehensive Analysis of Biodiesel Impacts on
Exhaust Emissions, Draft Technical Report, EPA420-P-02-001, October 2002, pages 51-52
(Exhibit 14 to POP Diesel’s Analysis). EPA’s statistical analysis of 39 biodiesel emissions
studies found that NO2 emissions were, on average and without attribution to any source
feedstock, 10 percent higher for B-100 biodiesel than petroleum diesel fuel. David Korotney,
EPA Analysis of the Exhaust Emissions Impacts of Biodiesel: Presentation to the Mobile Source
Technical Advisory Subcommittee, October 16, 2002 (“EPA Statistical Analysis™), slide 7
(Exhibit 42 to POP Diesel’s Comments). These biodiesel emissions results were different
depending on whether the fuel derived from soybean oil, rapeseed (Canola) oil, or animal fats.
EPA Statistical Analysis, slides 8 and 13.

According to the National Renewable Energy Laboratory of the U.S. Department of
Energy (“NREL”), there is a great variability in NO2 emissions, depending on the source content
of biodiesel feedstock. Bob McCormick, Effect of Biodiesel on Pollutant Emissions (for the
Biodiesel Utilization Workshop in Boise, Idaho on September 9, 2004), NREL (“NREL
Report”), slides 11 and 16 (Exhibit 12 to POP Diesel’s Comments). The number of double
carbon bonds in a biodiesel molecule “can have a large effect on biodiesel properties.” NREL
Report, slide 9. The number of double carbon bonds is measured by reacting them with jodine,
giving an lodine Value. Id. A higher Iodine Value indicates more highly unsaturated biodiesel
and therefore, higher NO2 emissions and lower cetane number. Id., slides 9-12. NREL reports
NO2 neutrality, meaning no higher or lower NO2 emissions than petroleum diesel fuel, at an
Iodine Value of 95. Id., slide 13. Soy plant oil’s lodine Value is typically greater than 120. Id.
Jatropha’s tested at 82.2. Intertek Report No. US 621-11262 (Exhibit 50 to POP Diesel’s
Comments). Palm oil is a more highly saturated plant oil that will therefore, have a lower lodine
Value. NREL Report, slide 10.
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If the biodiesel was processed from waste cooking oil, the nitrous oxide emissions could
have been anywhere on the scale, since waste cooking oil can come from all manner of animal
and plant oil feedstock and an infinite variety of mixtures of them. If the biodiesel was from
animal fat, it may produce no higher NO2 emissions than petroleum diesel does. NREL Report,
slide 9. If the biodiesel was uniformly from a particular plant oil, the NO2 emissions, and
whether they exceed the tipping point Iodine Value of 95, will depend on the source plant of the
oil.

As transesterification of triglyceride (plant oil) molecules into biodiesel does not change
the number of double carbon bonds, the Iodine Value in the source feedstock of biodiesel will be
the same as with the final fuel. Therefore, the foregoing comments about variability of NO2
emissions will apply to a pure plant oil or other triglyceride feedstock, just as they do to biodiesel
processed from such feedstock.

EPA’s Seminal Failure to Screen for Excessive Nitrous Oxide Emissions from Biodiesel

From the results of Tier 1 testing for biodiesel that the National Biodiesel Board
submitted to EPA pursuant to 42 U.S.C. 7545(b) in January 1998, prepared by Christopher A.
Sharp of the Automotive Products and Emissions Research Division of the Southwest Research
Institute (“SWRI”) and approved by its Director Chris T. Hare (“NBB Biodiesel Tier 1
Testing”), it is apparent that EPA failed to ascertain and monitor for the source of feedstock
used, to be able to measure the varying resuits for NO2 according to feedstock. This data
provided EPA for biodiesel does not identify the source feedstock. However, pursuant to
mandatory Tier 1 testing of NO2 emissions under 40 C.F.R. 79.52(b)(2)(i), the single source of
neat biodiesel produced Transient NO2 Emissions that were 10 percent higher than when the
same test engine was running on No. 2 petroleum diesel fuel, on average 5.17 versus 4.57 g/hp-
hr. NBB Biodiesel Tier 1 Testing, page 9, Table 3.

Tier 2 data on biodiesel prepared by Lovelace Respiratory Research Institute dated May
22,2000 that the National Biodiesel Board submitted to EPA pursuant to 42 U.S.C. 7545(b)
identified the biodiesel feedstock tested as soy, but tested and measured NO2 emissions
according to health standards (parts per million), rather than emissions standards (grams per
horsepower-hour) promulgated under 42 U.S.C. 7521.

Therefore, the sole data that EPA had before it measuring biodiesel’s compliance with the
mandate stated at 42 U.S.C. 13220(f)(1) to satisfy the registration requirements of 42 U.S.C.
7545 showed NO2 emissions of nondescript neat biodiesel to be 10 percent higher than
petroleumn diesel fuel’s.
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POP Diesel submits that the requirement for testing stated in 42 U.S.C. 7545(b), as
applied by 42 U.S.C. 13220(f)(1) to biodiesel, is rendered meaningless if the sole data before
EPA was of a biodiesel fuel that produced worse NO2 emissions than petroleum diesel fuel, and
EPA ignored this fact in order to give approval to the National Biodiesel Board’s Tier 1 testing.
In other words, EPA failed in its nondiscretionary duty by allowing biodiesel for sale which it
knew from the very beginning would produce worse NO2 emissions than baseline petroleum
diesel fuel. Since emissions standards have gotten progressively tighter over the years, EPA
would have known that “worse than petroleum diesel” would mean biodiesel’s causing engines
and motor vehicles to fail emissions standards.

EPA’s Continuing, Willful Violation of Its Nondiscretionary Statutory Duty
to Limit NO2 Emissions from 100 Percent Biodiesel or “Biofuel”

Ten years after in 1998 EPA gave the National Biodiesel Board a pass on its Tier 1-
reported excessive NO2 emissions, and several years after EPA’s and NREL’s own studies
reported above that the source feedstock of biodiesel was determinative of NO2 emissions, in
June 2008, Nextfuels submitted to EPA fresh Tier 1 data for its biodiesel, again with testing done
by SWRI (“Nextfuels Biodiesel Tier 1 Testing™). It utilized biodiesel made from palm oil, which
because of its high saturation, produced NO2 emissions no worse than petroleum diesel fuel’s.
Nextfuels Biodiesel Tier 1 Testing, at vii and 19. By that time, EPA knew that palm oil was not
representative of the vast bulk of biodiesel on the American market coming from unsaturated
plant oil and fat sources that would produce higher NO2 emissions than petroleum diesel fuel
and thereby, violate emissions standards. U.S. Energy Information Administration, Feedstocks
Consumed for Production of Biofuels, through August 2025.

EPA failed to act on this confirmation of its own Statistical Analysis showing that while
biodiesel typically produced 10 percent higher NO2 emissions than petroleum diesel fuel,
emissions results varied by feedstock source. EPA Statistical Analysis, slides 7, 8 and 13
(Exhibit 42 to POP Diesel’s Comments). As a result, with a green light from EPA’s willful
disregard of its oversight responsibility, Nextfuels undoubtedly then manufactured biodiesel
from the most widely available feedstocks in the United States, soy oil and waste yellow grease,
which produce significantly higher NO2 emissions than petroleum diesel fuel and render an
engine noncompliant with emissions standards, just as other biodiesel manufacturers reliant on
the National Biodiesel Board’s original Tier 1 and 2 testing noncompliant with NO2 emissions
standards were doing.

Due to the statutory definition of “biodiesel” stated at 42 U.S.C. 13220(f)(1) as a fuel that
is required to “meet[] the registration requirements for fuels and fuel additives [] under section
7545,” EPA’s seminal and ongoing violation of its mandatory duty under 42 U.S.C. 7545(a) and
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{b) on a regular basis, to test or require testing of biodiesel fuel, as well as under 42 U.S.C.
7525(a)(1), was to fail to consider the NO2 emissions characteristics that can be predicted from
the biodiesel’s source feedstock, by its Iodine Value. These failures had profound consequences.
They put the entire biodiesel industry in violation of the Clean Air Act, including (i) all new
engines certified pursuant to 42 U.S.C. 7525 to run on any mixture of petroleum and biodiesel
fuels, (i) all new engines and engines in actual use verified by EPA to run in a clean alternative
fuel conversion system pursuant to 42 U.S.C. 7521(a) on 100 percent biodiesel or any mixture of
biodiesel and petroleum diesel fuel, iii) all compression ignition engine manufacturers who
made engines qualified to run on biodiesel, (iv) and biodiesel fuel suppliers. Hence, POP Diesel
intends to join the Engine Manufacturers Association as a representative party-in-interest to any
lawsuit hereon to speak for the engine manufacturing industry, without suffering any liability
itself therefore. POP Diesel will consent to EMA’s dismissal, if it so chooses.

Alternative Fuel Conversions for Neat Biodiesel and “Biofuel” Are Tampering

EPA approved Optimus Technologies LLC in 2014 to install an alternative fuel
conversion system onto select, 2004 model year, outside-useful-life, 7.6 liter engines
manufactured by International. Spreadsheet showing Outside-Useful Life Light-Duty and
Heavy-Duty Clean Alternative Fuel Conversions, line 50, published at www.epa.gov/ve-
certification/lists-epa-compliant-alternative-fuel-conversion-systems. The fuels EPA gave its
approval to run in such Optimus modified engines were “diesel” and “biofuel.” 1d. EPA has
never chosen to register “biofuel” as fuel pursuant to 42 U.S.C. 7545(a). Nonetheless, from my
communications with EPA in 2014, it was clear that EPA never collected data tying the source
feedstock to the NO2 emissions of the various kinds of “biofuel” it approved for use in Optimus
Technologies-equipped alternative fuel conversion systems, which it could easily do by requiring
measurement of the lodine Value, or if it did collect NO2 emissions data according to the source
feedstock of the “biofuel,” it ignored the results in breach of its nondiscretionary duties, in order
to permit use of generic “biofuel” in breach of NO2 emissions standards for motor vehicles.

As explained above, by allowing generic “biofuel,” including 100 percent biodiesel, to
power diesel engines without testing for and monitoring the “biofuel’s” or its source feedstock’s
lodine Value, EPA permitted diesel engines equipped to run on such fuel to produce NO2
emissions which were, are, and will be noncompliant with NO2 emissions standards adopted
pursuant to 43 U.S.C. 7521 applicable to those particular engines.

While 42 U.S.C. 7522(a) gives EPA discretion to exempt clean alternative fuel
conversions from the acts prohibited thereby, it still requires such vehicle “to comply with the
applicable standard under section 7521 [] when operating on such fuel.” 42 U.S.C. 7522(a).
EPA violated its nondiscretionary duty to verify this mandatory criterion by failing to require an
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accounting of the feedstock source of the “biofuel” and testing of its or the “biofuel’s”
corresponding Iodine Value, to verify this Value is at or below 95, as a proxy for its producing
NO2 emissions that are no worse than the same engine running on petroleum diesel fuel. NREL
Report (re. Iodine Value of 95 as tipping point for NO2 emissions comparison to petroleum
diesel fuel).

Thus, the approval EPA gave Optimus Technologies, LLC in 2014 to install its
alternative fuel conversion system on select 2004 models of 7.6 liter International engines for use
with generic “biofuel” was contrary to law. Neither Optimus Technologies, nor EPA, had a
lawful basis, as the former is required to prove and the latter to determine, that an engine itself so
equipped and running on “bicfuel” will be in “compl[iance] with the applicable standard [for
NO2] under section 7521 [] when operating on such fuel.” 42 U.S.C. 7522(a). “[S]uch
[converted engine or] vehicle” itself is required to “comply with the applicable standard under
section 7521.” 42 U.S.C. 7522(a). EPA’s Final Rule on Clean Alternative Fuel Vehicle and
Engine Conversions forbids operating an outside-useful-life engine on alternative fuel that will
produce emissions of any criteria pollutant, such as NOZ2, that are higher than when the same
engine is running on the original fuel it was certified new to run on, in the case of Optimus, No.
2 petroleum diesel fuel. EPA-OAR-2009-0299, FRL-9289-9 published at 76 Fed. Reg. 19830.

Optimus Technologies, Inc., is thus in violation of the anti-tampering provisions of 42
U.S.C. section 7522(a) for installing or selling its kit to run on “biofuel,” including 100 percent
biodiesel, contrary to law. It likely did this from its Pittsburgh headquarters or at the sites of its
customers, first ADM, who pioneered a 1.3-million-mile study and since then, “leading
commercial fleets and municipalities who have travelled a total of more than 125 million miles”
with the Optimus kit installed. https://www.optimustec.com/about-us/ (checked 11/3/25).

Optimus Technologies, Inc. seems to have gained a testing exemption under 42 U.S.C.
section 7522(b)(1) to install its alternative fuel conversion system on new, Class 8 Volvo VNR
Sleeper and Freightliner Cascadia Sleeper Trucks.
https://share.hsforms.com/19.2zJL.1n1ITOS00uGDal PPX Anuumy and
WWWw.prnewswire.com/newsr-releases/proven-decarbonization-technologv-available-on-new-

class-8-trucks-302159788 html (“Optimus News Release” dated May 30, 2024 and checked
11/2/25).

As of May 30, 2024, Fontaine Modification Company was installing the Optimus kit on
“hundreds of new orders” at its 11 engine modification centers around the country. These
locations can be found at https:/fontainemodification.com/ship-thru-locations/, and include 5135
Cougar Trail Road, Dublin, Virginia 24084 and 6450 Technology Drive, Salem, Virginia 24153.
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Id.; hitps://fontainemodification.com/fontaine-modification-acquires -probilt-services-of-denton-
texas/ (checked 11/4/25).

Since Optimus Technologies, Inc.’s testing exemption violates the requirement of 42
U.S.C. 7522(a) that the 100 percent biodiesel or “biofuel” advertised to run in the foregoing
engines produce emissions compliant with the standards adopted under authority of 42 U.S.C.
7521, Fontaine Modification Company is violating this same anti-tampering provision by
installing the Optimus kit, just as when it makes an Optimus installation on the International
engine the latter won EPA consent for in 2014.

GFL Environmental, Inc., the fourth largest diversified environmental services company
in North America, has the Optimus kit installed on some of its solid waste collection trucks
having the 2004 model year, 7.6 liter International engines in them, which I have seen and taken
photographs of in Charlottesville, Virginia. A list of GFL Environmental, Inc.’s Virginia
trucking locations is at https://gflenv.com/lcations/virgnia/, including its closest facilities to
Charlottesville: 5498 Richmond Road, Troy, Virginia 22974 and 261 Industrial Drive,
Ruckersville, Virginia 22968. GFL Environmental, Inc. may also have this kit on new Volvo
and Freightliner models it owns that are part of the Optimus testing exemption program, installed
by Fontaine Modification Company. Presumably, GFL Environmental, Inc. has the Optimus kit
on other of its 7,100+ trucks based at any of its 315 landfills, transfer stations, organics facilities,
and waste separation and recycling centers in the United States and Canada.

GFL Environmental, Inc., and its biodiesel or “biofuel” suppliers, are subject to
notification by EPA and a court injunction to prevent them from supplying its trucks already
equipped with the Optimus kit with emissions non-compliant 100 percent biodiesel or “biofuel”
producing excessive NO2 emissions in breach of heavy duty emissions standards due to the
particular kind of feedstock used.

Similarly, since Optimus Technologies, Inc. “has established trusted partnerships with
OEMs, modification centers, and national refueling providers,” it can provide information as to
others contributing to breaches of the same standards, limitations or orders it is violating.

Particular NO2 emissions standards these three named trucking companies violated or are
at risk of violating as part of the Optimus testing exemption are stated in the “Final Rule for
Phase 2 Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and
Heavy-Duty Engines and Vehicles,” adopted October 25, 2016 and applicable to model years
2018 to 2027 of various categories of vehicles and engines; and EPA Final Rule “Control of Air
Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Standards,” adopted
December 20, 2022 and applicable to model years 2027 and beyond.
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Since the activities set forth above are obviously part of the business enterprises and
plans of the foregoing three companies, this notice is properly directed to their
addressees identified in the letterhead, as the chief executives of these three companies
responsible for the alleged violations. 40 C.F.R. 54.3(b).

EPA’s Concealment in Defiance of Its Nondiscretionary Statutory Duty
to Limit NO2 Emissions from 100 Percent Biodiesel or “Biofuel”

When POP Diesel brought the foregoing topic to EPA’s attention informally in August
2014, specifically the need to utilize lodine Value of the biodiesel or “biofuel” or its feedstock
source, Agency officials pointed the finger at each other and then banned further
communications with him on this subject. First, on August 4, 2014, Dr. Fakhri J. Hamady,
Technical Advisor on Engines in the Ann Arbor, Michigan Compliance Division of EPA’s
Office of Transportation & Air Quality (“OTAQ”), directed POP Diesel to Jim Caldwell of
EPA’s Fuel Compliance Center. Then on August 7, 2014, Jim Caldwell responded, “[TJhis is an
issue for the engine folks in Ann Arbor. I deal with fuel composition and rely on the experts in
Ann Arbor with respect to an engine’s emissions performance.”

I sought a teleconference with these and related EPA staff to try to see if everyone was on
the same page. Then on August 13, 2014, Justin G. Greuel, Director of EPA’s Diesel Engine
Compliance Center, wrote me, noting that he was copying the Director of the Fuels Compliance
Center, Mr. John Weihrauch, and the Director of the Light-Duty Vehicle Center, Mr. Linc
Wehrly:

[Your] topic[] do[es] not fall within our Centers’ area of expertise
or authority. Given the significant workload in front of our teams
with implementing current regulatory programs, we respectfully
decline your meeting request. Similarly, we are directing our staff
not to respond to other questions on this matter.

Conclusion

While the information stated above in EPA and NREL documents may have come to the
Agency after the National Biodiesel Board on behalf of biodiesel fuel manufacturers submitted
their Tier 1 emissions performance admitting worse NO2 emissions than petroleum diesel fuel,
even counting the excessive NO2 emissions stated therein as a one-off aberration, they put EPA
on inquiry notice. EPA’s nondiscretionary duty pursuant to 42 U.S.C. 7545(b) on a regular basis
to test or require manufacturers of biodiesel to test for NO2 emissions is inescapable. The
reference in the definition of “biodiesel” stated in 42 U.S.C. 13220(f)(1) to “meet{ing] the
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Table IV.B.1-1
P-values for test cycle effects
NOx PM HC - CO
% biodiesel 0.0002 0.0001 0.0001 0.0001
R49 x % biodiesel 0.4144 0.0256 0.3733 0.0016
UDDS x % biodiesel 0.1782 0.7031 0.5709 0.2358
UDDSH x % biodiesel NA NA NA NA
Table IV.B.1-2
Estimated coefficients for test cycle effects
NOx PM HC CO
% biodiesel 0.000855 | -0.006292 | -0.011469 | -0.006863
R49 x % biodiesel 0.000600 | 0.005147 | 0.006599 | 0.005646
UDDS x % biodiesel 0.000131 | -0.000151 | -0.000654 | 0.000335
UDDSH x % biodiesel | 0.000000 | 0.000000 | 0.000000 | 0.000000

For the test cycle adjustment terms, p-values greater than 0.05 suggest that the effect in question
cannot be confidently distinguished from zero. In these cases the statistically significant overall
'% biodiesel' term would apply to the individual test cycle term as well, indicating that there is no
variation in the biodiesel effect on emissions as a function of test cycle. The two exceptions to
this conclusion are for PM and CO where R49 data appears to exhibit different biodiesel effects
than data collected on the FTP. This result is consistent with previous experience: steady-state
test cycles are generally not accurate predictors of the PM and CO emissions that would be
generated under transient conditions. Based on this result, we decided to exclude R49 data from
our final PM and CO correlations.

2. Biodiesel source effects

All biodiesel blends in our database were placed into one of three biodiesel source
categories: soybean, rapeseed/canola, and animal. We introduced terms into the regression
analysis which represented the interaction of these biodiesel source categorical variables with
percent biodiesel to determine which ones might be statistically significant. As described in
Section II.C.2.c, coefficients could be estimated for only two of the three potential interactive
terms because an overall % biodiesel term was also included. The p-values for the % biodiesel
terms are listed in Table IV.B.2-1, and the estimated coefficients are given in Table [V.B.2-2. P-
values lower than 0.05 were considered significant.

51
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Table IV.B.2-1
P-values for biodiesel source effects
NOx PM HC cO
% biodiesel 0.0001 0.0001 0.0001 0.0003
Animal x % biodiesel 0.0001 0.0001 0.5525 0.0001
Rape x % biodiesel 0.0311 0.6316 0.9162 0.0164
Soy x % biodiesel NA . NA NA NA
Table IV.B.2-2
Estimated coefficients for biodiesel source effects
NOx PM HC CO
% biodiesel 0.001553 | -0.000908 | -0.001031 | -0.000603
Animal x % biodiesel | -0.001216 | 0.024410 | 0.000022 | -0.000838
Rape x % biodiesel -0.000331 | 0.007517 | 0.000038 | -0.000316
Soy x % biodiesel 0.000000 | 0.000000 | 0.000000 | 0.000000

For NOx and CO, the three biodiesel source categories appear to produce three different
correlations between biodiesel concentration and emissions. For PM, animal-based biodiesel
appears to differ from plant-based biodiesel. For HC, there is no discernable difference between
the three source categories. The biodiesel source effects for NOx, PM, and CO are shown in
Figures IV.B.2-1, IV.B.2-2, and IV.B.2-3, respectively.’

52
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160 James Drive East
St Rose, LA

Intertek i

Telephone: +1 (504) 602 2100
Facsimile: +1 (504) 467 2185
noagribulkops@intertek.com
www.intertek.com

Report No. US621-11262

Report of Analysis

Client: Plant Oil Powdered Diesel Fuel Sytems, Inc.
Description: Plant Qil
Laboratery reference number: 56681.92771
Date Submitted: October 7, 2013
Marks/Reference: Pop Diesel

Method Test Result Units
AQCS Ce1-62 Fatty Acid Compasition- wt. %

C6 0.00

c8 0.00

c10 0.47

c12 0.15

C14 0.08

C14-1 0.00

C15 0.00

C16 14.12

C16-1 0.69

c17 0.09

C17-1 0.04

c18 6.48

C18-1 43.20

C18-2 32.94

C20 0.22

C18-3 0.65

C20-1 0.12

Cc22 0.07

C22-1 0.00

C24 0.11

C24-1 0.05
AQOCS Cd 1d-92 lodihe Value 82.2
AQCS Cd 12b-92 Oxidative Stability 0.2 hrs
AQCS Ca 17-01 Sulfur 1.3 ppm
AQCS Ca 20-99 Phosphorus 20.8 ppm
AQCS Cc7-25 Refractive Index @ 20°C 1.4684

The reported results are only representative of the sample submitted for testing to Intertek Agri Services
New Orleans Laboratory. Any sample references and identification is reported as submitted and is not
verified by Intertek Agri Services New Orieans Laboratory as a representative sample.

For and on behalf of Signed and dated in: St. Rose, LA
Intertek Agricultural Services on: October 23, 2013

éandra Hollo%éy, Laboratory Director

The issuance of this document does nat exonerate any party from exercising all thelr rights and discharging a!l their liabilities under any contract of Sala. Stipulations to the contrary are not
binding upon Intertek Agr Services. Intertak Agrl Services respensibility is Fimited to gross negligence proven, and will in no case ba maore than ten times any fees or commission, All
activities ara undertaken on the basis of the applicable Intartek Agrd Services Terms and Gonditions of Service. No party should attempt 1o use or rely upan the contents of this document
without having read and understood the Terms and Conditions applicabla therato. A copy can be oblained by cenlacting the address affixed at tha head of this docurnent.
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SOUTHWEST RESEARCH INSTITUTE
P.O. Drawer 28510 6220 Culebra Road
San Antonio, Texas 78228-0510

CHARACTERIZATION OF BIODIESEL
EXHAUST EMISSIONS FOR EPA 211(b)

Christopher A. Sharp

FINAL REPORT
CUMMINS N14 ENGINE

Prepared for

National Biodiesel Board
1907 Williams Street
Jefferson City, MO 65110-4898

January 1998
w/ Approved:
A{/@ M-\ ®‘.N9A.DJLA : - Z k
Terry L/Ullman, Manager Charles T. Hare, Director
Deparfment of Emissions Research Department of Emissions Research
Automotive Products and Automotive Products and

Emissions Research Division Emissions Research Division
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I. INTRODUCTION ‘

This report contains results from a test program conducted at Southwest Research
Institute (SwRI) on behalf of the National Biodiesel Board (NBB). The objective of the
program was to characterize regulated and unregulated exhaust emissions from a 1997
Cummins N14 engine while fueled on biodiesel and diesel fuel. It is understood that the data
generated in this program will be submitted to EPA in order to comply with Tier I
requirements under section 211(b) of the Clean Air Act.
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II. DESCRIPTION OF PROGRAM -

This section of the report describes the test engine, test fuels, and test procedures used
during this program.

A,  Test Engine

The test engine used to generate the data in this report was a 1997 model year
Cummins N14 diesel truck engine. This engine was a direct-injected, four stroke, six cylinder
diesel engine of in-line configuration. The engine was turbocharged and intercooled, and
employed an electronically-controlled fuel injection system having unit injectors. Engine
throttle control input was achieved via an electronic potentiometer which was connected to the
test cell servo controller. The engine had a nominal rated maximum power on 2-D diesel fuel
of 370 hp at 1800 rprn, and a nominal peak torque of 1450 lb-ft at 1200 rpm. No
aftertreatment was employed by the engine. Transient test cell installation of the Cummins
N14 engine for this program is shown in Figure 1.

.

FIGURE 1. TRANSIENT TEST CELL INSTALLATION OF THE
CUMMINS N14 ENGINE

The new engine was received from Cummins and placed in a durability test cell for
break-in. The engine was fueled initially on neat biodiesel, and checked for power and torque.
Observed torque Jevels were roughly seven percent below nominal levels. This was expected
due to the biodiesel fuel’s lower energy content compared to conventional diesel fuel, and the
lower torque was consistent through all testing on neat biodiesel. Following this initial
running, 125 hours of operation were run over a durability cycle supplied by Cummins, again
using only neat bicdiesel fuel. The details of this cycle are given in Appendix A. The engine
was then relocated to a transient test cell for emissions testing,

REPORT 0B-1039A 2
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B. Test Fuels

Two test fuels were used during this program, which included a neat (100%) biodiesel
fuel, and a neat (100%) diesel fuel. Selected properties for the biodiesel and the diesel fuel are
given in Tables land 2, respectively.

The biodiesel fuel was supplied by Ag Environmental Products. This fuel is referred
to in this report as "B100," and was coded SwRI EM-2481-F. The fuel was delivered via tanker
to SWRI and stored in an underground tank which was cleaned and rinsed with fuel from the
same batch as the test fuel prior to the introduction of biodiesel. New test cell fuel systems
were also constructed to prevent contamination of the fuel stream to the engine with diesel
fuel.

The diesel fuel for this program came from a batch of diesel fuel that had been specially
blended in order to meet the specifications required by the 211(b} regulations, as outlined in
CFR 40 Part 79. This fuel is referred to in this report as “2D,” and was coded SwR] EM-2494-
F. The fuel was delivered to SwRI in 55 gallon drums.

C. Test Procedures
1. Transient Testing and Regulated Emissions Measurement

Exhaust emission characterization was performed as specified under CFR Title
40 Part 79. For heavy-duty engines, the regulation specifies that emissions are to be
measured over the heavy-duty transient Federal Test Procedure (FTP), as outlined in CFR
Title 40 Part 86 Subpart N. The FTP outlines specific requirements for setting up the test
engine and mapping the engine's full torque capabilities over its operating speed range.
Engine-specific performance data are used, along with a normalized EPA transient cycle, to
define a transient command cycle for test engine operation.

While the engine is operated over the 20-minute test cycle, torque and speed
responses of the engine are compared to the command cycle to ensure FTP compliance.
Simultaneously, engine exhaust gases are diluted with conditioned air, and emissions of
interest are determined. Work generated by the engine is also recorded during the cycle. The
FTP specifies both a cold-start test cycle (following an overnight soak) and a hot-start test
cycle, with a 20-minute soak between the two test cycles. Measured emission masses for both
cycles are weighted to produce a composite mass of one-seventh cold-start mass and six-
sevenths hot-start mass. This composite mass is divided by a similarly weighted composite
work to generate a brake-specific emission value in terms of mass of pollutant per unit of work
generated.

REPGAT 03-10395 3
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TABLE 1. SELECTED TEST FUEL PROPERTIES FOR B100

Fuel B100
SwRI Fuel Code EM-2481-F
Cetane Number, D-613 51.2
Flashpoint, D-93, F 367
Viscosity, D-445, ¢St 4.08
Sultur, D-2662, wt% 0.0000
Sulfated Ash, D-874 0.003
Carbon Residue, D-524 (100%) 0.05 ]
Acid Number, D-664 0.14
Water and Sediment, D-1796 «0.02
Copper Strip Corrosion, D-130 1A
Total Glycerine, wt% 0.17
Free Glveetine, wt% 0.01

TABLE 2. SELECTED TEST FUEL PROPERTIES FOR 2D

|[Fuei 2D
SwRI Fuel Code EM-2404-F
Cetane Number, D-613 43.3
Cetane Index 45,2
Distiliation, D-4052, F
IBP 378
10% 438
50% 511
90% 609
EBP 666
API Gravity, D-4052 33.8
Sulfur, D-2662, wt% 0.0476
Aromatics, FIA, wi% 38.1
Olefins, wi% 1.7
Saturates. wt% 58.2

REPGRT 02-1029A 4
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For the sampling of semivolatile polycyclic aromatic hydrocarbons (PAH), this
procedure was modified because it was not possible to accumulate sufficient volume on the
sampling media during a single test to meet EPA specified detection requirements. However,
it was necessary to preserve the one-seventh/six sevenths weighting between cold-start and
hot-start testing in order to compare this data with all other emission data. Therefore,
semivolatile PAH samples were accumulated in a single set of media over one cold-start cycle
and six successive hot-start cycles, with a 20-minute soak between cycles. The total mass
measured was then divided by the total work produced during all seven test cycies to provide
a composite brake-specific emission value.

Regulated emissions measured during this program included total hydrocarbons
(HC), carbon monoxide (CO), oxides of nitrogen (NO,), and particulate matter (PM).
Hydrocarbons were measured using continuous sampling techniques employing a heated flame
ionization detector (HFID). CO and CO, were determined using proportional dilute gaseous
samples analyzed with non-dispersive infrared (NDIR) instruments. NO, was measured
continuously during the transient cycle via an NO, chemiluminescence instrument. Total PM
levels were determined by collecting particulate matter on a set of 90mm Pallflex filters which
were weighed both before and after the transient test. Regulated emissions were measured
over the cold-start cycle and the first two hot-start cycles, but composite values were generated
using only the cold-start and the first hot-start as specified by the FTP.

2. Particulate Characterization

Particulate samples from the cold-start and the first two hot-starts were
analyzed to determine the general composition of the particulate emissions by several
methods. Filter samples were analyzed for soluble organic fraction (SOF) via a Soxhlet
extraction method using a 30-70 mixture of toluene and ethanol as the solvent. Sulfate levels
were determined via an ion chromatograph. Both of these analyses were performed on
sections of the 90mm Pallflex filters.

3. C, to C,; Hydrocarbon Speciation

Hydrocarbon emissions from C, to C,,, including aldehydes, ketones, and
alcohols, were measured during this program. These analyses were performed on samples
from the cold-start and the first hot-start only. Samples were also generated during the
second hot-start, but these were only examined if a problem was observed with samples from
the first hot-start, which did not occur during testing of the Curnmins N14 engine.

Gaseous hydrocarbons from C, to C,,, except for aldehydes, ketones, and
alcohols, were determined by analyzing proportional bag samples of dilute exhaust using a
series of gas chromatographs, each optimized for a different carbon number range. The
methods used for this analysis were the same as those developed for Phase II of the Auto Oil
Program.!

'Siegl, W.0., Richert, J.F.O., Jensen, T.E., Schuetzle, D., Swarin, S.J., Loo, J.F., Prostak, A.,
Nagy, D., and Schlenker, A.M., "Improved Emissions Speciation Methodology for Phase IT of the
Aute/0il Air Quality Improvement Research Program - Hydrocarbons and Oxygenates,” SAE Paper
930142, Spectal Publication SP-1000.
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Aldehydes and ketones from C, to C, were sampled and analyzed using a 2,4-
dinitrophenylthydrazine (DNPH) technique outlined in CFR 40 Part 86 Subpart N for methanol
engines. Samples were obtained via impingers containing the DNPH sclution, and these
samples were analyzed via a high performance liquid chromatography (HPLC) instrument.
This procedure was modified to add additional aldehyde compounds above C; to the target
compound list.

Although alcohol emission measurements were not required for biodiesel by
EPA, NBB elected to perform some measurement of alcohols. Samples were obtained using
an impinger sampling method similar to that used for aldehydes, but using water instead of
DNPH as the sampling solution. Samples were analyzed using a gas chromatograph. The’
target list of alcohols included methanol, ethanol, t-butanol, 2-propanol, and 1-propanol.

4. Polyeyclic and Nitrated Polycyclic Aromatic Hydrocarbons
(PAH/MPAH)

PAH and nPAH emissions were sampled in both the particulate phase and
semivolatile phase. Particulate samples were obtained using a second secondary dilution
tunnel which was operated in parallel with the first tunnel used to obtain 90mm filter
samples. This tunnel was considerably larger than the first one, to allow for the use of 20 x
20-inch Pallflex sampling media. This larger media size was necessary in order to obtain
sufficient sample to meet EPA detection requirements for PAH and nPAH compounds. Filter
samples were generated for the cold-start and the first two hot-start tests, although only
samples from the cold-start and the first hot-start were analyzed.

Semivolatile PAH and nPAH samples presented a particular problem, in that
conventional sampling techniques would not allow for sufficient sample to be gathered to meet
EPA detection requirements. Commercially available sampling media and hardware were of
insufficient size to allow for the volume flow rates needed. However, even with custom built
sampling hardware, the maximum sampling media size was also limited by the ability to
extract and concentrate samples obtained, Therefore, an approach was devised involving both
custom built sampling hardware and a modified sampling plan. The modified plan, involving
running multiple tests with a single set of sampling media, is described above.

The final sampling hardware setup for semivolatile PAH and nPAH emissions
consisted of a pair of sample cartridges (rather than the usual single cartridge) which were
mounted in parallel on the larger secondary dilution tunnel, after the 20 x 20 inch filter media
used for particulate phase sampling. These cartridges were sized to allow a media diameter
of 4 inches, rather than the conventional 2.5 inches. This larger diameter allowed for a much
higher flow rate to be used, while maintaining the face velocity within levels comparable to
recommended levels for the smaller, conventional sampling media. The sample cartridges
were loaded with a layered sampling media consisting of a 1.25 inch deep layer of
polyurethane foam (PUF), a 0.5 inch deep layer of XAD-2 resin, and a second 1.25 inch deep
layer of PUF. The XAD-2 resin was incorporated to improve the trapping efficiency for nPAH
compounds, which were expected to be present in much lower levels than PAH compounds.
After sampling, the two cartridges were extracted (with PUF and XAD-2 materials extracted
separately) and the extracts were combined to form a single sample.

REPORT 08-1039A 6
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The combination of two larger sample media sets and multiple test-runs allowed
for the accumulation of a sample volume similar to that passing through a 20 x 20 inch filter
during a single test (roughly 3000 standard cubic feet). This volume of sample was sufficient
to allow for the analysis to meet the required detection threshold of 0.5 ng/hp-hr. A sample
set for a given test day consisted of a cold-start filter sample, a hot-start filter sample, and a
pair of PUF/XAD-2 cartridges for the semivolatile phase. A background PAH/nPAH sample
set was obtained by operating the sampling systems with sampling media loaded, but without
the engine operating, for 2 hours in order to obtain sufficient volume.

Following testing, sample sets were delivered for analysis. In the case where
immediate extraction was not possible, both PUF/XAD-2 and filter samples were stored at 4°C.
All samples were Soxhlet extracted for 16 to 18 hours. For the pair of semivolatile samples,
the PUF and XAD-2 portions of both sample cartridges were separated and extracted.” The
PUF portion of the sample was Soxhlet extracted with Hexane/Ether (94:6). The XAD-2
portion of the sample was extracted with 100% methylene chloride. Both portions were
combined to form a single sample before cleanup. After extraction, the sample extracts were
cleaned up by an acid wash and elution through a column packed with activated silica gel.

The samples were analyzed using several GC/MS instruments, as detailed
below. For each analysis, a 1pL aliquot of the sample extract was injected into the
instrument. For quantitation, an internal standard solution, made up of several deuterated
PAH or nPAH compounds, was spiked into the extract at the time of analysis, and was used
for calculating response factors.

Analysis of Nitro-PAH compounds was performed on a Finnigan 4500
HRGC/LRMS using chemical ionization in the negative ion mode. Sample extracts were
analyzed for regular PAHs on a Fisons MD800 HRGC/LRMS in the selected ion monitoring
(SIM) mode. All PUF/XAD-2 samples required still higher resolution mass spectrometer
analysis due to interferences which affected the accurate quantitation of detected analytes.
In this case, a VG Autospec Ultima HRGC/HRMS in the SIM mode was used for the analysis.

AEPORT 08-1039A 7
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III. TEST RESULTS

This section of the report details the test results from the Cummins N14 engine. It is
divided into several sections, concerning the results from each kind of exhaust emission
characterization that was performed.

A. Regulated Emissions and Particulate Composition

Regulated emission levels for the Cummins N14 engine on the two test fuels are given
in Table 3. Triplicate FTP tests were run on both the neat B100 fuel and the neat 2D fuél.
Although regulated emissions were measured on both the cold-start and the first two hot-
starts of the test sequence for each given day, composite emission levels were generated using
only the cold-start and the first hot-start. Detailed results of individual transient tests are
given in Appendix B. A new transient torque-map was run for each FTP test.

Comparing B100 to 2D fuel, measured HC emissions were essentially eliminated by
B100. CO emissions were reduced by 50 percent with neat B100, as compared to 2D, primarily
as a result of the oxygen in B100. NO, emissions, however, were about 13 percent higher with
neat B100 as compared to 2D.

Particulate emissions with B100 were 30 percent below the levels observed for 2D fuel.
Particulate composition data for the N14 engine is given in Table 4, B100 reduced insclubles
in the particulates by more than 80 percent, likely as a result of the oxygen in the fuel.
However, SOF increased by roughly 40 percent with B100. This increased SOF is mostly the
B100 fuel itself, which at particulate sampling temperatures is likely to condense onto a
particulate filter. The increased SOF offset some of the reduction in insclubles, resulting in
a net 30 percent reduction in total particulates. Sulfate emissions were essentially eliminated
with B100.

B. C, to C,, Hvdrocarbon Speciation

A summary of C, to C,, speciation data, by individual species, including aldehydes and
ketones, is given in Table 5. This table shows the composite brake-specific mass for each
hydrocarbon compound, for all of the Cummins N14 tests, on all three fuels. Where “trace”
appears on the table, it means that a given compound was detected, but was present at a level
below the quantitation limit of the analysis, which was 0.02 mg/hp-hr. A zero on the table
indicates that a compound either was not detected, or was found at a level below that of the
background. Full details of speciation results for individual tests are given in Appendix C.

REFORT 08-1039A 8
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TABLE 3. REGULATED TRANSIENT EMISSIONS
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Test Test Test Transient Emissions, g/hp-hr BSFC, Work, Ret. Work,

Number Date Fuel HC co NO, PM Ib/hp-hr hp-hr hp-hr
1-8100-C1 1117167 B100 0.03 0.56 5.35 0.081 0.450 23.9 24.8
1-B100-H1 | 11/17/97 B100 0.00 | 040 | 5.09 0.07¢ 0.426 241 24.8
1-B100-H2 | 11/17/97 B100 000 | 038 | 5086 0.078 0.417 242 24.8
Composite | C1+H1 B100 0.01 0.42 | 5.13 0.079 0.429 241 24.8
1-8100-C2 | 11/18/97 B100 0.02 | 0.51 5.37 0.074 0.458 23.8 25.0
1-B100-H3 | 11/18/97 B100 000 | 040 | 512 0.070 0.419 24.1 25.0
1-B100-H4 | 11/18/97 B100 0.03 | 035 | 528 0.072 0.418 24.2 25.0
Composite | C2+ H3 B100 0.01 0.42 B.15 0.071 0425 241 25.0
1-B8100-C3 | 11/19/97 B100 0.03 0.54 5.40 0.082 0.454 24.0 25.0
1-B100-H5 | 11/19/97 B100 0.03 0.37 5.20 0.077 0.441 24.2 25.0
1-B100-H6 | 11/19/97 B100 0.02 0.36 5.21 0.079 0.420 24.2 25.0
Composite | C3 +HS B140 0.03 | 039 | 523 0.077 0.442 24.2 24.9
B100 Composite Average 0.01 0.41 5.17 0.076 0.432 24.1 24.9
1-2D-C1 11/24/97 2-D .21 095 | 4.98 0.119 0.399 26.3 272
1-2D-H1 11/24/97 2-D 020 | 068 | 4.50 0.104 0.359 26.8 27.2
1-2D-H2 11/24/97 2-D 0.21 066 | 4.55 0.101 0.377 26.9 27.2
Composite Ct1+H1 2-D 0.20 0.71 4.57 0.106 0.373 26,7 27.2
1-2D-C2 11/25/97 2-D 0.21 0.92 | 4.86 0.116 0.396 26.6 27.3
1-2D-H3 11/25/97 2-D 027 | o.M 4.48 0.107 0.3587 26.9 273
1-2D-H4 11/25/97 2-D 023 | 0.72 | 445 0.105 0.383 27.0 27.3
Composite C2+H3 2-D 0.26 0.74 4.53 0.108 0.388 26.8 273
1-2D-C3 11/26/97 2-D 023 | 090 | 4.89 0.113 0.394 26.4 27.3
1-2D-H5 11/26/97 2-D 0.23 | 0.76 | 4.57 0.104 0.386 26.7 27.3
1-2D-H6 11/26/97 2-D 0.30 0.77 4.54 0.104 0.382 26.9 27.3
Composite | C3+H5 2-D 023 | 0.78 | 4.61 0.105 0.387 26.6 273
2D Composite Average 0.23 0.75 4.57 0.106 0.383 26.7 27.3
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Test Total PM, SOF, Insolubles, Sulfate,
Number g/hp-hr g/p-hr a/hp-hr mg/hp-hr
1-B100-C1 0.081 0.067 0.014 1.2
1-B100-H1 0.079 0.068 0.011 0.5
1-B100-H2 0.078 0.078 0.000 0.4
Composite 0.079 0.068 0.011 0.6
1-B100-C2 0.074 0.067 0.007 05 -
1-B100-H3 0.070 0.060 0.010 0.4
1-B100-H4 0.072 0.081 0.011 0.3
Composite 0.071 0.061 0.010 0.4
1-B100-C3 0.082 0.073 0.008 0.3
1-B100-H5 0.077 0.070 0.007 0.2
1-B100-H6 0.079 0.070 0.010 0.3
Composite 0.077 0.070 0.007 0.2
1-2D-C1 _ 0.119 0.057 0.061 4.0
1-2D-H1 0.104 0.048 0.056 27
1-2D-H2 0.101 0.050 0.051 2.9
Composite 0.106 0.050 0.057 2.9
1-2D-C2 0.116 0.051 0.085 3.5
1-2D-H3 0.107 0.045 0.062 3.2
1-2D-H4 0.105 0.042 0.064 3.2
Composite 0.108 0.046 0.062 3.2
1-2D-C3 0.113 0.057 0.056 3.6
1-2D-H5 0.104 0.051 0.053 3.1
1-2D-H6 0.104 0.051 0.053 2.7
Composite 0.105 0.052 0.053 3.2

AEFORT 08-1039A
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TABLE 5. SUMMARY OF COMPOSITE C, TO C,, SPECIATION -

————————|
Compaosite Breke Specific Mass, mg/hp-hr
CARBON Bi0o 20

NO. COMPOUND 1 | 2 3 1 2 3

1 METHANE 0.00 0.83 0.75 0.00 0.00 0.00
2 ETHANE 0.11 0.06 .08 " 0.14 0.12 trace
2 ETHYLENE B.38 8.28 8.26 10.44 10.88 10.46
3 PROPANE 0.00 0.00 0.00 0.00 0.00 0.00
3 PROPYLENE 1.50 1.48 1.43 3.47 3.57 3.51
2 ACETYLENE 1.50 1.49 1.48 1.90 1.85 1.92
3 PROPADIENE 0.00 0.00 0.00 0.00 0.00 0.00
4 BUTANE 0.00 0.00 0.02 0.21 trace trace
4 TRANS-2-BUTENE 0.00 0.00 0.00 0.16 0.18 0.18
4 1-BUTENE 0.68 0.70 0.73 1.08 1.15 1.11
4 2-METHYLPROPENE {ISOBUTYLENE} 0.20 0.21 0.24 0.94 0.88 0.e1
3 2,2-DIMETHYLPROPANE (NEOPENTANE) 0.00 0.00 0.00 0.00 0.00 0.00
3 PROPYNE 0.09 0.00 0.02 0.20 0.18 0.20
4 1.3-BUTADIENE 1.02 1.13 1.22 1.35 1.33 1.29
4 2-METHYLPROPANE (ISOBUTANE) 0.00 0.00 0.02 0.00 0.00 0.00
4 1-BUTYNE 0,00 0.00 0.00 0.00 0.00 0.00
1 METHANOL ~ 0.00 0.00 0.00 0.00 0.00 0.00
4 C1S-2-BUTENE 0.00 0.00 0.00 0.14 0.12 0.13
5 3-METHYL-1-BUTENE 0.00 0.00 0.00 0.00 0,00 0.00
2 ETHANOL 0.00 0,00 0.00 0.00 0.00 0.00
5 2-METHYLBUTANE (ISOPENTANE) traca 0.00 0.00 .02 0.00 0.00
4 2-BUTYNE 0.00 0.00 0.00 0.00 0.00 0.00
5 1-PENTENE 0.00 0.00 0.00 0.00 0.00 0.00
3 2-METHYL-1-BUTENE 0.00 0.00 0.00 0.04 0.26 0.21
5 PENTANE 0.00 0.05 0.03 0.08 0.10 0.06
5 UNIDENTIFIED G5 OLEFINS 0.00 0.00 0.00 0.00 0.00 0.00
E] 2-METHYL-1,3-BUTADIENE 0.00 0.32 Q.16 0.00 0.00 0.03
5 TRANS-2-PENTENE 0.00 0.00 0.00 0.00 0.03 0.00
] 3.3-DIMETHYL-1-BUTENE 0.00 0.00 0.00 0.00 0.00 0.00
5 CI5-2-PENTENE 0.00 0.00 0.00 0.00 0.03 0.22
5 2-METHYL-2-BUTENE 0.00 0.00 0.00 0.00 0.00 0.00
4 TERT-BUTANOL 0.00 0.00 0.00 0.00 0.00 0.00
5 CYCLOPENTADIENE 0.00 0.00 0.00 0.00 0.00 0.00
6 2.2-DIMETHYLBUTANE 0.00 0.00 0.00 0.00 0.00 0.17
5 CYCLOPENTENE 0.00 0.00 0.00 0.00 0.21 0.00

REPORT 08-1039A
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TABLE 5 (CONT'D). SUMMARY OF COMPOSITE C, TO C,, SPECIAT!ON

— Composite Brake Specific Mass, mg/hp-hr "
GARBON B100 20 |
NQ. COMPOUND 1 2 | 3 1 2 3 Jl
5 4-METHYL-1-PENTENE 000 | 000 | 000 | 018 | 025 | 000 |
5 3-METHYL-1-PENTENE 000 | 000 | 000" | 000 | 000 | 0.0
5 CYCLOPENTANE 000 | ooo | ooo [ ooo | 000 | o000
6 2.3-DIMETHYLBUTANE 000 | 000 | 000 | 000 | tace | 0.0
5 MTBE 000 | coo | 000 | 000 | 000 | 000
6 4-METHYL-CIS-2-PENTENE 000 | ooo | coo | 000 | 000 | oo
6 2-METHYLPENTANE 000 | o2 | 0oz { o2 | o19 | oos
6 4-METHYL-TRANS-2-PENTENE 000 | ooo | ooo | ooo | 000 | eo0
6 3-METHYLPENTANE 000 | ooo | ood | 025 | o1 | ou7
6 2-METHYL-1-PENTENE 000 | 000 | ooz | os0 | o5t | os0
6 1-HEXENE 000 | 0oo | co2 | oso | os1t | o060
6 HEXANE 037 | 038 | 043 | 000 | 003 | o000
5 UNIDENTIFIED C6 OLEFINS 000 | 000 | 000 | ooo | o024 | 000
6 TRANS-3-HEXENE 000 { 000 | 000 | ooo | ooo | o0
6 CIS-3-HEXENE 000 | 0oo | 000 | ooo | o000 | 000
6 DI-ISOPROPYL ETHER 000 | 000 | o000 | 000 | ooo | oo
6 TRANS-2-HEXENE, 000 | 000 | 000 | o000 | ocoo | ooo
6 3-METHYL-TRANS-2-PENTENE 000 | 000 | 000 | ooo | o0oo | o0.00
6 2-METHYL-2-PENTENE 000 | ooo | ooo | ooo | ooo | o000
6 3.METHYLCYCLOPENTENE 000 | 000 [ 000 | ooo | coo | 000
6 CI5-2-HEXENE 000 | ooo | ooo | o000 | 000 | 0.0
5] ETBE 0.00 0.00 0.00 0.00 0.00 0.00
5 3-METHYL-CIS-2.PENTENE 000 | 000 | ooo | 000 | ooo | 000
7 2,2.DIMETHYLPENTANE 2 024 | 030 | 007 | 000 | 000 | 0.0
5 METHYLCYCLOPENTANE 2 024 | 030 | 007 | o000 | 000 | 000
7 2.4-DIMETHYLPENTANE 000 | 000 | 000 | ooo | 000 | 002 ]
7 2.2,3-TRIMETHYLBUTANE 0.00 {race D.03 0.00 0.00 traca
7 3.4-DIMETHYL-1-PENTENE 000 | 600 | 000 | ooo | ooo | o.00
6 1-METHYLCYCLOPENTENE 000 | ooo } o0oo | ooo | 0oo | 000
6 BENZENE 0.93 0.85 0.88 0.a2 112 0.85
7 3-METHYL-1-HEXENE 0.00 0.00 0.00 0.00 0.00 0.00
7 3,3-DIMETHYLPENTANE 000 | ooo | coo | ooo | ooo | o002
6 CYCLOHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
7 2-METHYLHEXANE 0,00 0.00 0.00 0.00 0.00 0.00
7 2.3-DIMETHYLPENTANE O_qg 0.00 0.00 Q.00 0.00 0.00

FEPORT 08-1039A 12
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TABLE 5 (CONT'D). SUMMARY OF COMPOSITE C, TO C,, SPECIATION

- Composite Brake Specific Mass, mg/hp-hr
CARBON 8100 20
ND., COMPOUND 1 2 3 1 2 3
7 1,1-DIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
6 TERT-AMYL METHYL ETHER 0.00 0.00 0.00° 0.00 0.00 0.00
B CYCLOHEXENE 0.00 0.00 0.24 0.00 0.00 trace
7 3-METHYLHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
7 CIS-1,3-DIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00 |
7 J-ETHYLPENTANE 0.00 0.00 0.00 0.00 0.00 0.05
7 TRANS-1.2-DIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
7 TRANS-1,3-DIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.03
7 1-HEPTENE 0.00 0.00 0.00 0.00 0.00 0.00
8 2.2.4-TRIMETHYLPENTANE 0.26 0.02 0.16 0.48 0.30 0.14
7 2-METHYL-1-HEXENE 0.c0 0.00 0.00 0.00 0.00 0.00
7 TRANS-3-HEPTENE 0.00 0.00 .00 0.00 0.00 0.00
7 HEPTANE 0.22 0.38 0.41 0.00 0.03 0.07
7 CIS-3-HEPTENE 0.00 0.00 0.00 0.00 0.00 0.00
7 UNIDENTIFIED C7 0.00 0.00 0.00 0.00 0.17 0.00
7 2-METHYL-2-HEXENE 0.00 0.00 0.00 0.00 0.00 0.00
7 3-METHYL-TRANS-3-HEXENE 0.00 0.00 0.00 0.00 0.00 0.00
7 TRANS-2-HEPTENE 0.00 0.00 0.00 0.00 0.00 0.00
7 J-ETHYL-CIS-2-PENTENE 0.00 0.03 0.38 0.00 0.00 0.00
8 2,4,4-TRIMETHYL-1-PENTENE 0.00 0.00 0.00 0.00 0.00 0.00
7 2,3-DIMETHYL-2-PENTENE 0,00 0.00 0.00 0.00 0.00 0.00
7 CIS-2-HEPTENE 0.00 0.00 0.00 0.00 0.00 Q.00
7 METHYLCYCLOHEXANE 0.00 0.00 0.00 0.21 0.24 015
7 CIS-1,2-DIMETHYLCY CLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
B 2.2-DIMETHYLHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
8 1.1,3-TRIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
8 2.4.4-TRIMETHYL-2-PENTENE 0.00 0.00 0.00 0.00 0.00 0.00
B 2.2.3-TRIMETHYLPENTANE 0.00 0.00 0.00 0.00 0.00 0.09
8 2.5-DIMETHYLHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
7 ETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
B 2.4-DIMETHYLHEXANE 0.00 0.00 0.00 0.04 0.25 0.14
8 1-TRANS-2-CI1S-4-TRIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
8 3,3-DIMETHYLHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
8 1-TRANS-2-CIS-3-TRIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
8 2.3 4-TRIMETHYL PENTANE 0.00 0.03 0.00 0.00 0.11 tra_cf__

REPORT 08-10394
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TABLE 5 (CONT'D). SUMMARY OF COMPOSITE C, TO C,, SPECIATION

Composite Brake Specific Mass, mg/hp-hr

CARBON B100 20 |
NO. COMPOUND 1 2 [ a 1 2 3 |
8 2.3,3-TRIMETHYLPENTANE 0.00 0.00 0.00 0.00 0.00 0.04
7 TOLUENE ‘ 0B84 | 070 1.08° 0.87 0.88 0.63
8 2,3-DIMETHYLHEXANE 0.00 0.00 0.00 0.00 0.23 0.36
8 1,1.2-TRIMETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
8 2-METHYLHEPTANE 0.00 0.00 0.00 0.00 0.00 0.18
8 3,4-DIMETHYLHEXANE P 0.00 0.00 0.00 0.00 0.00 0.00
8 4-METHYLHEPTANE 0.00 0.00 0.00 0.00 0.00 0.00
a 3-METHYLHEPTANE 0.00 0.00 0.00 0.00 0.00 0.00
8 1-C1S.2-TRANS 3-TRIMETHYLCYCLOPENTANE | 0.00 0.00 0.00 0.00 0.00 0.00
8 CIS-1.3-DIMETHYLGYCLOHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
8 TRANS-1.4-DIMETHYLCYCLOHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
8 3-ETHYLHEXANE 0.00 0.00 0.00 0.00 0.17 0.24
9 2.2.5-TRIMETHYLHEXANE 0.00 0.00 0.19 0.03 0.03 0.30
g TRANS-1-METHYL-3-ETHYLCYCLOPENTANE 0.00 0.19 0.00 0.00 0.17 0.00
g CIS-1-METHYL-3-ETHYLCYCLOPENTANE 0.00 0.00 0.00 0.37 0.50 0.57
8 1,1-DIMETHYLCYCLOHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
8 TRANS-1-METHYL-2-ETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
8 1-METHYL-1-ETHYL-CYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
9 2,4,4-TRIMETHYLHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
9 2.2 4-TRIMETHYLHEXANE 0.00 000 | 0.00 0.00 0.00 0.00
8 TRANS-1.2-DIMETHYLCYCLOHEXANE 0.00 0.00 0.00 0.00 | 0.00 0.00
] 1-OCTENE 0.00 0.00 0.00 0.00 0.00 0.00
8 TRANS-4-OCTENE 0.00 0.00 0.00 0.00 0.00 0.00
8 OCTANE 0.00 0.00 0.00 0.29 0.32 0.37
8 UNIDENTIFIED C8 0.00 0.00 0.00 0.00 0.00 0.20
8 TRANS-2-OCTENE 0.00 0.00 0.00 0.00 0.00 0.00 |
8 TRANS-1.3-DIMETHYLCYCLOHEXANE © 0.00 0.00 0.00 0.00 0.00 0.00
8 C18-2-OCTENE 0.00 0.00 0.00 0.00 0.00 0.00
8 ISOPROPYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
9 2,2-DIMETHYLHEPTANE 0.00 0.00 0.00 0.00 0,00 0.00
9 2,3.5-TRIMETHYLHEXANE 0.00 0.00 0.00 0.00 0.00 0.00
8 CI8-1-METHYL-2-ETHYLCYCLOPENTANE 0.00 0.00 0.00 0.00 0.00 0.00
9 2 4-DIMETHYLHEPTANE 0.00 0.00 0.00 0.00 0.00 000
g 4.4-DIMETHYLHEPTANE .00 0.00 0.00 0.00 0.00 0.00
B CIS-1,2-DIMETHYLCYCLOHEXANE 0.00 0.00 0.00 0.00 0.00 0.00

REFQRT 08-1039A
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TABLE 5 (CONT'D). SUMMARY OF COMPOSITE C, TO C,, SPECIATION

Compasite Brake Specific Mass, mg/hp-hr
CARBON . B100 . 20
NOQ. COMPOUND 1 I 2 ' 3 1 2 3
10 1.3,-DIMETHYL-5-ETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
- 10 METHYLPROPYLBENZENE (sec tutylbenzena) Q.00 0.00 0.00° 0.00 0.03 0.00
10 1-METHYL-3-[SOPROPYLBENZENE a.00 0.00 0.00 0.00 0.00 0.00
9 1,2.3-TRIMETHYLBENZENE 0.00 0.00 0.00 0.28 0.33 0.00
1 1-METHYL-4-1SOPROPYLBENZENE 0.00 0.00 0.00 0.00 0.00 0;00 -
9 INDAN 0.00 0.00 0.00 0.00 0.00 0.00
10 1-METHYL-2-ISOPROPYLBENZENE 0.00 0.00 0.00 0.03 0.04 0.26
10 1,3-DIETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
10 1,4-DIETHYLBENZENE 0.00 0.00 0.00 0.00 0.36 0.22
10 1-METHYL-3-N-PROPYLBENZENE 0.00 0.00 0.00 0.00 0.16 0.00
10 1-METHYL-4-N-PROPYLLBENZENE 9 0.00 0.00 0.00 0.15 0.49 0.26
10 1.2 DIETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
10 1-METHYL-2-N-PROPYLBENZENE 0.00 0.00 0.00 0.25 0.26 0.22
10 1,4-DIMETHYL-2-ETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
10 1.3-DIMETHYL-4-ETHYLBENZENE 0.00 0.00 0.00 0.03 0.44 0.00
10 1,2-DIMETHYL-4-ETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
10 1,3-DIMETHYL-2-ETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
11 UNDECANE ~ 0.00 0.00 0.00 1.72 2.59 1.93
10 1,2-DIMETHYL-3-ETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
10 1.2,4,5-TETRAMETHYLBENZENE 0.00 0.00 0.00 219 0.80 0.24
11 2-METHYLBUTYLBENZENE {sec AMYLBENZENE) | 0.00 0.00 0.00 0.00 0.00 0.00
11 3.4 DIMETHYLCUMENE 0.00 0.00 0.00 0.00 0.00 0.00
10 1.2,3,5-TETRAMETHYLBENZENE 0.00 0.00 0.00 0.12 0.55 0.30
11 TERT-1-BUT-2-METHYLBENZENE 0.00 0.00 0.00 0.55 0.39 0.42
10 1,2.3.4-TETRAMETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
11 N-PENT-BENZENE 0.00 0.00 0.00 0.59 0.77 074 |
1" TERT-1-BUT-3.5-DIMETHYLBENZENE 0.00 0.00 0.00 0.24 0.39 0.24
12 TERT-1-BUTYL-4-ETHYLBENZENE 0.00 0.00 0.00 0.00 Q.00 0.C0
10 NAPHTHALENE 0,00 0.00 0.00 0.23 0.25 0.37
12 DODECANE 0.00 0.00 0.00 1.47 1.67 1.74
i2 1.3.5-TRIETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
12 1.2.4-TRIETHYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
12 HEXYLBENZENE 0.00 0.00 0.00 0.00 0.00 0.00
UNIDENTIFIED C9-C12+ 0.00 0.00 0.00 N 5.33 3.89
1 FORMALDEHYDE 943 8.99 B8.72 12.88 13.60 13.62 ]

REPORT 08-1033A 16
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TABLE 5 (CONT'D). SUMMARY OF COMPOSITE C, TO C,, SPECIATION

Composite Brake Speclﬁ;:lass, mg’hp-hr
CARBON B100 20
NO. COMPOUND 1 2 3 1 2 3
8 ETHYLCYCLOHEXANE 000 | 0.00 0.00 0.00 0.00 0.00
g 2.6-DIMETHYLHEPTANE 9 000 | 0.00 000 | 0.60 0.66 0.53
9 1.1.3-TRIMETHYLCYCLOHEXANE 000 | 0.00 0.00 0.00 000 | o.00
3 2.5-DIMETHYLHEPTANE © 000 | 0.00 0.00 0.22 0.25 0.25
9 3.3-DIMETHYLHEPTANE 000 | 000 0.00 0.00 000 | o000 -
9 3.5-DIMETHYLHEPTANE € 000 | 0.00 0.00 0.00 0.00 | 0.00
8 ETHYLBENZENE 000 | 0.00 0.00 0.69 0.79 0.88
9 2.3A-TRIMETHYLHEXANE 000 | 0.0 0.00 0.00 0.00 | 0.00
a 2.3-DIMETHYLHEPTANE 0.00 0.00 0.00 0.00 000 | o.00
8 m-& p-XYLENE 000 | 0.0 0.00 0.95 0.94 1.15
g 4-METHYLOCTANE 000 | 0.00 0.00 0.00 000 | o.00
g 3.4-DIMETHYLHEPTANE 000 | 000 | 0.0 0.00 000 | o0.00
9 4-ETHYLHEPTANE 000 | 0.00 0.00 0.00 000 | 0.00
3 2-METHYLOCTANE 0.00 | 0.00 0.00 0.29 030 | 0.36
g 3-METHYLOCTANE 0.00 | 0.00 0.00 0.23 0.26 0.27
8 STYRENE 000 | 0.00 0.00 0.00 oo0 | o000
8 o-XYLENE 000 | 0.00 0.00 0.39 0.37 0.47
8 1-NONENE 000 | 0.0 0.00 0.06 0.25 0.35
9 TRANS-3-NONENE 000 | 0.00 0.00 000 | 000 | 0.00
9 CIS-3-NONENE 000 | 0.00 0.00 o000 | ooo | o0
8 NONANE 000 | 000 | o.00 0.69 0.75 0.80
9 TRANS-2-NONENE 000 | ooo | 0.0 0.00 0.00 | 0.0
8 ISOPROPYLBENZENE (CUMENE) 0.00 0.00 0.00 0.15 003 | o030
10 2,2-DIMETHYLOGTANE 000 | 0.00 0.00 0.00 000 | 0.0
10 2 4-DIMETHYLOCTANE 0.00 0.00 0.00 0.29 0.29 0.3
8 n-PROPYLBENZENE 0.00 0.00 0.00 0.33 020 | 037
9 1-METHYL-3-ETHYLBENZENE 0.00 | 0.00 0.00 0.23 0.52 0.51
9 1-METHYL-4-ETHYLBENZENE 000 | 0.0 0.00 0.30 0.38 0.34
9 1,3.5-TRIMETHYLBENZENS 000 | coo | o0.00 0.42 043 | o042
9 1-METHYL-2-ETHYLBENZENE 000 | 0.0 0.00 042 | 0.40 0.40
9 1.2.4-TRIMETHYLBENZENE ooo | o.00 0.00 007 | 076 0.58
10 TERT-BUTYLBENZENE 000 | 0.00 0.00 0.00 0.00 0.00
10 1.DECENE 000 | 0.0 0.00 0.00 000 | 0.0
10 DECANE ! ooo | 0.0 0.00 0.52 0.50 0.47
10 ISOBUTYLBENZENE f 0.00 0.00 0.00 049 | 047 0.44

REPORT 08-1039A
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TABLE 5 (CONT'D). SUMMARY OF COMPOSITE C, TO C,, SPECIATION

Composite Brake Specific Mass, mgfhp-hr

CARBON B100 20

NO. COMPOUND 1 [ 2 | s 1 2 3

2 | ACETALDEHYDE 307 | 305 | 304 | 478 | 461 | 486
3 |AcroLEm 246 | 276 | 254" | 165 | 115 | 152
3 |aceTone 069 | 052 | o51 | 140 | 141 | 138
3 | PROPIONALDEHYDE 179 | 140 | 108 | 123 | 253 | 235 .
s |cROTONALDEHYDE 096 | 064 | 081 167 | 220 | 187
¢ |isoBuTYRALDEHYDE h 032 |03 | o209 | 041 | os2 | os6
4 |METHYL ETHYL KETONE b 032 | 038 | 020 | o041 | osz | os6
7 | BENZALDEHYDE 004 | 000 | ooo | os6 | 047 | os2
5  |ISOVALERALDEHYDE 054 | 082 | 063 | 060 | 024 | o2
5 |VALERALDEHYDE 027 | 033 | 016 | 036 | 036 | 045
8 |O-TOLUALDEHYDE 037 | o049 | o3 | o034 | o032 | o040
8 | MP-TOLUALDEHYDE 130 | 141 | 162 | 207 | 187 | 167
6 |HEXANALDEHYDE 108 | 090 | 080 | o046 | 036 | 035
9 | DIMETHYLBENZALDEHYDE 000 | 000 | 000 { 026 | 047 | o023

SUMMED SPECIATED VALUES 39 40 39 73 g2 77

REPORT 08-1039A

a 2,2-Dimethylpentans and methylcyclopentane co-elute. GC peak area split equally between the two compounds.
b 3-Methyl-3-ethyl-pentane co-elutes with seported compound. Not reported separately.

¢ Cis-1.4-Dimethylcyclohexane co-elutes with reported compound. Not reported soparately.

d Propylcyctopentane co-glutes with reported compound. Not reported separately,

a 2,5-Dimethylheptane and 3,5-dimethylheptane co-elute. GC peak area split equally between the two compounds.
{ Decane and isobutylbenzene co-elute. GG peak area split equally betwsen the two compounds.

ak area split equally between the two compounds.

17

g n-Butylbenzene co-elutes with reported compound. Not reported separately.
h Isobutyraldehvde and methyl ethvl ketone co-elute. LC
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A summary of total speciated hydrocarbons, and their associated ozo.ie formation
potential,” is shown in Figure 2. For neat B100, the total speciated hydrocarbon mass is
nearly 50 percent less than that measured for 2D fuel, and the associated ozone potential is
reduced by the same amount. Significant reductions in most of the aldehyde compounds were
observed with B100, with formaldehyde and acetaldehyde 30 percent lower than the levels
observed for 2D fuél. A summary of alcohol data is given in Table 6. None of the target
alcohols were found at a quantifiable level in any of the samples from the Cummins N14
engine, and the few traces detected were at levels below those found in the background
samples. This was expected, as no alcohol was present in any of the test fuels.

C. PAH and nPAH

A summary of the results of PAH and nPAH analyses for all three fuels is given in
Table 7. This table shows the total composite emission rate of each PAH/MPAH compound,
including both particulate and semivolatile phases. Complete PAH/nPAH data for individual
samples is given in Appendix D. Where an “nd" appears, it means the compound was not
detected in any of the exhaust samples for that test fuel and day. The only "nds" that occurred
were for selected nPAH compounds on certain biodiesel test runs. The detection limits for
these compounds were actually below 0.1 ng/hp-hr for filter samples, and below 0.05 ng/hp-hr
for the PUF/XAD-2 samples. Where “trace” appears in the table, it means that the compound
was detected, but was measured at a level below the required quantitation limit of 0.5 ng/hp-
hr, as defined by EPA in CFR Title 40 Part 79. Where a zero appears in Appendix D for a
given compound and exhaust sample, it means that this compound was detected and
quantified, but at a level lower than in the background samples, resulting in a calculated mass
less than zero in these cases. Any calculated masses less than zero were set to zero following
what is standard practice for regulated emissions calculations. This only occurred for certain
compounds on selected semivolatile samples.

The neat B100 samples presented a unexpected problem for the analysis, in that the
biodiesel fuel itself caused considerable interference during the PAH analysis. The nPAH
measurement was not affected by this because those compounds are measured with the
GC/MS in a negative ion mode, rather than the positive ion mode used for PAHs. Several
cleaning processes were attempted in an effort to remove the interfering bicdiesel compounds,
but this was only partially successful. A number of biodiesel samples had to be diluted as
much as 50-fold, although all PAHs were still detected, so detection thresholds did not become
an issue. The PUF/XAD-2 samples were cleaned, diluted, and then analyzed using a higher
resolution instrument in order to achieve required detection capabilities. Again, all of the
PAH compounds were detected in these samples, so detection thresholds were not an issue.

The neat B100 fuel resulted in large decreases in all of the target PAH and nPAH
compounds, as compared to 2D fuel. All of the PAH compounds were reduced by 75 to 85
percent, with the exception of benzo(a)anthracene, which was reduced by roughly 50 percent.
The target nPAH compounds were also reduced dramatically with neat B100 fuel, with 2-
nitrofluorene and 1-nitropyrene reduced by 90 percent, and the rest of the nPAH compounds

*Calculated based on reactivity factors given in "California Non-Methane Organic Gas
Test Procedures Appendix 1 - List of Target Compounds."
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FIGURE 2. COMPOSITE TOTAL MASS AND OZONE POTENTIAL FROM C, TO C,, SPECIATION ANALYSIS
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reduced to only trace levels. All of these reductions are likely due to the fact the:biodiesel fuel
contained no aromatic compounds of any kind, including PAHs.

TABLE 6. SUMMARY OF COMPOSITE ALCOHOL DATA

B100 2D

Compound Day 1 Day 2 Day 3_ Day 1 Da& Day 3
methanol 0.0 nd 0.0 - 0.0 0.0_ nd
ethanol nd nd nd nd nd nd
t-butanol 0.0 nd nd nd nd nd -
2-propanol nd nd nd nd nd nd
1-propanol 0.0 nd nd nd nd nd
nd - not detected

TABLE 7. SUMMARY OF PAH/nPAH DATA

[ " B100 2D
Day1 | Day2 | Day3 | Average | Day 1 | Day 2 | Day 3 | Average
. ng/hp-hr PAH
IBenzo(a)anlhracene 1187 1212 | 2267 1555 3318 | 4193 | 2418 3308
"Chrysene 436 757 561 585 3950 | 4956 | 3055 3987
lBenzo(b)quoranthene 383 437 51 443 1478 | 2050 1351 1628
Benzo(k)fluoranthene 318 386 445 383 2002 | 2207 | 1209 1806
Benzo(a)pyrene 196 250 247 231 1464 | 1868 973 1435
Indeno(1.2,3-cd)pyrene 173 206 235 205 883 1194 672 916
Dibenz{a,h)anthracene 48 55 a2 62 310 398 236 315 -
Benzo(g,h,l}perylene 209 20m 299 236 1251 1616 889 1252
ng/hp-hr nPAH
2-Nitrofluorene 6.5 a.5 13 9.4 131 106 133 123
1-Nitropyrene 6.3 4.7 6.4 5.8 €3 e84 a9 az
7-Nitrobenz{a)anthracene trace | trace | trace trace 2.5 1.4 1.8 19
6-Nitrochrysene trace | trace | trace trace 0.6 0.8 0.9 0.8
6-Nitrobenz({a)pyrene nd trace nd trace 3.5 25 1.5 5

REPORT 08-1035A 20
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IV. CONCLUSIONS

In considering all of the data from the Cummins N14, several trends become apparent
in comparing the two test fuels. For regulated emissions, the neat biodiesel fuel (B100)
reduced emissions of HC, CO, and particulates by 95, 45, and 30 percent, respectively, as
compared to 2D fuel. NO, emissions, however, increased 13 percent with B100 fuel. The
reduction in particulate emissions with neat biodiesel was generally due to a reduction in
carbon soot, although this was partially offset by an increase in SOF.

When the unregulated emissions data is examined, the results generally indicate
substantial improvements with neat biodiesel. The mass of speciated hydrocarbons from C,
to C,, is reduced significantly with neat biodiesel, compared to diesel] fuel, as is the ozone
formation potential of the hydrocarbon emissions. Substantial reductions in aldehydes such
as formaldehyde and acetaldehyde were observed with neat biodiesel. PAH and nPAH data
also indicated reductions on the order of 90 percent with neat biodiesel for nearly all of the

PAHs and nPAHs that were measured.
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Step Condition . Speed, rpm Throttle Time, sec
1 Idle 650 Closed 144
2 Peak Torque 1200 WOT" 36
3 Rated Power 1800 wOT 360
4 High Idle 2000 WOT 36
5 Rated Power 1800 WOT 14 _
6 Ramp to Peak Torque Ramp to 1200 WOT 36
7 Peak Torque 1200 WOT 108
L 8 High Idle 3000 | WOT 36

AEPOAT 08-1039A

A-1
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Southwest Research Institute - Department of Emissions Research
EPA Cceld Transient Emission Test Resuits
Project No. 08-1039-000

Engine Modei: 97 CUMMINS N-14 Test No.: 1-SME-C1 DIESEL SME, EM-2481-F
Engine Desc.: 14.0L (855 CID) I-6 Date: 11/07/1997 Time:09:43 HCR: 1.833 FID Resp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H=10.120 C= 0.780 O= 0.100 X= 0.000
Engine S/N: 11844196 Cell: 4 Bag Cart: 1 Engine Qil. CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer: 29,55 inHg 100.1 kPa scim scmm
Engine inlet Air Blower 1 Rate: 2,189.0 61.99
Temperature: 75.0 °F 23.9°C Blower 2 Rate: 0.0 0.00 -
Dew Point; 53.1 °F 11.7 °C 90 mm Systerm:
Abs. Humidity: 61.0 grib 8.7 g/kg Gas Meter 1: 1.60 0.05
Rel. Humidity: 46 % Gas Meter 2; 3.01 0.09
Dilution Air: Sample Rate: 1.41 0.04
Temperature: 74.0 °F 23.3°C 20X20 Sample Rata: 50.64 1.43
Abs, Hurmidity 338 grb 4.8 gkg 47 mm Sample Rate: 29.28 0.83
Rel. Hurmiditv: a7 o Chemistry Sample Rate; 2.63 0.07
. Total Flow Rate: 2,272.95 64.37
Measured Gaseous Data
Meter Range Concentration Particulate Data
HC Sample nfa 4.01 ppm Filter Number:  8932.1 (pair}
HC Bckgrd nfa 3.14 ppm Weight Gain, mg: 1.209
CO Sample 9.9 2 9.46 ppm Sample Multiplier: 1.610
CO Bckgrd 0.4 2 0.38 ppm ]
NOx Sample n/a 54.45 ppm (Dry) . Correction Factors
NOx Bekgrd 0.1 2_ 010 ppm NOx Humidity CF: 0.965
o Dry-tc-Wet CF, Sample: 0.986
¢gSample 738 06209 Dry-to-Wet CF. Bekgrd: 0.992
CO2 Bekgrd 781 0.0455 % Dilution Factor: 21.91
; Test Cycle Data
HC Corrected Conct:fg:atlo::m Sample Time: 1,207.40 sec
co 890 ppm Work: 23.91 hp-hr  17.83 kW-hr
NOx 5362 ppm Reference Work: 24.82 hp-hr 18.51 kW-hr
co2 05875 % Total Volume (Vmix): 45,686.4 scf 1,293.87 scm
Mass Emissions Brake-Specific Emission Results _
HC 0.755 grams BSHC (Cell) 0.032 g/hp-hr 0.042 g/kW-hr
Co 13.412  grams CO 0.561 g/hp-hr 0.752 g/kW-hr
NOx 127.996 grams NOx  (Cell) 5.353 gfhp-hr 7.179 g/kW-hr
Particulate 1.946 grams Particulate 0.081 g/hp-hr 0.109 g/kW-hr
coz 13.906 kg co2 581.6 g/hp-hr 779.91 g/kW-hr
Fuei 1075 b 4.87 ko BSFC 0.450 Ib/p-hr 0.273 kgfkW-hr
Analyzed: 11/19/1997 14:40 B-1 Page 10of 2
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Southwest Research Institute - Department of Emissions Research

Engine Modei:

EPA Hot Transient Emission Test Results
Project No. 08-1039-000

97 CUMMINS N-14

Engine Desc.. 14.0 L {855 CID) {-6
Engine Cycle: Diesel

Engine S/N: 11844196

SME

Ambient/Test Cell Conditions

Barometer:

Engine Inlet Air
Temperature:
Dew Point:
Abs. Humidity:
Rel. Humidity:

Ditution Air:
Tempetature:

Abs. Humidity
Rel, Humidity:

29.54 inHg 100.0 kPa
75.0 °F 23.9°C
54.2 °F 12.3°C
63.5 grfb 9.1 g/kg
48 %

75.0 ’F 23.9°C
323 grfb 4.6 g/kg
25 %

Measured Gaseous Data

Meter Range Concentration

HC Sample n/a 4.05 ppm
HC Bckard n/a 4,07 ppm
CO Sample 7.0 2 6.67 ppm
CO Bckgrd 0.2 2 - 019 ppm
NOx Sample nfa - 52.08 ppm
NOx Bekgrd 0.1 2 0.10 ppm
CO2 Sample 71.9 1 0.6076 %
CO2 Bckgrd 7.8 1 0.0455 %

Corrected Concentrations
HC 0.16  ppm
CoO 6.36 ppm
NOx 51.31  ppm
co2 0.5641 %o

Mass Emissions

HC 0.118  grams
CO 9.549 grams
NOx 122,808  grams
Particulate 1.808 grams
o2 13.312 kg
Fuel 10.28 b 486 kg

Anatvzed: 11/19/1997 14:46

Test No.: 1-SME-H1
Date: 11171997 Time: 10:23
Program HDT:

Celi: 4

(Dry)

BagCart: 1

HCR: 1.833

4.01-R

Sample Flows

scfm

Blower 1 Rate: 2,181.5
Blower 2 Rate: 0.0
90 mm System:

Gas Meter 1: 1.59

Gas Meter 2: 3.01

Sample Rate: 1.41
20X20 Sample Rate: 50.53
47 mm Sample Rate: 29.41
Chemistry Sample Rate: 2.67
Total Flow Rate: 2,265.56

Particulate Data
8933.0-2 (pain)
1.193
1.600

Filter Number:
Weight Gain, mg:
Sample Multiplier:

Correction Factors
NOx Humidity CF:
Dry-to-Wet CF, Sample:
Dry-to-Wet CF, Bckgrd:
Dilution Factor:

Test Cycie Data

Sample Time: 1,207.70 sec
Work: 24.13 hp-hr
Reference Work: 24.82 hp-hr
Total Volume (Vmix): 45,548.2 sct

DIESEL SME, EM-2481-F

FID Resp: 1.00

H= 0.120 C= 0.780 O=0.100 X= 0.000
Engine Oil: CUMMINS BLUE

scmm -
61.78 ©
0.00

0.05
0.08
0.04
1.43
0.83
0.08
64.16

0.971
0.987
0.893
22.76

17.99 kW-hr
18.51 KW-hr
1,289.95 scm

Brake-Specitic Emission Results

BSHC (Cell) 0.005 gfhp-hr
CcO 0.396 g/hp-hr
NOx  (Cell) 5.094 g/hp-hr
Pariculate 0.079 g/hp-hr
co2 851.7 g/hp-hr
RSFC 0.426 Ib/hp-hr

B-2

0.007 g/kW-hr
0.531 g/kW-hr
6.831 g/kW-hr
0.106 g/kW-hr
739.81 g/kW-hr

0.259 kg/kW-hr

Page 10of 2
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Southwest Research Institute - Depariment of Emissions Research -
‘EPA Hot Transient Emission Test Results
Project No. 08-1039-000

Engine Model: 97 CUMMINS N-14 Test No.: 1-SME-H2 : DIESEL SME, EM-:‘2481 -F
Engine Desc.: 14.0 L (855 CID) |-6 Date: 11/17/1997 Time:11:03 HCR: 1.833 FID Resp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H=0.120 C=0.780 O=0.100 X=0.000
Engine S/N: 11844186 Cell: 4 Bag Cart: 1 Engine Oi: CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.53 inHg 100.0 kPa scfm scmm
Engine Iniet Air Blower 1 Rate: 2,171.4 61.49
Temperature: 75.0 °F 23.9°C Blower 2 Rate: 0.0 c.oo . .
Dew Poaint: 54.5 °F 125°C 90 mm System:
Abs. Humidity: 64.3 grlb 9.2 g/kg Gas Meter 1. 1.59 0.05
Ael. Humidity: 49 % Gas Meter 2: 3.03 0.09
Dilution Air: Sample Rate: 1.44 0.04
Temperature: 75.0 °F 23.9°C 20X20 Sample Rate: 50.62 1.43
Abs. Humidity 32.3 grlb  4.6g/kg 47 mm Sample Rate: 29.75 0.84
Rel. Humnidity: 25 %, Total Flow Rate: 2,253.18 63.81
Measured Gaseous Data , Particulate Data
Meter Range Concentration Filter Number: ~ 8934.0-3 (pair)
HC Sample n/a 4.33 ppm Weight Gam_, mg: 1.200
HC Bekgrd nfa 483 ppm Sample Multiplier: 1.564
Cosmwe o2 2 sz  cormsioncirs
NOx Sample na - 5217 ppm (Dry) go:: H‘d{,“'d'ty cr 0.973
NOx Bekgrd 02 2. 020 ppm A CF, Sample: 0.98
5 ry-to-Wet CF, Bekgrd: 0.993
ggg gz{(g‘:lf T;g : ggggg 7 Dilution Factor: 23.03
o - i
Test Cycie Data
, Sample Time: 1,207.80 sec
o orrested °°"‘f3'_‘;;a“°zzm Work: 2422 hphr  18.06 kW-hr
co 6.08 ppm Reference Wark: 24.82 hp-hr 18.51 kKW-hr
NOXx 51.31 ppm Total Volume (Vmix): 45,356.7 scf 1,284.53 scm
or
co2 0.5568 % Brake-Specific Emission Results
Mass Etnissions BSHC (Cell} 0.000 g/hp-hr 0.000 g/kW-ht
HC 0.000 grams Co 0.375 g/hp-hr 0.504 g/kW-hr
co 9.094 grams NOx  (Cell) 5.062 g/hp-hr 6.789 g/kW-hr
NOx 122.608 grams Particulate 0.078 g/hp-hr 0.104 g/kW-hr
Particulate 1.877 grams co2 540.2 g/hp-nhr 724.43 g/kW-hr
coz 13.084  Kg BSFC 0.417 Ib/hp-hr 0.254 kg/kW-hr
Fuel 10.11 b 458 kg

Anatyzed: 11/17/1997 14:28 B-3 Page 1 of 1
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Southwest Research Institute - Department of Emissions Research
EPA Cold Transient Emission Test Resuits
Project No. 08-1039-000

4

Engine Model: 97 CUMMINS N-14 Test No.: 1-SME-C2 DIESEL SME, EM-2481-F
Engine Desc.: 14,0L (855 CID) 16 Date: 11/18/1897 Time:09:30 HCR: 1.833 FID Resp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H=0.120 C= 0.780 O= 0.100 X=0.000
Engine S/N: 11844196 Cell: 4 Bag Cart: 1 Engine Oil: CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer; 29.35 inHg 99.4kPa scfm scmm .
Engine Inlet Air Blower 1 Rate: 2,173.0 61.54 .
Temperature: 75.0 °F 23.9°C Blower 2 Rate: 0.0 0.00
Dew Point: 54.2 °F 12.3°C 90 mm System: -
Abs, Humidity: 64.0 grib 9.1 gfkg Gas Meter 1: 1.58 0.04
Rel. Humidity: 48 Yo Gas Meter 2; 2.94 0.08
Dilution Air: Sample Rate: 1.36 0.04
Temperature: 77.0 F 25.0 °C 20X20 Sample Rate: 49.93 1.41
Abs. Humidity 59.8 grib  8.5gtkg 47 mm Sample Rate: 24.41 0.69
Rel. Humidity: 42 oz Chemistry Sample Rate: 2.59 0.07
’ Tota! Flow Rate: 2,251.25 63.76
Measured Gaseous Data
Meter Range Concentration ] Particulate Data
HC Sample n‘a 4.53 ppm Filter Number: ~ 8935.0-4 (pair)
HC Bckgrd nfa 3.96 ppm Weight Gain, mg: 1.072
CO Sample 9.5 2 9.07 ppm Sample Multipiier: 1.854
CO Bckgrd 0.8 2° . 0.76 ppm .
NOx Sa?npie n/a - 54.88 ppm (Dry) ___Correction Factors
NOx Bekgrd 01 2 0.10 ppm NOx Humidity GF: 0.972
CO2 Sample 75.1 1 0.6471 % Dry-to-Wet CF, Sampile: 0.980
CO2 Bekgrd 81 1 0.0473 % Dry-to-Wet CF, Bekgrd: 0.986
Dilution Factor: 21.36
; Test Cycle Data
" Corrected Concgtl;gatlo::m Sample Time: 1'20{70 o
co 812 ppm Work: 23.84 hp-hr  17.78 kW-hr
NOx 53.71 ppm Reference Work: 25.03 hp-hr 18.66 kW-hr
cO2 0.6020 oz, Total Volume (Vmix): 45,261.7 scf 1.281.84 scm
Mass Emissions Brake-Specific Emission Results
HC 0.558  grams BSHC (Cell) 0.023 g/hp-hr 0.031 g/kW-hr
cOo 12.116  grams Cco 0.508 g/hp-hr 0.682 g/kW-hr
NOx 127.990 grams NOx  (Celi) 5.369 g/hp-hr 7.200 g/kW-hr
Particulate 1.773  grams Particulate 0.074 g/hp-hr 0.100 g/kW-hr
co2 14.117 kg coz2 £92.2 g/hp-hr 794.11 g/kW-hr
Fuel 10.91 b 4.95 kg BSFC 0.458 lb/hp-hr 0.278 kg/kW-hr
Analyzed: 11/19/1997 15:01 B-4 Page 10t 2
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Southwest Research [nstitute - Department of Emissions Research
EPA Hot Transient Emission Test Resulits
Project No. 08-1039-000

Engine Model: 97 CUMMINS N-14 Test No.: 1-SME-H3 DIESEL SME, EM-2481-F
Engine Desc.: 14.0 L (855 CID) I-6 Date: 11/18/1997 Time:10:1¢ HCR: 1.833 FID Resp: 1.00
Engine Cycle: Diesel Program HDT.  4.01-R H= 0.120 C= 0.780 O= 0.100 X= 0.000
Engine S/N: 11844136 Cell: 4 Bag Cart: 1 Engine Oil: CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.35 inHg 99.4kPa sctm scmm
Engine Inlet Air Blower 1 Rate: 2,173.2 6155
Temperature: 75.0 °F 23.8°C Blower 2 Rate: 0.0 0.00 . .
Dew Point: 55.4 °F 13.0°C 90 mm System:
Abs. Humidity: 66.8 grfib 9.5 g/kg Gas Meter 1; 1.58 0.04
Rel. Humidity: 51 o Gas Meter 2: 2.95 0.08
Dilutian Air: Sampie Rate: 1.38 0.04
Temperature: 78.0 F 25.6 °C 20X20 Sample Rate: 49.47 1.40
Abs. Humidity 53.5 agarlb  7.6g/kg 47 mm Sample Rate: 23.32 0.66
Rel. Humidity: 37 oy, Chemistry Sample Rate: 2.61 0.07
Total Flow Rate: 2.249.93 63.72
Measured Gaseous Data
Meter Range Concentration Particulate Data
HC Sample n/a 4.37 ppm Fiitc_er Numl_:er: 8954.0-3 (pair)
HC Bckgrd n/a 447 ppm Weignt Gam, mg: 1.039
CO Sample 7.4 2 7.05 ppm Sample Muitiplier: 1.633
CO Bckgrd 0.4 2 0.38 ppm .
NOx Sa?nple n/a - 52.48 ppm (Dry} o Correction Factors
NOx Bekgrd 01  2_ ° 010 ppm NOx Humidity CF: 0.979
CO2 Sample 715 1 0.6027 % Dry-to-Wet GF, Sample: 0.982
CO2 Bekgrd 79 1 0.0461 ° D.ry-t.o-Wet CF, Bckgrd: 0.988
Dilution Factor; 22,94
; Test Cycle Data
He Corrected °°"°Efg;a“°:‘;m Sampie Time: 1,208.10 sec
Cco 6.53 ppm Work: 24.14  hp-hr 18.00 kW-hr
NOXx 51.45 ppm Reference Work: 25.03 hp-hr 18.66 kW-hr
co2 0.5586 % Total Volume (Vmix):  45,249.9 scf 1,281.50 scm
Mass Emissicns Brake-Specific Emission Resulits _
HC 0.070  grams BSHC (Cell)  0.003 g/hp-hr 0.004 g/kW-hr
co 9.736 grams Co 0.403 g/hp-hr 0.541 g/kW-hr
NOx 123.483 grams NOx (Cell) 5.115 g/hp-hr 6.860 g/kW-hr
Particulate 1.697  grams Particulate 0.070 g/hp-tr 0.094 g/kW-hr
coz2 13.096 kg coz 542.5 gfhp-hr 727.51 g/kW-hr
Fuel 10.12 Ib 4.59 kg BSFC 0.419 Ib/hp-hr 0.255 kg/kW-hr
Analyzed: 11/19/1997 15:09 B-5 Page 1 of 2
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Southwest Research Institute - Department of Emissions Research
EPA Hot Transient Emission Test Resuits
Project No. 08-1039-000

Engine Model: 97 CUMMINS N-14 Test No.: 1-SME-H4 DIESEL SME, EM-2481-F
Engine Desc.: 14.0L (855 CID) I-6 Date: 11/18/1997 Time:10:50 HCR: 1.833 FiD Resp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H=0.120 C=0.780 O=0.100 X=0.000
Engine S/N: 11844196 Cell; 4 Bag Cart: 1 Engine Oil: CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.34 inHg 93.3kPa scim scmm
Engine Inlet Air Blower 1 Rate: 2,172.3 61.52 °
Temperature: 750 °F 23.9°C Blower 2 Rate: 0.0 0.00
Dew Paint: 55.1 "F 12.§ °C 90 mm System: -
Abs. Humidity: 66.1 gr/ib 9.4 gfkg Gas Meter 1: 1.58 0.04
Rel. Humidity: 50 %% Gas Meter 2. 2.91 0.08
Dilution Air: Sample Rate: 1.33 0.04
Temperature: 78.0 °F 28,6 °C 20X20 Sample Rate: 4924 1.39
Abs. Humidity 535 grlb 7.6 g/kg 47 mm Sample Rate: 23.82 0.67
Ael. Humidity: 37 o Total Flow Rate: 2.246.66 63.63
Measured Gaseous Data ] Particulate Data
Meter Range Concentration Flltgr Numper: 8959.0-11 (pair)
HC Sample n/a 4.35 ppm Weight Gain. mg: 1.035
HC Bckgrd na 3.42 ppm Sample Multiplier: 1.688
CQ Sample 6.5 2 6.19 ppm .
CO Bekgrd 04 2 0.38 ppm NOX Hurmictty GEe o Fasters
NOx Sample n/a 54.32 ppm (Dry) X Humidity GF: :
NOx Bckgrd va o 0.00 ppm Dry-to-met CF, Sample: p.982
cOzSample 716 | 0.6040 % Dry-to-/let O . Bekgrd: e
o ckgr 8.0 1 0.0467 % '
Test Cycle Data
\ Sample Time: 1,207.50 sec
He Corrected Concc:not;atm::m Work: 2420 hp-hr 18.05 kW-hr
co 5l69 npm Reference Work: 25.03 hp-hr 18.66 kW-hr
NOx 5336  ppm Total Volume (Vmix): 45,214.0 scf  1,280.49 scm
0.5583 %
coz 559 Brake-Specific Emission Results -
Mass Emissions BSHC (Cell) 0.033 g/hp-hr 0.044 g/kW-hr
HC 0.796 grams Cco 0.350 g/hp-hr 0.470 g/kW-hr
CO B.476  grams NOx (Cell) 5.277 g/hp-hr 7.077 g/kW-hr
NOx 127.715  grams Particulate 0.072 g/hp-hr 0.097 g/KW-hr
Particulate 1,747  grams coz2 541.4 gfhp-hr 726.08 g/kW-hr
co2 13.103 kg BSFC 0.418 Ib/hp-hr 0.254 kg/kW-hr
Fuel 10.12 b 4.59 kg
Analyzed: 11718997 13:45 B-6

Page 1 of 1
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Southwest Research Institute - Department of Emissions Research
EPA Cold Transient Emission Test Results
Project No. 08-1039-000

Engine Modei: 97 CUMMINS N-14 Test No.: 1-SME-C3 DIESEL SME, EM-t2481-F
Engine Desc.: 14.0L (855 CID) I-6 Date: 11/19/1997 Time:09:09 HCR: 1.821 FID Besp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H=0.118 C=0.772 O=0.110 X=0.000
Engine S/N: 11844196 Cell: 4 Bag Cart: 1 Engine Cil; CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.40 inHg 99.5kPa scfm scmm
Engine Inlet Air Blower 1 Rate: 2,183.4 61.84 _
Temperature: 750 °F  239°C Blower 2 Rate: 0.0 0.00 .
Dew Point; 55,3 °F 12.9°C 90 mm System:
Abs. Humidity: 668.5 grlb 9.5 g/kg Gas Meter 1; 1.59 0.04
Rel. Humidity: 50 % Gas Meter 2: 2.95 0.08
Dilution Air: Sample Rate: 1.36 0.04
Temperature: 75.0 °F 23.9°C 20X20 Sample Rata: 49.45 1.40
Abs. Humidity ~ 63.0 garib 9.0 g/kg 47 mm Sample Rate: 23.97 0.68
Rel. Humidity: 48 o Chemistry-Sample Rate: 2.54 0.07
Total Flow Rate: 2,260.75 64.03
Measured Gaseous Dala
Meter Range Concentration Particulate Data
HC Sample n'a 4.65 ppm Flllt_ar Numper: 8975.0-19 (pair)
HC Bckgrd nfa 372 ppm Weight Gain, mg: 1.179
co Sample 112 2 10.72 ppm Sample Mulitp[ler: 1.658
CO Bckgrd 2.0 2 1.89 ppm .
NOx Sample na : 54.89 ppm (Dry) . Correction Factors
NOx Bckgrd 01 2 0.10 ppm go:: Hw“fgzc':: _ 0.978
CO2 Sample 743 1 0.6371 % Dmlwit o g::;‘:’d‘?- 0.3
CO2 Bekgrd 8z 1 0.0479 % Dilution Factor: 21.80
: Test Cycle Data
HC Corrected ConciT (l;allor;:m Sample Time: 1.207!’,.40 sec
Co 8.65 ppm Work: 23.96 hp-hr 17.87 kW-hr
NOx 53.69 ppm Reference Work: 24.95 hp-hr 18.61 kW-hr
Co2 05914 2 Total Volume (Vmix): 45,442.6 sct 1,286.96 scm
Mass Emissions Brake-Specific Emission Resuits
HC 0.815 grams 8SHC (Cell) 0.034 g/hp-hr 0.046 g/kW-hr
CO 12.958 grams Co 0.541 g/hp-tr 0.725 g/kW-hr
NOx 1209.277 grams NOx (Cell) 5.396 gfhp-hr 7.236 g/kW-hr
Particulate 1.955 grams Particulate 0.082 g/hp-hr 0.109 g/kW-hr
coz 13.924 kg coz 581.1 g/hp-hr 779.30 g/kW-hr
Fuel 10.87 Ib 4.93 kg BSFC 0.454 Ib/np-hr 0.276 kg/kW-hr
Analyzed: 11/20/1997 10:55 B-7 Page1of2
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Southwest Research Institute - Department of Emissions Research
EPA Hot Transient Emission Test Resuits

Project No. 08-1038-000

Engine Modet: 97 CUMMINS N-14 Test No.: 1-SME-H5 DIESEL SME, EM-2481-F
Engine Desc.: 14.0 L (855 CiD) |-6 Date: 11/19/1997 Time:09:48 HCR: 1.821 FID Resp: 1.00
Engine Cycle: Diesel Program HDT:  4.01-R H=0.118 C= 0.772 0= 0.110 X= 0.000
Engine S/N: 11844196 Cell: 4 Bag Cart: 1 Engine Oil: CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Flows
Barometer: 20.40 inHg 99.6 kPa scim semm
Engine Inlet Air Blower 1 Rate: 2,184.0 61.85 *
Temperature: 75.0 °F 23.8°C Blower 2 Rate: 0.0 0.00
Dew Point: 54.2 °F 12.3°C 90 mm Systerm: -
Abs. Humidity: 63.8 grlb 9.1 g/kg Gas Meter 1: 1.59 0.04
Rel, Humidity: 48 % Gas Meter 2: 2.95 0.08
Cilution Air: Sample Rate: 1.36 0.04
Temperature: 76.0 °F 24.4°C 20X20 Sample Rate: 49.18 1.39
Abs. Humidity 56.7 gr/lb 8.1 g/kg 47 mm Sample Rate: 23.59 0.67
Bel. Hurnidity: 42 9 Chemistry Sample Rate: 2.59 0.07
) Total Flow Rate: 2,260.74 64.03
Measured Gaseous Data
Meter Range Concentration Particulate Data
HC Sample n/a 4.55 ppm Filtt_ar Numper: 8976.0-20 (pair)
HC Bckgrd n/a 3.87 ppm Weight Gain, mg: 1.122
CO Sample 75 2 7.15 ppm Sample Multiplier: 1.656
CO Bckgrd 1.1 2 1.04 ppm .
NOXx Sa?nple nia - 53.75 pgm (Dry) » Correction Factors
NOx BCkgrd 0.1 2 0.10 ppm NOx HUmIdlty CF: 0.972
CO2Sample 735 1 0.6272 % Dry-to-Wet CF, Sample: 0.981
CO2 Bekgrd 84 1 00492 % Dry-to-Wet CF, Bekgrd: 0.987
Dilution Factor: 22.16
i Test Cycle Data
HC Corrected Concg?st;atlogzm Sample Time: 1,207.90 sec
NOx 52.65 ppm Reference Work: 24.85 hp-hr 18.61 kW-hr
coz 05802 % Total Volume (Vmix): 45,460.3 scf 1,287.46 scm
Mass Emissions Brake-Specific Emission Resuits -
HC 0.633  grams BSHC (Celi) 0.026 g/hp-hr 0.035 g/kW-hr
co 8.976 grams Cco 0.371 g/hp-hr 0.497 g/kW-hr
NOx 126.978  grams NOx  (Cell) 5.204 g/hp-hr 6.978 g/kW-hr
Particulate 1.858 grams Particutate 0.077 g/hp-hr 0.103 g/kW-hr
cO? 13.666 kg coz 564.5 gfhp-hr 756.97 gfkW-hr
Fuel 10.67 b 4.84 kg BSFC 0.441 ib/hp-hr 0.268 kg/kW-hr
Analyzed: 11/20/1887 11:00 B-8 Page 10f2
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Pageid#: 106

EPA Hot Transient Emission Test Results
Project No. 08-1039-000

Page 37 of 96

DIESEL SME, EM-2481-F
FID Resp: 1.00
H=0.118 C= 0.772 0= 0.110 X=0.000

semm
61.77
0.00

0.04
0.08
0.04
1.39
0.69

Engine Medel: 97 CUMMINS N-14 Test No.: 1-SME-HE
Engine Desc.: 14.0 L (855 CID) I-6 Date: 11/19/1997 Time:10:23 HCR: 1.821
Engine Cycle: Diesel Program HDT: 4.01-R
Engine S/N: 11844196 Cell: 4 Bag Cart: 1 Engine Oil: CUMMINS BLUE
SME
Ambient/Test Cell Conditions Sample Fiows
Barometer: 29.41 inHg 99.6kPa scfm
Engine Iniet Air Blower 1 Rate: 2,180.8
Temperature: 76.0 °F 24.4°C Blower 2 Rate: 0.0
Dew Point; 55.1 °F 12.8 °C 90 mm System:
Abs. Humidity: 66.0 grib 9.4 glkg Gas Meter 1: 1.58
Rel. Humidity: 48 % Gas Meter 2: 2.91
Ditution Air: Sample Rate: 1.32
Temperature: 760 °F  244°C 20X20 Sample Rate: 49.24
Abs, Humidity 567 grlb  B.1g/kg 47 mm Sample Rate: 24.19
Rel. Humidity: 42 or, Total Flow Rate: 2,255.70

Measured Gaseous Data

Meter HRange Concentration

HC Sample n/a 4.97 ppm
HC Bckgrd nfa 4,43 ppm
CO Sample 7.6 2 7.24 ppm
CO Bckgrd 1.3 2 1.23 ppm
NOx Sample n'a ~53.66 ppm (Dry)
NOx Bckgrd 0.1 2 . 0.10 ppm
CO2 Sample 71.8 1 0.6064 %
CO2 Bekagrd 9.2 1 0.0541 %

Corrected Concentrations
HC 073  ppm
0] 580 ppm
NOx 5257 ppm
co2 05547 %

Mass Emissions
HC 0.543 grams
co 8.829 grams
NOx 126.312  grams
Particulate 1.920 grams
co2 13.045 kg
Fuel 10.18 b 462 kg

Analyzed: 11/19/1997 14:00

Particulate Data
8977.0-21 (pair)
1.126
1.705

Filter Number:
Weight Gain, mg:
Sample Muitiplier:

Correction Factors
NOx Humidity CF:
Dry-to-Wet CF, Sampie:

Dry-to-Wet CF, Bckgrd:
Dilution Factor:

Test Cycle Data
Sample Time: 1,207.60 sec
Work: 24.23 hp-hr
Reference Work: 24.95 hp-hr
Total Volume (Vmix):  45,399.7 sct

63.88

0.977
0.982
0.087
22.92

18.07 kW-hr
18.61 KW-hr
1,285.75 scm

Brake-Specific Emission Results

BSHC (Cell) 0.022 g/hp-hr
co 0,364 g/hp-hr
NOx (Cell) 5.213 o/hp-hr
Pariculate 0.073 g/hp-hr
cOo2 538.4 g/hp-hr
BSFC 0.420 Ib/hp-hr

0.030 g/kW-hr
0.489- g/kW-hr
6.991 g/kW-hr
0.106 g/kW-hr
722,06 g/kW-hr
0.256 kg/kW-hr

Page 1 of 1
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Southwest Research Institute - Department of Emissions Research
EPA Cold Transient Emission Test Results

Project No. 08-1039-000 , !
Engine Model: 97 CUMMINS N-14 Test No.: 1-2D-C1 DIESEL 2D, EM-2494-F
Engine Desc.: 14.0L (B55CID) |-6 Date: 11/24/1997 Time:01:06 HCR: 1796 FID Resp: 1.00
Engine Cycle: Diesel Program HDT. 4.01-R H=0.131 C= 0.869 O= 0.000 X= 0.000
Engine S/N; 11844196 Cell: 4 Bag Cart: 2 Engine Oil: CUMMINS BLUE
2-D
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.32 inHg 99.3 kPa scfm scmm
Engine Inlet Air Blower 1 Rate: 2,168.8 61.42 - -
Temperature: 75.0 °F 23.8°C Blower 2 Rate: 0.0 0.00
Dew Point: 55.8 °F 13.2°C 90 mm System: -
Abs. Humidity: 67.9 grib 9.7 g/kg Gas Meter 1: 1.59 0.04
Rel. Humidity: 51 Yo Gas Meter 2; 2.87 0.08
Dilution Air: Sample Rate: 1.28 0.04
Temperaiure: 77.0 °F 25.0 °C 20X20 Sampie Rate: 48.04 1.36
Abs. Humidity 55.3 gr/lb 7.9 g/kg 47 mm Sample Rate: 19.96 0.57
Rel. Hurmidity: 39 9 Chemistry Sampie Rate: 2.56 0.07
Total Fiow Rate: 2.240.61 63.46
Measured Gaseous Data
Meter Range Concentration ) Particulate Data
HC Sample nfa 12.32 ppm Filter Number:  9002.0-33 (pair)
HC Bekgrd nfa 5.00 ppm Weight Gain, mg: 1.755
CO Sample 17.6 2 17.83 ppm Sample Multiplier: 1.747
CO Bekgrd 0.9 2" . 085 ppm .
NOx Sa?nple n/a - 55.44 Spm (Dry) ___Correction Factors
NOx Bckgrd 0.6 2 0.60 ppm NOx Humldlty CF; 0.982
CO2 Sample 768 1 0.6866 % Dry-to-Wet CF, Sample: 0.981
CO2 Bekgrd 87 1 0.0534 % pry-to-Wet CF, Bekgra: 0.987
ilution Factor; 19.74
. Test Cycle Data
" Corrected Conct;r'ié;atlogim Sample Time: 1‘207\’.80 o
cO 16.48 ppm Work: 26.33 hp-hr 19.63 kW-hr
NOx 5383 ppm Reference Work: 27.24 hp-hr 20.31 kW-hr
co2 0.6359 % Total Volume (Vmix):  45,051.9 sct 1,275.90 scm
Mass Emissions Brake-Specific Emission Results
HC 5.551 grams BSHC (Ceil) 0.211 g/hp-hr 0.283 g/kW-hr
cO 24.481 grams CO 0.930 g/nhp-hr 1,247 - g/kW-hr
NOx 128.972 grams NCx  (Cell) 4.898 g/hp-hr 6.569 o/kW-hr
Particulate 3.086 grams Particulate 0.116 g/hp-hr 0.156 g/kW-hr
co2 14.843 kg co2 563.7 g/hp-hr 755.97 g/kKW-hr
Fuel 10.32 Ib 4.68 kg BSFC 0.392 Ib/hp-hr 0.238 kg/kW-hr

Analyzed: 12/01/1997 11:50 B-13 Page 10f 2



Southwest Research Institute - Department of Emissions Research

Engine Model:
Engine Desc.:

EPA Hot Transient Emission Test Results
Project No. 08-1039-000

97 CUMMINS N-14
14.0 L (855 CID} I-6

Test No.: 1-2D-H1
Date: 11/24/1997 Time:01.486

HCR: 1.796

Case 3:26-cv-00005-JHY-CKM  Document 1-7  Filed 01/20/26  Page 39 of 96
Pageid#: 108

DIESEL 2D, EM-2484-F
FID Resp: 1.00
H=0.131 C= 0.868 O= 0.000 X=0.000

scmm
61.38
0.00 .

0.04
0.08
0.04
1.16
0.57
0.07
63.21

0.969
0.979

Engine Cycle: Diesel Program HDT: 4.01-R
Engine S/N: 11844196 Cell: 4 Bag Car: 2 Engine Oil: CUMMINS BLUE
2D
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.30 inHg 99.2kPa scim
Engine inlet Air Blower 1 Rate: 2,167.2
Temperature:. 76.0 °F 24.4°C Blower 2 Rate: 0.0
Dew Point: 53.7 *F 12.1°C 80 mm System:
Abs. Humidity: 62.9 grlb 9.0 g/kg Gas Meter 1: 1.58
Rel. Humidity: 46 % Gas Meter 2: 2.86
Dilution Air: Sample Rate: 1.28
Temperature: 770 °F 250°C 20X20 Sample Rate: 40.85
Abs. Humidity 64.7 arlb 9.2 g/kg 47 mm Sample Rate: 20.14
Rel. Humidity: 46 ar, Chemistry Sample Rate: 2.54
Total Fiow Rate: 2,231.99
Measured Gaseous Data
Meter Range Concentration Particulate Data
HC Sample: n‘a 13.10 ppm Filter Number:  5003.0-34 (pair)
HC Bckgrd nfa 5.99 ppm Weight Gain, mg: 1.604
CO Sample 12.6 2 12.90 ppm Sample Multiplier: 1.741
CO Bckgrd 0.3 2 0.32 ppm ]
NOx Sample n/a - 5282 ppm (Dry) NOX Humidity CF.Correctlon Factors
NOx Bckgrd 0.6 2 0.60 ppm Dry-to-Wet CF S.;,\mple'
CO2 Sample 74.6 1 06572 % Dry-to-Wet CF‘ Bekan d'-
CO2 Bckgrd 78 1 0.0477 % iy » BeKgra:

Corrected Concentrations

HC 7.40
Co 12.25
NOx 51.18
coz 0.6118
Mass Emissions
HC 5.401
CO 18.118
NOx 120.513
Particulate 2.792
co2 14,2214
Fuel 9.88 Ib

Analyzed: 12/01/1997 11:57

ppm
ppm
ppm

of
Jo

grams
grams
grams
grams
kg
4.48 kg

Dilution Factor;

Test Cycle Data

Sample Time: 1,207.40 sec
Work: 26.80 hp-hr
Reference Work: 27.24 hp-hr
Total Volume (Vmix): 44,864.0 scf

0.985
2063

19.98 kW-hr
20.31 kW-hr
1.270.58 scm

Brake-Specific Emission Results

BSHC ({Cell) 0.202 g/hp-hr

co 0.676 g/hp-hr

NOx (Cell} 4.497 g/hp-hr

Particulate 0.104 g/hp-hr

coz2 530.6 grhp-hr

BSFC 0.369 ib/hp-hr
B-14

0.270 g/kW-hr
0.907 g/kW-hr
6.030 g/kW-hr
0.140 gfkW-hr
711.59 g/kW-hr
0.224 kg/kW-hr

Page 1 of 2
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Southwest Research Institute - Department of Emissions Research
EPA Hot Transient Emission Test Results
Project No. 08-1039-000

Engine Model: 97 CUMMINS N-14
Engine Desc.: 14.0 L (855 CID) |-6
Engine Cycle: Diesel
Engine S/N: 11844186 Cell:
2-D
Ambient/Test Cell Conditions
Barometer: 2928 inHg 99.2kPa
Engine Inlet Air
Temperature; 76.0 *F 24,4 °C
Dew Point: 55.1 °F 12.8°C
Abs. Humidity: 66.3 grflb 8.5 g/kg
Rel. Humidity: 48 %
‘Dilution Air:
Temperature: 77.0 °F 25.0°C
Abs. Humidity 64.7 grlb 5.2 g/kg
Rel. Humidity: 46 %

Measured Gaseous Data

Meter

HC Sample n/a

HC Bckgrd n/a

CO Sample 125 2
CO Bckgrd 0.4 2°
NOx Sample nfa

NOx Bckgrd 0.5 2
CO2 Sample 76.2 1
CO2 Bckgrd 8.8 1

Range Concentration

13.67
£.18
12.80
0.42
53.07
0.50
0.6785
0.0540

ppm
ppm
ppm
ppm
ppm
ppm
al

0

%

Corrected Concentrations

HC 7.80
cO 12.056
NOx 51.49
co2 0.6272
Mass Emissions
HC £.693
co 17.830
NQOx 122.344
Particulate 2.726
coz2 14.580
Fuel 10.13 b

Analyzed: 11/24/1997 16:51

ppm
ppm
ppm
%

grams
grams
grams
grams
kg

4.59 kg

Test No.: 1-2D-H2
Date: 11/24/1997 Time:02:26
Program HDT:

4.01-R

4 BagCart: 2

DIESEL 2D, EM-2404-F

HCR: 1.796

FID Resp: 1.00

H=0.131 C= 0.869 O= 0.000 X=0.000
Engine Qil: CUMMINS BLUE

Samplie Flows

sctm scmm
Blower 1 Rate: 2,166.3 61.35 -
Blower 2 Rate: 0.0 0.00
80 mm System: -
Gas Meter 1: 1.58 0.04
Gas Meter 2: 2.9 0.08
Sample Rate: 1.33 0.04
20X20 Sample Rate: 41.19 1.17
47 mm Sample Rate: 20.62 0.58
Total Fiow Rate: 2,229.48 63.14
Particulate Data
Filter Number:  9004.0-35 (pair)
Weight Gain, mg: 1.628
Sample Multiplier: 1.674
Correction Factors
{Dry) NOx Humidity CF: 0.978
Dry-to-Wet CF, Sample: 0.979
Dry-to-Wet CF, Bekgrd: 0.985
Dilution Factor: 19.98
Test Cycle Data
Sample Time: 1,207.50 sec
Work: 26.88 hp-fir 20.04 kW-hr
Reference Wark: 27.24 hp-hr 20.31 kW-hr
Total Volume (Vmix): 44,868.4 scf 1,270.7C scm
Brake-Specific Emission Results _
BSHC (Cell) 0.212 go/hp-hr 0.284 g/kW-hr
CcoO 0.663 g/hp-hr 0.890 g/kW-hr
NOx {(Cell 4.551 g/hp-hr 6.104 g/kW-hr
Particulate 0.101 gfhp-hr 0.136 g/kW-hr
coz 5424 gfhp-hr 727.39 g/kW-hr
BSFC 0.377 Ibfhp-hr 0.229 ka/kW-hr
B-15

Page 1 of 1
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Southwest Research Institute - Department of Emissions Research

Engine Model: 97 CUMMINS N-14 Test No.: 1-2D-C2

Engine Desc.: 14.0L (855 CID} I-6 Date: 11/25/1897 Time:09:13 HCR: 1.796
Engine Cycie: Diesel Program HDT:  4.01-R

Engine S/N: 11844196 Cell: 4 BagCart: 2

2-D

Pageid#: 110

Filed 01/20/26

EPA Cold Transient Emission Test Results
Project No. 08-1039-000

Ambient/Test Cell Conditions

DIESEL 2D, EM-2494-F

Page 41 of 96

FID Resp: 1.00

H=0.131 C= 0.869 O=0.000 X=0.000

Sample Flows

Engine Oit: CUMMINS BLUE

Barometer: 2933 inHg 99.3kPa scim scmm
Engine Inlet Air Blower 1 Rate: 2,170.0 61.46 .
Temperature: 77.0 °F 25.0°C Blower 2 Rate: 0.0 0.00 -
Dew Point: 55.1 °F 12.8 °C 80 mm System:
Abs. Humidity: 66.2 grib 9.5 g/kg Gas Meter 1: 1.59 0.05
Rel. Humidity; 47 % Gas Meter 2: 2.e8 0.08
Dilution Air: Sample Rate: 1.29 0.04
Temperature: 76.0 °F 24.4 °C 20X20 Sampie Rate: 36.48 1.03
Abs. Humtdity 81.2 grib  11.6 g/kg 47 mm Sample Rate: 21.48 0.61
Rel. Humnidity: 59 % Chemistry Sampie Rate: 2.59 0.07
Total Flow Rate: 2,231.88 63.21
Measured Gaseous Data
Meter Range Concentration Particulate Data
HC Sample n/a 13.09 ppm Filter Number: ~ $014.0-39 {pair)
HC Bckgrd n'a 5.83 ppm Weight Gain, mg: 1.781
CO Sample 17.0 2 17.24 ppm Sampie Muitipiter: 1.725
CO Bckgrd 01 2 0.11 m \
NOx Sa?nple na 56.04 ggm {Dry) o Correction Factors
NOx Bckgrd 03 2 0.30 ppm NOx Hurnidity GF: 0.978
CO2 Sample  77.8 1 0.7002 % gg:g\‘x:: OF. SZ‘L“E";‘ 0.7
CO2 Bcekgrd 84 1 0.0515 % Diltion Factor: 9 1936
: Test Cycle Data
HC Corrected Concgl:lst;atlog:m Sample Time: 1,207y.40 sec
cO 16.58 ppm Work: 26.59 hp-hr 19.83 kW-hr
NOx 5437 ppm Reference Work: 27.34 hp-hr 20.39 kW-hr
co2 0.6514 % Total Volume (Vmix): 44,860.7 scf 1,270.48 scm
Mass Emissions Brake-Specific Emission Results _
HC 5518 grams BSHC (Cell) 0.208 g/hp-hr 0.278 g/kW-hr
co 24.522  grams COo 0.922 gfhp-hr 1.237 g/kW-hr
NOx 129.129 grams NOx  (Cell) 4.856 g/hp-hr 6.512 . g/kW-hr
Particulate 3.072 grams Particulate 0.11€& g/hp-hr 0.155 g/kW-hr
Cco2 15139 kg Co2 569.4 g/hp-hr 763.52 g/KW-hr
Fuel 1052 b 4.77 kg BSFC 0.396 Ib/fp-hr 0.241 kg/kW-hr
Analyzed: 12/02/1997 13:55 B-16

Page 1 of 2
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Southwest Research institute - Department of Emissions Research
EPA Hot Transient Emission Test Resuits
Project No. 08-1039-000

97 CUMMINS N-14
14.0 L (855 CID) I-6
Diesel

11844196

Engine Madel:
Engine Desc.:
Engine Cycle:
Engine S/N:
2-D

Test No.: 1-2D-H3
Date: 11/25(1997 Time: 09:53
Program HDT:

Cell:

Ambient/Test Cell Conditions

Barometer; 2033 inHg
Engine Inlet Air
Temperature: 76.0 °F
Dew Point: 55.1 °F
Abs. Humidity: 66.2 grb
Rel. Humidity: 48 %
Dilution Air;
Temperature: 77.0 °F
Abs. Humidity 79.5 grlb
Rel. Humidity: 56 %o

Measured Gaseous Data

29.3 kPa

244°C
12.8°C
9.5 g/kg

25.0°C
11.4 gfkg

Meter Range Concentration

HC Sampie n/a 14.26 ppm
HC Bekgrd n/a 4.54 ppm
CO Sample 13.3 2 13.59 ppm
CO Bekgrd 0.3 2 0.32 ppm
NOx Sample n/a - 51.99 ppm
NOx Bekgrd 0.3 2 0.30 ppm
CO2 Sample 77.2 1 0.6920 <%
€02 Bckgrd 8.9 1 0.0547 %

Corrected Concentrations
HC 9.95 ppm
co 12.87 ppm
NOx 50.44 ppm
co2 0.6401 %

Mass Emissions

HC 7.296 grams
co 19.120 grams
NOx 120.359 grams
Particulate 2.868  grams
cor 14.946 kg
Fue! 10.39 b 4.71 kg

Analyzed: 12/05/1857 10:09

(Dry)

DIESEL 2D,
HCR:
4.01-R

BagCart: 2

Sample Flows

L

EM-2494-F

1.796 FID Resp: 1.00
H=0.131 C=0.869 O= 0.000 X= 0.000
Engine Cil: CUMMINS BLUE

scfm scrmm
Blower 1 Rate: 2,170.0 61.46 "
Blower 2 Rate: 0.0 0.00
80 mm Systemn: -
Gas Meter 1: 1.59 0.04
Gas Meter 2: 2.91 0.08
Sample Rate: 1.32 0.04
20X20 Sampie Rate: 42.78 1.21
47 mm Sample Rate: 25.13 0.71
Chemistry Sample Rate: 2.51 0.07
Total Flow Rate: 224176 63.49
Particulate Data
Fiiter Number:  9015.0-40 (pair)
Weight Gain, mg: 1.686
Sample Multiplier: 1.701
Carrection Factors
NOx Humidity CF: 0.978
Dry-to-Wet CF, Sample: 0.976
Dry-to-Wet CF, Bekgrd: 0.982
Dilution Factor: 19.59
Test Cycle Data
Sample Time: 1,207.60 sec
Work: 26.87 hp-hr 20.04 kW-hr
Reference Work: 2734 hp-hr 20.39 kW-hr
Total Volume {Vmix): 45,068.7 scf 1,276.37 scm
Brake-Specific Emission Results’
BSHC (Cell) 0.272 g/hp-hr 0.364 g/kW-hr
co 0.712 gthp-hr 0.954 g/kW-hr
NOx (Cell) 4.479 g/hp-hr 6.007 g/kW-hr
Particufate 0.107 g/hp-hr 0.143 g/kW-hr
co2 558.2 g/hp-hr 745.93 g/kW-hr
BSFC 0.387 Ib/hp-hr 0.235 ka/kW-hr
B-17
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Southwest Research Institute - Department of Emissions Research

EPA Hot Transient Emission Test Results
Project No. 08-1035-000

DIESEL 2D, EM-2484-F
FID Resp: 1.00
H=0.131 C= 0.869 O= 0.000 X~ 0.000

scmm
61.43 |
0.00 -

0:04
0.08
0.04
1.21
0.75
63.43

0.979
0.973
0.980
19.59

20,10 kW-hr
20.39 KW-hr
1,276.41 scm

0.312 g/kW-hr
0.961 grkW-hr
5.972 ofkW-hr
0.141 .g/kW-hr
738.94 g/kW-hr
0.233 kg/kW-nhr

Engine Modei: 97 CUMMINS N-14 Test No.: 1-2D-H4
Engine Desc.: 14.0L (855 CID) I-6 Date: 11/25/1997 Time:10:33 HCR: 1.796
Engine Cycle: Diesel Program HOT: 4.01-R
Engine S/N: 11844196 Celt: 4 BagCart: 2 Engine Oil: CUMMINS BLUE
2-D
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.32 inHg 99.3kPa scfm
Engine Inlet Air Blower 1 Rate; 2,169.0
Temperature: 76.0 9 24.4°C Blower 2 Rate: 0.0
Dew Point: 55.4 °F 13.0°C 90 mm System:
Abs, Humidity: 669 grb 9.6 g/kg Gas Meter 1: 1.58
Rel. Humidity: 49 % Gas Meter 2: 2.9
Dilution Air: Sampie Rate: 1.33
Temperature: 740 °F  233°C 20X20 Sample Rate: 42.74
Abs. Humidity 89.8 grlb 128 gkg 47 mm Sample Rate: 26.66
Rel. Humidity: 70 % Total Flow Rate: 2,239.70
Measured Gaseous Data Particulate Data
Meter Range Concentration Fﬂlt_ar Numl::er: 9016.0-41 (pair)
HC Sample n/a 14.66 ppm Weight Gain, mg: 1.684
HC Bekgrd n/a 6.44 ppm Sample Multiplier: 1.687
gg gg{:;%e 133 g 13;2 332 Correction Factors
NOx Sample n‘a . 51.88 ppm (Dry) goﬂ:_m?g:cg;m e
NOx Bckgrd 03 2._ 0.30 ppm v » Jample:
Dry-to-Wet CF, Bekgrd:
CO2 Sample 772 t 0.6920 % Dilution Factor:
CO2 Bekgrd 9.4 1 0.0579 % )
Test Cycle Data
Corrected Concentrations Samp‘le Time: 1.207.40  sec
HC 8 55 Work: 26.96 hp-hr
. opm
co 1300  ppm Reference Work: 27.34 hp-hr
NOXx 50.22 opm Total Volume (Vmix):  45,070.1 scf
coz 0.6371 Brake-Specific Emission Resuits
Mass Emissions BSHC (Cell) 0.232 g/hp-hr
HC 6.268 grams Co 0.717 g/hp-hr
co 18.320  grams NOx  (Cell) 4.453 o/hp-hr
NOx 120.055  grams Particutate 0.105 g/hp-hr
Particulate 2841 grams co2 551.8 g/hp-hr
co2 14876 kg BSFC 0.383 tb/hp-hr
Fuel 10.34 Ib 4.69 kg
B-18

Analyzed: 11/25/1997 13:48

Page 1 of 1
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Southwest Research institute - Dapartment of Emissions Research
EPA Hot Transient Emission Test Resuits

£ngine Model: 97 CUMMINS N-14 Test No.: 1-2D-H5 DIESEL 2D, EM-2494-F
Engine Desc.: 14.0L (855 CID) I-6 Date: 11/26/1997 Time:09:32 HCR: 1.796 FIiD Resp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H= 0.131 C=0.869 O= 0.000 X= 0.000
Engine S/N: 11844196 Cell: 4 Bag Cart: 2 Engine Qil: CUMMINS BLUE
2-D
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.21 inHg 98.9 kPa scfm scmm
Engine inlet Air Blower 1 Rate: 2,160.6 61.19 -
Temperature: 76.0 °F 24.4 °C Blower 2 Rate: 0.0 0.00
Dew Point: 55.1 °F 12.8°C 90 mm Systerm: -
Abs. Humidity: 66.4 grfb 9.5 g/kg Gas Meter 1: 1.59 0.04
Rel, Humidity: 48 % Gas Meter 2: 2.87 0.08
Dilution Air: Sampie Rate: 1.29 0.04
Temperature: 77.0 °F 25.0 °C 20X20 Sample Rate: 40,50 1.15
Abs. Humidity 748 gr/b  10.7 gikg 47 mm Sample Rate: 25.84 0.73
Rel. Humidity: 53 A Chemistry Sample Rate: 2.57 0.07
Total Flow Rate: 2,230.76 63.18
Measured Gaseous Data
Meter Hange Concentration Particulate Data
HC Sampie nfa 14.65 ppm Filtgr Numt_)er: 9060.0-46 (pair)
HC Bekgrd n/a 6.47 ppm Weight Gain, mg: 1.599
CO Sample 14.6 o 14.88 ppm Sample Multiplier: 1.730
CO Bckgrd 0.7 2 0.74 ppm .
NOx Sa?nple nfa 52.89 ppm (Dry) B Correction Factors
NOx Bekgrd 0.4 2 0.40 ppm NOx Humidity CF: 0.978
Co2 Sampie 772 1 0.6920 % Dot o S 0.877
€02 Bekgrd 9.3 1 0.0572 % Dilution Factor 18.59
: Test Cycle Data
e Corrected Concgr-'lst:atlog: - Sample Time: 1'20_}’.30 oy
co 13.74  ppm Work: 26.68 hp-hr 19.90 kW-hr
NOx 51.08 ppm Reterence Work: 27.26 hp-hr 20.33 kKW-hr
coz 08377 % Total Volume (Vmix): 44,835.0 scf 1,269.75 scm
Mass Emissions Brake-Specific Emission Results
HC 6.207 grams BSHC (Ceil) 0.233 g/hp-hr 0.312 g/kW-hr
Co 20.313 grams co 0.761 g/hp-hr 1.021 -g/KW-hr
NOx 121.814  grams NOx  (Cell) 4566 g/hp-hr 6.123 g/kW-hr
Particulate 2.766 grams Particulate 0.104 g/hp-hr 0.139 g/kW-hr
Cco? 14,814 kg coz2 555.2 g/hp-hr 744.58 g/KW-hr
Fuel 10.30 b 4.67 kg BSFC 0.386 Ilb/hp-hr 0.235 kg/kW-hr
B-19

Analyzed: 12/02/1997 13:56

Project No. 08-1038-000
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Southwest Research Institute - Department of Emissions Research
EPA Cold Transient Emission Test Resuits
Project No. 08-1039-000

Engine Model: 97 CUMMINS N-14 Test No.: 1-2D-C3 DIESEL 2D, EM-2494-F
Engine Desc.: 14.0 L (855 CID) I-6 Date: 11/26/1997 Time:08:52 HCR: 1.796 FID Resp: 1.00
Engine Cycle;: Diesel Program HDT: 4.01-R H= 0.131 C= 0.868 O= 0.000 X= 0.000
Engine S/N: 11844186 Cell: 4 Bag Cart: 2 Engine Oil: CUMMINS BLUE
2-D
Ambient/Test Cell Conditions Sample Flows
Barometer: 29.19 inHg 98.8kPa scim scmm
Engine inlet Air Blower 1 Rate: 2,159.3 61.15 _
Temperature: 750 °F  239°C Blower 2 Rate: 0.0 0.00 . |
Dew Point: 537 °F 12.1°C 90 mm System:
Abs. Humidity: 63.1 gilb 9.0 g/kg Gas Meter 1: 1.58 0.04
Rel. Humidity: 47 % Gas Meter 2: 2.85 0.08
Dilution Air: Sample Rate: 1.26 0.04
Temperature: 770 °F 25.0°C 20X20 Sample Rate: 40.57 1.15
Abs. Humidity =~ 80.0 grflb  11.4 g/kg 47 mm Sample Rate: 25.68 0.78
Rel. Humidity: 56 o Chemistry Sample Rate; 2.56 0.07
Total Flow Rate: 2,229.36 63.14
Measured Gaseous Data
Meter Range Concentration Particulate Data
HC Sample nfa 13.39 ppm Filtgr Numl_)er; 9059.0-45 (pair)
HC Bekgrd nia 5.38 ppm Weight Gain, mg: 1.694
CO Sample 16.5 2 16.75 ppm Sample Multiplier: 1.768
CO Bckgrd 0.1 2 0.17 ppm .
NOX Sa?nple n/a 56.57 p::m {Dry) __Correction Factors
NOx Bckgrd 0.3 2 . 0.30 ppm NOx Humldﬂy CF' . 0.970
CO2Sample 775 1 06961 % Dry-to-Wet CF, Sample: 0.976
CO2 Bekgrd 86 1 0.0528 % Dry-to-Wet CF, Bekgrd: 0.982
Dilution Factor: 19.47
; Test Cycle Data
HC Corrected Ccncgl"lzt;atlog:m Sample Time: 1.206‘:.90 sec
co 1612  ppm Work: 26.43 hp-hr 19.71 kW-hr
NOx 5490 ppm Reference Work: 27.26 hp-hr 20.33 kW-hr
coz 0.6460  © Total Volume (Vmix): 44,792.0 scf 1,268.54 sem
Mass Emissions Brake-Specific Emission Results
HC 6.038 grams BSHC (Cell) 0.228 g/hp-hr 0.306 g/kW-hr
coO 23.810  grams Cco 0.901 gfhp-hr 1.208 g/kW-hr
NOx 129.201 grams NOx  (Cell) 4,888 gfhp-hr 6.556 g/kW-hr
Particulate 2995 grams Pariculate 0.113 g/hp-hr 0.152 glkw-hr
co2 14992 kg CO2 567.2 g/hp-hr 760.66 g/kW-hr
Fuel 1042 16 473 kg BSFC 0.394 Ib/hp-hr 0.240 kg/kKW-hr
Analyzed: 12/02/1987 13:55 B-20 Page 1 of 2
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Southwest Research Institute - Department of Emissions Research

EPA Hot Transient Emission Test Results
Project No. 08-1039-000

Engine Mode!: 97 CUMMINS N-14 Test No.: 1-2D-H6 DIESEL 2D, EM-2494-F
Engine Desc.: 14.0L {855 CID) [-6 Date: 11/26/1997 Time:10:12 HCR: 1.796 FIiD Resp: 1.00
Engine Cycle: Diesel Program HDT: 4.01-R H= 0.131 C= 0.869 O= 0.000 X= 0.000
Engine S/N: 11844196 Cell: 4 Bag Cart: 2 Engine Oil: CUMMINS BLUE
2-D
AmbientTest Cell Conditions Sample Flows
Barometer: 29.21 inHg 98.9kPa scfm scmm
Engine Inlet Air Blower 1 Rate: 2,160.4 6118 -
Temperature: 750 °F 238°C Blower 2 Rate: 0.0 0.00
Dew Paoint: 558 °F 13.2 °C 90 mm System: -
Abs. Humidity: 68.2 grfib 9.7 g/kg Gas Meter 1: 1.59 0.05
Rel. Humidity: 51 % Gas Meter 2: 2.88 0.08
Difution Air: Sampie Rate: 1.29 0.04
Temperature: 770 °F 25.0°C 20X20 Sampie Rate: 41.19 1.17
Abs. Humidity 748 gib  10.7 gkg 47 mm Sample Rate: 25.68 0.73
Rel. Humidity: 53 9 Total Flow Rate: 2,228.52 63.11
Measured Gaseous Data i Particulate Data
Meter Range Concentration Flltt_ar‘Numt.)er: 9061.0-47 (pair)
HC Sample n/a 15.35 ppm Weignt Gain, mg: 1.612
HC Bckgrd nfa 437 ppm Sample Multiplier: 1.729
\
| gg Sg:;‘:l’e 15:13 S . 1??2 ggm N Correction Factors
| NOx Sample n/a - 5262 ppm (Dry) BO" Humidity CF: 0.983
NOx Bckard 0.2 2 0.20 ppm Drv-lo-&et CF, Sample:: 0.977
CO2 Sample 777 1 0.6989 % poy-o-Wet GF, Bekgrd: 0.983
| CO2 Bekgrd 10.8 1 0.0869 % ilution Factor: 19.39
\
| Test Cycie Data
. Sample Time: 1,207.70 sec
1 He Corrected Conﬁrl;atlo::m Worl: 26,90 hp-hr 20.06 kW-hr
co 1402 ppm Reference Work: 27.26 hp-hr 20.33 kW-hr
NOx 51.21  ppm Total Volume (Vmix); 44,856.5 sct 1,270.36 scm
coz 0.6354 % B
Brake-Specific Emission Results _
Mass Emissions BSHC (Cell) 0.304 g/hp-hr 0.408 g/A&W-hr
HC 8.177  grams Co 0.771 gfhp-hr 1.033 g/kW-hr
co 20.731  grams NOx  {Celf} 4.544 g/hp-hr 6.093. g/kW-hr
NOx 122.231 grams Particulate 0.104 g/hp-hr 0.139 g/KW-hr
Particulate 2.787 grams coz 549.0 gfhp-hr 736.21 g/kW-hr
co2 14768 kg BSFC 0.382 tbrhp-hr 0.232 kg/kW-hr
Fuel 10.27 b 4.66 kg
Analyzed: 11/26/1997 14:07 B-21

Page 1 of 1
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1-SME-1 1-SME-2 1-SME-3 1-20-1 1-2D-2 1-2D0-3
QZCNE, O20NE, DZONE, QZONE, OZONE, OZONE,

COMPQUND MG/BHP-HA |MGBHP-HR| MGRBHP-HR | MG/BHP-HA | MGAHP-HA | MG/BHP-HR | MG/BHP-HA | MG/BHP-HA | MGEBHP-HA | MG/EHP-HA | MGAHP-HA_| MG/BHP.HR
1-TRANS-2-C13-3-TRIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.g 0.00 0.0 0.0u 0.0 0.00 0.0
2.34-TAMETHYLPENTANE o.00 0.0 0.02 01 0.00 0.0 0.00 o0 0.11 02 Itace 00
2.3,3-TRIMETHYLPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.01 0.0
TOLUENE 0.84 23 0.70 1.9 1.08 3.0 0.67 2.4 0.86 2.4 0.63 1.7
2, 3-DIMETHYLHEXANE 0.00 0.0 0 0.0 0.00 0.0 0.00 0.0 0.23 03 0.36 05
1,1, 2. TAIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2-METHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.60 0.0 0.18 0.2
3.4-DIMETHYLHEXANE, NOTE B 0.00 0.0 0.00 9.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 040
4-METHYLHEPTANE o000 0.0 000 00 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0
I-METHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.8
1-CIS,2-TRANS.3-TAIMETHYLCYCLOPENTANE 0.00 0.0 a.00 0.0 0.00 [+11] 0.00 0.0 0.00 0.0 0.00 0.0
_(;LS-!.S-DIMETHYLCYCLDHEXANE 0.00 0.0 0.00 L0 .00 0.0 0.00 0.0 000 0.0 0.00 0.0
TRANS-1.4-DIMETHYLCYCLOHEXANE 0.00 0.0 000 0.0 £.00 0.0 0.00 0.0 0.00 00 0.00 00
A-ETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 1] 0.00 00 017 0.2 0.24 0.3
2.2.5-TRIMETHYLHEXANE 0.00 0.0 0.00 Q.0 .19 0.2 0.01 0.0 003 0.0 0.30 03
THANS-1-METHYL-3-ETHYLCYCLOPENTANE 0.00 0.0 Q.18 02 000 0.0 0.00 0.0 0.17 0.2 000 00
CI5-1-METHYL-3-ETHYLC YCLOPEMTANE 000 00 000 2.0 0.00 oD 037 0.7 0.50 1.0 057 Ll
1.1-DIMETHYLCYCLOHEXANE 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TAANS-1-METHYL-2-ETHYLCYCLOPEN | ANE 0.00 0.0 0.00 a0 Q0o 0.0 0.00 0.0 0.00 0.0 0.00 0.0
1-METHYL-1-ETHYL-CYCLOPENTANE 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2.4,4-TRIMETHYLHEXANE 0.00 0.0 0.00 00 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0
2.2.4-TRIMETHYLHEXANE 1] 0] 0.0 0.00 o0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0
TRANS-1,2-DIMETHYLCYCLOHEXANE .00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
1-CCTENE 0.00 00 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-4-QCTENE 0.00 0.0 0.00 0.0 0.09 0.0 0.0 0.0 0.00 0.0 0.00 0.0
OCTANE o.e0 0.0 0.00 0.0 0.00 0.0 029 0.2 032 0.2 037 0.2
UNIDENTIFIED C8 0.00 oo 0.00 0.0 ao0d 0.0 0.c0 0.0 000 0.0 0.20 0.7
TRANS-2.0CTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0
TRANS-1,3-DIMETHYLCYCLOHEXANE, NOTE C 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 (]9 0.00 0.0
Cl15-2-0CTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
ISOPAOPYLCYCLOPENTANE 0.00 0o 0.00 0.0 0.00 00 0.00 a.0 0.00 0.0 0.00 00
2,2-DIMETHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 D.0
2.3.5-TRIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 06.00 0.0
C15-1-METHYL-2-ETHYLGYCLOPENTANE 0.00 0.0 000 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0
2.4-DIMETHYLHEPTANE 0.00 0.0 0.00 0.0 Q.00 0.0 0.00 0.0 0.00 Q0 0.00 0.0
4.4-DIMETHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 00 0,00 0.0 0.00 [t]¢] 000 0.0
CI5-1,2-DIMETHYLCYCLOHEXANE 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0 Q.00 0.0
ETHYLCYCLOMEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00
2,6-DIMETHYLHEPTANE, NOTED 0.00 04a 0.00 Q.0 0.00 0.0 0.60 0.7 0.56 0.8 053 0.6
1.1.3-TRIMETHYLCYCLOHEXANE 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 .00 0.00 0.0
2.5-DIMETHYLHEPTANE, NOTE E 0.00 6.0 000 0.0 0.00 0.0 0.22 .2 0.25 03 0.25 03
3,3-DIMETHYLHEPTANE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
3.5-DIMETHYLHEPTANE. NOTE £ Q.00 Q.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
ETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.69 1.8 0.79 21 0.88 24
2,94-TRIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 000 0.0 £.00 0.0
2.3-DIMETHYLHEPTANE 0.00 0.0 0.00 2.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
| m-& p-XYLENE 0.00 00 0.00 0.0 0.00 0.0 D.96 7.0 0.94 8.2 1.15 0.5
4-METHYLOCTANE 0.00 00 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0
3.4-DIMETHYLHEPTANE 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0
4.ETHYLHEPTANE 0.00 0.0 0.00 0.0 0400 0.0 0.00 0.9 0.00 0.0 0.00 0.0
2-METHYLOCTANE 0.00 0.0 0.00 6.0 0.00 0.0 0.29 0.3 0.30 0.3 038 0.4
J-METHYLOCTANE 0.00 0.0 0,00 0.0 R.00 Q.0 0.23 0.3 0.26 0.3 027 0.3
STYRENE 0.00 0.0 0.00 0.0 £.00 09 0.00 0.0 0.00 0.0 0.00 0.0
0-XYLENE L Q.00 0.0 0.00 0.0 0.00 04 038 25 037 24 047 3.0
1-NONENE N 0.00 0.0 0.00 0.0 0.00 0.0 0.08 0.1 ' 0.25 0.8 035 n.e
TRANS-3-NOMENE 0.00 0.0 0.00 0.0 0.00 04 0.00 0.0 0.00 0.0 6.00 0.0
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1-SME-1 1-SME-2 1-SME-3 1-2D-1 1-2D-2 1-2(»-3
OZONE, OZONE, OZONE, 0Z0NE, QZGCNE, QZONE,

COMPOUND MGDHP-HA |[MGMHP-HA| MG/BHP-HR | MG/BHP-HA | MG/EBHP-HA | MGABHP-HH | MGAOHP-HA | MGAHP-HR | MG/BHP-HA | MG/AHP-HA | MG/BHP-HA | MG/BHP-HA

CI5-3-MONENE 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0 0.0¢ 0.0
NONANE 0.00 0.0 0.00 0.0 0.00 0.0 0.69 0.4 0.75 0.4 .80 0.4
TRAANS-2-NONENE 000 0.0 000 0.0 0.00 0.0 000 0.0 (114 0.0 0.00 0.0
ISOPROPYLBENZEMNE !CUMENE) 0.00 0.0 0.00 0.0 0.00 0.0 0.15 0.3 0.03 Q.1 0.30 Q.7
2.2-DIMETHYLGCTANE 0.00 0.0 0.00 2.0 0,00 0.0 0.00 0.0 0.00 2.0 0.00 0.0
2,4-DIMETHYLOCTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.29 0.3 0.29 0.3 0.36 0.4
n-PROPYLBENZENE 000 0.0 0.00 0.0 0.00 0.0 0.3 0.7 0.20 a4 0.37 0.8
1-METHYL-3-ETHYLBENZENE 0.00 0.0 000 0.0 0.00 09 023 1.7 0.52 a7 0.5¢ 3.7
}:METHYL-4-ETHYLBENZENE 0.00 0.0 0.00 a0 0.00 0.0 0,20 22 0.38 28 0.34 24
1,2.5-TRIMETHYLBENZENE 0.00 0.0 0.00 0.0 0,00 0.0 0.42 4.2 0.43 43 042 4.3
1-METHYL-2-ETHYLRENZENE 0.00 0.0 0.00 0.0 200 0.0 042 a0 0.40 2.9 0.40 29
1,2.4-TRIMETHYLBENZENE 0.00 00 0.00 0.0] ©_Dboo 0.0 0.07 0.6 0.76 6.7 0.58 5.1
TERT-BUTYLRENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 .00 0.0 0.00 0.0
1-DECENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DECANE, NOTE F 0.00 0.0 0090 0.0 ! 000 0.0 052 02 050 0.2 047 02
ISOBUTYLBENZENE, NOTE F D.00 00 000 00 0.00 L] 049 0.9 0.47 09 044 0.8
1,3-DIMETHYL-5.-ETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
METHYLPRQPYLBENZENE (sec bulylbenzena) 000 2.0 0.60 0.0 0.90 8.0 0.00 0.0 .03 0.1 p.Cco 0.0
1-METHYL-3-|SOPROPYLBENZENE 0.00 0.0 060 0.0 0.00 0.0 0.00 0.0 0.00 a0 0.00 0.0
1,2,3-TRIMETHYLBENZENE 0.00 0.0 0.00 0.0 000 0.0 028 2.5 0.33 29 0.00 0.0
1-METHYL-4-ISOPRDPYLBENZENE 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0
INDAN 0.00 0.0 000 Q0 0.00 (1] 009 0.0 0.00 00 0.00 0.0
I-METHYL-2.ISOPROPYLEBENZENE 0.00 oo 0.00 00 000 0.0 0.03 0.2 0.04 0.2 026 1.5
Iiﬂ-DIETHYLBENZENE 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
1.4-DIETHYLBENZENE 0.00 0.0 0.0 0.0 0.00 0.0 0.00 ] 0.38 2.3 0.22 14
3-METHYL-3-N-PROPYLBENZENE 0.00 0.0 000 0.0 Q.00 04 0.00 0.0 Q.18 1.0 0.40 0.0
ﬂETHYL-d-E-PROPYLBENZEN E, NOTEG 0.00 0.0 0.00 0.0 0.60 0.0 0.15 1.0 049 kA | 0.28 17
1,2 DIETHYLBENZENE 0.00 0.0 0.00 00 0.00 0.0 000 0.0 0.00 0.0 Q00 00
1-METHYL-2-N-PROPYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.25 1.6 0.26 1.7 0.22 14
1,4-DIMETHYL-2.ETHYLBENZENE 0.00 0.0 000 0.0 000 0.0 0.00 0.0 0.00 0.0 000 0.0
1,3 DIMETHYL-4-ETHYLBENZENE 0.0G a.c 000 o0 0.00 0.0 0.03 0.3 D.44 4.0 0.00 0.0
1,2-DIMETHYL-4-ETHY! LBENZENE 0.00 0.0 0.00 .0 0.00 0.0 0.00 0.0 0.00 0.0 Q.00 0.0
1,3-DIMETHYL-2-ETHYLBENZENE 0.00 0.0 000 0.0 0.00 00 0.00 0.0 0.00 0.0 000 0.0
UNDECANE 0.00 0.0 0.00 0.0 0.00 Q.0 1.72 0.7 2.50 1.1 1.93 08
1.2-IMETHYL-3-ETHYLEENZENE 0.00 0.0 0.00 a0 0.00 0.0 0.00 0.c .00 0.0 0.00 0.0
1,2.4,5-TETRAMETHYLBENZENE 000 0.0 0.00 00 0.00 00 2.1% 15.8 0.80 7.3 0.24 2.2
2-METHYLBUTYLBENZENE (sec AMYLBENZENE]) 0.00 0.0 000 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0
3.4 DIMETHYLCUMENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
1.2.3 S-TETRAMETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 a0 0.12 1.1 0.55 5.0 0.30 27
JERT-1-BUT-2-METHYLBENZENE 0.00 0.0 0.00 o0 0.00 0.0 0.55 32 039 *23 0.42 24
1,2,3.4-TETRAMETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
N:-PENT-BENZENE 2.00 0.0 0.00 0.0 0.00 Q.0 0.59 1.0 Q.77 1.3 0.74 1.3
TEAT-1-8UT-3,5-DIMETHYLBENZENE 0.00 0.0 6.00 00 0.00 0.9 0.24 1.8 0.39 2.9 0.24 1.8
TERT-1-BUTYL-4-ETHYLBENZENE .00 0.0 0.00 2.0 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0
NAPHTHALENE 000 0.0 0.00 0.0 2.00 0.0 0.23 a3 0.25 0.2 0.37 04
DODECANE 0.00 0.0 0.00 0.0 0.00 0.0 147 0.6 1.67 Q.8 1.73 0.7
11,2.5-TRIETHYLBEN2ENE 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0 0.00 0£|
1.2,4-TRIETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0
HEXYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
| UNIDENTIFIED C9-C12+ 0.00 0.0 0.00 0.0 0.00 0.0 3.71 14.2 5.3 20.3 3.89 14.8
FORMALDEHKYDE 9.49 87.9 5.89 84.3 6.72 62.4 12.86 92.0 13.60 97.2 13.62 97.4
ACETALDEHYDE 307 1T.0 3.05 16.8 3.04 15.8 4.78 26.4] ! 481 255 4.88 26.8
ACROLEIN 2,18 14,8 2.76 18.7 254 17.2 1.85 11.4 1.15 7.8 152 10.3
AGETONE D691 0.4 0.52 0.3 0.51 0.3 1.40 0.8] 1.41 08 l.ﬁ 0.8
PROPIGNALDEHYDE 1.79 11,7 1.40 9.2 1.04 6.8 1.23 8.0 2.53 16.6 2.35 16.3
CROTONALDEHYDE 0.96 5.2 0.64 3.5 0.81 44 1.67 9.1 229 124 1.47 10.1
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COLD START SUMMARY
1-SME-1 1-SME-2 1-5ME-3 1-20-1 1-20.2 1-203-3
OZONE, OZONE, OZONE, OZONE, OZONE, OZONE,

CCMPOUND MGAHP-HA IMG/BHP-HA| MGBHP-HA | MG/BHP-HR | MG/EBHP-HA | MGBHP-HA | MGBHP-HA | MGAHP-HA | MG/BHP-HR | MG/EHP-HA | MG/BHP-HRA | MG/BHP-HR
METHANE 0.00 0.0 0.00 0.0 0.60 0.0 .00 0.0 0.00 0.0 0.00 0.0
ETHANE 0.15 0o 0.19 0.0 023 0.1 .06 0.0 0.00 0.0 0.04 0.0
EIHYLENE 9.79 T4 9.20 67.0 9.37 G68.3 11.64 84.8 11.62 a4.7 11.54 B84.2
"ROPANE a.00 0.0 0.00 9.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
PROFPYLENE 1.60 15.1 1.42 13.4 1.57 14.8 369 4.7 3.63 3.1 .62 340
ACETYLENE 1.72 0.9 1.68 0.8 1,74 0.8 224 1.1 217 1.1 219 1.1
PROPADIENE 0.00 0.0 000 0o 0.00 00 000 0.0 000 0.0 0.00 0.0
BUTANE 0.00 0.0 000 0.9 0.17 0.2 .15 0.2 0.00 00 0.06 0.1
TRANS-2.BUTENE 0.00 0.0 0.00 0.9 0.00 0.0 0.18 1.9 014 1.7 047 1.7
1-BUTEl’_i.§ 0.78 5.9 0.71 6.3 032 64 112 10.0 1.10 9.8 1.10 9.8
2-METHYLPROPENE (ISOBUTY L ENE} 0.26 14 D.23 12 0.22 1.2 1,04 5.8 0.93 4.9 0.96 5.1
2,2-DIMETHYLPROPANE {(NEOPENTANE) 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 G0 0.00 a0
PROPYNE o000 ao 000 04 0.11 0.4 0z22 049 0.22 09 021 0.9
LI-BUTADHENE 1.08 1.8 1.14 124 1.26 137 137 15.0 1.31 14.3 1,33 14.9
2-METHYLPROPANE (ISOBUTANE) 0.00 0.0 000 00 012 0.1 0.00 0.0 0.00 2.0 2.00 00
[1-BUTYNE 0.00 0.0 0.00 00 0.00 0.0 B.co 2.0 0.00 op .00 0.0
METHANOL 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 000 0.0
Ci5-2-BUTENE 000 1] 0.00 o0 0.00 0.0 0.17 1.7 0.12 1.2 0.13 13
3-METHYL-1-BUTENE 0.00 oo 0.00 00 0.00 0.0 oco 0.0 0.00 0.0 0.00 0.0
ETHANOL 0.00 090 0.00 0.0 0.00 Q.0 0.00 [L11] 0.00 00 000 00
2-METHYLBUTANE (ISCPENTANE) 0.04 0.1 0.00 0.0 002 00 013 0.2 0.00 0.0 0.00 0.0
2-BUTYNE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 [1Xv] 0.0 0.00 0.0
1-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2-METHYL-1-BUTENE 0.00 0.0 0.00 0.0 0.00 0.0 026 1.3 0.2 11 0.26 1.3
PENTANE 0.00 2.0 0.33 0.3 0.23 0.2 0.12 Q.1 frace Q.0 0.03 0.0
LINIDENTIFIED CS OLEFINS 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2. METHYL-1,.3-BUTADIENE 0.00 0.0 0.14 1.3 0.24 22 Q.00 8.0 000 0.0 0.20 1.8
TRANS-2-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.18 10 0.00 0.0
3.3-DIMETHYL-1-BUTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 2.0 0.00 0.0 0.00 0.0
CIS-2.PENTENE 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0 0.24 2.1 0.26 23
2:-METHYL-2-BUTENE 000 0.0 Q.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
JERT-BUTANOL 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 000 0.0
CYCLOPENTADIENE 0.09 090 o.co 0c 000 0.0 0.00 0.0 0.00 o 0.00 0.0
2.2-DIMETHYLBUTANE 0.00 00 200 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
CYCLOPENTENE 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0
4-METHYL-1-PENTENE 0.00 0.0 0.00 1]1] 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
I-METHYL-1-PENTENE 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
CYCLOPENTANE 0.00 0.0 0.00 a.0 0.00 0.0 0.0 0.0 0.00 0.0 0.00 2.0
2.3-DIMETHYLBUTANE 0.00 a0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 Q0.0
MTBE 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0 0.09 0.0 0.00 0.0
4-METHYL-CIS-2-PENTENE 0.00 6.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2-METHYLPENTANE 0.00 0.0 031 0.5 on 0.2 0.28 0.4 0.04 0.1 0.00 0.0
4-METHYL-TRHANS.-2-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0
3-METHYLPENTANE 0.00 0.0 0.00 0.0 0.28 0.4 0.42 08 0.co 0.1 0.04 0.1
2-METHYL-t-PENTENE o000’ 0.0 0.00 0.0 0.12 08 052 23 0586 2.5 0.54 24
1-HEXENE 0.00 0.0 0.00 0.0 0.12 0% 0.52 23 0.56 25 054 2.4
HEXANE 0.35 0.3 0.28 03 046 0.4 0.09 0.0 0.00 (] 0.02 0.0
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1-SME:1 1-SME-2 1-SME-3 1-20-1 1-20-2 1-20-3
0O2CNE, OIONE, 0ZONE, QZONE, QO20NE, OZONE.

COMPOLINL MGAHP-HR [MGBHP-HA| MGBHP-HA [ MGBHP-HR | MGDHP-HR | MG/BHP-HA | MGBIHP-HN MGBHP-HR | MGBHP-HA | MGMDIHP-UIN | MGEBHP-HA | MEGABHP-HR

UNIOENTIRED C6 OLEFINS 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.20 1.4 0.00 0.0
TRANS-3-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0
CIS-3-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DI-ISOPAOPYL ETHER 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0
1 TRANS-2.-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 ooo 00 0.00 0.0
_:!;I_J.ETHYL-TFIANS-Z'-PENTENE 6.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 00 0.00 0.0
2-METHYL-2-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 .00 . 0.0 0.00 00
3-METHYLCYCLOPENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
CIS-2.HEXENE 0.00 0.0 0,00 0.0 0.00 0.0 0.co 0.0 0.00 0.0 0.00 0.0
ETBE 0.00 0.0 0.00 00 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0
_!!;M_EI’HYL—CIS-ZPENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2.2-DIMETHYLPENTANE, NOTE A 0.21 0.2 0.12 b2 0.04 0.1 0.00 0.0 0.00 0.0 0.00 0.0
METHYLCYCLOPENTANE, NOTE A 021 06 0.12 0.3 004 01 000 0.0 0.00 0.0 0.00 0.0
2,4oDIMETHYLPENTANE 0.00 040 0.00 040 0.00 0.0 0.00 0.0 0.00 0.0 0.13 0.2
2.2,3-TRAIMETHYLBUTANE 0.00 o0 0.04 0.0 0.10 01 0.00 0.0 0.00 0.0 l1ace 0.0
3,4-DIMETHYL.1-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
1-METHYLCYCLOPENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 Q.00 00 0.00 0.0
BENZENE [1X:1 [tE] D.87 04 0.86 0.4 1.24 0.5 1.04 0.4 1.35 0.6
3-METHYL-1-HEXENE 000 Q.0 0.00 0.0 0co 0.0 0.00 0.0 0.00 00 0.00 0.0
3.9-DIMETHYLPENTANE 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.23 0.2
CYCLOHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 Q.00 0.0 0.00 0.0 0.00 0.0
2-METHYLHEXANE 0.00 0.0 0.00 0.0 0.00 [111] 0.00 0.0 0.00 0.0 0.00 0.0
2,3-DIMETHYLPENTANE £.00 0.0 0.00 0.0 0.00 0g 0.00 0.0 0.00 00 0.02 0.0
1,):DIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TEAT.AMYL METHYL ETHER 0.00 0.0 0.00 0.0 0.00 0.0 000 Q.0 0.00 0.0 0.00 0.0
C'YCLOHEXENE 0.00 0.0 0.00 0.0 0.26 1.5 0.00 0.0 0.00 0.6 lrace 0.1
3-METHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
CIS-1,3-DIMEYTHYLCYCLOPENTANE 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
3-ETHYLPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-1,2.DIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
TAANS-1,3-DIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.20 0.5
1-HEPTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2.24-TRIMETHYLPENTANE 0.24 0.3 016 0.1 0.08 0.1 0.50 0.5 041 04 0.20 0.2
2.METHYL-1-HEXENE 0.00 0.0 0.00 0.0 09090 0.0 000 0.0 0.00 0.0 0.0a0 0.0
TRANS-3-HEPTENE 0.0 0.0 0.00 0.0 0.c0 0.0 0.00 0.0 0.00 a0 0.00 0.0
HEPTANE 0.23 0.2 0.20 0.2 [ F4] 0.2 0.00 0.0 020 0.2 0.00 0.0
CIS-3-HEPTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
UNIDENTIFIED CT 0.00 oo 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2.METHYL-2-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 Q.00 0.0
3-METHYL-TRANS-3-HEXENE 0.00 0.0 D.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
TRANS-2-HEPTENE 0.00 a.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
3-ETHYL-CIS-2-PENTENE 2.00 0.0 0.24 1.2 0.27 1.5 0.09 0.0 0.00 0.0 0.00 0.0
24 4-TAIMETHYL-1-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 Q.00 0.0 0.00 0.0
2,3-DIMETHYL-2-PENTENE 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0 0.0 0.0 0.00 0.0
CIS-2-HEPTENE 0.00 0.0 0.0¢ Q.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
METHYLC YCLOHEXANE 0.00 0.0 0,00 0.0 0.00 00 024 0.4 0.26 0.5 011 0.2
|Cis-1 ,2-DIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 ~ 0.0
2,2.DIMETHYLHEXANE 0.00 0.0 0.00 2.0 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0
1.1,3-TRIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.c
2,44-TRAIMETHYL-2-PENTENE 0.00 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2.2 3-TRIMETHYLPENTANE * 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.24 0.3
2,5-DIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 = 0,00 0.0 0.00 0.0
| ETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
24-DIMETHYLHEXANE ! oo 0.0 0.00 0.0 0.00 0.0 0.28 04 ' 0.00 0.0 0.04 0.1
1-THANS-Z-CISdﬂ!_[_METHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 C 000 0.0 0.00 0.0
A.3-DIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
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1-SME=1 1.SME-2 1-SME-3 120 1-20-2 1-2D-3
Iljuuozn. OZONE, OZONE, OZONE, ~ | OZONE. OZONE,
COMPOUND MGBHP-HR |MG/BHP-HR | MG/BHP-HA | MGBHP-HR | MG/BHP-HR | MG/BHP-HA | MGBHP-HA | MG/BHP-HE | MGBHE.HA | MGBHP.HR | MGBHP-HA | MG/BHP-HA
1-TAANS-2.CIS-3-TRIMETHYLCYGL OPENTANE 0.00 0.0 0.0 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2,3.4-TRIMETHYLPENTANE 0.00 0.0 0.22 04 0.00 0.0 0,00 0.0 025 0.4 0.06 0,1
2,3.3-TRIMETHYLPENTANE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.03 0.0 0,05 0.1
TOLUENE 2.37 6.5 2.32 63 6.52 17.8 1.28 as 1.50 5.2 1.69 5.2
2,3 DIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.17 0.2 021 0.3
1,1,2-TRIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0
| 2-METHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0 000 0.0
2.4-DIMETHYLHEXANE, NOTE B 000 0.0 0.00 0.0 000 0.0 .00 0.0 0.00 0.0 060 0.0
4-METHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0
3-METHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0
1-CI5,2-TRANS 3-TRIMETHYLCYGL OPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
CI5-1,3-DIMETHYLCYCLOHEXANE 0.00 0.0 0.00 0.0[! 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-1.4-DIMETHYLCYCLOHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0
3-ETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
22,5 TRIMETHYLHEXANE 0.00 0.0 0.00 0.0 000 0.0 0.20 0.2 021 0.2 025 0.2
TRANS-1-METHYL-3-ETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 000 0.0 0.00 DD 0.00 0.0 0.00 0.0
CIS-1-METHYL-3-ETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.24 0.7 047 0.9 0.49 0.9
1,1-DIMETHYLCYCLOHEXANE 0.00 0.0 0.600 0.0 0.00 0.0 0,00 0.0 000 0.0 0,00 0.0
TRANS-1-METHYL-2-ETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 000 0.0 0.00 0.0
§-METHYL-1-ETHYL-CYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 o0 0.¢0 0.0 0.00 0.0 0.00 0.0
2.4,4-TRIMETHYLHEXANE 0.00 0.0 0.00 0.0 D.00 0o 0.00 0.0 0.00 0.0 1.00 [
2.2,4-TRIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-1 _M.D_Em._.1<—.n<n_.0:mx>zm Q.00 4.0 0.00 0.0 0.00 0.0 0.60 0.0 0.00 0.0 0.00 0.0
1-OCTENE 0.00 Do 0.00 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.00 0.0
TRANS-4-0CTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0,00 0.0
OCTANE G.00 0.0 0.00 0.0 0.00 0.0 027 0.2 0.27 0.2 0.35 0.2
UNIDENTIFIED C8 0.00 0.0 0.0¢ 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-2-OCTENE €.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-1,3-DIMETHYLCYCLOHEXANE, HOTE C 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00
CI5-3-0CTENE 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0o 000 0.0
ISOPROPYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2.2-DIMETHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2,3 5 TRIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 c.0 0.00 0.0 0.00 0.0
CIS-1-METHYL-2-ETHYLCYCLOPENTANE 0.00 0.0 0.00 o0 0.00 00 0.00 0.0 0.00 0.0 0.00 00
2,4-DIMETHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 o0 0.00 0.0 0.00 00
4,4-DIMETHYLHEPTANE 000 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0
C1S-1,2-DIMETHYLCYCLOHEXANE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 .00 0.0
ETHYLGYCLOHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
2,6-DIMETHYLHEPTANE_NOTE D 0.00 0.0 0.00 0.0 0.00 0.0 0.52 0.8 0.62 0.7 0.63 0.7
11,3 TRIMETHYLCYCLOHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 " 0.0 0,00 0.0
2 5-DIMETHYLHEPTANE, NOTE E 0,00 0D 0.00 0.0 0.00 0.0 020 0.2 0.24 0.3 0.24 0.3
3,3-DIMETHYLHEPTANE D.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
3,5-DIMETHYLHEPYANE, NOTEE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0
ETHYLBENZENE 0.00 0.0 0.00 0.0 .00 0.0 081 2.2 0.76 2.1 0.81 2.2
2.34-TRIMETHYLHEXANE 9.00 0,0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
|23 DIMETHYLHEPTARE 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0
m-8 p-XYLENE 0.00 0.0 D.00 0.0 0.00 0.0 1.69 12.5 0.79 5.8 107 2.9
| 4-METHYLOCTANE 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0 0.00 [
3.4-DIMETHYLHEPTANE 0.00 2.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00
4-ETHYLHEPTANE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 000 0.0
2.METHYLOCTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.39 04 0.00 0.0 0.28 0.4
3-METHYLOGTANE Y 0.0 0.00 0.0 0.00 0.0 0.21 02] " 0.19 0.2 0.19 0.2
STYRENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
o-XYLENE ogol! 0.0 0.00 0.0 0.00 0.0 0.57 az .38 2.4 0.59 a8
1-NONENE 0.0 0.0 0.00 0.0 0.c0 00 0.42 1.0 0.39 0.9 0.46 1.0
TRANS-3-NONENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
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1-SME-1 1-SME-2 1-SME-3 1-20-1 1-20-2 1-20-3
DZONE, ~— | OZONE, OZONE, OZONE, OZONE, OZONE,
COMPOUIND MG/BHP-HR |MG/BHIP- 3] MGBHP-HR | MGBHP-HA | MG/BILP-HA | MG/BHP-1IT | LMG/BHP-1IA | MGBHP-HR | MGAHP-HIR | MG/BHP-HA | MG/BHP-HA | MGBHP-HR
Ci5-3-NONENE 0.00 0.0 0.00 0.0 .00 L] 0.0 0.0 0.00 0.0 0.00 0.0
NONANE 0.00 0.0 0.60 0.0 0.00 0.0 0.72 0.4 Q70 04 Q.47 0.3
TRANS.2-NOMENE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0
ISOPROPYLBENZENE (CUMENE) 0.00 00 0,00 0.0 0.00 0.0 0.00 0.0 024 Q.5 0.24 0.5
2,2.DIMETHYLOCTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 D0 000 0.0 0.00 0.0
2.4.DIMETHYLOCTANE 0.00 0.0 000 00 0.00 0.0 0.29 03 029 0.3 041 04
n-PROPYLBENZENE 0.00 0.0 Q00 0.0 0.00 0.0 0.7 0.30 0.6 023 0.5
1-METHYL-3-ETHYLBENZENE 000 0.0 0.00 00 0.00 0.0 1.8 055 39 041 23
1-METHYL-4-ETHYLBENZENE 0.00 0.0 0.00 o0 0.00 0.0 34 0.36 2.6 0.26 1.9
1.1.5-TRIMETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 5.2 041 4.1 0.27 2.8
1-METHYL-2-ETHYLBENZENE 0.00 0.0 000 0.0 000 0.0 15 0.37 2.6 0.30 2.2
1.2 4-TRIMETHYLBENZENE Q.00 0.0 Q.00 0.0 0.00 Q.0 4.2 0.81 7.1 012 1.1
TERT-DUTYLBENZENE 0.00 0.0 0.00 90 000 00 0.0 0.00 0.0 0.00 0.0
|-DECENE 0.00 0.0 0.00 0.0 Q.00 0.0 00 Q.00 0.0 0.00 0.0
CECANE, NOTEF 0,00 0.0 0G0 0.0 0.00 0.0 0.3 Q.59 0.3 0.14 a1
1SOBUTYLBENZENE. NOTE F 0.00 0.0 0.00 0.0 0.00 0.0 08 0.56 1,0 0.14 0.3
1,3,:DIMETHYL-5-ETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 00 0.0 Q.00 0.0 0.00 0.0
METHYLPIOPYLBENZENE [sac bulylbenzano) 0.00 0.0 000 0.0 0.00 00 0.0 0.20 0.4 000 0.0
1-METHYL-3-ISOPROPYLEENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.0 000 0.0 0.00 0.0
1,2.3-TRIMETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 2.8 044 A9 ©.00 0.0
)-METHYL 4-ISOPROPYLBENZENE Q.00 0.0 0.00 0.0 0.00 00 0.0 0.00 0.0 0.00 0.0
INDAN 0.00 0.0 0.00 00 0.00 0.0 0.0 0o 0.6 0.00 0.0
1-METHYL-2-ISOPROPYLBENZENE 0.00 0.0 0.00 00 0.00 0.0 1.1 Q27 1.6 2.23 1.4
1,3-DIETHYLBENZENE 0.00 0.0 0,00 00 0.0G 0.0 0.9 0.00 0.0 0.00 0.0
__....D_m._._:\_.mmzwm\zm 0.00 0.0 0.00 0.0 0.00 0.0 0.0 0.27 1.8 0.00 0.0
1-METHYL-3-N-PROPYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.0 0.00 0.0 0.00 0.0
1-METHIYL-4--PACPYLBENZENE. NOTE G 000 0.0 0.00 0.0 0.00 00 0.00 0.0 900 0.0 0.00 0.0
t,2 DIETHYLBENZENE 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
_.Iqu<r.n.z.v_~0v<—..mlmIZNm2 E 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.20 1.3 0.25 1.6
1.4-DIMETHYL-2-ETHYLBENZENE 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0 000 0.0
1,3 DIMETHYL-4-ETHYLBENZENE 0.00 00 0.00 00 000 0.0 D24 22 038 34 000 00
1,2-DIMETHYL4-ETHYLBENZENE 000 0o 0.00 0.0 0.00 0.0 000 0.0 0.00 00 0.00 0D
1,3-DIMETHYL-2-ETHYLBENZENE 06.00 0.0 0.00 0.0 0.00 D.0 0.00 0.0 0.00 0.0 0.00 ) 0.0
UNDECANE Q.00 0.0 0.00 0.0 0.00 0.0 1.87 0.8 2.23 0.9 1.50 0.6
1,2-DIMETHYL-3-ETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
1,2,4,5-TETRAMETHYLBENZENE 0.00 2.0 0.00 0.0 0.00 0.0 1.42 12.9 .42 38 0.50 4.5
2.METHYLBUTYLBENZENE {sec AMYLBENZENE} 0.00 0.0 0.00 0.0 0.00 00 Q.00 0.0 0.00 0.0 0.00 0.0
3,4 DIMETHYLCUMENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
1 M.u.m.._.m._‘m..»gm._._.-.\rml—muZNmZm 0.00 0.0 0.00 Q.0 0.00 0.0 0.8 7.5 0.87 81 0.00 0.0
TERT-1-BUT-2-METHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.53 3.1 0.34 © 2.0 0.21 1.2
1,20,4-TETRAMETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
N-PENT-BENZENE Q.00 0.0 0.00 0.0 0.00 0.0 Q.61 1.0 063 1.1 0.55 0.9
TERT-1-BUT-3,5-DIMETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.25 1.8 Q.Wl@ 2.9 0.28 2.1
.FI.._.._-m:z—..n.m.qIﬁ.wm.’_Nmzm O.mm 0.0 0.00 0.0 a.mm 0.0 0.00 0.0 0.00 0.0 0.00 0.0
NAPHTHALENE 0.00 0.0 0.00 0.0 0.00 0.0 0.22 0.3 021 0.2 0.43 05
DODECANE 0.00 0.0 0.00 0.0 0.00 0.0 1.32 0.5 1.30 0.5 1.81 0.7
1,3 5 TRIETHYLBENZENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 000 00
1.2 4-TRIETHYLBENZENE 0,00 0.0 0.00 Q.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
HEXYLBENZENE 000 0.0 0.00 0.0 0.00 ) 2.00 0.0 0.00 0.0 0.00 0.0
UNIDENTIFIED C3-Cl2+ 0.00 0.0 0.00 0.0 0.00 0.0 4,99 19.0 %14 15.8 2.63 10.8
EEMI<DN 11.48 82, 9.74 |m|.u.m 10.15 72.8 14.34 102.6 13.47 m-m|u 14.38 162.8
ACETALDEHYDE 349 19.3 353 185 3.67 20.3 6.01 513 477 263 5,19 2.6
ACROLEIN 2.8 16,1 2.T4 18.6 290 19.8 1.83 124 1.24 8.4 1.56 10,6
ACETONE [ 198 0.5 oumm 0.6 1.07 0.8 2.08 1.2 » 1.53 0.9 213 1.2
PRCPIONALDEHYDE 1.88 12.3 128 84 (AT 7.3 155 10.2 T 277 18. 188 128
CROTONALDEHYDE 1.04 58 012 3.8 1.25 6.8 1.42 77 2.30 12.5 1.09 10.8
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1-SME-1 1-SME-2 1-SME-3 -20-1 _ 1-20-2 1-2D-2
QZONE, OZONE, OZONE, GZONE, OZONE, OZONE,

COMPOUND MG/BHP-HA |MGEBHP-HA | MG/BHP-HA | MG/BHP-HR | MGBHP-HA | MG/BHP-HN | MG/BHP-HR | MG/BHP-HA | MG/BHP-HA | MG/DHP-HA | MG/BIIF-HR | MG/EBHP-HR
IS0BUTYRALDEHYDE, NOTE H 0.37 2.0 0.46 24 032] . 1.7 050 26 0.43 23] 044 2.3
IMETHYL ETHYL KETONE. NOTE H 0.37 0.4 0.48 0.5 0.32 0.4 0.50 0.6 043 0.5 0.44 0.5
BENZALOEHYDE 0.25 -0.1 0.00 0o 000 og 068 04 0.46 03 0.66 04
ISQVALERALDEHYDE 0.62 2.7 0.62 2.7 0.7 1.0 0.52 23 026 1.1 041 1.4
|vALERALDEHYDE 0.25 1.1 031 1.4 0.18 0.7 0.40 1.8 047 2.1 0.70 3.1
O-TOLUALDEHYUE 0.42 -0.2 070 -D.4 0,30 0.2 0.17 -0.1 _020 .0.2 0.29 -0.2
MP-TOLUALOEHYDE 1.45 -0.8 135 -0.7 1.70 -0.9 2.81 -1.5 217 1.2 2.03 411
HEXANALDEHYDE 1.01 aa 0.87 3.3 058 37 052 20 038 14 0.37 1.4
DIMETHYLRENZALDEHYDE 0.00 0.0 0.00 0.0 0.00 0.0 025 0.1 042 -0.2 0.26 0.1
[ SUMMED SPECIATED VALUES | 46 261] a4} 243 51] 268} B4 a36] [ gp2] 78] a03]

A - 2,2-Dimellylpentane and melhylcyclopentlane co-elute  GC peak area sphit equally belween lhe 1ch> conpounds.
B - 3-Melhyl-3-ethy-pentans co-elules with reporied compound. Nol reporied separately.

C - Cis-1,4-Dimethylcyclohexane co-elutes with reported compound. Not reported separately.

D - Propyleyclopentane co-elules with reported compound. Nal reported separalely.

E - 2.5-Oimellyiheplane and 3,5-timelhylheplane co-elule. GG peak area sphi equally betwoen the lwo coinpounds,
F . Decane and isobutylbenzene co-elute  GC peak area splil oqually between the two compounds.

G - n-Butylbenzene co-elules wilh reported compound. Nol reported separately

H - Isobulyraldehyde and methyl elhyl ketone co-efule LC peak arca splil equally between Iho iwo compounds.
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Pageid#: 128
1-SME-1 1-8ME-2 1-3ME-3 1-2D-1 1-20-2 1-2D-3
QZGNE, QZONE, DZONE, QZONE, QZCHNE, QZONE,

COMPOUND MG/BHP-HR IMGMBHP-HA| MG/AHP-HA | MGABHP-HA | MG/BHP-HA | MG/EBHP-HA | MG/BKP-HA | MGEBHP-HA | MGBHP-HR | MGBHP-HA | MGEHP-HR | MGBHP-HR

UNIDENTIFIED C6 OLEFINS 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 025 1.6 0.00 00

| TRANS-3-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
CIS-3HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.6 0.0

DI-ISOPAOPYL ETHER 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 v.e

TRANS-2-HEXENE 0.00 0.0 0.00 a.0 0.00 0.0 0.00 2.0 0.00 0.0 0.00 0.0

W-zﬁmsu E 0.00 0.0 0.00 0.0 0.00 00 0.00 a0 0.00 0.0 .00 0.0
2-METHYL-2-PENTENE 0.00 0.0 0.00 0.0 000 00 0.00 0.0 0.00 0.0 000 0.0

3METHYLCYCLOPENTENE 0.00 0.0 090 0.0 0.00 00 Q.00 0.0 0.00 0.0 o.0n 0.0

CIS-2-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 .00 0.0 0.00 0.0 0.00 0.0

ETBE 0.00 0.0 [T 0.0 a.00 09 000 0.0 0.00 0.0 2.00 0.0

3-METHYL-CIS-2.PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 200 0.0

2.2-DIMETHYLPENTANE, NOTE A 0.25 03 0.33 0s ' ooa 01 0.00 0.0 0.00 0.0 011 02

METHYLCYCLOPENTANE, NOTE A 0.24 0.7 033 09 ops 02 090 0.0 0.0¢ 0.0 0.11 0.4

2,4-DIMETHYLPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 6.0 0.00 0.0

2,2, 3 TAMETHYLBUTANE 0.00 0.0 0.00 o] - 0.02 00 .50 0.0 0.00 0.0 0,00 0.0

3,4-DIMETHYL-1- PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00

1-METHYLCYCLOPENTENE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 000 0.0

BENZENE 0.94 0.4 083 03 0.88 0.4 0.75 0.3 1.13 0.5 0.76 0.3

| 3-METHYL-1-HEXENE 0.00 0.0 000 0.0 0.00 00 0.00 0.6 0.00 0.0 0.00 0.0
3.3-DIMETHYLPENTANE 0,00 0.0 0.00 [211] Qo 0.0 0.00 0.0 0.G0 0.0 0.00 0.0

CYCLOHEXANE 0.00 0.0 0.00 o.0 0.00 0.0 000 00 0.00 0.0 0.00 0.0

2-METHYLHEXANE 0.00 0.0 0.00 0.0 0.00 Q0 oo00 o0 0.00 0.0 0.00 090

2,3-DIMETHYLPENTANE 0.00 0.0 0.00 0.0 0.00 00 040 0.0 0.00 0.0 0.00 09

1. T-DIMETHYLCYCLOPENTANE 0.00 00 0.00 0o 0.00 0o 0.00 0.0 0.00 0.0 0,00 0.0

TERLAMYL METHYL ETHER 6.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

CYCLOHEXENE 0.00 0.0 0.00 0.0 0.24 14 000 0.0 0.0 0.0 0.00 0.0

a-METHYLHEXANE 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 6.00 Q.0 0.00 0.0

[CIS-1,3-DIMETHYLCYCLOPENTANE 0,00 00 0.00 0.0 0.00 00 a.00 0.0 0.00 0.0 0.00 0.0
3.ETHYLPENTANE 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0 0.06 0.1

[TRANS-1,2-DIMETHYLCYCLOPENTANE 000 0.0 000 0.0 0.00 00 [ 0.0 0.00 0.0 0.00 0.0
THANS-1,3-DIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0

1-HEPTENE 000 [T 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00

2,2.4-TAIMETHYLPENTANE 0.25 0.2 000 0.0 0.17 0.2 0.48 0.4 0.28 0.3 0.14 0.1
2-METHYL-1-HEXENE 0.0 00 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
TRANS-3-HEPTENE 0.00 00 .00 0o 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

HEPTANE 0.21 0.2 0.39 0.3 0.44 0.4 000 0.0 0.00 0.0 0.08 0.1
C15-2-HEPTENE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0
| UNIDENTIFIED €7 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.20 09 0.00 0.0
2-METHYL-2-HEXENE 000 0.0 0.00 0.0 0.00 0.0 2.00 0.0 0.00 0.0 0.00 0.0
5-METHYL-TRANS-J-HEXENE 0.00 0.0 0.00 0.0 0.00 0.0 000 0.0 0.00 - 0.0 0.00 0.0
TRANS-2.-HEPTENE 0.00 a0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
3-ETHYL-CIS-2-PENTENE 0.00 0.0 D.00 0.0 0.40 22 0.00 0.0 0.00 0.0 0.00 0.0

24,4 TRIMETHYLA-PENTENE 0.60 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

2,3-DIMETHYL-2-PENTENE 0.00 0.0 0.00 0.0 0.00 0.0 ©.00 0.0 0,00 0.0 0.00 0.0

| C1S-2-HEPTENE 0.00 0.0 0.00 0.0 .00 Q.0 0.00 0.0 0.00 0.0 0.00 0.0
METHYLCYCLOHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.21 04 024 0.4 Q.15 0.3

C15-1,2-DIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 600 0.0 0.00 0.0 0.00 0.0

2,2-DIMETHYLHEXANE ¢.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0]

1,1,3-TRIMETHYLCYCLOPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 2.0 2.00 0.0 0.00 0.0

2 4 &-TRAIMETHYL.2.PENTENE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

223 TRIMETHYLPENTANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.08 0.1

2,5 DIMETHYLHEXANE . 2.00 oo 0.00 Q.0 0.00 1 1) 0.00 0.0 0.00 0.0 0.00 0.0

ETHYLCYCLOPENTANE 900 a.0 0.00 0.0 0.00 0.0 Q.00 00 0.00 0.0 a.00 a0

2,4-DIMETHYLHEXANE 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.29 04 0.16 0.2

1-TRANS-2-CIS-4-TRIMETHYLCYCLOPENTANE 0.00 040 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

3,3-DIMETHYLHEXANE 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
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Pageid#: 131
1-SME-1 1-5ME-2 1-SME-3 1-20-1 1.20-2 1:20-3
OZONE, OZONE, OZONE, OZONE, QZONE, OZONE,

COMPOUND MGBHP-HR [MG/BHP-HR| MGBHP.HA | MG/BKP-HA | MG/EBIIP-HR | MG/BHP-HA | MG/BHP-HR | MG/BHP-HR | MGBHP-HN | MGBHP-HR | MG/BHP-HR | MGBHP-HA
ISOBUTYRALDEHYDE NOTEH 0.31 1.6 0.36 1.5 0.26 1.5 040 2.1 0.52 2.8 0.58 FX]
METHYL ETHYL KETONE, NOTE H 0.31 0.4 0.38 0.4 0.28 03 0.40 0.5 0.53 0.6 0.58 0.7
| BENZALDEHYDE 0.00 0.0 0.00 0.0 0.00 0.0 0.54 -0.3 0.48 .0.3 0.84 0.5
ISOVALERALDEHYDE 0.53 23 0.85 3.8 0.61 2.7 .62 2.7 0.24 1. 028 1.3
VALERALDEHYDE 0.28 1.2 0.34 15 0.16 0.7 0356 1.6 034 1.5 0.40 1.8
O-TOLUALOEHYDE 0.36 0.2 048 0.7 0.91 .0.2 0.97 02 0.32 0.2 0.41 0.2
M/P-TOLUALDEHYDE 1.28 0.7 1.42 0,8 1.60 0.9 _1.85 EXK] 1.82 1.0 1.60 04
HEXANALDEHYDE 1.09 4.1 0.90 3.4 0.80 34 0.44 1.7 035 1,3 0.35 1.3
DIMETHYLBENZALDEHY DE 0.00 -0.0 0.00 0.0 0.00 0.0 0.26 .0.1 0.47 0.3 0.22 0.1
[SUMMED SPECIATED VALUES | 38] 219] | z22| 7] 213] T a7s] 82] a24 | 7] 306]

I )
A - 2 2.Dimethylpentano and melhylcyclopeniane co-elute. GC peak area split equally between the lwo compounds.
B - 3-Methyl-3-cthy-painiane ca-elutes with reported compound, Nol reparted separately.
C - Cis-1,4-Diinelhyleyclohexane co-elules with reporiod compound. Not reported separately.

D - Propylcyciopentane co-ehles wilh reported compound. Not reporled separalely.
E - 2,5-Dimelhyhepiane and 3,5-dimelhytheplane co-elute. GC peak area sphil equally betwaen Ihe Iwe compounds.
F - Decane and iscbulylbenzene co-glule. GC peak area split equally between the lwo compounds.
G - n-Bulylbenzene ¢o-olutes with reporied compaound, Not reporied separalcly.
H - isobulyraldehyde atid mellyl elliyl ketane co-clute. LG peak aren split aqually between the two compounds.
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TEST NUMBER: 1-SME-1

ENGINE: 1997 CUMMINS N-14

TEST DATE: 1117197

TEST FUEL: EM-2481-F

COLD 110T COMPOSINE
WT. NMOG WT. NMOG
WEIGHT |REAGTIVITY| OZONE, WEIGIHT |REACTIVITY| OZONE, QZONE,
COMPOUND MG MG/BHP-HA |NMOG %} FACTOR | MG/BHP-HR MG MGIBHP-HH [NMOG %| FACTCR |MG/BHP-HR | MG/BHP -HIR | MGrBHP-HR

METHANE 1] 0.00 0.0 0 0.00 0.0 0.00 0.0

ETHANE 3 0.15 0.32 0.001 [11¢] 3 Q.11 0.28 0.001 0.0 0.11 0.0

ETHYLENE 234 9.79 21.26 1.550 714 197 B.15 21.53 1.570 59.4 8.38 611

PROPANE o] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0

PROPYLENE 33 1.60 3.48 0.327, 1 15,1 36 1.49 3,93 0.369 14.0 1.50 14.1

ACETYLENE q1 1.72 3.75 0.019 0.9 35 1.46 3.86 0019 0.7 1.50 o7
PROPADIENE Y 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 4.00 0.0
BUTANE 0 Q.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-BUTENE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0

1-BUTENE 19 0.78 1.69 0.150 6.9 16 067 1.77 0.158 6.0 0.68 6.1
2-METHYLPRGPENE (ISOBUTYLENE) 3] 0.26 0.56 0.030 1.4 4 0.19 0.49 0.026 1.0 0.20 10
2,2-DIMETHYLPROPANE (NEOPENTANE) 0 0.00 0.00 0.000 Q.0 0 0.00 0.00 0.000 00 0.0 0.0
PROPYNE 0 0.00 0,00 0.000 0.0 2 0.10 027 0.011 04 009 04

1,3-BUTADIENE 26 1,08 2.34 0.255 11.8 24 101 2.68 0.262 11.0 102 11.1
2-METHYLPROPANE {(1SODU FANE) 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 090

1-BUTYNE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
METHANOL Q 0.00 0.00 0.000 00 0 0,00 0.00 0.000 0.0 Q.00 0.0
CIS-2-BUTENE 0 0.00 0.00 0.000 00 0 0.00 0,00 0.000 0.0 0.00 0.0
3-METHYL-1-BUTENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
ETHAKOL 0 000 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLBUTANE (ISOPENTANE) 1 0.04 0.09 0.001 0.1 0 0.00 0.00 Q.000 0.0 frace 00
2-BUTYNE 0 0.00 0.00 0,000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
I-PENTENE 0 0.00 0.00 0.0 0.0 0 0.00 0,00 0000 0.0 0.00 0.0
2-METHYL-1-BUTENE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
PENTANE 0 0.00 000 0.000 0.0 o 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C5 OLEFINS 0 0.00 0.00 0.060 0o ] 0.00 0.00 0.000 0.0 000 0.0
2-METHYL-1,3-BUTADIENE 0 0.00 0.00 0.000 0.0 0 D.00 000 0.000 0.0 0.00 0.0
TRANS-2-PENTENE 0 0.00 0.00 0.000 0.9 0 0.00 0.00 0.000 0.0 0.00 0.0
3.3-DIMETHYL-1-BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-2-BUTENE 0 0.00 0.00 0.000 0.0 0 D.00 0.00 0.000 0.0 0.00 Q.0
TERT-BUTANCL 0 Q.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTADIENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLBUTANE 1] 0.00 0.0Q 0.000 0.0 0 6.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTENE 0 0.00 0.00 0000 0.0 0 Q.00 0.00 0.000 0.0 0.00 00
4-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
A-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 2.0
CYCLOPENTANE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 00 0.00 0.0
2,3-DIMETHYLBUTANE o 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
MTBE 0 0.00 0.00 0.000 0 0 0.G0 0.60 0.000 0.0 0.00 0g
| 4-METHYL-CIS-2-PENTENE 0 0.00 G.00 0.000 0.0 0 0.00 0.00] ¢ 0.000 0.0 0.00 0.0
2-METHYLPENTANE 0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
4-METHYL-TRANS-2-PENTENE '0 Q.00 0.00 0.000 0.0 4] 0.00 0.00 0.000. 0.0 0.00 0.0
J-METHYLPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-HEXENE 0 0.00 0.00 0.000 0.0 0 Q.00 0.00 0.000 0.0 0.00 0.0
HEXANE B 0.35 0.78 0007 0.3 9 0.37 0.99 0010 0.4 0.37 0.4
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UNIDENTIFIED C6 OLEFINS 0 0.00 000 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-3-HEXENE \] 0.00 0.00 0.000 0.0 Q0 0.00 0.00 0.000 0.0 0.00 0.0
_§_I§-3-HEXENE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
DI-ISOPROPYL ETHER 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRAANS-2-HEXENE 0 0.00 0.00 0.000 0.0 a 0.00 0.00 0.000 oo 0.00 0.0
3-METHYL-TRANS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 D.Cc0 0.0
2-METHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 Q.000 0.0 0.00 0.0
3-METHYLCYCLOPENTENE 0 (.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CI3-2-HEXENE Q .00 0.00 Q 000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETBE 1] 0.00 0.00 0.030 0.0 Q 0.00 Q.00 0.000 0.0 0.00 0.0
3-METHYL-CIS-2:FENTENE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0,00 0.0
2.2-DIMETHYLPENTANE, NOTE A 5 0.21 D.46 0.006 0.3 6 0.25 0.65 0.009 0.3 0.24 0.3
METHYLCYCLOPENTANE. NOTE A 5 0.21 0.45 0.013 0.6 ] .24 0.64 0.018 0.7 0.24 0.7
2 4-DIMETHYLPENTANE 0 000 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
2,2.3-TRIMETHYLBUTANE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3.4-DIMETHYL- i -PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0]-
1 METHYLCYCLOPENTENE 0 0.00 0.00 0.000 o0 4] 0.00 0.00 0.000 0.0 0.00 0.0
BENZENE 22 091 1.97 0.008 04 23 0.94 2.48 0.010 0.4 093 0.4
3-METHYL-1-HEXENE 4] 0.00 0.00 0,000 0.0 Q Q.00 0.00 0.000 0.0 0.00 0.0
3.3-DIMETHYLPENTANE 4] 0.00 ¢.00 0.000 0.0 0 0.00 0.00 0.Q00 0.0 0.00 0.0
CYCLOHEXANE 0 0.00 0.00 0.000 0.0 1] 0.00 .00 0.000 0.0 0.00 0.0
2-METHYLHEXANE o] 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2 3-DIMETHYLPENTANE 0 0.00 0.00 0.000 0.0 Q 000 0.00 0.000 0.0 Q.00 0.0
1,1-DIMETHYLCYCLGPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TERT-AMYL ME THYL ETHER 0 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOHEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYLHEXANE 0 0.00 (.00 0.000 Q.0 0 0.00 0,00 0.000 0.0 0.00 0.0
CI15-1,3-DIMETHYLCYCLOPENTANE 0 0.60 0.00 0.000 0.0 1] 0.00 000 0.000 0.0 0.00 0.0
3-ETHYLPENTANE 4] 0.0 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1.2-DIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 L] 0.00 .00 0.000 0.0 0.00 0.0
TRANS-1,3-DIMETHYLCYCLOPENTANE 0 0.0D 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.060 0.0 0.00 0.0
2,2 4-TRIMETHYLPENTANE [:] 0.34 0.74 0.007 0.3 & Q.25 0.67 0.006 0.2 0.26 0.2
2-METHYL-|-HEXENE o] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.C0 0.0
THANS-S;I-LE_PTENE 1] 0.00 0.00 0.000 0.0 0 0.00 Q.00 0.000 0.0 0.00 0.0
HEPTANE <] 0.23 0.50 0.004 0.2 5 D.21 0.56 0.005 0.2 0.22 0.2
CIS-3-HEPTENE 0 0.00 0.00 _0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C7 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
Z-METHYL-E-H@(ENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 * 0.0 0.00 0.0
3-METHYL-TRANS-3-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-HEPTENE 0 0.00 0.00 0.000 0.0 b] 0.00 0.00 0.000 0.0 0.00 6.0
3-ETHYL-C1S-2-PENTENE 0 0.00 0.00 0.600 0.0 1) 0.00 0.00 0.600 0.0 0.00 0.0
2.4.4-TRIMETHYL.-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.3-DIMETHYL-2-FENTEI‘LE__ Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
C1§-2-HEPTENE 0 Q.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
METHYLCYCLOHEXANE 0 000 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
€I5-1,2-DIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLHEXANE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
_h1.3-THIMETHYLCYCLOPENTANE ] .00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,4,4-TRIMETHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 '*0.000 0.0 0.00 0.0
2,2,3-TRIMETHYLPENTANE 0 000 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
2.5-DIMETHYLHEXANE 0 000 0.00 0.000 0.0 0 0.00 0.00 . 0000 0.0 0.c0 0.0
ETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.4-DIMETHYLHEXANE Q .00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
1-TRANS-2-CIS-4-TRIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,3-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
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1-TRANS-2-CiS-3-TRIMETHYLCYCLOPENTANE [/ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.3,4-TRIMETHYLPENTANE [i 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,3,3-TRIMETHYLPENTANE [ 0.00 0.00 0000 0.0 0 0.00 0.00 0.000 0.0 Q.00 0.0
TOLUENE 57 2.37 5,16 0.141 6.5 14 0.59 1.55 0.042 1.6 0.84 23
2,3-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 00 0.00 0.0
1.1.2- TRIMETHYLCYCLOPE NTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
2-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
3.4-DIMETHYLHEXANE, NOTE B i 0.00 0.00 0.000 0.0 [ 0.00 0,00 0.000 00 0.00 0.0
4-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-CIS,2-TRANS,3- TRIMETHYLCYCLOPENTANE ] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 040
CI5-1,3-DIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TAANS1,4-DIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 £.000 0.0 0.00 0.0
3-ETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.0
2.2.5-TRIMETHYLHEXANE 0 000 0.00 0000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS- 1-METHYL-3-ETHYLCYCLOPENTANE [} 0.00 0.00 0.000 0.0 0 0.00 0.00 €.000 0.0 0.60 0.0
CI$-1-METHYL-3-ETHYLCY CLOPENTANE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 00
1. 1-DIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 00 0.00 0.0
TRANS-1-METHYL-2-ETHYL CYCLOPENTANE [ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-1-ETHYL-CYCLOPENTANE g 0.00 0.00 0.000 00 o 0.00 0.00 0.000 0.0 0.00 00
2.4.4-TRIMETHYLHEXANE 0 0,00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.2.4-TRIMETHYLHEXANE 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS- 1.2.DIME THYLCYCLOHEXANE 0 000 0.00 D.000 00 0 0.00 000 0.000 0.0 0.00 0.0
1-OCTENE 0 0.00 0.00 0.000 0.0 0 000 0.00 0.000 [ 0.00 0.0
TRANS-4-OCTENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
OCTANE [i 0.00 0.00 0.000 0.0 0 Q.00 0.00 0.000 0.0 0.00 0.4
UNIDENTIFIED C8 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
TRANS-2-OCTENE [ 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
TRANS-1.3-DIMETHYLCYCLOHEXANE, NOTE C 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-2-0CTENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ISOPAOPYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
2,2-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 [ 0.00 0.09 0.000 0.0 0.00 0.0
2,3,5-TRIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0,000 0.0 0.00 0.0
CIS-1-METHYL-2-ETHYLCYCLOPENTANE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.4-UIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0w 0.0
4,4-DIMETHYLHERTANE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
CI5-1.2-DIMETHYLCYCLOMEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0,00 0.0
ETHYLCYCLOHEXANE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.6-DIMETHYLHEPTANE, NOTE D Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.1,3-TRIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.0 0.0
2,5-DIMETHYLHEPTANE, NOTE E 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,3-DIMETHYLHEPTANE a 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
3,5-DIMETHYLHEPTANE, NOTE E 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.00 0,0
2.3,4-TRIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 6.0
2,3-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 04
m-& p-XYLENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 1000 0.0 0.00 0.0
4-METHYLOCTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 090
3.4-DIMETHYLHEPTANE 1 0.00 0.00 0.000 0.8 0 0.00 0.00 0.000 0.0 0.00 0.0
4-ETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLOCTANE [ 0.00 0.00 0.000 0.0 0 0.00 0.00 ©.000 0.0 0,00 0.0
3-METHYLOCTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
STYRENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
O-XYLENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-NONENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
THANS-3-NONENE )} 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
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CIS-3-NONENE 0 0.00 0.00 0.000 0.0 0 0.C0 0.00 0.000 0.0 0.00 0.0
NONANE 0 Q.00 0.c0 0.000 0.0 0 0.00 0.00 0.000 0.0 0400 0.0
TRANS-2-NONENE 4] 0.00 0.00 0.000 0.0 0 Q.00 0.00 0.000 0.0 0.00 o0
ISOPROPYLBENZENE (CLIMENE) Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.c0 0.0
2.2-DIMETHYLOCTANE Q 0.00 0.00 0.000 00 Q 0.00 0.00 0.0C0 0.0 0.00 0o
2,4-DIMETHYLOCTANE 0 .00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
1-PROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-3-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 .00 0.0
1-ME1HYL 4-ETHYLBENZENE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3.5-TRIMETHYLBENZENE 0 0.00 0.00 Q.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
1-METH\LI£-ETHYLBENZENE [ 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
1.24-TRIMETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TERT-BUTYLBENZENE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-DECENE 0 0.00 0.00 0.000 0.0 0 0.00 .00 0.000 0.0 D.00 0.0
DECANE, NOTE F 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
JSCBUTYLBENZENE, NOTEF 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 oo 0.00 0.0
1,3,-DIMETHYL-5-ETHYLBENZENE Q 0.00 0.00 0.000 0.0 a 0.00 0.00 0.000 0.0 .00 0.0
METHYLPROPYLBENZENE (sec Lulylbenzene) 0 000 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
{-METHYL-2-I50PROPYLBENZENE 0 0.00 0.00 0.000 0.0 D 0.00 0.00 0.000 0.0 0.00 0.0
1.2,3-TRIMETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
1-METHYL-4-1IS0PROPYL BENZENE D 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
INDAN 0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-2-1SOPROPYL. BENZENE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIETHYLBEENZENE 0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
1.4-DIETHYLBENZENE Ji] 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-3-N-PROPYLBENZENE 0 0.00 Q.00 0.000 0.0 [*] 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-4-N-PROPYLBENZENE, NOTE G 0 Q0,00 0.00 Q.000 0.0 2] 0.00 0.00 0.000 0.0 0.00 Q.0
1,2 DIETHYLBENZENE ) 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
I-METHYL-2-N-PROPYLB ENZENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
i,4-DIMETHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIMETHYL-4-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 3] 0.00 0.00 0.000 0.0 0.00 0.0
1,2-DIMETHYL-4-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIMETHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
UNDECANE 0 Q.00 0.00 0.000 0.0 0 0.00 0.00 0.000 04 0.00 0.0
1,2-DIMETHYL-3-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 U 0.00 0.00 0.600 04 0.00 0.0
1,2,4.5-TETRAMETHYLBENZENE 0 000 0.00 0.000 0.0 0 0.00 0.00 0 D00 0.0 0.00 0.0
2.METHYLBUTYLBENZENE (sec AMYLBENZENE) 0 0.00 0.00 0.000 0.0 o] 0.00 0.00 0.000 0.0 0.00 0.0
2,4 DIMETHYLCUMENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2,3,5-TETAAMETHYLBENZENE 0 0.00 0.00 0.000 0.0 4] 0.00 .00 0.000 0.0 0.00 0.0
1EAT-1-BUT-2-METHYLBENZENE 0 0.00 0.00 0.000 0.0 [¢] 0.00 0.00 0.000 0.0 0.00 0.0
1,2.3,4-TETRAMETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
N-PENT-BENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TEAT-1-BUT-3.5-DIMETHYLBENZENE Q 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
TERT-1-BUTYL-4-ETHYLBENZENE 0 0.00 0.00 0,600 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
NAPHTHALENE 0 0.00 0.09 0.000 0.0 0 0.00 0.00 0.000 a.0 0.00 0.0
DODECANE 0 0.00 0.00 0.000 0.0 0 0.00 0.0 0.000 0.0 0.00 0.0
1,3,5-TAIETHYLBENZENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2.4-TAIETHYLBENZENE [3] 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
Il__EK'fLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
UNIDENTIFIED C9-C12+ Q 0.00 0.00 0.000 0.0 1] 0.0 0.00 =+ 0,000 0.0 0.00 0.0
FORMALDEHYDE 274 11.48 24.893 1.783 821 221 9.16 24,22 1.732 55.5 849 67.9
| ACETALDEHYDE 83 3.49 7.58 0418 19.3 73 3.01 7.95 . 0.439 18.6 3.07 170
ACROLEIN 57 2.38 5.16 0.349 16.1 51 2.13 5.62 - 0.381 14.4 2.16 14.6
ACETGNE 23 0.98 2.13 0.012 0.5 15 0.64 1.69 0.003 0.4 0.69 0.4
PROPIONALDEHYDE 45 1.88 4.09 0.267 12.3 43 1.77 4.68 0.306 11.5 1.79 11.7
CROTONALDEHYDE 25 1.04 2.20 0.123 5.6 23 0.94 2.49 0.135 5.1 0.96 5.2
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ISOBUTYRALDEHYDE, NOTE H 9 0.37 0.81 0.043 2.0 a oal 0.82 0.043 1.6 0.32 1.7
METHYL ETHYL KETONE, NOTE H 9 0.37 0.81 0.010 0.4 8 0.2l 0.82 0.010 04 032 0.4
BEMNZALDEHYDE 6 .25 0.59 -0.002 0.1 0 0.00 0.00 0.000 0.0 0.04 (-J—D-
ISOVALERALDEHYDE 13 Q.62 1.35 0.060 2.7 13 0.53 139 0,061 2.3 0.54 24
VALERALDEHYDE ] 0.25 0.55 0,024 1.4 7 028 0.73 0.032 1.2 .27 1.2
O-TOLUALDEHYDE t0 0.42 0.92 -0.005 0.2 9 0.36 096 -0.005 0.2 0.37 -0.2
M/P-TOLUALDEHYDE 35 1.45 3.14 A7 0.8 31 1.20 337 -0.019 0.7 1.30 -0.7
|HEXANALDEHYDE 24 1.01 2.19 0.083 3.8 26 1.09 2.88 0.109 4.1 1.08 4.1
DIMETHYLRENZALDEHYDE 0 0.00 0.00 0.000 0.0 0 0.00 0.01 -0.000 0.0 040 -0.0
[SUMMED SPECIATED VALUES | 1101 ] 46]  100] 6] 261] 013 ] 38 1wo] 5] 218] 3g] 225
A - 2,2-Dimethylpentana and methylcyciopeniane co-elule. GC peak area split equally between the two compounds.

B - 3-Methyl-3-slhy-peniane co-elutes with reported compound. Nol reported separalely. 1

C - Cis-1,4-Dimelhylcyclohexane co-elutes with reported compound. Not reparled separalely.

D - Propylcyclopentans co-elutes with reparled compound. Nol reported separately.

E - 2,5-Dimethylheptane and 3,5-dimethylheptane co-elute. GC peak area splil equally between the two compourds,

F - Decane and isobulylbenzeng co-elute. GC peak area split equally batween (he two compounds.

G - n-Bulylbenzene co-elules wilh reporled compound. Not reported separalely,

H - Isobulyraldehyde and methyl elhy! kelone co-elute, LC peak area split equelly balween the two coinpounds.

BAG CANT VALUES

HC 755 32 41:] 5 9

cQ 13412 561 9549 396 119

co2 13906000 581598 13312000 551678 555953

NOX 127986 5353 122008 5094 5131
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TEST NUMBER: 1-SME-2
ENGINE: 1997 CGUMMINGS N-14
TEST DATE: 11118/97
TEST FUEL: EM-2481-F
COLD HOT COMPOSITE
WT. NMOG WT. NMOG
WEIGHT |REACTIVITY| OZONE, WEIGHT |REACTIVITY| OZONE, OZONE,

COMPQUND MG MG/BHP.-HR |[NMOG % | FACTOR | MG/BHP-HR | MG MG/BHP-HR|NMOG %| FACTOR |MG/BHP-HR [ MG/BHP-HR | MG/BHP-HR
METHANE 0 0.00 0.0 26 1.08 0.0 093] - 0.0
ETHANE 5 0.19 043 0.001 0.0 1 0.04 0.11 0,000 0.0 0.06 0.0
ETHYLENE 219 9200 2095 1.528 67.0 195 8.13]  21.13 1.540 59.3 8.28 60.4
PROPANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PROPYLENE 34 1.42 3.24 0.305 13.4 a6 1.49 3.87 0,364 14.0 1.48 13.9
ACETYLENE 40 1.68 343 0.019 08 35 1.46 3.80 0.019 0.7 1.49 0.7
PROPADIENE [0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
BUTANE 0 0,00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
TRANS-2-BUTENE [/ 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
1-BUTENE 17 0.71 1,62 0.144 6.3 17 0.70 1.81 0,162 5.2 0,70 _6.2]
2.METHYLPHROPENE (ISCBUTYLENE) § 0.23 0.53 0.028 1.2 5 0.20 0.52 0,028 1.1 0.21 1.1
2.2-DIMETHYLPROPANE (NEOPENTANE) 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PROPYNE [i 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
1,3-BUTADIENE 27 1.14 2.60 0.283 12.4 27 1.13 293 0.219 2.3 1.13 12.3
2-METHYLPROPANE {ISOBUTANE) 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-BUTYNE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
METHANOL [ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-2-BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYL-1-BUTENE i} 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHANGL 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLDBUTANE (S0P ENTANE} 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 [T:)
2-BUTYNE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-PENTENE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
2-METHYL-1.BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PENTANE a 0.33 0.74 0.008 0.3 0 0.00 0.00 0,000 0.0 0.05 0.0
UNIDENTIFIED C5 DLEFINS 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
 2-METHYL-1.3-BUTADIENE a 0.14 0.32 0,029 1.3 9 0.36 0.92 0.084 a2 0.32 2.9
TRANS-2-PENTENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 00 0.0 0.0
3,3-DIMETHYL-1-BUTENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
C1S-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 . 0.0 0.00 0.0
2-METHYL-2-BUTENE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TERT-BUTANOL 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTADIENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLBUTANE 0 0,00 0.00 0.000 0.0 0 0,00 0.00 0.000 090 0.00 0.0
CYCLQPENTENE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
4-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.c0 0.00 0.000 0.0 0.00 0.0
3.-METHYL-1-PENTENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
CYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
2,3-DIMETHYLBUTANE D 0.00 0.00 0.000 0.0 0 0.00 0.00 0.600 0.0 0.00 0.0
MTBE .0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
4-METHYL-CIS-2-PENTENE : 0 0.00 0.00 0.000 0.0 0 0.00 0.00 »+ 0,000 0.0 0.00 0.0
2-METHYLPENTANE 7 0.31 0.71 0.011 0.5 b 0.26 0.67 0.010 0.4 0.26 04
4-METHYL-TRANS-2-PENTENE Y0 0,00 0.00 0.000 0.0 0 0,00 0.00 . 0.000 0.0 0.00 0.0
3-METHYLPENTANE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
2-METHYL.- 1-PENTENE 0 0.00 0.00 0.000 0.0 0 0,00 0,00 0.000 0.0 0.00 0.0
1-HEXEMNE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
HEXANE § 0.26 0.59 0.006 0.3 10 0.40 1.03 0.010 0.4 0.08 D4
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| UNIDENTIFIED C6 OLEFINS 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-3-HEXENE Q0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 .00 0.0
CI5-3-HEXENE 0 0.00 0.00 0.000 00 0 0.00 D.00 0.000 0.0 0.00 0.0
DI-ISCPROPYL ETHER 0 0.00 0.00 0,000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-HEXENE 1] 0.00 0.00 0.000 0.0 0 0.00 Q.00 0.000 0.0 0.00 0.0
3-METHYL-TRANS-2-PENTENE ] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-2-PENTENE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0,0 0.00 0.0
I-METHYLCYCLOPENTENE Q Q.00 0.00 0.000 0.0 0 0.00 0.00 0.000 Q0 0.00 0.0
C1S-2-HEXENE 0 0.0p 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 Q.0
ETBE 0 0.00 0.00 0,000 0.0 0 0.00 Q.00 0.000 0.0 0.00 Q.0
3-METHYL-C15-2-PENTENE 0 0.00 Q.00 0.000 0.9 Y 0.00 Q.00 0.000 0.0 0.00 0.0
2,2:DIMETHYLPENTANE, NOTE A 3 0.12 0.28 0.004 0.2 ] 0.33 0.85 0.012 0.5 0.30 04
METHYLCYCLOPENTANE, NOTE A ] 0.12 0.28 0.008 0.3 8 0.33 D.25 0.024 0.9 0,30 0.8
2,4-DIMETHYLPENTANE 0 0.00 Q.00 0.00d 0.0 1] 0.00 0.00 0.000 0.0 0,00 0.0
2,2.3-TRIMETHYLBUTANE 1 004 oo 0.001 0.0 Q0 0.00 0.00 0.000 0.0 lrace 0.0
3.4-DiME THYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYLCYCLOPENTENE Q0 0.00 Qog 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
BENZENE 23 0.97 2.21 0.009 0.4 20 0.83 2.15 0.009 0.3 0.85 0.4
3METHYL-1-HEXENE Q 0.00 0.00 0.000 0.0 a 0.00 0.00 0.000 0.0 goo 0.0
3,3-DIMETHYLPENTANE 9] 0.00 0.00 0.000 0.0 [t 0.00 0.00 0.600 0.0 0.00 0.0
CYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLHEXANE 0 Q00 002 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.3-DIMETHYLPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.1-DIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 2.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
TERT-AMYL METHYL ETHER 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOHEXENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0000 0.0 0.00 0.0
3-METHYLHEXANE - Q0 0.00 0,00 0,600 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
O_m._.u.D_?._m._.I«_-O.\O_vO_uE.DZm 1] 0.00 0.00 0.000 0.0 4] 0.00 0.00 (.000 0.0 0.00 0.0

rnmi?_.vmz.—me 0 000 0.00 0.000 0.0 0 Q00 0.00 0.000 0.0 0.00 0.0
TRANS-1.2-DIMETHYLCYCLOPENTANE 0 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
.__.__.f»zm.q.u.O_Zm._.zd._-no\_n_.om_mz.ﬂhz.m 0 0.03 0.00 0.000 0.0 0 0.00 0.00 0.0C0 0.0 0.00 0.0
I-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
2.24-TRIMETHYLPENTANE q 0.16 0.35 0.002 a1 4] 0.00 0.00 0.000 0.0 0.02 0.0
2-METHYL-1-HEXENE 1) 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TAANS-3-HEPTENE 0 0.00 0.00 0.000 0.0 [4] 0.00 0.00 0.000 0.0 0.00 0.0
HEPTANE 7 0.30 0.68 0.006 0.2 10 0.39 1.02 0.008 0.3 0.38 0.3
CiS-3-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.0 0.000 0.0 0.00 0.0
UNIDENTIFIED C7 1] 0.00 0.00 Q.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0

2-METHYL-2-HEXENE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 Q.00 0.0
3-METHYL-TRANS-J-HEXENE 0 0.00 0.00 0.000 0.0 ) 0.00 Q.00 0.000 0.0 000 0.0
TRANS-2-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-ETHYL-CIS-2-PENTENE B 0.24 0.54 0.030 1.3 0 0.00 0.00 0.000 0.0 0.03 02
2.4 4-TRIMETHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 080 0.0
M.u.U_gm._.Ix._...m.—umz.ﬂmz.m 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.0) 0.0
CIS-2-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0]
METHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
O_m.__N.U_Zm.H.I’\_:n‘\OFOtmz#}Zm ] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 [ifiid] 00
2.2-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0,0
1,1.3-TRIMETHYLCYCLOPENTANE S Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
2.4.4- TRIMETHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.2,3-TRIMETHYLPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 Q.00 0.000 0.0 0.00 md..
25-DIMETHYLHEXANE 0 0.00 Q.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 00
ETHYLCYCLCPENTANE 0 0.00 0.00 0,000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
2.4-0IMETHYLHEXANE t] 0.00 0.00 0.000 Q.0 1] Q.00 .00 0.000 0.0 0.00 Q.0
1-TRANS-2.CIS-4-TRIMETHYLC YCLOPENTANE 0 0.00 000 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
3.3-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.40 Q.00 Q0.000 0.0 0.00 0.0
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00 000 09 0000 [0 000 0 00 0000 000 000 0 ININON-E-SNVHL
00 i) 00 0000 U0 000 Q 00 0000 000 000 0 SANINON-L
00 000 00 000’0 [ 00'0 4 00 0000 000 000 0 SNITAX-0
00 00'0 00 0000 000 w0 0 00 0000 000 000 0 ANIYALS
a0 000 00 0000 000 000 ] 00 0000 000 000 0 ANVIOOTAHLISWE |
00 00’0 0o 000°0 00'0 000 Q 0B 0000 00'0 000 0 INV.LOQTAHLIN-E
00 000 00 000’0 00'0 000 0 00 0000 000 000 0 ANVLJIHTAHLS Y
00 000 0D 0000 00’0 000 ] 00 0000 00'0 000 0 INVIdIHIAHISWIO-PE
0 00’0 00 000’0 00'0 00’0 0 00 000’0 00’0 00'0 Q ANYLOOTAHIAW
00 000 00 000°0 000 000 0 00 0000 00'0 000 0 INTIAK-d -
00 000 o0 0000 000 000 0 00 0000 00’0 000 0 ANVLdIHIAHLIWIOE'S
00 00°0 00 000’0 00’0 000 0 00 000°0 00’0 00’0 0 ANVXIHTAHLAWIGL-Y'E 2
00 00°0 00 0000 00’0 00D 4 00 000’0 00'0 000 0 INIZNAATAHLT
Q0 000 00 0000 0o'D 00D 0 00 0000 000 000 0 3 310N "INY1dIH1AHLIWIO-S'E
00 000 o0 0000 000 000 0 00 0000 000 Q00 0 ANVIdIHTAHIGWIOEE
00 000 00 0000 00°0 00’0 0 00 000'0 Q00 000 0 3 30N 'SNY1dIHIAHLINIO -5
00 000 00 0000 00’0 000 0 00 0000 000 000 0 ANYXIHOTIADTAHLIWIHL-E ']
[ 000 o0 0000 00’0 000 0 00 0000 000 00’0 0 g 310N .wwm.q._.&wx._»I._.wi_c.w.w
00 000 00 000D 000 Q0’0 0 00 goo'o 000 000 0 SNYX3HOTIADTAHLI
00 000 00 D000 000 000 0 00 000’0 000 000 0 ANYXIHOTIOADTAHLINIG-Z'L-51D
00 00'0 00 0000 000 000 0 00 0000 000 000 0 ANVIdIHTAHLSWIO- Y P
00 000 00 0000 000 000 0 00 0000 000 000 0 ANVIdIHTAHLIWIO-'2
00 000 o0 0000 000 Q00 0 00 0000 000 000 0 INVINIJOIOADTAHLT-Z1AHL3N-1 -S1D |
00 000 00 0000 000 000 0 00 0600 000 00 1] INVXIHIAHLIIWIHL-S'C2
00 000 00 0000 00’0 000 0 0'0 0000 000 000 0 ANV LJIHIAHLINIA-Z'2
00 000 00 0000 000 00’0 1] 00 0000 00’0 00’0 [] INV.INIAQI1DADTAJOHIOSI
00 000 00 0000 000 00'0 0 00 Qoo 000 000 0 3N3LO0-2-S1D
00 00’0 00 0000 000 000 0 00 000’0 000 000 0 D 3LON "INYXIHOTIADTAHLIWIA-E | -SNVHL
00 000 00 0000 000 00’0 0 00 000’0 000 00’0 0 INILOO-2-SNYHL
00 000 00 0000 000 000 ° 0o 000 000 00’0 a B0 313ILNIAINN
] 00’0 00 0000 00°0 000 [ 00 0000 000 000 Q 3NVLOO
00 00’0 00 0000 000 00'0 0 00 000°0 000 000 1] ANILOO-P-SNVYHL
o0 000 [ 000D 000 000 0 00 0000 000 000 0 JINILOC-L
o0 000 00 000°0 000 000 0 00 Q000 000 oo 0 ANYXIHOTIADTAHLIWIA-Z2'L -SNYHL
00 00'0 00 0000 000 000 1 0o 0000 000 ano 0 ANYXIHTAHLIWILI +'2'2
00 00'0 00 0000 00'0 00°0 0 00 0100 000 000 Q INVXIHIAHLANIEL-P'Y 2
00 na'o 00 000°0 000 000 0 o0 0000 000 000 0 ANVINIAOTIAD-TAHLI | TAHLIW-]
00 000 0'0 000°0 000 000 0 00 0000 000 000 0 SNYINSdOTIADIAHLT-2-TAHLINW 1 -SNVHL
00 000 0'0 0000 000 000 0 00 0000 000 000 0 HNVXIHOTDADTAHIINIG 1 |
00 000 00 000°0 000 000 0 a0 0000 000 000 0 ANVINTJOIDADTAHLI-E-TAHLIW-L-SID
20 610 E'D 2000 850 220 S 00 0000 000 000 0 INVINIJOTIOADIAHLT-ETAHLIN-1-SHYHL
00 000 0o 00o'o 000 00’0 0 00 000°Q 000 000 0 INVXIHIAHLIWILIL-S'2'2
00 00'0 00 0000 000 00’0 0 00 0009 000 000 0 INYXIHIAHLIE
00 000 00 0000 00’0 00’0 0 00 000'0 000 000 0 ANYXIHOTIADIAHLIWIA-¥' 1 -SNYHL
00 000 00 0000 00’0 000 0 00 0000 000 000 0 INVYXIHOTOADIAHLIWIO-E'1-SID
0'0 000 00 000°0 00'0 000 0 00 0000 000 000 0 INVINIHOTIADIAHLEWIHL-C'SNVHL-2'510-1
00 000 00 D000 000 000 0 00 0000 000 000 0 INVIdIHIAHLANE
00 000 00 0000 000 00'0 0 00 0000 Q00 000 [ SNV1d3HIAHLE AP |
Y] 000 00 0000 000 000 0 00 0000 000 000 0 € 10N "INVXIHIAHLAWIO-P'E
o0 000 00 0000 00°0 000 0 00 Qco'0 000 0o 0 ANVIdIH IAHLIN-C
00 000 Q0 Qoo o0 00’0 000 0 oo 0000 000 o0 0 ANVINSJOTOADTAHLIWIHLE L
00 000 00 0000 000 000 0 00 G000 00'0 Q0o 0 ANVXIHTAHLIINIO-E'2
61 0L0 el 1EQ0'Q el A4 1) £9 44X BZS e 55 INIMNOL
00 000 Q0 0000 000 000 0 00 000’0 000 000 0 INYINIJTAHIAWIHL-E'E'S
10 £0°0 00 000’0 000 000 0 ¥'0 6000 150 220 S ANVINIJ1AHISWIHL-V'ER
00 00’0 00 0000 000 00'0 0 00 000'0 000 000 0 ANVYINIJOTIADTAHLIWIYL-E-SI0-2-SNVHL-|

C-23




4]

Case 3:26-cv-00005-JHY-CKM  Document 1-7

Filed 01/20/26

Page 71 of 96

Pageid#: 140
C15-3-NONENE 0 0.00 0.00 0.000 0.0 o 0.00 0.00 0.000 0.0 0.00 0.0
NONANE 0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 04
TRANS-2-NONENE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
ISOPROPYLEENZENE (CUMENE) 1] 0.00 0.00 0.0G0 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.2-DIMETHYLOCTANE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.4-DIMETHYLOCTANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
n-PROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-3-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 Q.0
i-METHYL-4-ETHYLBENZENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
1.3.5-TAIMETHYLBENZENE 0 0.00 0.00 0.000 0.0 '] 0.00 0.00 0.000 0.0 0.00 00
I.\METHYL-2-ETHYLBENZENE o] 0.00 0.00 0.000 0,0 o) 0.00 0.00 0.000 0.0 0.00 0.0
1.2, 4-TRIMETHYLBENZENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 Q.0
TERT-BUTYLBENZENE 0 0.00 0.00 0.000 0.0 0 o400 0.00 0.000 00 0.00 0.0
1-DECENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
‘DEGANE. NOTE F 0 0.00 0.00 0.000 00 0 0.u0 Q.00 0.000 0.0 0.00 0.0
ISOBUTYLBENZENE, NOTEF 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 00
1., -DIMETHYL-5-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
METHYLPROPYLBENZENE (sec bulylbenzene) 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 010 Q.0
1-METHYL-3-{SOPROPYLBENZENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
1,2,3-TRIMETHYLBENZENE 0 0.00 0.00 0.000 0o 0 0.00 0.00 0.000 0.0 .00 0.0
1.METHYL-4-ISOPROPYLBENZENE 0 0.00 0.00 0.000 0.0 A 0.00 0.00 0.000 0.0 0.00 0.0
INDAN 0 .00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
1.METHYL-2-1SOPROPYLBENZENE 0 Q00 0.00 0.000 0.0 0 000 0.00 0,000 0.0 0.60 Q0
1,3-DIETHYLBENZENE ] D.0D .00 0.000 0.0 1] .00 0.00 0.000 0.0 0.00 0.0
[1,4-DIETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
1-METHYL—3-N-PHOPYLBE§_ZE¢E Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.METHYL-4-N-PROPYLBENZENE, NOTE G 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
t.2 DIETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 000 0.000 0.0 0.00 0.0
| 1-METHYL-2-N-PROPYLBENZENE 0 [Xs]4] 0.00 0.000 0o A 0.00 0.00 0,000 0.0 0.60 0.0
1,4-DIMETHYL-2-ETHYLBENZENE 1] 0.00 0060 {.000 0.0 0 0.00 0,00 0,000 0.0 0.00 0.0
1.3-DIMETHYL4-ETHYLRENZENE 0 0.00 0.00 0.000 0.0 [+ 0.00 0.00 0.600 0.0 o.p 0.0
1.2-DIMETHYL-4-ETHYLBENZENE 1] 0.00 0.00 0.080 010 D 0.00 0.00 0,000 0.0 0.C0 0.0
1,3-DIMETHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
UNDECANE 0 0.C0 0.00 Q.000 0.0 0 0.00 0.00 0,000 0o 0.00 0.0
1.2-DIMETHYL-3-ETHYLBENZENE Q 0.00 0.00 0).000 0.0 0 0.00 0.00 0.000 Q.0 0.00 0.0
1.2,4,5-TETRAMETHYLBENZENE ] 0.00 0.00 0.000 0.0 Q Q.00 0.09 0.000 0.0 000 0.0
2.METHYLBUTYLBENZENE {3ec AMYLBENZENE) 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3.4 DIMETHYLCUMENE 1] 0.00 0.04 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.2.3,5-TETRAMETHYLBENZENE a 0.00 0.00 0.000 0.0 3] 0.00 0.00 0.000 0.0 0.00 0.0
TERT-1-BUT-2-METHYLBENZENE 1] Q.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
1,2,3,4-TETRAMETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
N-PENT-BENZENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TEAT-1-BUT-3,5-DIMETHYLBENZENE 0 Q.00 0.00 0.000 0.0 0 0.00 0.00 0.009 0.0 0.00 0.0
TEAT-1-BUTYL-4-ETHYLBENZENE g 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
NAPHTHALENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
DODECANE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 u.0
1,3,5-TRIETHYLBENZENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 .00 0.0
1,2,4-TRIETHYLBENZENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
HEXYLBENZENE ' 0 0.00 0.00 0.000 0.0 \] 0.00 0.00 0.000 0.0 0.00 I'.-).B-
UNIDENTIFIED C8-C12+ 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
FORMALDEHYDE 42:}; 9.74 22.19 1.587 69.8 214 8.86 23.03 1.647 63.4 0.99 64.3
ACETALDEHYDE 84 3.53 9.04 0.444 15.5 72 2.97 7.72 0.426 16.4 3.05 16.8
ACROLEIN 65 2.74 5.25 0.423 18.6 67 2.76 7.7 0.485 18.7 2.76 18.7
ACETONE 24 0.99 2.26 0.013 0.6 1 0.45 1.16 0.006 0.2 0.52 0.3
PROPIQNALDEHYDE N 1.28 2.92 0.191 8.4 KE] 1.42 3.70 0.241 9.3 1.40 9.2
CROTONALDEHYDE 17 0.72 1.65 0,089 3.9 15 0.63 1.64 0.089 34 0.64 3.5
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ISOBUTYRALDEHYDE. NOTEH 11 046] 105 0.055 24 9 .36 0.94 0.050 1.9 0.38 2.0
METHYL ETHYL KETONE, NOTE H 11 0.48 1.05 0.0t2 0.5 9 0.36 0.94 0.011 04 0.38 0.4
BENZALDEHYDE 0 0.00 0.00 0.000 0.0 (i 0.00 0.00 0.000 0.0 0.00 0.0
ISOVALERALDEHYDE 15 0.62 141 0.062 2.7 21 0.85 2.22 0.088 3.8 0.82 36
VALERALDEHYDE 8 [eRc]] 0.72 0.032 1.4 ] 0.34 0.87 0.038 1.6 0.33 1.5
0-TOLUALDEHYDE 17 0.70 1.59 -0.009 -0.4 11 . 046 1.18 -0.007 -0.3 0.49 -0.3
M/P-TOLUALDEHYDE 32 1.35 .09 0.017 0.7 34 1.42 J.68 -0.020 -0.8 1.41 0.8
HEXANALDEHYDE 21 0.87 1.88 0.075 3.3 22 0.30 2.35 0.089 3.4 0.90 3.4
DIMETHYLBENZALDEHYDE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
[ SUMMED SPECIATED VALUES | 1046 44} 100] 6] 243 ] 955 a0] 100} G{ 222] 0] 225)
A - 2,2-Dimelhyipentane and melhylcyclopentane co-elute GG peak area split equally between the wa compounds.

B - 3-Melhyl-3-elthy-pentans co-elutes with reporied compound. Not repoiled separately’

C - Cis-1,4-Dimefiylcyclshexana ¢o-elutes with reporled compound, Noi reporled separately.

D - Propylcyclopentans co-elutes with reporied compound. Not reported separalely.

E - 2,5-Dimnelhylheptang and 3,5-dimelhylheplane co-elute. GC peak arna split equally belween the two compounds.

F - Decane and isobulylbenzene co-elule. GC peak area splil equally belween Ihe two compounds,

G - n-Butylbenzene co-elutes with reporied compound. Not reporied separalely.

H - Isobutyraldehyde and methyl ethyl kelone co-efute. LC peak area split equally between the two compounds.

BAG CART VALUES

HC . 558 .23 70 3 6

co 12116 508 9736 403 418

co2 14117000 592156 13096000 542502 549595

NOX 127980 5369 123483 5115 5151
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TEST NUMBER: 1-SME-3

ENGINE: 1997 CUMMINS N-14

TEST DATE: 11/19/97

TEST FUEL: EM-2481-F

COLD HOT COMPOSITE
WT. NMDG WT. NMOG
WEIGHT |REACTIVITY] OZONE, WEIGHT |REACTIVIIY| OZONE, DZONE,
COMPOUND MG MG/BHP 1R |[NMOG % | FACTOR | MG/BHP-HR MG MG/AEMP-HR [NMOG %| FACTOR |MG/BHP-HA | MG/BHP-HA | MG/BHP-11R

METHANE 14 0.60 0.0 19 0.78 0.0 0.75 0.0
ETHANE 1] 0.23 (.46 0.001 0.1 1 0.06 0.16 0.000 0.0 0.08 0.0
ETHYLENE 225 9.37 18.69 1.362 68.3 196 8.08 22.04 1.607 58.9 B.26 60.2
PROPANE 0 0.00 0.00 (.000 00 1] 0.00 0.00 0.000 0.0 0.00 0.0
PHROPYLENE 38 1,57 3.13 0.204 : 14.8 34 1.41 3.85 0.362 13.3 1.43 135
ACETYLENE 42 1.74 3.47 0.017 0.9 35 143 .91 0.020 0.7 1.48 Q0,7
PROPADIENE 0 0 0o 0,60 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
BUTANE 4 0.17 0.35 0.004] ' 0.2 0 0.00 0.00 0.000 0.0 0.2 0.0
{RANS-2-BUTENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 o0
1.BUTENE 17 0.72 1.44 0.128 6.4 18 0.73 1.99 0177 6.5 0.73 5.5
2-METHYLPROPENE {ISOBUTYL ENE) 5 0.22 0.44 0.023 1.2 6 0.25 0.67 0.035 1.3 0.24 13
2.2-DIMETHYLPROPANE (NECPENTANE) Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PAOPYNE 3 D.11 0.22 0.009 04 0 0.00 0.00 0.000 0.0 0.02 0.1
1.3-BUTADIENE 30 1.26 2.51 0.274 13.7 29 1.21 3.29 0.359 3.1 1.22 13.2
2.-METHYLPROPANE (ISODU1ANE) 3 0.12 0,23 0.003 0.1 1] 0.00 0.00 0.0C0 0.0 0.02 00
[-BUTYNE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 00
METHANOL 0 06.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-2-BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYL-1-BUTENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
ETHANOL 0 0.00 000 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLBUTANE (ISOPENTANE) 1 0.02 0.04 0.001 0.0 0 0.00 0.00 0.000 0.0 0.00 00
2.BUTYNE 0 .00 0.00 0.000 0.0 0 000 0.00 0.000 0.0 0.00 0.0
1-PENTENE 0 .00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-1-BUTENE 0 0.00 0.00 0.000 00 1] 0.00 0.00 0.000 0.0 0.00 0.0
PENTANE 8 0.23 0.46 0.005 0.2 1] 000 0.0 0.000 Q.0 0.03 00
UNIDENTIFIED C5 OLEFINS 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2. METHYL-1.3-BUTADIENE 6 D.24 0,48 0.044 2.2 3 014 0,38 0.035 1.3 0.16 1.4
TRANS-2-PENTENE 0 D.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
3,3-DIMETHYL-1-BUTENE 0 0.00 0.00 0.000 0.0 \] 0.00 0.00 0.000 0.0 0.00 0.0
C15-2-PENTENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 ‘0.0 (.00 0.0
2-METHYL-2-BUTENE "] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
TERT-BUTANOL 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.
CYCLOPENTADIENE 1] 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.2-DIMETHYLEUTANE [\ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTENE 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
| 4-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 D.00 0.000 0.0 0.00 0.0
CYCLOPENTANE 0 0.00 0.00 0.000 0g 0 0.00 0.00 0.000 0.0 0.00 0.0
2.3-DIMETHYLBUTANE 1] 0.00 0.00 0.000 0.0 0 0.c0 0.00 0.000 0.0 0.00 0.0
MTBE D 0.00 0.00 0.000 0.0 0 0,00 0,00 0,000 0.0 0.00 0.0
4-METHYL-CIS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00] * 0.000 0.0 0.00 0.0
2-METHYLPENTANE 3 0.11 0.22 0.003 0.2 0 0.00 0.4 0.000 0.0 0.02 00
4-METHYL-TRANS-2-PENTENE : 10 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
I-METHYLPENTANE 7 0.28 0.56 0.008 0.4 0 0.00 0.00] * 0.000 0.0 0,04 .1
2-METHYL-1-PENTENE 3 0.12 0.24 0.011 0.5 0 0.00 0.00 0.000 0.0 0,02 01
1-HEXENE 3 D12 0.24 0.041 0.5 0 0.00 0.00 D.000 0.0 0.02 0.1
HEXANE 11 0.46 0.M 0.009 0.4 10 0.43 1.47 0.011 0.4 0.43 0.4
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UNIDENTIFIED C6 OLEFINS 0 0.00 0.00 6.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
TRANS-3-HEXENE Q 0.00 0.00 0.000 0.0 0 0.00 0.60 0,000 0.0 0.00 0.0
C15-3-HEXENE 0 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
DI-ISOPROPYL ETHER 0 0.00 0.00 0.000 040 0 0.00 0.00 0.000 0.0 000 Q.0
TRANS-2-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 00
3-METIYL-TRANS-2-PENTENE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 ©.00 0.000 0.0 0.00 0.0
3-METHYLCYCLOPENT ENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 .00 0.0
C1§-2-HEXENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETBE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYL-CIS-2-PENTENE 0 0.0 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLPENTANE, NOTE A 1 0.04 0.08 0.001 - 0.1 2 008 --022] ¢ ~.:0003 0.1 0.07 s i 0.1
METHYLCYCLOPENTANE, NOTE A 1 0.04 0.08 - - 0.002 0.1 2 008] :co21] & 350008 i .- 02 Lo 007] 1 D2
2,4-DIMETHYLPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2,3-TRAIMETHYLBUTANE 2 0.10 0.20 0.003 0.1 1 0,02 0.06 0.001 0.0 0.03 0.0
3.4-DIMETHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
I-METHYLCYCLOPENTENE 0 0.00 0.00 0.000 0.0 0 6.00 000 0.000 0.0 0.00 [
BENZENE 20 0.66 1.71 0.007 0.4 21 0.88 240 0.010 0.4 0.88] 0.
3-METHYL-1-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3.3-DIMETHYLPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,3-BIMETHYLPENTANE 0 0.00 0.00 0.000 a.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,1-DIMETHYLCYCLOP ENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TERT-AMYL METHYL ETHER 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOHEXENE 6 0.26 0.52 0.030 1.5 6 0.24 0.65 0.037 1.4 0.24 14
3-METHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-1,3-DIME THYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.0
[3-ETHYLPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1,2-DIMETHYLC YCLOPENTANE 0 0.00 0.00 8.000 0.0 0 0.00 .00 0.000 0.0 0.00 0.0
TRANS-1,3-DIMETHYLC YCLOPENTANE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
1-HEPTENE 0 0.00 000 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2.4-TAIMETHYLPENT ANE 2 0.08 0.16 0.001 0.1 4 0.17 046 0.004 0.2 0.16 0.1
2-METHYL-1-HEXENE [i 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-3-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
HEPTANE S 0.21 0.42 0.003 0.2 1 0.44 1.19 0.010 0.4 041 0.3
CIS-3-HEPTENE 0 0.00 0.00 0.000 0.0 [i 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C7 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 Q.0
2-METHYL-2-HEXENE 7 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
3-METHYL-TRANS-3-HEXENE 0 0.00 090 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
| 3-ETHYL-CIS-2-PENTENE 7 0.27 0.55 0.030 1.5 10 0.40 1.10 0,061 2.2 0.38 2.1
2,4,4-TRIMETHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,J-DIMETHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
CIS-2-HEPTENE 0 0.00 0.00 0,000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
| METHYLCYCLOHEXANE 0 9.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CI5-1,2-DIMETHYLCYCL OPENTANE 0 8.00 0.00 0.000 0.0 [i 0.00 0.00 0,000 0.0 0.00 0.0
2,2-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.1,3-TRIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 [i 0.00 0.00 0.000 0.0 0.00 0.0
2,4,4-TRIMETHYL-2-PENTENE g 0.00 0.00 0.000 0.0 0 0.00 0.00 ' 0.000 0.0 0.00 0.0
2,2,3-TRIMETHYLPENTANE [\ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,5-DIMETHYLHEXANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 6.000 0.0 0.00 0.0
ETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 00 0.0 0.0
2.4-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-TRANS-2-CI$-4-TAIM ETHYLCYCLOPENTANE 0 Q.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,3-DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 i 0.00 0.00 0.000 0.0 0.00 0.0
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1-TRANS-2-CIS-3-TRIMETHYLCY CLOPENTANE 0 0,00 0.00 0,000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
2.3.4-TRIMETHYLPENTANE a 0.00 0.00 0.000 0.0 Q 0.00 0,00 0.000 0.0 0.00 0.0
2.4,3-TRIMETHYLPENTANE 0 0,00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
TOLUENE 156, 6.52 13.00 0.355 17.8 4 0.18 0.49 0.013 0.5 §.08 3.0
2.3-DIMETHYLHEXANE 2 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.1,2-TRIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,4-DIMETHYLHEXANE, NOTEB 4] 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
4-METHYLHEPTANE Q .00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 D.0
A-METHYLHEPTANE 0 0.00 Q.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
1-C15,2-TRANS,3-TRIMETHYLCY CLOPENTANE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
C15-1.3-DIMETHYLCYCLOHEXANE [ 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.000 0.0 0.00 0.0
TRAANS-1,4-DIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 Q a.00 0.00 0.000 090 0.00 0.0
3-ETHYLHEXANE 1] 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2, 5-TRIMETHYLHEXANE 0 0.00 0,09 0.000 0.0 5 0.23 0.62 0.006 0.2 0,19 0.2
TRANS-I-METHYL-3-ETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.00 1.0
C15-1-METHYL-3-ETHYLCYCLOP ENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
1.1-DIMETHYLCYCLCHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.0C0 0.0 0.00 0.0
TRANS-1-METHYL-2-ETHYLCYCLOPENTANE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
1-METHYL-1-ETHYL-CYCLOPENTANE ] 0.00 0.00 0.060 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
2.44-TRIMETHYLHEXANE a 0.00 0.00 0.000 0.0 0 0.00 0.00 0000 Q0 0.00 0.0
2.2 4-TRIMETHYLHEXANE D 0.00 0.00 0.000 0.0 0 .00 0.00 0.000 0.0 0.00 0.0
TRANS-1,2-DIMETHYLCYCLOHEXANE 0 0,00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 Q.00 0.0
1-QCTENE 0 0,00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-4-OCTENE a 0.00 0.00 0.000 0o 0 0.00 0.00 0.000 0.0 0.00 0.0
QCTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C8 0 0.00 0.00 0.000 Q.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-OCTENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1,3-DIMETHYLCYCLOHEXANE, NQTEC 0 0.00 0.00 0.000 0.0 0 Q.00 0.00 0.000 0.0 0.00 0.0
CIS-2-OCTENE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
ISOPROPYLCYCLOPENTANE ] 0.00 0.00 0.000 0.0 o 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
[2.3.6-TRIMETHYLHEXANE [} 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-1-METHYL-2-ETHYLCYCLOP ENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0o
2 A-DIMETHYLHEPTANE 0 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
4.4-DIMETHYLHEPTANE 0 0.00 0.00 0.000 a.0 0 0.00 0.00 0.000 00 0.00 0.0
’_(_:I_S_-I.Z-DIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.6-DIMETHYLHEPTANE, NOTE D 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 Q.09 0.0
1.1,3-TRIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 Q.0 0 0.00 0.00 0.000 0.0 0.00 00
2,5-DIMETHYLHEPTANE, NOTE E 0 0.00 0.00 0.000 1] 0 0.00 0.00 0.0600 0.0 0.00 0.0
3.3-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,5-0IMETHYLHEPTANE, NOTE E 1 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHYLBENZENE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
2_3,4-TH!METHYL§£X_ANE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0,0 0.0 0.00 0.0
2,3-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
m-& p-XYLENE 0 0.00 0.00 0,000 0.0 [i] 0.00 0.00 0.000 0.0 0.00 0.0
[4-METHYLOCTANE 5] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,4-DIMETHYLHEPTANE ‘0 0.00 n.00 0.000 0.0 0 000 0.00 0.000 0.0 0.00 0.0
4-ETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 Q.00 0.0
2-METHYLOCTANE 1] 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYLOCTANE [¢] 0.C0 0.00 0,000 0.0 o 0.00 0.00 0,000 0.0 0.00 0.0
STYRENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
o-XYLENE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.09 0.0
1-NONENE 0 0.00 0.00 0.000 0.0 o 0.00 0.00 0.00 0.0 0.00 0.0
TRANS-3-NONENE 0 0.00 0.00 0.000 0.0 [\ 040 0.00 0000 0.0 0.00 0.0
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Ci5-3-NONENE 1] 0.00 0,00 0.000 0.0 g 0.00 0.00 0.000 0.0 0.00 00
NONANE Q 0.00 0.00 0.000 0.0 0 0.00 .00 0.000 0.0 0.00 0.0
TRANS-2-NONENE Q goo 0.00 0.000 0.0 0 0.00 000 0.000 0.0 0.00 0.0
1ISOPRCPYLBENZENE (CUMENE) g 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMET! IYLOCTANE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,4-DIMETHYLOCTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
n-PROPYLBENZENE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-3-ETHYLBENZENE 0 0.00 0.00 0.000 00 Q 0.00 000 0.000 0.0 0,00 0.0
1-METHYL-4-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3,5- TRIMETHYLBENZENE 0 000 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
1-METHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,24-TRIMETHYLEENZENE 0 0.00 0.00 0,000 00 0 000 0.00 0.000 0.0 0.00 00
TERT-BUTYLBENZENE 0 0.00 0.00 0.000 0.0 0 9.00 0.00 0.000 0.0 0.00 0.0
1-DECENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
DECANE, NOTE F a 0.00 0.00 0.000 0.0 \] 0.00 0.00 0.000 0.0 0.00 090
ISOBUTYLBENZENE, NOTE F 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
1.3.-DIMETHYL-5-ETHYLBENZENE 1] o000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
MEIHYLPROPYLBENZENE (sec bulylenzone) '] 0.00 .00 0.000 00 0 0.00 6.00 0.000 0.0 0.00 0.0
1-METHYL-3-ISOPAOPYLBENZENE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2,3-TRIMETHYLBENZENE 1] 0.00 0.00 0.000 00 !} 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-4-ISOPROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
INDAN "] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 ou 0.0p 00
I-METHYL-2-1SOPROPYLBENZENE 4] 000 000 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
1,3-DIETHYLBENZENE g 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.0¢ 0.0
1,4-DIETHYLBENZENE 4] 0.00 0.00 0.000 00 1] 0.00 0.00 0.000 Q.0 0.00 00
1-METHYL-3-N-PROPYLBENZENE 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-4-N-PROPYLBENZENE, NOTE G 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.2 DIETHYLRENZENE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
{-METHYL-2-N-PROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.060 Q.U 0.60 0.0
1.4-DIMETHYL-2.ETHYLBENZENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIMETHYL-4-ETHYLBENZENE 9 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
..M..m.U_z_mﬂIﬁ.L.m._.—._i.mmZNmzm 0 0.00 000 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIMETHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 9.0 0 0.c0 0.00 0.000 0.0 0.00 0.0
UNDECANE 0 0.00 6.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,.2-DIMETHYL-3-ETHYLBENZENE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2.4.5- TETRAMETHYLBENZENE 0 0.00 00o 0.000 0.0 4] 0.c0 0.00 0.000 0.0 0.00 0.0
2-METHYLBUTYLBENZENE (sec AMYLBENZENE) 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 Q.0 0.00 0.0
3,4 DIMETHYLCUMENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 .00 0.00 0.0
1.2,3,5-TETRAMETHYLBENZENE 0 0.00 6.00 0.000 0.0 0 0.00 0.00 0.000 ~ 0.0 000 0.0
TERT-1-BUT-2-METHYLBENZENE 1] 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 000 0.0
1,2.3.4-TETRAMETHYLBENZEKE _ g 0.00 0.00 0.000 00 0 0.00 Q.00 0.000 090 0.00 0.0
N-PENT-BENZENE 0 0.00 0.00 0.000 049 o] 0.00 0.00 0.000 0.0 0.00 0.0
TERT-1-BUT-3,5-DIMETHY LBENZENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
TERT-1-BUTYL-4-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 00 0.00 0.0
NAPHTHALENE v} 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
DODECANE 1] 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 D.0 0.00 0.0
1,3,5-TRIETHYLBENZERE 1] 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2,4-TRIETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.0 0.00 0.000 0.0 0.00 o.u
HEXYLBENZENE 0 Q.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
| UNIDENTIFIED C9-C12+ 0 Q.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
FORMALDEHYDE . | 243 10.15 20.24 1.447 7286 205 8.49 23.18 + 1,658 60.7 8.72 624
ACETALDEHYDE 88 167 7.32 0.404 20.3 71 2.93 B.0O 0.442 16.2 3.04 16.8
ACROLEIN 69 2.90 578 0.391 19.6 60 2.48 B.75 0.457 16.8 2.54 17.2
ACETONE 26 1.07 2.12 0.012 0.6 10 041 1.13 0.006 0.2 0.51 03
PROPICNALDEHYDE 27 1.12 2.23 0.148 73 25 1.02 2.79 0.182 6.7 1.04 6.8
CROTONALDEHYDE 30 1.26 2.48 0.135 6.8 18 074 201 0.108 4.0 0.81 44
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ISCBUTYRALDEHYDE NOTEH a 0.32 0.64 0.034 1.7 7 0.28 0.77 0.041 1.5 0.29 15
[METHYL ETHYL KETONE, NOTEH 8 0.32 0.64 0,008 0.4 7 0.28 0.77 D.009 0.3 025 03
BENZALDEHYDE 0 0400 0.00 0.000 0.0 0 0.00 0.00 0 000 0.0 0.00 0.0
ISOVALERALDEHYDE 18 0.74 147 0.065 3.3 15 0.61 1.68 0.073 .7 0.63 28
VALERALDEHYDE 4 0.16 0.32 0014 0.7 4 016 0.44 0.019 0.7 0.16 0.7
O-TOLUALDEHYDE 7 0.30 0.59 -0.003 0.2 8 [} 0.85 -0.005 0.2 0.31 -0.2
M/P-TOLUALDEHYDE 11 1.70 2,40 -0.019 0.9 a9 1.60 437 -0.024 -0.9 1.62 0.9
HEXANALOEHYDE 23 0.98 1.95 0.074 3.7 21 0.89 2.42 0.092 34 0.50 34
DIMETHYLBENZALDEHYDE 0 0.00 0.00 0.000 0.0 0 a.00 0.00 0.000 0.0 0.00 0.0
| SUMMED SFECIATED YALUES | 1216] 51} 100] 5] 268 906 | 7] 100 ] 6] 213] 20] 221)
A - 2,2.Dimelhylpenlane and methylcyclopentane co-elute. GG peak area splil equally belween e two compounds.

B - 3-Methyl-3-ethy-pentane co-elutas wilh reported coinpound. Not reported separately. !

C - Cis-1,4-Dimelhylcyclohexane co-elules wilh reported compound. Not reported separalely.

D - Propyicyclopentane co-elules with reported compound. Not reported separalely,

E - 2,5-Dimethyiheptane and 3,5-dimethylheplane co-elute. GC peak area splil equally between |lie lwo compounds.

F - Decane and isubulylbenzene co-glule. GG peak area splil agually balween Ihe two compounds.

G - n-Bulylbenzena co-elutes wilh 1eparted coimpound. Nol reporied separalely.

H - Isobutyraldehyde and methyl ethyl ketone co-elule. LG peak area splil equally between the lwo cormpounds.

BAG CART VALUES

HC 815 34 633 26 27

co 12958 541 8976 371 95

co2 13924000 581135 13668000 564477 566857

NOX 129277 5396 125978 5204 5231
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TEST NUMBER: 1-2D-1

ENGINE: 1987 CUMMINS N-14

YEST DAYE: 11/24/97

TEST FUEL: EM-2494-F

COLD HOT COMPOSITE
WT. NMOG WT. NMOG
WEIGHT |[REACTIVITY] OZONE. WEIGHT |REACTIVITY| OZONE, OZONE,
COMPQUND MG MG/BHP-HRA |[NMOG % | FACTOR | MG/BHP-HR MG MGAHP-HAINMOG % | FACTOR \MG/BHP-HI |MG/BHP-HA | MG/BHP-HR

METHANE o] 0.00 0.0 0 0.00 0.0 0.00 00
ETHANE 2 Q.06 0.07 0.000 0.0 4 0.15 0.21 0.0 0.0 0.14 0.0
ETHYLENE 306 11.64 13.86 1.010 4.8 274 10.24 14.39 1.049 746 10.44 76.1
PROPANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PROPYLENE 97 3.69 4.39% 6.413 34.7 92 3.44 4.83 0.454 323 3.47 32.6
ACETYLENE 59 2249 2.66 0.013 1.1 49 1.84 2.59 0.013 0.9 1.90 0.9
PROPADIENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
BUTANE 4 D.15 0.18 0.002 02 ] 0.22 0.31 0.003 0.2 0.21 0.2
TRANS-2-DUTENE 5 0.19 0.22 0.022 1.9 4 0.16 .22 0,022 1.6 0.16 1.6

BUTENE 29 1.12 1.33 0.119 10.0 29 1.07 1.50 0.134 9.5 1.08 9.6
2-METHYLPROPENE (IS OBUTYLENE) 27 1.04 1.24 0.066 5.8 25 0.93 1.30 0.069 4.9 0.94 5.0
2.2-DIMETHYLPROPANE (NEOPENTANE) 0 0.00 0.00 0.000 0.0 0 0.00 Q.00 0000 0.0 0.00 0.0
PROPYNE -] 0.22 0.26 0.011 09 5 0.20 0.28 0.012 Q.4 0.20 0.4
1.3-BUTADIENE 36 1.37 1.64 0.178 15.0 36 1.35 1.20 0.206 14.7 1.35 14.7
| 2.METHYLPROPANE ISOBUTANE) 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 D.0
1-BUTYNE 0 0.00 0.00 0.000 0.0 4] 0.00 0.00 0,000 a.0 0.00 0.0
METHANOL 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CI15-2-BUTENE 4 017 0.20 0.020 1.7 4 0.14 0.20 0.019 1.4 0.14 1.4
A-METHYL-1-BUTENE a 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 Q.0
ETHANOL 0 0.00 0.00 0.000 0.0 0 0.00 Q.00 0.000 0.0 0.00 0.0
2-METHYLBUTANE (ISOPENTANE) 3 0.13 0.15 0.002 0.2 0 0.00 0.00 0.000 0.0 0.02 0.0
2-BUTYNE Q 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 0.00 0.0
1-PENTENE 0 0.00 0.00 0.000 0.0 o 0.00 0.00 0.000 0.0 0.00 0o
2-METHYL-1-BUTENE 7 0.26 0.31 0.015 1.3 0 0.00 0.00 0.000 0.0 (.04 0.2
PENTANE <] 0.12 0.14 0.001 0.1 2 0.08 0.11 0.001 0.1 0.08 0.1
UNIDENTIFIED €5 CLEFINS ¢] 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
2-METHYL-1.3-BUTADIENE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.c0 oo
TRANS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.C0 0.0
3,3-DIMETHYL-1-BUTENE ¢] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ClIS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 ' 0.0 0.00 0.0
2-METHYL-2-BUTENE [{] 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0,00 0.0
TERT-BUTANOL 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTADIENE 1] 0.00 0.00 0.000 0.0 4] 0.00 0.00 0.G00 0.0 0.00 0.0
2,2-DIMETHYLBUTANE a 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTENE 0 000 0.00 0.000 0.0 0 0.00 0.0D 0.000 0.0 0.00 0.0
4-METHYL-1-P ENTENE 0 0.00 0.00 0.000 0.0 ] 0.21 0.29 0.013 0.9 Q.18 ~ 0.8
A-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 Q.0 200 0.0
2,3-DIMETHYLBUTANE 0 0.00 0.00 0.000 0.0 [y 0.00 0.00 0.000 0.0 0.00 0.0
MTBE ! 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ﬂ_ETHYL-CIS-?-PENTENE_ 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLP£P£ANE . 7 0.28 0.34 0.005 0.4 6 024 0.34 » 0.005 0.4 0.25 04
4-METHYL-TRANS-2.PENTENE i 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 1 0.000 0.0 0.00 0.0
3-METHYLPENTANE 11 0.42 0.50 0.008 0.6 [ 0.22 0.31 0.005 0.3 0.25 0.4
2-METHYL-[-PENTENE 14 0.52 0.61 0.027 23 13 0.50 0.70 0.031 22 0.50 2.2
{-HEXENE 14 0.52 0.61 0.027 2.3 13 0.50 0.70 0.031 2.2 0.5D0 2.2
HEXANE a 0.00 Q.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 [1X1]
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CI5-3-NONENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
NONANE 19 0.72 0.86 0.005 0.4 18 0.69 0,97 0.005 04 0.69 0.4
TRANS-2-NONENE 0 0.00 0.00 0.000 0.0 0 0.00 ooo 0.000 0.0 0.00 0.0
ISOPROPYLBENZENE (CUMENE) 0 0.00 0.00 0.000 0.0 5 0.17 0.25 0.006 0.4 0.15 0.3
2.2-DIMETHYLOCTANE 0 0.00 0.00 0.000 0.0 ) 0.00 Q.00 0.000 0.0 0.00 0.0
2.4-DIMETHYLOCTANE 8 0.29 0.35 0.003 0.3 8 0.30 0.42 0.004 0.3 029 0.3
n-PROPYLBENZENE 9 0.34 Q.10 0.009 0.7 9 0.33 0,46 0010 0.7 0.33 0.7
| -METHYL-3-ETHYLBENZENE 7 025 0.30 0.022 1.8 [ 0.23 0.32 0.023 1.7 0.23 1.7
I-METHYL-4-ETHYLBENZENE 12 047 0.56 0.040 34 7 0.27 0.38 0.028 2.0 0.30 2.2
1,3,5-TRIMETHYLBENZENE 13 Q.51 06| 0.062 5.2 11 040 0.57 0.058 4,1 0.42 4.2
$-METHYL-2-ETHYLBENZENE 5 0.21 0.25 0.018 1.5 12 0.46 0.65 0.047 3.3 0.42 a0
1,2,4-TRIMETHYLBENZENE 12 0.47 0.56 0.050 4.2 0 0.00 0.00 0.000 0.0 007 0.6
TEAT-BUTYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-DECENE 0 0.00 0.00 0.000! 0.0 0 0.0 0.00 0.000 0.0 0.00 0.0
DECANE, NOTE F 14 0.54 0.64 0.003 0.3 14 0.52 0.73 0.003 0.2 0.52 0.2
{SOBUTYLBENZENE, NOTE F 13 Q.51 0.60 0011 0.9 13 0.49 0.68 0.013 0.9 0.49 0.9
1,3,-DIMETHYL-5-ETHYLBENZENE +] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
METHYLPROPYLBENZENE {sac hulylbenzeng) 0 0.0o 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
\-METHYL-3-1SOPROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2.3-TRIMETHYLBENZENE 8 0.32 0.38 0.034 2.8 7 0.27 0.38 0.034 24 0.28 2.5
1-METHYL-4-ISOPROP YLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
INDAN 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1-METHYL-2-1SCPROPYLBENZENE 5 0.18 D.22 o3 1.1 0 0.00 0.00 0.000 0.0 0.03 0.2
1,3-DIETHYLBENZENE a 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.4-DIETHVLBENZENE 0 0.00 0.00 0.000 0.0 0 0.60 0.00 0.000 0.0 0.00 0.0
[ 1-METHYL-3-N-PROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
I-METHYL-4-N-PROPYLBENZENE, NOTE G 1] 000 0.00 0.000 0.0 5 0.18 0.25 0.016 1.1 0.18 1.0
1.2 DIE [HYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.0D 0.0
1-METHYL-2-N-PROPYLBENZENE 0 0.00 0.00 0.000 c.0 8 0.29 0.41 0.026 1.9 0.25 16
1,4-DIMETHYL-2-ETHYLBENZENE 0 000 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
1,3-DIMETHYL-4-ETHYLEENZENE [ 0.24 0.29 0.026 2.2 0 0.00 0.00 0.000 0.0 0.03 0.3
1,2-DIMETHYL-4-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIMETHYL-2-ETHYLEBENZENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
UNDECANE 49 1.87 2.23 0.009 0.8 46 170 2.39 0.010 0.7 1.72 07
1,2-DIMETHYL-3-ETHYLEENZENE g 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,2,4,5- TETRAMETHYLBENZ ENE 37 1.42 1.89 0.154 12.9 62 2. 3.25 0.295 21.0 2,19 19.8
2-METHYLBUTYLBENZENE {sec AMYLBENZENE) 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,4 DIMETHYLCUMENE \] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.U
1,2,3.5-TETRAMETHYLBENZ ENE 22 .83 0.98 0.089 7.5 1] 0.00 0.00 0.000 0.0 0.12 1.1
TERT-1-BUT-2-METHYLBENZENE 14 0.53 0.64 0.037 3 15 0.56 0.78 0.048 3.2 0,55 3.2
1,2,3,4-TETRAMETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
N-PENT-BENZENE 16 0.61 0.72 0.012 1.0 16 (.58 0.82 0.014 1.0 0.59 1.0
TERT-1-BUT-3.5-DIMETHYLBENZENE 6 0.25 0.29 0.022 1.8 6 0.24 0.34 0.025 1.8 0.24 1.8
TERT-1-BUTYL-4-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
NAPHTHALENE 6 0.22 0.26 0.003 0.3 6 0.23 0.32 0.004 0.3 0,23 K]
DODECANE as 1.32 1.58 0.006 0.5 40 1.50 2.1 0.008 0.6 1.47 06
1.3,5-TRIETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0,0 0.00 0.0
1,2.4-TRIETHYLBENZENE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
HEXYLBENZENE ‘0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C9-C12+ 131 4.99 5,94 0.226 19.0 94 3.50 4.92 0.188 13.3 .7 14.2
FORMALDEHYDE are 14.34 17.09 1.222 102.6 338 12,62 12.74 1.268 90.2 12.86 92.0
ACETALDEHYDE 158 6.01 7.16 0.395 3.2 122 4.57 6.43 0.355 25.2 4.78 264
ACROLEIN 48 1.83 2.18 0.148 124 43 1.62 2,27 0.154 109 1.85 11.1
ACETONE 55 2.08 2.48 0.014 1.2 35 1.29 1.82 0.010 0.7 1.40 0.8
PROPIONALDEHYDE 41 1.55 1.85 0.121 10.2 3 1.17 1.65 0.108 7.7 1.23 8.0
CROTONALDEHYDE k14 142 1.69 0.092 1.7 46 1.71 2.41 0.130 9.3 1.67 9.1
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|SOBUTYRALDEHYDE, NOTE H 13 0.50 0.60 0.031 2.8 11 0.40 0.56 0.029 2.1 0.41 2.2
METHYL ETHYL KETONE. NOTE H 13 0.50 0.60 0.007 0.6 11 0.40 0.56 0,607 0.5 0.41 0.5
BENZALOEHYDE 18 .68 0.81 -0.004 0.4 15 0.54 0.76 <0.004 -0.3 0.56 -0.3
|SOVALERALDEHYDE 14 0.52 .62 0.028 23 17 0.62 0.87 0.038 2.7 0.60 27
VALERALDEHYDE bl 0.40 0.48 0.021 18 10 U.36 0.50 0.022 1.6 0,36 1.6
Q-TOLUALDENMYDE 4 0.17 0.20 -0.001. -0.1 10 0.37 0.52 0,003 -0.2 0.34 0.2
M/P-TOLUALDEHYDE 74 2.81 3.34 -0.018 =1.5 52 1.95 274 0.016f -1.1 2.07 =11
HEXANALDEHYDE 14 0.52 0.62 _0.024 20 12 0.44 0.63 0.024 1.7 0.46 1.7
DIMETHYLBENZALDEHYDE 7 0.25 0.29 -0.002 0.1 7 026 0.37 -0.002 0.1 0.26 -0.1
[ SUMMED SPECIATED VALUES 1 2211] 84| 100} 5] a36] 1906] DT s]  375] 73] 364
A - 2,2-Dimethylpenlane and melhylcyclopentane co-elute, GC peak area split equally between lhe two compounds.

B - 3-Mathyi-3-ethy-pentano co-elutes with reporled compound. Not reporled separalely'.

C - Gis-1,4-DimeMylcyclohexane co-elules wilh reported compound. Not reposted separately.

D - Picpylcyclopentana co-elules with reporied compound. Nol reporled separately.

E - 2,5-Dimelhylheplana and 3,5-dimelhylheptane co-elute. GC peak area split equally between the (wo coinpounds.

F - Decana and isobutylbenzene co-elule. GC peuk area splil equally between lhe two corjiounds,

G - n-Bulylbenzene co-elules with reported compound. Nol teported separalely.

H - Iscbulyratdehyda and methyl elhyl ketone co-elule. LC peak area split equally between (he lwo compounds.

DAG CARI VALUES

HC 5551 2114 5401 202 203

cO 24481 830 18118 676 712

cQ2 14843000 563730 14221000 530634 535362

NOX 128972 4898 120513 4497 4554
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TEST NUMBER: 1-2D-2

ENGINE: 1997 CUMMINS N-14

TEST DATE: 11/25/97

TEST FUEL: EM-2494-F

COLD HOT COMPOSIIE
WT. NMOG WT. NMOG
WEIGHT |[REACTIVITY| OZONE, WEIGHT |HEACTIVITY| OZONE, OZONE,
COMPOUND MG MG/BHP-HA |NMOG %| FACTOR | MG/BHP-HA | MG MG/BHP-HI [NMOG % | FACTOR  |MG/EHP-HR | MG/BIIP-1 IR | MGBHP-HR

METHANE 0 0.00 0.0 D 0.00 0.0 0.00 0.0
ETHANE 0 0.00 0.00 0.000 0.0 4 013 0.16 0.000 0.0 0.12 0.0
ETHYLENE 369 11.62 14.41 1.051 B4.7 269 10.76 13.17 0.960 70.4 10.88 79.3
PROPANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 D.0D 0,0
PROPYLENE 46 363 4.50 0423] ¢ 34.1 96 3.56 4.55 a.4te 3.5 3.57 33.6
ACETYLENE 58 2.17 2.62 0.013 1. 51 1,91 2.34 0.012 1.0 1.85 10
PROPADIENE [i 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
BUTANE 0 000 0.00 0.000 0.0 0 0.02 0.02 0.000 0.0 ttace ’ 0.0
TAANS-2-BUTENE 3 0.18 0.22 0022 1.7 5 0.18 0.22 0022 18 [T 1y
1-BUTENE 29 110 1.37 0.122 9g 31 1.15 1.41 0.125 10.3 1.15 10.2
2-METIIYLPROPENE (ISOBUT YLENE) 25 0.53 1.15 0.061 4.9 24 0.88 1.07 0.057 4.6 0.80 4.7
2.2-DIMETHYLPROPANE (NEOPENTANE) [} 0.00 Q.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PROPYNE 6 0.22 0.28 0011 0.9 5 019 0.23 0,010 08 0.19 0.8
1,3-BUTADIENE a5 1.31 163 0.177 14.3 36 1.34 1.64 0.178 14.6 133 14,5
2-METHYLPROPANE ({ISOBU TANE) 0 0.00 0.00 0.000 0.0 0 0.00 0.0 0.000 0.0 0.00 0.0
1-BUTYNE ¥ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
METHANOL 0 0,00 oo 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 2.0
CIS-2.BUTENE 3 0.12 0.15 0.015 1.2 3 0.12 0.15 0015 1.2 012 1.2
3-METHYL-{-BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHANOL 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLBUTANE (JSOPENTANE) 1 0.00 0.60 0.000 0.0 i .00 0.00 0.000 0.0 0.00 0.0
2-BUTYNE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.0
1-PENTENE 0 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-1-BUTENE 6§ 0.23 0.29 0.014 1.1 7 0.26 0.32 0016 123 0.26 1.3
PENTANE 0 trace 0.00 0.060 0.0 3 0.11 0.14 0001 0.1 0,10 X
UNIDENTIFIED CS5 OLEFINS 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-1,3-BUTADIENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
TRANS-2.PENTENE 5 0.18 0.23 0.020 16 0 0.00 0.00 0.000 0.0 0,03 0.2
3.3-DIMETHYL-1-BUTENE [ 2.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
CIS-2-PENTENE 6 0.24 0.29 0.026 2.1 3] 0.00 0.00 0.000 ' 0.0 0.03 0.3
2-METHYI-2-BUTENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0,000 0.0 0.00 0.0
TERT-BUTANCL 0 0.00 0.00 0.000 0.0 0 0.00 0.CO 0.000 0.0 0.00 0.0
CYCLOPENTADIENE i 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
2,2.DIMETHYLBUTANE 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
CYCLOPENTENE ] 0.00 0.00 0,000 0.0 7 0.25 0.30 0.023 1.9 0.21 1.6
4-METHYL-1-PENTENE 0 0.00 0.60 0.000 0.0 8 0.29 0.35 0.016 1.3 0.25 1.1
3-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 ) 0.00 6.00 0.000 0.0 0.00 0.0
CYCLQPENTANE 0 0.00 0.00 0.000 0.0 0 0.60 0.00 0.000 0.0 0.00 0.0
2,3-DIMETHYLBUTANE Q 0.00 0.00 0.000 0.0 0 trace 0.00 0.000 0.0 lrace 0.0
MTBE . 0 0.00 0.00 0.000 0.0 [1] 0.00 0.00 0.000 0.0 0.00 0.0
4-METHYL-CIS-2-PENTENE 0 0.00 0.00 0.000 0.0 [ 6.00 p00f 0000 0.0 0.00 0.0
2-METHYLPENTANE 1 0.04 0.05 0.001 0.1 6 0.21 0.26 0.004 0.3 0.19 0.3
4-METHYL-TRANS-2-PENTENE [ 0.00 0.00 0.000 0.0 0 000 0.00 0.000 0.0 0.00 0.0
3-METHYLPENTANE 2 0.09 0.11 0.002 Q.1 5 0.19 0.23 0.004 0.3 0.18 03
2-METHYL-1-PENTENE 15 0.56 0.69 0.031 2.5 13 0.50 0.61 0.027 2.2 051 23
1-HEXENE 15 0.56 0.69 0.031 2.5 13 0,50 0.61 0027 2.2 0.51 23
HEXANE 0 0.00 0.00 0.000 00 1 0.03 0.04 0.000 0.0 0.03 00
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1-TRANS-2-CI5-3-TRIMETHYLCYCLOPENTANE 0 0.60 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.3 4-TRIMETHYLPENTANE T 0.25 0.1 0.005 0.4 2 0.08 0.10 0.002 0.1 a.11 0.2
2.9,3-TRIMETHYLPENTANE | 0.00 0,04 0.000 0.0 1] 0.00 0.00 0,000 0.0 0.00 0.0
TOLUENE 51 1.90 2.36 0,064 5.2 19 0.70 0.86 0,024 1.9 0.88 24
2.3-DIMETHYLHEXANE 5 017 0.22 0.003 0.2 6 0.24 0.29 0.004 0.3 0.23 0.3
1,1.2-TRIMETHYLCYCLOPENTANE [i] 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
| 2-METHYLHEPTANE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3.4-DIMETHYLHEXANE, NOTEB 1] 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.00 0.0
4-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYLHEPTANE ] 0.00 0,00 0,000 0.0 0 000 0.00 0.000 0.0 0.00 0.0
1-CIS.Z-THANS.S-THIMETHYLCYCLOPENTANE 0 Q.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 Q4.0
C18-1,3-0IMETHYLCYCLOHEXANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1.4-DiIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
3-ETHYLHEXANE Q 0.00 0.00 0.000 0.0 5 0.20 0.24 0.003 0.2 0.7 0.2
2.2 5-TRIMETHYLHEXANE 6 0.21 0.26 0.003 0.2 [ 0.00 0.00 0.000 0.0 0.03 0.0
TRANS-1-METHYL-3-ETHYLCYCLOPENTANE 0 000 0.00 0.000 0.0 5 0.19 0.24 0,003 0.2 0.17 0.2
CIS+1-METHYL-3-ETHYLCYCLOP ENTANE 13 0.47 0.59 0.011 0.9 14 0.51 0.62 0.012 1.0 0.50 1.0
1,1-DIMETHYLCYCLOHEXANE 0 0.00 000 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1-METHYL-2-ETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.c0 0.00 0.000 0.0 0.00 0.0
1-METHYL-1-ETHYL-CYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 Q.0
2.4, 4-TRIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0000 0.0 0.00 0.0
2.2 4-TRIME T IYLHEXANE 0 0.00 0.00 0.000 0.0 0 0,00 Q.00 0.000 0. 0.00 0.0
JRANS-1,2-DIME THYLC YCLOHEXANE 0 0.00 0.00 0.000 0o 0 0.00 0.00 0.000 0.0 0.00 0.0
1-OCTENE 0 0.00 0.00 2.000 0.0 0 000 0.00 0.000 0.0 0.00 0.0
TRANS-4-OCTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
QCTANE 7 027 0.33 0.002 u2 9 (.33 0.41 0.002 0.2 0.32 0.2
UNIDENTIFIED C8 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-OCTENE 0 0.00 0.00 0,009 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
TAANS-1,3-DIMETHYLCYCLOHE XANE. NOTEC 0 0,00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 .00 0.0
CIS-2-OCTENE 0 0.00 000 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 a0
ISOPROPYLCYCLOPENTANE 0 0.00 0.00 0,000 0o 1] 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
2.3, 5-TRIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-1-METHYL-2-ETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2 4-DIMETHYLHEPTANE 0 (.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 000 0.0
4, 4-DIMETHYLHEPTANE [ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-1,2-DIMETHYLCYCLCHEXANE Q 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.0
ETHYLCYCLOHEXANE ] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2. 6-DIMETHYLHEPTANE, NOTE D 17 0.62 0.77 0.009 0.7 18 0.67 0.82 0.009 0.8 0.66 0.9
11,3 TRIMETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0,000 0.0 0.00 0.0
2.5-DIMETHYLHEPTANE, NOTE E 6 D.24 0.30 0.003 0.3 7 025 0.31 0.004 0.3 0.25 0.3
3.3-0IMETHYLHEPTANE 0 0.60 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3.,5-DIMETHYLHEPTANE, NOTE E 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHYLBENZENE 20 D.76 0.95 0.026 2.1 21 0.80 0.97 0.026 2.1 0.79 2.1
2.3,4-TRIMETHYLHEXANE 0 000 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.09 0.0
2.9.DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.80 0.00 0.000 0.0 0.00 0.0
in-& p-XYLENE 21 0.79 0,98 0.073 58 26 0.97 1.18 0.087 7.1 0,94 6.9
4-METHYLOCTANE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.00 0.0
3.4-DIMETHYLHEPTANE -0 0.00 0.00 0.000 0.0 0 0.00 0.00 0000 0.0 0.00 0.0
4-ETHYLHEPTANE g 0.00 0.00 0.000 0.0 0 0.00 000] ~ 0000 0.0 0.00 0.0
2-METHYLOCTANE 0 0.00 0.00 0,000 0.0 9 0.35 0.43 0.005 0.4 0.20 0.3
3-METHYLOCTANE 5 0.19 0.24 0.003 0.2 7 0.27 0.34 0.004 0.3 0.26 0.3
STYRENE )] 0.00 0.00 0.000 0.0 0 0.00 0.00 {.000 0.0 0.00 0.0
o-XYLENE 10 0.38 0.47 0,030 2.4 10 0.37 0.45 0.029 2.4 0.37 2.4
1-NQONENE 10 0.38 0.49 0.011 0.9 6 0.23 0.28 0.006 0.5 0.25 0.6
TRANS-3-NONENE i 0.00 0.00 0.000 0.0 7 0,00 0.00 0.000 0.0 0.00 0.0
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I Pageid#: 155
TEST NUMBER: 1-2D-3
ENGINE: 1997 CUMMINS N-14
TEST DATE: 11/26/97
TEST FUEL: EM-2494-F
COLD HOT COMPOSITE
WT. NMOG WT. NMOG .
WEIGHT |REACTIVITY| OZONE, WEIGHT |REACTIVITY| OZONE, OZONE,
COMPOLIND MG MG/BHP-HA[NMOG %} FACTOR | MG/BHP-HA MG MG/BHP-HR|NMOG %[ FACTOR |MG/BHP-HR|MG/Ol{P-HR | MG/BHP-HR
METHANE 0 0.00 0.0 0 0.00 0.0 0.00 0.0
ETHANE 1 0.04 0.05 0.000 0.0 0 0.00 0.00 0.000 0.0 1ruce 0.0
ETHYLENE 305 11.54 14.87 1.084 84.2 274 10.28 13.29 0.969 750 10,46 76.3
PROPANE Q 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.00 0.0
PROPYLENE 96 .62 4.66 Q.428 34.0 83 3.50 4.52 0.425 329 3.51 33.0
ACETYLENE 58 2.19 2.82 0.014 1.1 50 1.87 2.42 0.012 0.9 1.42 10
PROPADIENE 0 0.00 0.00 0.000 0.0 [i] 0,00 0.00 0.000 0.0 0.00 0.0
BUTANE 2 0.06 0.08 o001 0.) g 0.00 0.00 0.000 0.0 race 0.0
TRANS-2-BUTENE 5 Q.17 0.22 0.022 b7 5 Q.18 023 0023 1.8 0.18 1.8
1-BUTENE 29 1.10 1.42 0.126 9.8 29 1.1 1.43 0.127 9.9 1.11 9.8
| 2:METHYLPROPENE (ISOBUTYLENE] 25 0.56 1.23 0.065 5.1 21 0.79 1.02 0.054 4.2 0.81 4.3
2,2-DIMETHYLPROPANE (NEQPENTANE) 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
PNOPYNE 6 0.21 027 0011 0.9 5 0.20 0.26 0.011 0.8 020 0.8
1,3-BUTADIENE 35 1.33 1.71 0. 186 14.5 34 . 1.28 1.66 0.180 14.0 1.29 14.0
2-METHYLPROPANE {ISOBUTANE) [+] 0.00 0.00 0.000 0.0 _ a 0.00 0.00 0.000 Q.0 0.00 0.0
1-BUTYNE o] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 Q0 0.00 0.0
METHANOL 0 .00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-2-BUTENE 3 0.13 0.17 0.017 1.3 <) 0.13 0.17 0017 1.3 0.13 1.3
3-METHYL-1-BUTENE D 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHANOL 1) 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 .00 0.0
2-MEIHYLBUTANE {ISOFENTANE] 4] 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-BUTYNE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.060 0.0 0.00 0.0
{-PENTENE 0 0.00 0.00 0.000 0.0 D 0.00 0.00 0.060 0.0 0.00 0.0
2-METHYL-1-BUTENE 7 0.26 0.33 0016 1.3 G 0.21 0.27 0.013 1.0 0.21 1.0
PENTANE 1 0.03 D04 0.000 0.0 2 007 0.09 0.001 0.1 0.06 0.1
UNIDENTIFIED G5 OLEFINS Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-1,3-BUTADIENE 5 0.20 0.25 0.023 1.8 0 0.00 0.00 0.000 0.0 0.03 0.3
TRANS-2-PENTENE o) 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,3-DIMETHYL-1-BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 .00 0.000 0.0 0.00 0.0
[C15-2-PENTENE 7 0.26 0.33 0.029 2.3 6 02! 0.27 0.024 L 1.9 0.22 1.9
2-METHYL-2-BUTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TERT-BUTANOL 1] 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 .00 0.0
CYCLOPENTADIENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.2-DIMETHYLBUTANE 4] 0.00 0.00 0.000 0.0 5 0.20 0.26 0.002 0.2 0.7 0.1
CYCLOPENTENE \] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
4-METHYL. 1-PENTENE 0 0.00 0.00 0.000 00 0 0.00 0,00 0.000 0.0 0.00 0.0
3-METHYL-1-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 .09 c 0.0
| CYCLOPENTANE 0 0,00 a.00 0.000 111 1] 0.00 0.00 0.000 0.0 0.00 0.0
2.3-DIMETHYLBUTANE 0 0.00 D.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
MTBE 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 __0.0g0 0.0 0.00 0.0
4-METHYL-CIS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0,00 Q.00 ..0.000 0.0 0.00 0.0
2-METHYLPENTANE 0 0.00 0.00 0.000 0.0 3 0.09 0.12 0.002 0.1 0.08 0.1
4-METHYL-TRANS-2-PENTENE | 0 0.00 .00 0.000 0.0 0 0.00 0.00 ° 0.000 0.0 0.00 0.0
3-METHYLPENTANE 1 0.04 0.06 0.001 0.1 5 0.19 0.24 0.004 0.3 0.17 0.3
2-METHYL-1-PENTENE 14 0.54 0.70 0.031 2.4 16 0.61 0.79 0.035 2.7 0.60 279
1-HEXENE 14 0.54 0.70 0.031 2.4 16 0.61 0.79 0.035 2.7 0.60 2.7
HEXANE 1] 0.02 0.02 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
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UNIDENTIFIED C6 OLEFINS 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TBANS-3-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
C15-3-HEXENE 0 0,00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
DI-HISOPROPYL ETHER 0 0.00 0.00 0.000 0.0 Q 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2.HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYL-TRANS-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-2-PENTENE 4] 0.00 0.00 0.000 0.0 o 0.00 0.00 0.000 0.0 0.00 0.0
JI-METHYLCYCLOPENTENE ] 0.00 0.00 0.000 2.0 0 0.60 0.00 0.000 0.0 0.00 0.0
CIS-2-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETBE o] 0.00 0.00 0.000 00 g 0.00 0.00 0.000 0.0 0.00 0.0
IMETHYL-CIS-2-PENTENE g 0.00 0.00 0.000 0.0 D 0.00 0.00 0.000 0.0 0.00 0.0
2.2-DIMETHYLPENTANE, NOTE A 0 0.00 0.00 0.000 0.0 3 0.11 0.14 0.002 0.2 0.10 04
METHYLCYCLOPENTANE, NOTE A 0 0.00 0.00 0,000 0.0 3 0.1 0.14 0.004 0.3 0.09 0.3
2.4-DIMETHYLPENTANE 3 0.13 0.17 0.003 0.2 0 0.00 0.00 0.000 0.0 0.02 o0
2,2.3-TRAIMETHYLBUTANE 0 trace 0.00 0.000 0.0 o 0.00 0.00 0.000 0.0 frace 0.0
3,4-DIMETHYL-1-PENTENE 0 0.00 0.00 0.000 0o o] 0.00 0.00 0,000 0.0 0.00 0.0
1-METHYLCYCLOPENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
BENZENE 36 1.35 1.74 0.007 0.6 20 0.76 0.98 0.004 0.3 0.85 0.4
A-METHYL-1-HEXENE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 0.00 0.0
3.3-DIMETHYLPENTANE 6 0.23 0.29 0.002 0.2 4] 0.00 0,00 0.000 0.0 0.03 0.0
CYCLOHEXANE 0 0.00 0.00 0.000 0.0 4] 0.00 0..0 0.000 0.0 0.00 0.0
2-METHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0o 0.00 2.0
2.3-DIMETHYLPENTANE 0 0.02 0.02 0.000 0o [¢) 0.00 000 0.000 0.0 0.00 0.0
1,1-DIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.0 0.000 0.0 0.00 0.0
TERT-AMYL METHYL ETHER 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
CYCLOHMEXENE 0 lriace 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 lrace 0.0
3-METHYLHEXANE Y] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-1,3-DIMETHYLCYCLOPEN TANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
J-ETHYLPENTANE ] 0.00 0.00 0.000 0.0 1 0.06 0.07 0.001 0.1 0.05 0.1
TRANS-1.2-DIMETHYLCY CLOP ENTANE 0 0.00 0.00 0.000 [+]1] 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1,3-DIMETHYLCY CLOPENTANE 5 0.20 0.26 0.007 0.5 0 0.00 0.00 0.000 0.0 0.03 0.1
#-HEPTENE Q 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.24-TRIMETHYLPENTANE 8 0.20 0.25 0.002 0.2 4 0.14 0.18 0.002 0.1 D.14 0.1
2-METHYL-1-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TAANS-3-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.060 0.0
HEPTANE 4] 0.00 0.00 0.000 0.0 2 0.08 0.10 0.001 0.1 0.07 0.1

CI15-3-HEPTENE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C7 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYL-2-HEXENE 0 0.00 0,00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-METHYL-TRANS-3-HEXENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-2-HEPTENE 0 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
3-ETHYL-CIS-2-PENTENE 0 0.00 0.00 0.000 0.0 o 0.00 0.00 0.000 Q.0 0.00 0.0
2,4,4-TRIMETHYL-1-PENTENE 0 0.00 0.00 0.000 6.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
2,3-DIMETHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
CIS-2-HEPTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 n.o
ME_THYLCYCLOHEXANE 3 0.11 0.15 0.003 0.2 4 0.15 0.19 0.004 0,3 0.15 0.5_
C15-1,2-DIMETHYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
2,2-DMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1.1,3-TRIMETHYLCYCLOPENT ANE 0 0.00 0.00 0.000 0.0 0 Q.00 0.00 0.000 0.0 0.00 0.0

2,4,4-TRIMETHYL-2-PENTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.0

2.23-TRIMETHYLPENTANE B 0.24 0.30 0.004 0.3 2 0.06 0.08 0.001 041 0.09 0.1

2 5.DIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 \] 0.00 0.00 0.000 0.0 0.00 0.0

ETHYLCYCLOPENTANE 4] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0

2,4-DIMETHYLHEXANE 1 0.04 0.05 0.001 0.1 4 0.16 0.21 0.003 0.2 0.14 0.2

1-TRANS:2-C1S-4-TRIMETHYLCYCLOPENTANE D 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
13.3-DIMETHYLHEXANE ____ 0 0.00 0.00 0.000 0.0 0 0.00 0.0 0.000 0.0 0.00 0.0
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CIS-3-NONENE o 0.00 0.00 0.000 0.0 0 000 0.00 0.000 0.0 0.00 0.0
NONANE 12 0.79 0.87 0.005 0.4 20 0.76 0.93 0.005 0.4 0.75 0.4
TRANS-2-NONENE o 0.00 000 0.000 0.0 0 0.00 0,00 10.000 0.0 0,00 0.0
ISOPROPYLBENZENE [CUMENE) 6 024 029 0.007 05 0 o.uo 0.00 0.000 0.0 003 0.1
2.2-DIMETHYLOCTANE o 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
2.4-DIMETHYLOCTANE 8 0.24 0.36 0.004 03 8 0.29 0.35 0.004 0.3 029 0.3
n-PROPYLBENZENE a 0.30 0.37 0.008 08 5 0.18 0.22 0005 0.4 0.20 04
1-METHYL-3-ETHYLBENZENE 15 Q.55 0.68 0.049 a9 i4 0.51 0.63 0.045 a7 052 7
1-METHYL-4-ETHYLBEN2ZENE 10 0.36 044 0.032 2.6 10 0.39 0.48 0.034 28 0.38 28
1,3.5- VRIMETHYLOENZENE 1 0.41 0.50 0.051 4.1 12 043 0.53 0.053 43 0.43 43
1-METHYL-2-ETHYLBENZENE 10 0.37 0.46 0.033 26 11 041 0.50 0.036 2.9 0.40 29
1,2.4-TRIMETHYLBENZENE 22 081 1.00 0.089 7.1 20 0.76 0.93 0.082 6.7 0.76 6.7
TEAT-BUTYLBENZENE 1] 0.00 0.00 ©.000 0.0 0 0.00 0.00 0.000 090 0.00 0.0
1-DECENE 1] 0.00 0.00 050 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
DECANE. NOTEF 16 0.59 0.73 0.003 043 13 0.4g 0,59 0.003 02 0.50 0.2
|ISOBUTYLBENZENE, NOTE F 15 0.56 0.69 0.013 1.0 12 045 0.55 0010 0.8 047 09
1,3.-DIMETHYL-5-E THYLBENZENE ] 0.00 0.00 0.000 00 0 000 0.00 0.000 0.0 0.00 00
METHYLPROPYLBENZENE {sec butylbanzeng) 5 20 0.25 0005 04 0 0.00 0.00 0.000 0o 0.03 0.1
1-METHYL-3-ISOPROPYLBENZENE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 00 0.00 0.0
1.2.3 TRIMETHYLBENZENE 12 044 0.54 ©.048 3.9 8 0.31 0.38 0034 28 0.33 29
1-METHYL-4-ISOPROPYLBENZENE 9 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 00
INDAN 0 000 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 6.0
I-METHYL-2-ISOPROPYLBENZENE 7 0.27 0.34 0.020 1.6 o 0o 0.00 0.000 0.0 004 0.2
1.3-DIETHYLBENZENE 0 000 0.00 0.000 0.0 [} 0.00 0.00 0.000 0.0 0.00 0.0
1.4-DIETHYLBENZENE 7 027 0.34 0.022 1.8 10 0.37 0.48 0.030 24 0.36 23
1-METHYL-3-N-PROPYLBENZENE 0 0.00 6.00 0.000 0.0 5 0.19 0.23 0,015 1.2 0.16 1.0
1-METHYL-4-N-PROPYLBENZENE, NOTE G 0 0.00 0.00 0000 00 15 0.57 0.70 0.045 37 0.49 31
1.2 DIETHYLBENZENE 0 0.00 0.00 0.000 oo 0 g.00 0.00 0000 0.0 0.00 0.0
1-METHYL-2-N-PROPYLBENZENE 5 0.20 0.25 0.016 1.3 7 0.27 0.33 0.021 1.8 0.26 1.7
1,4-DIMETHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.0 0.0]
1,3-DIMETHYL-4-ETHYLBENZENE 0 0.38 0.47 0.043 34 12 0.45 0.55 0.080 4.1 0.44 1.0
|1.2-DIMETHYL-4-ETHYL BENZENE o 0.00 000 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
1,3-DIMETHYL-2-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
UNDECANE 59 223 2.76 0.092 0.8 71 2,65 3.24 0.014 1.1 2.59 11
1.2-DIMETHYL-3-ETHYLBENZENE o 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0o 0.00 0.0
1.2,4.5-TETHAMETHYLBENZENE 1 0.42 052 0.048 38 23 DAz 1.06 0.096 7.9 0.80 7.3
2-METHYLBUTYLBENZENE (sec AMYLBENZENE} 1] 0.00 0.00 0.000 0.0 0 0.09 0.00 0.000 0.0 0.00 0.0
3.4 DIMETHYLCUMENE 0 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 00
1,2,3.5-TETRAMETHYLBENZENE 18 067 0.83 0075 6.1 14 0.83 0.54 0.058 1.8 0.55 50
TERT-1-BUT-2-METH(YLBENZENE g 0.94 042 0.025 29 1 0.40 0.49 0.028 23 0.39 23
1,2,3.4-TEIRAMETHYLBENZENE 0 0.00 0.00 0.000 00 [i] 0.00 0.00 0.000 0.0 0.00 0.0
N-PENT-BENZENE ; 17 0.63 0.78 0.013 11 21 0.79 0.97 0.016 1.3 0.77 1.3
| TERT-1-BUT-3,5-DIMETHYLBENZENE 10 0.38 .48 0.038 2.8 1t 0.39 0.48 0.036 2.9 0.39 2.9
TERT-1-BUTYL-4-ETHYLBENZENE g 0.00 0.00 0.000 0.0 ] 0.00 0.00 0.000 0.0 0.00 0.0
NAPHTHALENE 5 021 0.26 0.003 0.2 T 0.26 0.31 0.004 0.3 0.25 03
DODECANE 34 1.30 1.61 0.006 05 47 1.74 213 0.008 X 1.67 0.6
1.3,5-TRIETHYLBENZENE 0 0.00 0.00 0.000 0.0 a 0.00 0.00 0.000 00 0.00 0.0
]1.24-TRIETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.60 0.0
|HEXYLBENZENE ! 9 0.00 0.00 0.000 9.0 1] 0.00 0.00 0.000 0.0 0.00 0.0
UNIDENTIFIED C9-Ci2+ 110 1.14 §13)  D.186 15.8 148 5.53 6.76 -+ 0.258 211 533 203
FORMALDEHYDE asa 1347] 1670 1.194 96.3 366 1362] 1868 1,192 97.4 13.60 07.2
ACETALDEHYDE T 127 477 591 0.326 263 123 4.59 Sl ' o310 253 4.61 25.5
ACROLEIN 33 1.24 1.54 0.104 8.4 30 113 1.39 :_0.094 7.7 115 18
ACETONE 1 153 1.90 0011 0.9 37 1.29 170 0.010 08 141 o4
PROPIONALDEHYDE 74 77 3.44 0.225 18.1 67 2.49 3.05 0.199 16.3 253 16.6
CROTONALDEHYDE G1 230 286 0.155 12,5 62 2.28 2.80 0.152 12.4 2.29 124
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1
ISOBUTYRALDEHYDE, NOTE H 1 0.43 0.53 0.028 23 14 0.53 0.65 0.034 2.8 0.52 27
| METHYL ETHYL KETONE, NOTE M 1 0.43 0.53 0.008 0.5 11 0.53 0.65 0.008 0.6 0.52 0.8
BENZALDEHYDE 12 0.48 0.58 -0.003 0.3 13 0.18 0.58 0.0 0.3 0.47 -0.53
ISQVALERALDEHYDE 7 0.26 0.32 0.014 1.1 7 0.24 0.30 0.013 1.1 0.24 1.1
VALERALDEHYDE 13 0.47 0.59 0.026 2.1 ] 034 0.42 0.018 1.5 0.26 1.6
O-TQLUALDEHYDE ] 0.29 0.3 -0.002 0.2 ] 0.32 0.35 -0.002 -0.2 022 0.2
M/P-TOLUALDEHYDE 58 2.17 2.69 -0.015 =1.2 49 1.82 222 -0.012 -1.0 1.87 =1.0
HEXANALDEHYDE 10 0.38 047 0.018 1.4 9 0.25 0.43 0.016 1.3 0.36 1.3
DIMETHYLBENZALDEHYDE 11 0.42 0.53 -0.000 0.2 13 0.47 0.58 -0.003 0.3 047 -0.3
[ SUMMED SPECIATED VALUES 1 21441 81 100] 5] 2221 2195 82| 100 | 5] 424] az] 124]
A - 2,2-Dimethyipenlane and methyicyclopentane ca-elule. GC peak area splil equally betwepn Ihe two compaounds.
B - 3-Methyl-3-ethy-pentane co-elutes with reported compound. Not reporied separalely.
C - Cis-1,4-Dimethylcyclohexane co-elules with reported compound. Not reparled separalely.
D - Propyleyclopentane co-slutes with reported compound. Not reported separalely.
E - 2,5-Dimslhylheptane and 3,5-dimethylheplane co-elute. GC peak area split equally belween the two coinpounds.
F - Decane and isobutylbenzene co-elute. GC peak area split ayually balweon the 1wo carmpounds.
G - n-Bulylbenzene co-elules with reparied compound. Ngt reporled separately.
H - isobulyraldehyde and melhyl ethyl kelone co-elule. LC peak area split equally between lhe iwa compounds.
BAG CART VALUES .
HC 5518 208 7296 272 262
Cco 24522 922 19120 712 742
co2 15136000 569349 14946000 556234 558107
NOX 129129 4856 120059 4479 4533
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C15-3-HONENE 0 0,00 .00 0.000 0.0 0.00 0.00 0.000 0.0 Q.00
NONANE 13 0.47 0.51 0.003 03 0.86 1.11 0.006 0.5 0.80
TRANS-2-NONENE 0 000 0.00 0.000 00 0.60 0.00 0.000 Q.0 0.00
ISOPROPYLBENZENE (CUMENE} 6 Q24 0.1 0.007 0.5 0.31 0.40 0.009 0.7 0.30
2,2-DIMETHYLCCTANE 1] 0.00 0.00 0.000 0.0 Q.00 0.00 R.000 0.0 0.00
2,4-DIMETHYLOCTANE 11 041 0.53 0005 0.4 0.35 0.45 0.005 04 0.36
n-PROPYLB[:ZyZENE 6 0.23 0.0 0.006 0.5 0.9 Q.51 0.011 0.8 0.37
1-METHYL-3-ETHYLBENZENE 1 0.41 Q.53 0.038 29 0.53 0,68 0,049 3.8 0.51
1-METHYL-4-ETHYLBENZENE 7 0,26 0.34 0.025 1.9 0.35 Q.45 0.023 2.5 0.34
1,3,5-TRIMETHYLBENZENE 7 0.27 0.35 0.036 2.8 Q.45 0.58 0,059 4.5 0,42
L_I:M_ETHYL-Z-ETHYLBENZENE a 0.30 0.39 0,028 2.2 0.41 0.54 0.038 3.0 0.40
1,2,4-TRIMETHYLBENZENE ] Q.12 0.15 0.014 1.1 Q.66 0.85 0,075 58 0.58
TERT-BUTYLBENZENE 0 0.0Q Q.00 0.000 Q0 0.00 0.00 0.000 0.0 0.00
1-DECENE 0 0.00 0.00 d.000 0.0 0.00 0.00 0,000 0.0 0.00
DECANE, NOTE F q 0.14 0.19 0,001 0.1 0.53 0.68 0.003 0.2 0.47
ISOBUTYLBENZENE, NOTE F 4 0.14 017 0.003 0.3 0.50 0.54 0,012 09 0.44
1,3.-DIMETHYL-5-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0.00 0.00 0.000 0.0 0.00
METHYLPROPYLBENZENE [scc butylbenzene) 0 0.00 0.00 0.000 Q0 1] 0.00 0.00 0.000 0.0 0.00
1-METHYL-3-ISOPROPYLBENZENE { 0.00 0.00 0.000 0.0 1] 0.00 0.00 0.000 00 0.00
1,2,3-TRIMETHYLBENZENE 1] 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 (_):9 0.00
{-METHYL-4-1ISOPROPYLBENZENE 0 0.00 0.00 0.000 00 0 0.00 0.00 0.000 0.0 Q.00
INDAN 0 000 0.00 0.000 0.0 1] 0.00 000 0.000 0.0 0.00
1-METHYL-2-1SOPROPYLDENZENE 6 023 0.30 0.018 1.4 7 0.26 0.33 0.020 158 0.26
1,3-DIETHYLBENZENE 4] 0.00 0.00 Q000 0.0 0 0.00 0.00 0,000 0.0 0.00
1,4-DIETHYLBENZENE 0 0.00 Q.00 0.000 0.0 7 0.26 0.33 0.021 1.7 0.22
§-METHYL-3-N-PROPYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 .00 0.000 0.0 0.00
1-METHYL-4-N-PROPYLBENZENE, NQTE G Q Q.00 0.00 0,000 0.0 [:] 0.30 039 0.025 1.9 0.26
1,2 DIETHYLBEN_E_:_I:ZNE 1] 0.00 0.0¢ 0.000 00 1] 0.00 0.00 0.000 0.0 0.00
1-METHYL-2:-N-PROPYLBENZENE 7 025 0.32 0.021 1.6 6 0.21 0.27 a.018 1.4 0.22
1,4-DIMETHYL-2-ETHYLBENZENE g 0.00 .00 0.680 o)) 0 0.00 0.00 0.000 0.0 0,00
1,3-DIMETHYL-4-ETHYLBENZENE O 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00
I.Z-DIMETHYL-d-ETHYLB,E_PﬂENE 4] 0.00 0.00 0.000 Q0 ] 0.00 0.00 0.000 0.0 .0.00
1,3-DIMETHYL-2-ETHYLBENZENE Q 0.00 0.00 0,000 0.0 V] 0.00 0.00 0.000 0.0 .00
UNDECANE 40 1.50 1.83 0.008 0.6 53 2.00 2.59 0.011 08 1.93
1.2:DIMETHYL-3-ETHYLBENZENE Q0 0.G0 0.00 0,000 0.0 ] 0.00 0.00 0.000 0.0 0.00
1,2.4,5-TETHAMETHYLBENZENE 13 0.50 0.64 0.058 4.5 5 Q.20 0.26 0.024 1.8 0.24
2.METHYLBUTYI.BENZENE (scc AMYLBENZENE) 0 0.G0 0.00 0.000 Q.0 1] 0.00 0.00 0.000 0.0 0.00
3.4 DIMETHYLCUMENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 Q.00
1,2,3,5-TETRAMETHYLBENZENE 0 0.00 0.00 0.000 Q.0 9 0.34 0.45 0.040 3.1 0,20
TERT-1-BUT-2-METHYLBENZENE 5 0.21 0.27 0.018 1.2 12 0.45 0.58 0.034 26 0.42
1.2.3.4-TETRAMETHYLDENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.00
N-PENT-BENZENE 14 0.55 0.71 0.012 0.9 21 0.77 1.00 0.017 1.3 0.74
TERT-1-BUT-3,5-DIMETHYLBENZENE 7 0.28 0.36 0.027 2.1 6 0.23 0.30 0.023 1.8 0.24
ERT-I-BUTYL-‘!-ETHYLBENZENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.600 0.0 0.00
NAPHTHALENE 1 0.43 0.56 0.007 0.5 10 037 047 0.006 0.4 0.37
DODECANE 48 1.81 234 0.003 Q.7 1.72 2.23 0.008 0.7 1.74
1,3,5-TRIETHYLBENZENE ] 0.00 0.00 0.000 Q.0 0.00 0.00 0.000 0.0 0.00
1,2 4-TRIETHYLBENZENE 0 0.00 0.00 0.000 0.0 0.00 0.00 0.000 0.0 0.00
HEXYLBENZENE 1] 0.00 0.00 0.000 Q.0 0.00 0.60 0.000 0.0 0.00
__U_NI_DENTﬂg_D C9-Ci12+ 75 2.83 3,65 0.139 10.8 4.06 525 0.200 15.5 3.89
FORMALDEHYDE , 380 14.38 18.53 1.325 102.8 13.50 17.45 1.247 98.5 13.62
ACETALDEHYDE 137 519 6,68 (0.368 28.6 4,80 6.21 + 0.343 2_5.5 4.86
ACROLEIN 41 1.56 2.01 0.136 10.6 1.51 1.96 0.132 10.2 1.52
ACETONE 56 2.13 2.74 0.015 1.2 1.26 1.63 0,009 0.7 1.28
PROPIONALDEHYDE 52 1,96 2.52 0.165 12.8 2.41 3,12 0.204 15.7 2.35
CROTONA_l._IlEHYDE 53 1.99 2.56 0.139 t0.8 1.85 2.39 0.130 10.0 1.87
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1-TRANS-2-CI5-3-TRIMETH Y LCYCLOPENTANE o 0.00 0.00 0.000 0.0 [ 0.00 0.00 0.000 0.0 0.00 0.0
2.3.4- TRIMETHYLPENTANE 2 0.08 0.09 0.001 0.1 i 0.00 0.00 0.0C0 00| uace 0.0
2,3, 3-TRIMETHYLPENTANE 1 0.05 0.07 0.001 0.1 1 0.04 0,05 0.001 0.0 0.04 0.0
TOLUENE _ 50 1.89 2.44 0.067 5.2 11 0.42 0.54 0.015 1.2 0.63 1.7
2,3-DIMETHYLHEXANE 5 0.2! 0.27 0.004 0.3 10 039 0.50 0.007 05 0.36 0s
1.1,2-TRIMETHYLCYCLOPE NTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 00 0.00 0.0
2-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 6 021 0.27 0.003 0.2 0.18 0.2
3.4-DIMETHYLHEXANE, NOTE B 0 0.00 0.00 0.000 0o 0 0.00 0,00 0.000 9.0 0.00 0.0
4-METHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0,00 0.00 0.000 0.0 000 0.0
|3-METHYLHEPTANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
1-CIS,2-TRANS.3- TRIMETH YLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
CIS-1.3-DIMETHY LCY CLOHEXANE o 0.00 0.00 0.000 0.0 o 0.00 0.00 0.000 0.0 0.00 0.0
TAANS-1,4-DIMETHYLGYC LOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3-ETHYLHEXANE 0 000 0.00 0.000 0.0 7 0.28 0.36 0 004 0.3 0.24 0.3
2.2.5- TRIMETHYLHEXANE 7 0.25 0.32 0.003 0.2 B 031 0.40 0.004 0.3 0.30 03
TRANS-1-METHYL-3-ETHY LCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 0.0 0.00 0.0
CI5-1-METHYL-3-ETHYLCY CLOPENTANE 1 0,49 062 0.012 0.9 16 0.58 0.75 0.015 1.1 0.57 1.1
1.1 DIMETHYLCY CLOHEXANE u 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TRANS-1-METHYL-2-ETHY LCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0,000 0.0 0.00 0.0
1-METHYL-1-EYHYL-CYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.4.4-TRIMETHYLHEXANE o 0.00 000 0.000 0.0 D 0.00 0.00 0.000 0.0 0.00 0.0
2,2.4-TRIMETHYLHEXANE [ 0.00 0.00 0.000 0.0 0 0 w0 0.00 0.000 0.0 0.00 0.0
TRANS-1,2-DIME THYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0,00 0.000 6.0 .00 0.0
1-OCTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 00
TRANS-4-OCTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
OCTANE 9 0.35 0.45 0.003 02 10 0.58 0.49 0.003 0.2 0.37 0.2
UNIDENTIFIED CB 0 0.00 0.00 0.000 0D 6 0.23 0.30 0.010 08 0.20 07
TRANS-2-DCTENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
TAANS-1,3-DIMETHYLCYCLOHEXANE, NOTE C 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 09 0.00 0.0]
€15-2-0CTENE 0 0.00 0.0 0.000 0.0 g 0.00 0.00 0.000 0.0 0.00 0.0
ISOPAOPYLCYCLOPENTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2,2-DIMETHYLHEPTANE 0 0.00 0.00 0.000 06 0 0.00 0.00 0.000 0.0 0.00 0o
2.3,5-TRIMETHYLHEXANE 0 0.00 0.00 0.000 0.0 0 000 0.00 0.000 0.0 0.00 00
CIS-1-METHYL-2-ETHYLCYCLOPENTANE 0 0.00 0,00 0,000 0.0 0 0.00 0.00 0000 0.0 0.00 00
2.4-DIMETHYLHEPTANE 0 0.00 000 0.000 0.0 0 0.00 0.00 0.600 0.0 0.00 0.0
4,4-DIMETHYLHE PTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 000 0.0
CIS- 1.2-DIMETHYLCYCLOHEXANE D 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
ETHYLCYCLOHEXANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.6-DIMETHYLHEPTANE, NOTE D W7 0.63 0.1 0.008 0.7 1 0.51 0.66 0.008 0.6 0.53 06
1,1,3- TAIME THYL.CYCLOHE XANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2.5.DIMETHYLHEPTANE, NOTE E 6 0.24 0.30 0.003 03 7 0.25 0.32 0.004 0.3 0.25 03
9.3-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
3,5-DIMETHY LHEFTANE, NOTE E 0 0.00 0.00 0.000 0.0 o 0.00 0.00 " 0.000 0.0 0.00 0.0
ETHYLBENZENE 21 0.81 1,04 0.028 232 24 0.89 1.15 0.033 24 0.88 24
2.3 4-TRIMETHYLHEXANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 00]
2,.3-DIMETHYLHEPTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
-8 p-XYLENE 28 1.07 1.37 0.101 7.9 31 1.16 1.50 0.111 8.6 1.15 8.5
4-METHYLOCTANE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0,00 0.0
3.4-0IMETHYLHEPTANE "0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
4-ETHYLHEPTANE 0 0.00 0.00 0,000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
2-METHYLOGTANE 7 0.28 0.36 0.004 03 10 0.37 0.48 0.005 0.4 0.36 0.4
3-METHYLOCTANE 5 0,19 0.24 0.003 0.2 8 0.28 0.36 D.004 0.3 0.27 0.3
STYRENE 0 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0.0
0-XVLENE 15 0.59 0.76 0.048 38 12 0.44 0.57 0.037 2.0 0.47 3.0
1-NONENE 12 0.46 0.59 0.013 1.0 9 0.33 0.42 0.009 0.7 0.35 08
[TRANS-3-NONENE [ 0.00 0.00 0.000 0.0 0 0.00 0.00 0.000 0.0 0.00 0o
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ISOBUTYRALDEHYDE, NOTE H 12 0.44 0.57 D.030 2.3 16 0.58 076 0.040 3.1 0.56 3.0
METHYL ETHYL KETONE, NOTE H 12 0.44 0.57 0.007 0.5 16 0.58 0.76 0.009 0.7 0.56 0.7
BENZALDEHYDE 18 0.56 0.85 .005 04 23 0 84 1.09 -0.008 0.5 0.82 Q.5
1SOVALERALDEHYDE 8 0.31 040 0.018 14 8 0.28 0.37 0.016 1.3 0.29 1.3
VALERALDEHYDE 18 0.70 0.90 0.040 3.1 11 0.40 Q.52 0.023 1.8 0.45 2.0
O-TOLUALDEHYDE 8 0.29 0.38 -0.002 -0.2 1 041 0.53 -0.003 -0.2 0.40 -0.2
M/P-TOLUALDEHYDE 54 2.03 2.62 -0.014 -1 43 1.60 207 -0.011 -0.9 1.67 -0.9
HEXANALDEHYDE 10 0.37 0.48 0.018 1.4 ] 0.35 045 0.017 1.3 0.35 1.3
DIMETHYLBENZALDEHYDE 7 0.26 0.34 0,002 0.1 6 022 0.29 -0.002 0.1 0.23 -0.1
| SUMMED SPECIATED VALUES ] 2052 | A 100] 5[ 29| 2064 | 77] 100] 5] 396 | 77] 396 |
A - 2,2-Dinethylpentane and melhylgyclopenlane co-elule. GC peak area split equally between Iha two compounds.
B - 3-Methyl-3-elliy-pentane co-elutes wilth reported compound. Mot ieported separately.
C - Cis-1,4-Dimelhylgyclohexane co-elules wilh reported compound. Nol reported separately,
D - Propylcyclopentane co-elules with reported compound. Not reported separately. .
E - 2.5-Dimelhylheptane and 3,5-dimelhylheptana co-elute. GC peak area split equally belween the lwa compounds.,
F . Dacane and isobulylbenzene co-elute. GC peak area splil equally belween the two compounds.
G - n-Butylbenzene co-elutas with reported compound. Not reported separatety,
H - Isobutyraidehyde and melhy] ethyl ketone co-elute. LC peak area splil equally belween the 1wo compounds.
BAG CART VALUES
HC 6038 228 5207 213 232
CO 23810 901 20313 761 781
CD2 14992000 567234 14814000 555247 556960
NOX 129201 4888 121814 4566 4612
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APPENDIX TABLE D-1. PAH AND nPAH DATA

B100-1
Mass, ng Corracted Brake-Specilic Mass, ng/hp-hr
Filter PUF Filter Fractlons
Compound Cold Hot Bkgrd Sample Bhgrd Cold Hot PUF Compaosite Fliter PUF
[Benzo{ajanthracens 26703 24910 308 20111 2763 1104 1020 156 167 B7% 13%
Chrysene 3977 5095 639 52764 9107 140 185 258 436 11% 59%
Benzo(b)liuoranthene 4829 5095 186 30930 L a77 194 203 180 383 53% 47%
Benzo(k}fluoranthene 4261 4529 163 23653' 204 171 181 138 318 56% 44%
[Benzo(a)pyrene 2585 3ag7 1046 17467 | 53 64 a7 103 196 7% 53%
[indena(1,2.3-cd) pyrene 2358 2519 93 12372 nd g5 101 73 173 58% 42%
[lDibenzta.njanthracene 682 736 nd 3093 nd 29 AN 18.3 a8 62% 30%
Benzo(g.h.i)perylens 3125 3680 122 1109% 188 126 147 64 209 69% 1%
2-Nitrofluorene ) 224 163 58 176 131 0.1 6.1 0.0 6.5 100% %6
{-Nilropyrene 193 153 756 18 24 7.8 6.0 0.0 6.4 100% 0%
7-Nitrobenz{ajanthracene 4.0 a4 nd 25 nd Irace trace frace trace n‘a n/a
6-Nitrochrysene 26 7.1 nd 14 nd tace Lrace trace trace n/a n/a
6-Nitrobenz{a)pyrene nd nd nd nd nd nd nd nd nd__ n/a nfa
B100-2
Mass, ng Correclad Brake-Specific Masgs, ngihp-hr
Filter PUF Fiiter Fractlons

Compound Cold Hot Bkgrd Sample Bkgrd Cold Hot PUF Composite Flitar PUF
||Banzo(a)anthracense 39323 17507 308 62728 2764 1637 729 as4 1212 7% 29%
Chrysene 6957 3087 639 116162 a1o07 265 1M €32 757 . 16% 84%
Benzo(b)llueranthens 10587 2686 186 48788 ar7 436 104 286 437 1 35% 65%
Benzo(k)luoranthene 9679 2902 163 39495 204 359 113 232 386 40% 60%
(Benzo(a)pyrene 5747 1914 1046 32525 53 197 36 192 250 23% 7%
indeno(1,2,3-cd)pyrene 4537 1451 93 22303 nd 186 56 132 206 36% 64%
||Dibenz(a,hjanthracensa 1301 432 nd 5343 nd 55 18 32 55 42% 98%
fBenzo(g.h.I)perylene 6050 2038 122 16727 188 249 79 98 201 51% 49%
2-Nitrellugrena 200 213 5.8 207 1131 8.1 8.6 0.0 8.5 100% 0%
1-Nitropyrene 163 114 7.6 15 24 6.5 4.4 0.0 4.7 100% 0%
7-Nitrobenz{a)anlhiracena 10 nd nd 16 nd lraca nd Irace trace n/a n/‘a
6-Nitrochrysena 12 y hd nd 12 nd 0.5 nd frace " trace na na
i]G-Nilrobenzta)Dvrene nd nd ng 17 nd nd nd fraca _| trace n/a n/a
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APPENDIX TABLE D-1 (CONT'D). PAH AND nPAH DATA
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B100-3 |‘|
Mass, ng Corrected Brake-Speciflc Mass, ng/hp-hr
Filter PUF Fifter Fractlons

Compound Cold Hot Bkgrd Sample Bkgrd Cold Hot PUF Composite Fliter PUF
||§Enzo(a)anmracene 76693 46547 308 32490 3764 3196 1910 175 2267 92% 8%
llchrysene 12611 5586 639 62660 9107 500 204 315 561 44% 56%
[Benzo(b)lluoranlhene 15686 7448 186 27849 77 647 J00 162 511 668% 2%
[Benzotk)tivoranthene 14456 6517 163 23207 ' 204 597 262 135 445 70% 30%
[[Benzo(a)pyrene 11380 3724 1046 15549 53 431 1M 91 247 63% 37%
{[mdenott.2.3-cd)pyrene 8304 3724 23 9747 nd 343 150 57 235 76% 24%
{IDibenz(a hjanthracene 2768 1303 nd 3249 nd 116 54 19.1 82 77% 23%
lloenzo(g.nijperyiene 11380 5275 122 8587 188 470 213 49 299 83% 17%
2-Niliolluorene 197 341 5.8 225 1131 8.0 14 0.0 13 100% 0%
1-Nitropyrene 157 164 7.6 23 24.5 6.2 6.5 0.0 6.4 100% 0%
7-Nitrobenz{a)anthracene 1.5 18 nd nd nd trace trace nd trace nfa n/a
6-Nitrochrysena nd 3.4 nd nd nd nd Irace nd fraco na nfa
I_s- itrobenz{alpyrens nd nd nd nd nd nd nd nd nd n_[i._.._ n/a

2D |;

Mass, ng Corrected Brake-Spacillc Mass, ng/hp-hr

Filter PUF Fllter Fractlons l‘

Compound Cold Hot Bkgrd | Sample | Bkgrd Cold Hot PUF { Composile | Filter PUF u

Banzo(a)anthracena 72407 91386 308 5029 2763 2738 3308 12.1 a3la 93.6% 04% |
Chrysena 85572 109663 639 7396 406 3226 4068 0.0 ags0 100.0% 0.0%
HBenzo(b)fluoranthene 32912 40210 186 4142 377 1243 1493 20.0 1478 98.6% 1.4%
Benzo{k)liuoranthene 42796 54832 163 4142 204 1619 2040 20.9 2002 99.0% 1.0%
Benzo(a)pyrene 36204 40210 1046 3045 53 1335 1461 20,2 1464 98.6% 1.4%
Indeno(1,2,3-cd)pyrena 19747 23760 83 3550 nd 746 883 18.9 883 97.9% 2.1%
Ilpibenz(a hjanthracene 6582 8042 nd 3254 nd 250 300 17.3 310 94% 6%

[[penzotg hiperyiene 28305 33996 122 2958 188 1070 1264 14.7 1251 98.8% 12% |
[f2-Nitrotiuorene 1679 1937 5.8 12425 1130 64 72 60 121 54% 46%
[|¢-Nitropyrena 2238 1535 7.6 414 24 85 57 2.1 63 % %
|7-Nllrobenz(a)anlhracene 2 - 31 nd 260 nd 1.2 11 14 ! 25 45% 55%
IE-Nllrachrysene 18 8.8 nd 41 nd 0.7 trace lrace 0.6 n/a nva
!B-Nllrobenzlam[ene 56 N nd A14 nd 2.1 1.2 _2.2 3.5 7% £3%
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2D-2
Mass, ng Corrected Brake-Specllic Mass, ng/hp-hr
Filter PUF Fliter Fractions

Compound Cold Hot Bkgrd Sample I Bkgrd Cold Hot PUF Composite Fliter PUF
Benzo{a)anthracana 134619 108814 308 4390 2763 5051 4038 11.9 4193 99.7% 0.3%
Chrysene 161543 128598 639 6805 9107 €051 1762 12.4 4856 95.8% 0.2%
Benzo(bjlluoranthena 69233 52758 186 373z 77 2597 1957 12.9 2080 99.4% 0.6%
Benzo(k)lluoranthens 76925 56056 163 3732 . ' 204 2087 2080 13.8 2207 99.4% 0.6%
[[Benzo(a)pyrena 61540 | 49461 1046 3073 53 2275 1802 0.0 1858 100.0% | 0.0%
“Indeno(1.2.3-cd)pyrene 33462 31655 93 2195 nd 1255 1175 8.2 1194 99.3% 0.7%
i Dibenz{a,h}anthracens 11154 j0222 nd 2195 nd 419 380 1.7 398 97% 3%
Benzo{g,h.i}perylene 46155 42866 122 1910 188 1731 1591 5.6 1616 99.7% 0.3%
2-Nitrofluorene 2269 1385 5.8 9439 1121 85 51 50 106 53% 17%
1-Nilropyrene 4616 1847 7.6 285 24 173 1] 1.2 a4 98.5% 1.5%

7-Nitrabenz(a)anthracena 42 a2 nd 21 nd 1.6 1.2 trace 14 n‘a n/a

[s-Nitrachrysena 2 20 nd nd nd 0.8 0.7 nd 0.8 na n/a

[6-Nitrohenzialnyrens 46 46 nd 154 nd 1.7 1.7 {raca 25 nfa nia

20-3 =
Mass, ng Correcled Brake-Specliic Mass, ng/hp-hr
Filter PUF Fliter Fractlons

Campound Cold Hot Bkgrd Sample Bkgrd Cold Hot PUF Composlte Filter PUF
[Benzofa)antacene 57391 50458 308 5303 2763 3295 2254 16.7 2418 89.3% 0.7%
Chrysene 110920 77251 639 pe27 9107 4173 2872 0.0 3055 100.0% 0.0%
Benzo{b)llueranthene 50418 33588 186 1748 377 1901 1252 73 1351 99.5% 0.5%
Benzo(k)lluoranthena 47057 29557 163 2497 204 1774 1102 12,2 1209 99.0% 1.0%
l|Benzo{a)pyrena 40334 24519 1046 1430 53 1487 880 73 973 99.2% 0.8%
flindenot1,2.3-cdjpyrene 26217 16458 93 1022 nd 988 613 5.4 672 99.2% 0.8%
lﬁenz‘(a.hjamhracena 8739 5710 nd 976 nd 331 214 52 236 97.8% 22%
Benzo(g,h.i)perylena 36973 21496 122 1067 188 1394 801 4.7 BEY 99.5% 0.5%
2-Nilrofluorene 2286 1545 5.8 14528 1130 86 58 71.4 133 46.4% 53,6%

1-Nilropyrene 7731 1679 7.6 704 24 292 63 3.6 99 96% 4%

7-Nilrobenz(a)anlhracena 77 a4 nd 54 nd 2.9 1.3 fraca 1.8 na nfa

||6-Nitrechrysena 44 17 rd a3z nd 1.7 0.6 frace | 0.8 n/a n‘a
]s-Niuobenz B)pyrena 37 40 nd nd. nd 14 1.8 nd ~ 1S nfa_ nla_
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Biodiesel Tier II: 90 Day Sub-Chronic
Inhalation Study of Exhaust Emissions as
Required Under Section 211(b) of thie Clean
Air Act

Organizing entity:

National Biodiesel Board
1907 Williams Street;/Suite B.
P.O. Box 104898
Jeffeikon Clty, MO 65110-4898:
Mz JToe Jobe
JEXecutive Director:
(573) 635-3893
joejobe@sockets: :net:

The following compames afe-participating groups with thié biodiesel data submital to
fulfill Tier2' requxrements ‘of 40-CFR Part 79 for biodiesel'as a fuel and fuel additive
finalized by thie Evironmerital Profection Agency:

Ag Environmental Products (AEP) Peter Cremer North America
9804 Pflumm 3117 Southsudc “Avenug
Lenexa KS 66215 Cincinnati, OH 453204-
Biodiesel Developmeiit Corporation West'Céntral Cooperitive
111 Saguaro Lane 406 Flrst Streét
Marathon; FL. 33050 Ralson, IA 51459
Columbus: Foods Company Gnﬂ' in. Industnes
730 Albany 4221 Alexandria Plke
Chicago, IL- 60612 ‘Cold Spnng_. KY 41076-1897
“World Energy-Alternatives
Oné' Broadway. Suue 600

Cambndge. MA 02142

ragg 1
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Executive Summary

This document is to satisfy the Tier 2 requirements for the registration of biodiesel as a
fuel and fuel additive (F/FA) under section 211(b) of the Clean Air Act (CAA). The Tier
1 requirements were previously submitted to EPA by NBB. The Tier 2 work conducted
was performed in accordance with the specifications described in the Code of Federal
Regulations requirements for fuel and fizel additives registration, 40 CFR Part 79 and its
subsequent amendments.

Tier 2 — 90 Day Sub-Chronic lation of Biodiesel Exhaust Emissions

The National Biodiesel Board (NBB) contracted with the Lovelace Respiratory Research
Institute (LRRI) of Albuquerqute, New Mexico to complete a 90 day sub-chronic
inhalation study of biodiesel exhaust with specific health assessments for general
systemic toxicity, carcinogenicity/mutagenicity, reproductive toxicity, teratology, and
neurotoxicity.

Since the biodiesel group is the only fuel or fuel additive to undertake new testing as
outlined in 40 CFR part 79 to comply with Tier 2, NBB and LRRI worked cooperatively
with EPA to ensure the protocols used met the regulations outlined under the Tier 2
requirements in 40 CFR part 79. To this end, copies of the protocol were forwarded to
EPA for staff level review prior to execution of the work (see attached letter from EPA
dated April 24, 1998).

Included in this submission is a complete copy of the Final Report, Tier 2 Testing of
Biodiesel Exhaust Emissions, LRRI report number FY98-056 dated May 22, 2000,
provided to NBB by LRRI. The report consists of a 59 page bound document
summarizing in detail the methods and results of the work. Additional supplemental data,
including the experimental protocol, protocol amendments, and protocol and SOP
deviations, are in Appendices contained in two (2) three-ring binders included in this
submission (one containing appendices A - K, one containing appendices L - T) as well
as in the archived Study File kept at LRRI.

The testing summarized below and contained in the Final Report and its appendices fully
meets the requirements outlined by the Environmental Protection Agency in 40 CFR part
79 as amended. No additional testing is needed to meet the Tier 2 requirements of
Section 211(b) of the Clean Air Act.

Tier 2 Biodiesel Exhaust Exposure Results

The study design imposed by EPA in 40 CFR part 79 stipulates three groups of rats be
exposed to differing levels of exhaust concentrations—one overtly toxic, one with an
intermediate level of toxicity, and one minimally toxic or non-toxic. In the LRRI study,
F344 rats were exposed to diluted biodiesel exhaust emissions at targeted NOx
concentrations.of 5, 23, or 50 ppm, while other rats served as air-exposed controls. The
high level concentration was set to achieve the maximum possible exhaust concentration

Page 2
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without forcing a water condensation condition in the housing cages and while remammg
within the temperature constraints required.

Based upon the Tier 1 speciation data from biodiesel fueled engines that showed
substantial reductions in particulate matter and other toxic exhaust emissions, LRRI
expressed concem that the maximum achievable concentration using biodiesel exhaust

. may not produce any adverse affects. If this was the case, it could be possible that EPA
would consider the study invalid. This was discussed with EPA during the protocol
development and it was agreed that the study would provide the information required by
Tier 2 even if the study produced no adverse affects at the high concentration level. The
medium and low level exposures were set at 509% and 10% of the maximum achievable
concentration. Actual exposure concentrations achieved were within acceptable ranges.

The fuel used for the testing was 100% biodiesel (B100} as required by EPA. The
biodiesel used for the testing was produced from soybean oil and met the requirements set
forth by ASTM PS 121, the American Society for Testing and Materials (ASTM)
specification for biodiesel, as outlined in the protocol. The engines used to generate the
exhaust were two new 1998 model Cummins B5.9 L6 turbo diesel engines connected to
eddy current dyhamometers. The dynamometers were operated using repeated EPA
Heavy-Duty Engine Dynamometer Schedule (EDS) cycles without the motoring periods
of the EDS cycle as allowed by 40 CFR part 86. Each engine was operated for a 125-
hour break-in period on B100 prior to the beginning of exposures.

No pronounced toxicity resulted from the subchronic exposnore of rats to biodiesel exhaust
emissions at any concentration. Neither mortality nor abnormal clinical observations
were atiributed to exposure to biodiesel exhaust, Similarly, there were no adverse ocular
responses due to biodiesel exposure, nor was feed consumption affected by exposure.
Serological samples from rats before and after the study demonstrated that the animals
were free from infections by common rodent pathogens. During two days of the study
(study days 29 and 68), the body weights of high-level exposure female, but not male,
rats were less than body weights of control female rats. Although statistically significant,
the decrease was minor, was not observed at other limepoints, and therefore was not
judged by LRRI to be a toxic response to exposure,

Groups of rats in the Special Histology Group were free from any histologic evidence of
neurofoxicity, and the ability of LRRI's neurchistopathology techniques was
demonstrated by identifying neurotoxic responses or rats-treated with acrylamide.

Rats in the General Histology Group of the study were examined for both organ weights
and histopathology. Relative to total body weights, the lungs of female rats in the high-
level group weighed more than lungs from control group females. In addition, minimal
to mild dark gray mottling of the surface of the lungs was observed at gross necropsy
with increasing exposure levels. According to LRRI, these responses are probably related
to lung histology findings described below.

In addition, other non-pulmonary organ weight differences were observed. These
included lower absolute liver weights for hoth male and female rats in the high-level

Paga 3
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the data shown in Table 7 reflects correction made to keep daily averages within the required
range,

Table 7. Summary of NOy concentration data (ppm).?

Intermediate
Control Low Level Level High Level
NOx 1+<} 51 26+3 515
NO NQ" 5x1 253 494
NO, 1+4 1x<1 1£<1 2+1

*Values are mean plus or minus one standard devietion,
bAnalyzer reading was below valve that could be quantified.

2. Gas Analyte Measurements
CO, CQ2, S0, and hydrocarbor average concentrations for the three
levels are summarized in Table 8. SO, and hydrocarbon readings were not taken during the first

14 exposure days because the analyzers were not available. Daily values are detailed in
Appendix F.

Table 8, Summary of particulate and gas analyte concentration data *

Intermediate

Control Low Level Level High Level

CO, ppm 0.5+0.5 22412 152+4.8 36.8410.2
COy, % vol. 0.0+ 0.0 0.010.0 0.1+0.0 03+0.1
SO;, ppm 0.0 0.0 0.1£00 02400 03 0.1
Hydrocarbon, ppm 0.1+0.2 0.1+02 0314 05%+1.0
02, % 20.6 0.2 20.5+0.1 20.0+0.2 193+04
Particulate, mg/m’® A, 0.017:£0.022°  0.04 %0.03 02+0.1 0.5%0.1
B. 0.017+0.022 0.1:40.2 0518 1.1+43

"Values are mean plus or minus one standard deviation.

PA. is the particulate concentration excluding the days when the fitel filter was plugged.
B. is the particulate concentration with all days indicated. See text for more
explanation.
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IDENTIFICATION OF TEST SUBSTANCE

Palm Oil Methyl Ester

MANUFACTURER

Nextfuels, Inc.
Two International Dr. 105
Portsmouth, NH 03801

CONTACT PERSON

Kevin Goerman
Phone: (603) 8§37-6020 X103
Cell: (817) 343-3559
FAX: (603) 590-8980
e-mail: kevin@nextfuels.com
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TEST SUBSTANCE INFORMATION

The Nextfuels, Inc. additive technology is a Palm Qil Methy] Ester (PME) which is
obtained from typical Malaysian and Indonesia sources of palm oil (Elias guineensis) and
converted to fatty acid methyl esters (FAME) through the classical transesterification reaction to
produce a mixture of FAME with a composition of:

Chemical Name | Carbon Number | Double Bouds Composition, appex. %
Lauric 12 0 0.2

Myristic 14 0 1.1

Palmitic 16 0 44.0

Stearic 18 0 4.5

Oleic 18 1 39.2

Linoleic 18 2 10.1

Others -8 - 0.9

“Various

PME has been accepted for use as a heating oil/power turbine fuel and as an on-road diesel in the
European Union (EU) under EN 14213/14214 and has been tested and used in Malaysia as
blends up to 5 percent in diesel fuel. The high degree of saturation and the low proportion of
linoleic acid results in a FAME with high oxidative stability with a relatively high pour point of
about 10°C. High pour pojnts limit the used of PME blends in winter and in cold regions. While
these limitations are present, the overall energy balance of producing PME is positive and better
than rape seed or soybean oil. The Material Safety Data Sheet (MSDS) for PME is inchuded in
Appendix C,

REPORT 03,11947 Vil
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5.0 TEST RESULTS

Emissions testing was performed with a 2006 6.0 L DIT Navistar A345C heavy-duty
diesel engine. This engine was operated on a base furel end on the base fiel blended with 20
percent Palm Oil Methyl Ester. Tests were performed with the bage fuel after 125 hours of
engme operation and with the base fuel containing the Palm Oil Methyl Ester after 125 hours of
engine operation. Six cold- and eighteen hot-start tests were conducted to characterize emissions
from each of the fiels. Three sets of one cold- and six hot-start test sequences were conducted
with the exhaust aftertreatment in place, and three sets were performed with the aftertreatment
removed.

51  Regulated Emissions

The 2006 emissions standards limit the sum of the NO, and NMHC (NMHC+NO,) to 2.4
g/bhp-hr or to 2.5 g/bhp-hr if the non-methane hydrocarbons do not exceed 0.5 g/bhp-hr. After
125 hours of engine operation with the base fuel, the average composite emissions were
equivalent to corresponding 2006 emission standards with aftertreatment (2.5 g/bhp-hr) and were
slightly higher without aftertreatment (2.7 g/bhp-hr). In this case, the average composite
emissions were 2.4 g/bhp-hr for NOy and 0.12 g/bhp-hr for NMHC with aftertreatment and 2.5
g/bhp-hr for NO, and 021 g/bhp-hr for NMHC without aftertreatment. Particulate emissions
exceeded the 0.10 g/bhp-hr standard both with and without aftertreatment (0.13 and 0.15 g/bhp-
hr, respectively). These results were not unexpected as the base fuel contained almost 500 ppm
sulfur and 38 percent aromatics. Both the aromatic and the sulfur concentrations were higher for
the base fuel than for fitels typically used in certification testing. Fuels with higher aromatic

.content are often associated with higher NO, and particulate enyissions. The CO emissions met
the 2006 standards with the base fiiel both with and without aftertreatment. When the
aftertreatment was disabled, the THC, CO, and particulate increased as expected.

After 125 hours of engine operation, tests with base fuel blended with Palm Oil Methyl
Ester and the aftertreatment gave NMHC+NO; and particulate emissions that were equivalent to
the 2006 emission standards (2.5 g/bhp-hr for NMHC+NOx and 0.10 g/bhp-hr for particulate).
These results were similar to the baseline emissions except that the particulate was about 30
percent lower. Without aftertreatment, the NMHC+NO, and particulate were higher. When the
aftertreatment was removed, the NMHC emissions were 45 percent higher while there was no
change in the CO, and particulate emissions increased by 0.01 g/bhp-hr. Table 6 summarizes the
regulated emissions at each test condition. Appendix A contains the individual and composite
emission test results.

" 82  Speciation of Volatile Hydrocarbon Compounds

. Speciation of the volatile hydrocarbon compounds with carbon numbers from C; to Cr2
plus aldehydes, ketones, and three ethers (methyl tertiary butyl ether - MTBE, ethyl tertiary butyl
ether - ETBE, and di-isopropyl ether - DIPE) was performed for the first cold- and hot-segment
of the EPA transient cycle. More than 200 compounds were checked for their presence in the
dilute exhaust. Data for the individual compounds, comrected for background dilution air
contributions, are included in Appendix B.
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