PE85-126126

EPA-600/3-84-108
November 1984

CHARACTERIZATION OF EMISSIONS FROM
ADVANCED AUTOMOTIVE POWER PLANT CONCEPTS

by

Daniel A. Montalvo
Charles T. Hare
Southwest Research Institute
6220 Culebra Road
San Antonio, Texas 76284

Contract No. 68-02-2703

Project Cfficer

Ronald L. Bradow
BEmissions Measurement and Characterization Division
Environmental Sciences Research Laboratory
Research Triangle Park, North Carolina 27711

ENVIRCGNMENTAL SCIENCES RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
RESEARCH TRIANGLE PARK, NORTH CAROLINA 27711



TECHNICAL REPORT DATA

(Please read Instructions on the reverse before completing)

T REFORT NO. 2.
EPA-600/3<84+108

3. RECIPIENT'S ACCESSION NO.

pRe 5§ 1 2126

4. TITLE ANDSUBTITLE

CHARACTERIZATION OF EMISSIONS FROM ADVANCED AUTOMOTIVE
POWER PLANT CONCEPTS

5. REPORT DATE —~
November 1984

6. PERFORMING ORGANIZATION CODE

7. AUTHORI(S)

D.A. Montaivo, and C.T. Hare

.PERFORMING ORGANIZATION REPORT NO,

9. PERFORMING ORGANIZATION NAME AND ADDRESS
Southwest Research Institute

6220 Culebra Road

San Antonio, Texas 78284

10. PROGRAM ELEMENT NO,

C9YAIC/01-0457 (FY-84)

11. CONTRACT/GRANT NO.

68-02-2703

12. SPONSORING AGENCY NAME AND ADDRESS

Environmental Sciences Research Laboratory - RTP, NC
Office of Research and Development

U.S. Environmental Protection Agency

Research Triangle Park, North Carolina 27711

13. TYPE OF REPORT AND PERIOD COVERED

14, SPONSORING AGENCY CODE

EPA/600/09

15, SUPPLEMENTARY NOTES

16. ABSTRACT

with and without a prototype catalytic trap.

activity by Ames bioassay.

all transient driving conditions examined.

naturally-aspirated engine.

Emissions from three diesel cars using two fuel formulations were assessed.
The three diesel cars included a prototype naturally-aspirated Fiat 131, a prototype
turbocharged Fiat 131, and a 1981 Qldsmobile Cutlass Supreme.

Each Fiat was tested

Vehicle operating procedures used for
test purposes included the 1981 Federal Test Procedures as well as the Highway Fuel
Lconomy Test, the New York City Cycle, and an 85 km/hr steady-state cruise.
regulated and unrequlated gaseous and particulate emissions were measured,
solubles in particulate were analyzed for various constituents and characteristics
including fractionation by relative polarity, benzo(a)pyrene (BaP), and mutagenic

Both
Organic

Application of the catalytic trap oxidizer system to the Fiat prototypes
resulted in significant reductions of organic and carbon monoxide emissions under
Total particulate emissions were reduced
an average of 55 percent with the turbocharged engine and 65 percent with the
The Ames assay mutagenic response (revertants/ug) of
the particulate phase organics was elevated by the catalytic exhaust aftertreatment
device, however the emission rates (revertants/km) were reduced an average of 66
percent with the turbocharged and 73 percent with the naturally-aspirated engines.

17. KEY WORDS AND DOCUMENT ANALYS!S

DESCRIPTORS

b.IDENTIFIERS/OPEN ENDED TERMS  [C.

cosATI Ficld/Group

b

18. DISTRIBUTION STATEMENT

RELEASE TO PUBLIC

19, SECURITY CLASS (This Report)

UNCLASSIFIED

21, NO. OF PAGES
486

20, SECURITY CLASS (This page}

UNCLASSIFIED

22. PRICE

EPA Form 2220<1 (Rev. 4=77) PREVIOUS EDITION 18 OBSOLEYE

i




NOTICE

This information in this document has been funded wholly or in part by
the United States Environmental Protection Agency under Contract 68-02-2703 to
Southwest Research Institute. It has been subject to the Agency's peer and
administrative review, and it has been approved for publication as an EPA
document. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.

ii



PREFACE

This project was conducted for the U.S. Environmental Protection Agency
by the Department of Emissions Research, Southwest Research Institute. The
laboratory testing phase of the work began in April 1977, and was completed
in December 1981. This project was conducted under EPA Contract No.
68-02-2703, and was identified within Southwest Research Institute as
Project Number 05-4874-001. The EPA Project Officer was Dr. Ronald L. Bradow
of thie Mobile Source Emissions Research Branch, Environmental Protection
Agency, Research Triangle Park, North Carolina. The Southwest Research
Institute Project Manager was Charles T. Hare,who also acted as Project
Leader from the inception of the project to March 198l1. The Project Leader
from March 1981 to December 1981 was Daniel A. Montalvo. Karl J. Springer
was. overall supervisor of the effort.

Manv of the analytical procedures used in this program for characterizing
the unregulated emissicns were developed and validated earlier in the program.
Methods of collection and analyses for aldehydes and ketones, hydrogen cyanide
and cyanogen, hydroqgen sulfide, carbonyl su.fide and organic sulfides, ammonia,
organic amines, nitrous oxide, sulfur dioxide, individual hydrccarbons,
and phenols were studied in detail. Interference studies and proof-tests
in diesel engine exhaust were conducted with each procedure. Qualification
tests were conducted by introducing known quantities of these pollutants
into the exhaust of a diesel engine operating on a standard emissions test
CVs tunnel. The developﬁent and validation of the analytical procedures
began.in April, 1977 and were completed January 1987. The results of these

iii



experiments were published April 1980 in EPA report, “Analytical Procedures
for Characterizing Unrequlated Emissions from Vehicles Using Middle-Distillate
Fuels, Interim Report," EPA-~600/2-80-068.

We would like to express our appreciation to Mr. B. E..Enga and Mr. M, F.
Buchman of Johnson-Matthey Company in Wayne, Pennsylvania for their assistance
in supplying the catalytic traps used in this project, as well as suggestioned
regeneration techniques. Appreciation is also expressed to Dr. Rinaldo Rinolfi
of Fiat, Italy, for his help in supplying engine specifications to enable
proper catalytic trap installation.

The prototype naturally-aspirated and turbocharged Fiat 131 diesels
used in this project were received from Fiat (Italy) for their initial study
at the Department of Transportation, Transportation Systems Center (DOT/TSC),
Cambridge, Massachusetts. The emissions studies at DOT/TSC were under
sponsorship of the United States Department of Energy as managed by NASA
Lewis Research Center under Interagency Order C-32817-D. Prior to their
shipment to SwRI, the vehicles were also studied at the Department of Energy,
Bartlesville Energy Technology Center, Bartlesville, Oklahoma. We gratefully
acknowledage the cooperation of Fiat (Italy), DOT/TSC, and the Bartlesville
Energy Technology Center in supplying the vehicles and relevant emissions

data for use in this program.
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ABSTRACT

Emissions from three diesel cars using two fuel formulations were
assessed. The three diesel cars included a prototype naturally-aspirated Fiat
131, a prototype turbocharged Fiat 131, and a 1981 Oldsmobile Cutlass Supreme.
Each Fiat was tested with and without a protorype catalytic trap. Vehicle
operating procedures used for test purposes included the 1981 Federal Test
Procedure as well as the Highway Fuel Economy Test, the New York City Cycle,
and an 85 km/hr steady-state cruise. Both regulated and unregulated gaseous
and particulate emissions were measured. Organic solubles. in particulate were
analyzed for various con~tituents and characteristics including fractionation
by relative polarity, benzo(a)pyrene (BaP), and mutagenic activity by Ames
biocassay. '

Application of the catalytic trap oxidizer system to the Fiat prototypes
resulted in significant reductions of organic and carbon monoxide emissions
under all transient driving conditions examined. Total particulate emissions
were reduced an average of 55 percent with the turbocharged engine and 65
percent with the naturally-aspirated engine. The Ames assay mutagenic
response (revertants/ug) of the particulate phase organics was elevated by the
catalytic exhaust aftertreatment device, however the emission rates
(revertant/km) were reduced an average of 66 percent with the turbocharged and
73 percent with tha2 naturally-aspirated engines. ‘
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I. INTRODUCTION

Continuing concern for diminishing worldwide petroleum supplies has
prompted a renewed interest in more efficient engine designs as alternates
to gasoline engines now in wide use. Advanced-concept engines initially
considered for emissions and fuel economy studies in this program were gas
turbines, Stirling cycle, turbocharged and naturally-aspirated diesels,
Rankine cycle, stratified charge, and advanced Otto-cycle. Actual engine
availability only permitted evaluation of a prototype naturally-aspirated
diesel, a prototype turobcharged diesel, and a 1981 regular production
naturally-aspirated diesel. Each prototype diesel was also evaluated with
catalytic trap. A "National Average"” No. 2 fuel served as the "primary
fuel"” or base fuel. Although a "wide boiler” was initially considered as
a "second" fuel, it became apparent that the test vehicles would need a
higher-cetane distillate to run well. Consequently. a "second" fuel which
is bascially a No. 2 home heating oil was chosen to provide a "worst case"
comparison.

Because all exhaust emissions have a pctential impact on the public
health, the study reported here also measured a substantial number of
unregulated exhaust emissions along with the regulated emissions (HC, CO,
NOyx, and particulate). Dynamometer driving schedules used in the study

included the 1981 Federal Test Procedu:r:e(l),r (3~bag FTP), 4-bag FTP (cold

23~minute FTP plus hot 23-minute FTP), Highway Fuel Economy Test(z) (HFET) ,

(3)

New York City Cycle (NYCC), 85 km/hr steady-state, and the "cold 505" (fir

505 seconds of a cold-start FTP, used for smoke evaluation only).

*Superscript numbers in parentheses designate references at end of report.



II. SUMMARY AND CONCLUSIONS

The major purpose of this project was to evaluate many different
emissions during dynamometer operation of a prototype'naturally-;spirated
Fiat 131 diesel with and without catalytic trap, a prototype turbocharged
Fiat 131 diesel with and without catalytic trap, and a 198} reéﬁiar<pr0duction
Oldsmcobile Cutlass diesel. Transient and steady-state cycles incorporated
into the study were the 3-bag FTP, 4-bag FTP, HFET, NYCC, 85 kph and cold 505.
All test vehicles were operated using a "National Average"” No. 2 fuel
(SWRI Code EM-329-F) and a Couch No. 2 fuel (SWRI Code EM-469~F) which is
basically a home heating oil. .

The overall evaluaticns were planned principally to coliect a substantial
amount of information on regqulated and unregulated ;missioné} with minimum
repetitive testing. The total number of tests completed with the five
vehicle configqurations was still very extensive, however, including 36
sequences consisting of a 4-bag FTP, HFET, NYCC, and 85 kph cycle each.

In addition, more than 138.supplementary tests were also completed conéiSting

of ten 4-bag FTP's, thirty hot FTP's, seventeen HFEQ'S, thirty-nine NYCC's,

twenty-five 85 kph's, seventeen cold 505's, and various trap regeneration tests.
An important finding in this project was thesﬁctqés of the catalytic traps

in significantly reducing various regulated and unrggulated organic emissions

of the naturally-aspirated and turbocharged Fiats. A good illustration

of the trap oxidizer effectiveness in organic emissions control is provided'

in Figures 1 through 4, where emissions of soluble organic fraction (SOF),

individual hydrocarbons (IHC), aldehyde; and ketones,'and phenols. are ccm-

pared to HFID total hydrocarbons. Figure 1 indicates how the FTP emissions
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varied with fuel and vehicle; whileFigures 2 through 4 provide a comparison
of emissions between the FTP and the other cycles used with each vehicle
for fuel EM-329-F only. The total HC emissions are from the 3-bag FTP,

and the emissions of the remaining four pollutants are from the 4-bag

FTP (0.43 times 23-minute cold FTP plus 0.57 times 23-minute hot FTP).

The FTP emissions shown in Figure 1 were generally higher with
EM~-469-F than with EM~329-F, but not by substantial amounts. The highest
emissions of HC, SOF, IHC, and aldehydes and kztones were from the Fiats
without aftertreatment. The SOF was the largest portion of the total
HC obtained using the Fiats without aftertreatment, ranging from 25 to
46 percent of the total HC. Catalytic trap use on the two Fiats siguifi-
cantly reduced emissions of total HC, SOF, IHC, and aldehydes. Total
hydrocarbons alone were reduced by an average of 83 percent on the
naturally-aspirated Fiat, and by an average of 64 percent on the turbo-
charged Fiat. Average reductions of SCI’ with catalytic traps were 96
and 88 percent for the Fiat N.A. and T.C. diesels, respectively.

All vehicle emissions shown in Figure 2, evcept for the phenols of
the Fiat T.C./trap configquration, were lower on the HFET than on the FTP.
The HFET total HC was less than 50 percent of the FTP total HC on all the
Fiat vehicle configurations. The highest fraction of the HFET total HC
on the Fiats without aftertreatment was SOF, emitted at an average of
55 percent of the total HC emission rate. The HFET SOF emission rate of
thn trap-equipped Fiats, was 21 percent (average) of the HFET total HC
emission rate, The HFET total hydrocarbon and SOF reductions with trap
use on the naturally-aspirated Fiat amounted to 91 and 97 percent,

respectively. Corresponding HFET total hydrocarbon and SOF emissions



reductions with trap on the turbocharged Fiat were 73 and 84 percent.

The majority of vehicle emissions shown in Figure 3 were higher on
the NYCC than on the FTP, especially total hydrocarbons from the'Figts
without aftecstreatment and the Cutlass. Highest total hydrocarbons, SOF,
and IHC in the NYCC evaluations were emitted by the Fiats without after-
treatment. The SOF emission rates on the NYCC were 22 and 16 percent of
the total hydrocarbon emission rates on the Fia; N.A. and T.C. diéséls
without aftertreatment, respectively. Significant reductiqns in NYcCC
total hydrocarbon and SOF emigsions occurred with trap use on the Fiats -
total hydrocarbons were reduced by 95 percent (Fiat N.A.) and 82 percent
(Fiat T.C.), while SOF was reduced by 81 perceAt (Fiat N.A.) and 85
percent (Fiat T.C.).

Total hydrocarbon, SOF, IHC, and aldehyde emissions from éach vehicle
were all lower on the 85 kph than on the FTP as shown-in Figufé 4, most
clearly with the trap-equipped Fiats. The SOF emission rates were 84 and
33 percent of the total hydrocarbons emitted at 85 kph using the Fiat N.A.
and T.C. vehicles without aftertreatment, respectively. Total 85 kph hydro-
carbon and SOF réductions with trap use on the Fiats were greater than
96 percent.

Other important observations and conclusions reached as a result of
this project (not necessarily in order) are-as foildw§;
* Catalytic trap use on the naturally-aspira;ed and. turbocharged
Fiats provided acceptablé engine operétion on all cycles and
with each test fuel. Over its 1686 km (1048 mi) of use, the

catalytic trap on the naturally~aspirated Flat required regeneration
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every 422 km (261 mi) on the average, while the trap on the
turbocharged Fiat required no regeneration over the entire 1141 km

(877 mi) of its use.

* Emissions of CO by the Fiat N.A. and T.C. vehicles were reduced
by an average of 91 percent on the Fiat N.A. diesel and 80 percent
on the Fiat T.C. diesel when the catalytic traps were used.

* With trap use and both fuels, the NO, emissions of the naturally-
aspirated Fiat were increased by an average of 17 percent. Trap
operation on the turbocharged Fiat reduced WO, emissions slightly
with EM-329-F and increased them slightly with EM-469-F. The
effect of trap backpressure on the NOx emission changes observed
is not known, since t+vap backpressure was not monitored continuously
during emissions testing performed on the Fiats,

* Regulated particulate emissions of the Fiats were lower for every
cycle and fuel combination with catalytic trap than without, by an
average of 65 and 55 percent on the Fiat N.A. and T.C. diesels,
respectively. No major differences in particulate emissions with
respect to fuel type were generally found by vehicle or driving

cycle.



* Highest fuel economy overall was obtained with the two naturally-
aspirated Fiat configurations, and lowest economy overall with
the Cutlass. With each test vehicle and fuel, fuel economy was
highest in the HFET and 85 kph, as expected. No obvious trends
were noted for fuel economy onetween fuels in most of the vehicle
configurations. Although fuel economy decreased somewhat with
trap use on the Fiat N.A. diesel in the HFET and 85 kph with
EM-329-F, no substantial change in fucl economy was evident
between the two different exhaust configurations of the turbo-
charged Fiat.

* Methylene chlorida soluble organics were significantly lower with
the catalytic traps on the Fiat N.A. and T.C. diesels than without,
Over the five cycles and two fuels, the average percent by weight
of solubles decreased from 58 percent with no aftertreatment to
9 percent with trap for the naturally-aspirated Fiat, and from
34 percent with no aftertreatment to 10 percent with trap for the
turbocharged Fiat.

* Weak to strong positive mutagenic responses were obtained on all
organic solubles from particulate emitted by the five vehicle
confiqurations and two fuels. Highest overall mutagenic response in
revertants/Hg was obtained with the trap-equipped Fiats. On the
basis of revertants/km, however, the trap-equipped Fiats generally
indicated the lowest mutagenic activity. Revertants/km of the
Fiats with traps were reduced by an average of 73 percent on the
naturally-aspirated Fiat and by an average of 66 percent on the

turbocharged Fiat as compared to corresponding cases without aftertreatment.
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* Benzo(a)pyrene emission rates ranged from “non~detected" to 30.8
Hg/km, with most BaP emission rates less than 7.8 ug/km. Highest
BaP emissions on each cycle and with each fuel were associated
with the two Fiats without aftertreatment. Employing the catalytic
trap on the Fiats, however, generally reduced their BaP emissions
by more than 82 percent on the naturally-aspirated Fiat, and by
more than 53 percent on the turbocharged Fiat.

» Fractionation of organic solubles by HPLC determined that their
normalized relative response was generally lowest in the transitional
region and highest in the polar region. Correlation between the
normalized peak area and the results of Ames and BaP was not
discerned.

= Ethylene usually accounted for at least half of the "total™ IHC
for each vehicie, cycle, and fuel combination. The average
reductions of "total" IHC emissions with catalytic trap was 70
percent on the Fiat N.A. diesel and 48 percent on the Fiat T.C.
diesel,

* Aldehyde emissions showed overall low concentrations and con-
siderable scatter. Formaldehyde was generally the largest portion
of the "total" aldehydes evaluated, and at times was the only
aldehyde detected. Highest formaldehyde emissions were those from
the Fiats without aftertreatment. With trap use, formaldehyde was
reduced by more than 53 percent on the naturally-aspirated Fiat
and by more than 43 percent on the turbocnarged Fiat. The FTP

formaldehyde emissions of the trap-equipped Fiats were low (from



"none detected" to 2.4 mg/km), and comparable to those obtained

in a separate EPA study using low mileage 1978 oxidation catalyst-
equipped gasoline cars.

Ammonia emission rates ranged from 0.43 to 118 mg/km, with most
emissions measuring under 10 my/km. The cold FTP and hot FTP
ammonia emissions were reduced using the trap catalyst on the

Fiat N.A. diesel.
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The phenol compound appearing most consistently and found in

largest quantities ihroughout the study was 2,3,5,6—tetramethyphenol.
Although "total" phenol emissions indicated considerable variation
overall, the results did indicate some reduction of phenols with

the trap-equipped Fiats.

Most total cyanide emissions were above the minimum detectable

limit (MDV) by at least a factor of three. Cat;lytic traps on

the Fiats were usually associated with slightly higher total

cyanide emissions.

Analysis of "trap-collected" gaseous hydrocarbons showed a strong
tendency towards lower temperatures- of 5oiling range and light

ends than found with the fuels themselves, The Fiat N.A. diesel
with catalytic trap consistently indicated lower HC boiling ranges
with EM-469-F than with EM-329~F, The light-end bq%ling temperatures
of the Fiat T.C. diesel were consistently lowered with use of the
catalytic trap.

Carbonyl sulfide and methyl sulfide were always present in exhaust
with all vehicle configura;ions, fuels, and test cycles at emission
rates‘ranging from 1.5 to 206 mg/km, and from 0.15 to 43 ng/km,
respectively. No strong emissions tren@s of "total" sulfides with
fuels on most vehicles, or with trap use on.the Fiats were apparent.
Hydrogen sulfide was not detected in diluteé exhaust of any vehicle
evaluated during th: 4-bag FTP (~0.34 mg/km b{D\;) , HFET (0.24 mg/km MDV),

or NYCC (2.16 mg/km MDV).



* Organic amines, when detected, were generally found at low concen-~
trations. An indication of increased organic amines emissions was
apparent on the Fiat T.C. diesel with trap use.

* No N-nitrosamines were detected in dilute exhaust of any test
vehicle tested over an entire test sequence consisting of a 4-bag FTP,
HFET, NYCC, and 85 kph steady-state. The average MDV for nitrosamines
ranged from 0.90 ug/km to 4.4 lUg/km depending on the analytical
procedure used.

* Strong fuel trends did not emerge in the visible smoke emitted from
the test vehicles. The use of catalytic traps on both Fiats
generally reduced their visible smoke. Overall, the lowest and
highest smoke emitters were the Fiat N.A. with catalytic trap and
the Fiat T.C. without aftertreatment, respectively.

* Particles aerodynamically-sized by an inertial impactor indicateé
that catalytic trap use generally increased particle size on the
Fiat N.A. diesel with both fuels, and on the Fiat T.C. diesel
with EM-469-F. The Fiat N.A. diesel with trap emitted the largest
particles overall, with about 60 percznt of its particles measuring
more than 0.1 micron ECD (Effective Cutoff Diameter).

¢ Low hydrogen content, indicative of dry or soot-like particulate
material rather than an oily material, .was found in most particulate
‘matter by elemental analysis. Significant elemental content
differences between fuels were not apparent. Carbon content for
the trap-equipped Fiats was decreased in the HFET and 85 kph.

Nitrogen in particulate matter averaged 0.5 percent overall.



Sulfate emissions with the trap and fuel EM-329-F were increased
in the HFET, NYCC, and 85 kph using the Fiat N.A. diesel, but
were decreased in all cycles using the Fiat T.C. diesel with trap.
The largest increase in sulfate, as percent of particulate, -
occurred on the HFET and NYCC with the Fiat N.A. diesel using

the trap.

Trace elements most commonly found in particulate matter from the
test vehicles were sulfur, magnesium, aluminum, zinc, silicon,
calcium, iron, barium, and phosphorus. Sulfur and iron generally
accounted for more than fifty percent of the "total"” trace element
emission rata in each cycle. Overall, the elements emitted made
up from 1.2 to 11.8 percent of tne particulate emission rate.
Trace element emission rates greater than 3 percent of the parti-
culate emissicn rate were emitted only by the trap-equipped Fiats.
Analysis for carbon, hydrogen, and nitrogen in .organic solubles
indicated the presence of hydrocarbon~like materials with numeric
H/C ratio between 1.58 and 1.95. The catalytic trap-equipped
Fiats were associated with the lowest H/C rgtio for the 4-bag FTP,
which may indicate that a higher content of unsaturated hydro-
carbons was present with trap than without trap.

Determination of organic solubles boiling range was significantly
limited by what appeared to be sample polymerization or actual
degradation of sample during G.C. analysis. Resultant boiling
range data more successfully interpreted indicated no major or
consistent differences of solubles boiling range with fuel type.
Both Fiat T.C. diesel configurations and the Cutlass indicated an

overall upward shift.in solubles boiling range as compared to fuel

boiling ranges.



III. VEHICLES, FUELS, AND TEST PROCEDURES

This section describes the vehicles, fuels, test procedures and test
plan used in this project. The facilities, general instrumentation, and
overall sampling system for unregulated emissions are also discussed.

A. Test Vehicles

Examples of engine types initially considered for testing included
gas turbines, Stirling cycle, turbocharged and naturally-aspirated diesel,
Rankine cycle, stratified charge, and advanced Otto-cycle. Actual vehicle
availability during the program permitted only three ‘diesel-powered auto-
mobiles to be evaluated in this project. The automobiles.included a pro-
totype naturally-aspirated Fiat, a prototype turbocharged Fiat, and a
reqular production 1981 Oldsmobile Cutlass coupe as described in Table 1.
The Fiat diesels were obtained from the Department of Enetgy (DCE),
Bartlesville Energy Technology Center, Bartlesville, Oklahoma, after

. .. . 4
various emissions studles()

with the two cars were completed there. A
local search for a rental 1981 Oldsmobile Delta 88 diesel car was not
successful, so with the Project Officer's approval, an available 1981
Oldsmobile Cutlass coupe with less thag 4827 km (3090 mi) was rented.

The Oldsmobile was equipped with optional equipment consisting of gutomatic
transmission, air conditioning, power steering, and power brakes. Standard
rear axle ratio and tires were prov?ded on the Cutlass, Respective rear
axle ratios and tire sizes for the Fiats are listed in Table 1. Views of

the three diesel test vehicles as evaluated on the dynamcmeter are shown

in Figure 5.



TABLE 1.

DESCRIPTION OF DIESEL TEST VEHICLES

0T

Vehicle Model
Model Year

Vehicle Identification No..
Engine Model No.

Chassis Dynamometer Setting:2
Inertia, kg (lbs)
Power, kW (hp)

Engine Displacement £(in3)
Turbocharger’

Cylinders

Corbustion Chamber
Compression Ratio
Injection System

Maximum Power kW (hp)

EGR
Catalytic Trap

Transmission
Axle Ratio
Tire Type
Tire Size

Initial Distance

on vehicle, km {(mi)
Final Distance

on vehicle, km (mi)}

Elat 131 Naturally-Aspirated
Prototype

131AZ4275399
8140.61

1361 (3000)
8.2 (11.0)

2.4 (146)

No

In-Line 4

Prechamber

22

Bosch

52.2 (70) @ 4200 rpm

No,
Nob

S5-gpeed manual

3.2

steel-belted radial
165SR13

9879 (6140)

12501 (7769)

Fiat 131 Turbocharged
Prototype

131A24280788
8140G.81

1361 (3000)
8.2 (11.0)

2.4 (146)

Yes

In-Line 4

Prechamber

22

Bosch

63.4 (85) @ 4000 rpm

Nob
No

S-speed manual

3.6

steel-belted radial
165SR13

7659 (4760)

9764 (6068)

Oldsmobile Cutlass Supieme
1981

1G3AM4 TN5BR481685

——

1811 (4000)
8.6 (11.5)

5.7 (350)

No

v-8

Prechamber

22.5

Roosa Master

78.3 (105) @ 3200 rpm

Yes
No

3-speed automatic
standard
steel-belted radial
P195/75R14

4233 (2631)

5081 (3158)

aChassis dvanmometer settings selected on basis of settings used by the Department of Energy at
Bartlesville, Oklahoma for the Fiats and by the EPA for certification of 1981 Oldsmcbile Cutlass.
Each Fiat was initially studied without exhaust aftertreatment, but was also tested with a catalytic
trap-oxidizer provided by Johnson-Matthey.



S s vy

il X 4 o

Prototype Fiat Naturally-Asp

I T kS T

Ny

Prototype Fiat Turbocha
s <

)

Figure 5. Views of diesel vehicles as evaluated on dynamometer



Preparation of each test vehicle upon arrival at SwRI included draining
of its fuel tank and fuel filtér, and refilling them with the kaseline fuel
used in the program. The crankcase oil was also changed to new Quaker
State SAE 30 SE/CC grade oil, and tbe oil filter was replaced with a new
filter. Before actual testing was begun on each car, it was conditioned on
ﬁhe dynamometer at alternating speeds of 48, 64, and 80 kph for approximately
80 km.

The Fiats were initially studied without exhaust aftertreatment, and
subsequently with catalytic trap-oxidizers. Installation of traps on the
Fiats and their evaluations are described in Section V of this report.

Bpart from the traps used on the Fiats, no other modification to the exhaust
systems or engines was performed on the three test vehicles. The injector
punp timings on the Fiats were left as last used at DOE; one degree BTC on
the naturally-aspirated Fiat, and three degrees after TDC on the turbocharged
Fiat at the manufacturer's specified pump lift. At the Project Officer's
request, the injector t;ming on each Fiat with and without exhaust after-
treatment was not altered sc as to not cloud or bias the emission results
between the two.different exhaust configurations.

No significant operating difficulties were experienced witﬁ the three
test vehicles during this project. Some initial periodic rough idling and
stalling after cold start on the turbocharged FiatAwgs_caused by a loose
retaining nut on the throttle linkage, which in tumn éllb@ed excessive play
in the idle adjustment. The trouble ceased when the retaining nut was
retightened. Also on the same vehicle with catalytic trap, the engine

abruptly lost power during the hot FTP cycle of the initial test sequence.
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The difficulty was traced to a plugged fuel filter, and was subsequently
corrected by replacing the filter with an identical filter purchased
locally. A total of two fuel filter changes were made on the T. C. Fiat
diesel during its study.

Of the three test vehicles, only the Oldsmobile Cutlass required
more than the ordinary exhaust pipe adaptation to the dilution tunnel of
the CVS sampling system. Since the Cutlass employed a dual exhaust system,
a special exhaust extension tube to route the car exhaust to the dilution
tunnel was manufactured. The exhaust tube consisted of a 99 cm (39 in)
length of 5.1 cm (2 in) O.D. stainless tubing connected to each exhaust
pipe on the car. The two lengths of 5.1 cm tubing were then welded in a
y-arrangement to a4 single 7.6 cm (3 in) O.D. stainless tube, which in turn
was connected to the dilution tunnel. The entire extension tube assembly
‘was slightly lesg than 366 cm (12 ft) long and therefore did not require
insulation.
B. Test Fuels

Several fuel options were initially presented to the Project Officer
for use as test fuels in this project. For the primary fuel or base fuel,
a “National Average"” No. 2 material similar to those used for other EPA

.8) and a 2D emissions test fuel were considered. Several SwRI

projects
fuels proposed for the second fuel of the study, either the same one for

all vehicles, or differernt fuels based on some reasonable criterion,

included the following:



SwRI Code No. Fuel Type

EM=~395-F "H320" clean straight run No. 1
EM-401-F JP-7 highly refined No. 1
EM-242-F premium guality No. 2

EM~-241-F mimimum quality No. 2

EM-390-F shale-derived No. 2

It was originally planned to use a "wide boiler" as the second fuel for
this project, in all the vehicles which would burn it satisfactorily.

Once it became apparent that all the vehicles needed a higher-cetane
distillate to run well, however, other options were considered. If it were
desired to look at a "best case" situation in additicn to the No. 2 primary
fuel, one of the first three materials listed above was deemed appropriate.
The EM-241-F would provide a "worst case" comparison, and the results with
EM~-390~-F fuel could not be reliably anticipated.

The two test fuels ultimately selected by the Project Officer for use
in characterizing the advanced powerplants are described in Table 2. The
fuel coded EM-~329-F, was designated to be the primary or base fuel, and
is a "National Average"” No. 2 fuel supplied by this laboratory. The
material was originally a Gulf No. 2 diesel whose sulfur content was
adjusted to 0.24 weight percent by addition of ditertiary butyl disulfide.
Twenty drums (55 gallons ea) of the Couch No. 2 fuel was received at SwRI
from EPA-RTP in early 1979 for particulate accumulation on an Olds diesel
(Contract 68-02-2703). The Olds program did not materialize, so in late
1980, 18 drums of the Couch fuel were shipped back to RTP. The remaining
two drums were coded EM-469-F, and were retained for use as the "second
fuel” in this project on recommendation of the Project Officer. The Couch

fuel is basically a No. 2 home heating oil.
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TABLE 2. PROPERTIES OF TEST FUELS
EM-329-F EM-469-F
Fuel Code "Nat'l. Avg." Couch No. 2 Fuel

Description No. 2 SwRI Analysis EPA 6/30
Cetane Number 50.1 48.0
Cetane Index 52.1 48.1 48.1
Gravity, °API 37.5 35.2 35.2
Density, g/mi 0.837 0.849 0.849
Cloud point, °C (°F) -8 (18)
Flash point, °C (°F) 65 (149)
Viscosity, cs 2.36
Gum, mg/100 ml 14.3 12.9
Total solids, mg/% 7.4
Metals in fuel, x-ray 0
Carbon, % 85.8 84.60
Hydrogen, % 13.0 14.81
Nitrogen, ppm 48 <1002
Sulfur, % 0.24 0.18 0.30
Aromatics, % 21.3 39.1
Clefins, % 1.7 .. 0.9
Saturates, % 77.0 60.0
D86, IBP 191 (377) 172 (342) 182 {360)
°C, 5% point 211 (412) 206 (402)
(°F) 10% point 219 (427 219 (426) 218 (424)

20% point 231 (448) 231 (448)

40% point 251 (484) 252 (486)

50% point 262 (504} 262 (504)

60% point 269 (517) 272 (522)

80% point 290 (554) 297 (s67)

90% point 307 (585) 315 (599). 309 (588)

95% point 323 (613) 332 (629)

EP 340 (644) 344 (651) 337 (638)
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used ASTM D-1266, "lamp"™ method).

On all emissions studies conducted during this project, each vehicle
was fueled directly out of a 18.9 £ (5 gal) can through auxiliary fuel
lines installed in the wvehicle. At each fuel change, the vehicle fuel
filter was removed and purged with the test fuel., Afterwards, the vehicle
was conditioned on the dynamometer for 7 km (30 mi) at alternating speeds
of 48 kph (30 mph). 64 kph (40 mph), and 80 kph (50 mph). A% the start of
the conditioning, the auxiliary fuel return line from the vehicle was
removed from the test fuel can and directed to fill a separate waste-fuel
2000 ﬁl container. Upon filling the container, the fuel return line was
reconnected to the test fuel can to continue the conditioning and sub-
sequent 23-minute FTP prep prior to testing. In this manner, an effective
conditioning of the exhaust system ard proper flush of the engine fuel
filter and lines was assured each time a fuel was changed in a vehicle.

C. Test Procedures and Equipment

Thg reqgulated gaseous and particulate emissions tests conducted on the

vehicles were performed following the approoriate Federal Regulations

™) for 1981. Sampling and

applicable to light-duty diesel vehicles
analyses of unregulated emissions were conducted according to procedures

discussed in a subsequent section of this report.
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1. Dynamometer and CVS Sampling System

A 50 hp Clayton ECE~50 passenger car dynamometer was used for all
emissions testing on this project. The dynamometer has a direct-drive
variable inertia system for simulation of vehicle mass from 454 kg (1000 1b)
to 4082 kg (9000 1b) in 57 kg (125 1b) increments.

The constant volume sampler (CVS) used for these studies was
Southwest Research Institute CVS Number 3. A 460 mm (18 in) diameter by
Sm (16 ft) 1oqg dilution tunnel was used in conjunction with the CVSs,
which operated at a nominal flowrate of 12.9 m3/min (455 cfm). The
dilution tunnel used is shown schematically in Figure 6. Additional dilution
of 3.5 m3/min (124 cfm) needed to maintain the tunnel sampling zone temperature

7
below 125°F, as stipulated by the 1981 FTP( )

, was provided by a 500x500 mm
{20x20 in.)filter sampling system as identified in Figure 6. The large
filter system is ordinarily used to obtain 500x500 mm Pallflex partichlate
filters for various gravimetric and chemical analyses. The large filter
system is attached at the downstream end of dilution tunnel and consists
of a positive-displacement blower with associated in-line '500x50C mm
filter holder, temperature readouts and controls, and flow controls., The
nominal flowrate (3.5 ma/min) is held constant by temperature control using
a heat exchanger and by maintajning constant pressure drop across the blower.
All emission tests discussed in this report were run using the CVS and 500x
SC0 mm filter sampling system in combination to provide a total nominal
flowrate of 16.4 m3/min (579 cfm).

2. Regulated Gaseous Emissions

Regulated emissions were collected and analyzed using procedures

17
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and equipment described in the Federal Register. Hydrocarbon analysis of
the sample was continuous, using a heated flame ionization detector (HFID).
Electronic signal integration used with the HFID provided average dilute
hydrocarbon concentration for each run. The gaseous sample was taken
directly from the diluted exhaust stream through a heated probe in the
dilution tunnel. The bagged gaseous emissions, as obtained at the CVS,

were analyzed for CO, NOx, and CO Nondispersive infrared (NDIR) analyzers

2°
were used for determination of CO and COZ' and a chemiluminescence (CL)
analyzer was used for NOx evaluation.
3. Regulated Particulate Emissions

A particulate sampling system, connected to the dilution tunnel
and meeting the basic design requirements of the Federal Register(7), was
used to simultaneously collect particulate on various 47 mm filter types.
The sampling system employed the four sampling probes identified in Figure 8.
Along with the usual filter holders, pumps, rotometers, temperature sensor,
and dry gas meters, the system also employed an electro-pneumatically-
controlled valve connected to one of the four probes. This solenoid valve
enabled fast remote switching between two sets of paired primary test and
back-up test filters. Ir this manner, the regulated particulate emissions
in the different cycles of a test sequence, were sampled easily and
separately, especially at the point of rapid transition between the cold
or hot 505 and thg subsequent stabiliged phase of the FTP., The arrangement
of the switching-solenoid valve and 47 mm filter holders is shown in

Figure 7, View 4. View B, shows the temperature recorder, dry gas meter,

rotometer, and Magnehelic pressure gauges of the particulate sampling cart.
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B. Particulate sampling cart

Figure 7. Views of regulated particulate sampling system
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The commercially-available 47 mm Palllfex filters designated
type T20A60, used in the determination of regulated particulate emission
rates, are made of glass-fiber coated with fluorocarbon. The filters were
weighed before and after use on a microbalance of one Ug sensitivity.
Before weighing, the filters were properly conditioned in a temperature-
and humidity-controlled chamber which also housed the microbalance. The
controlled airflow, temperature, and humidity provided an absolute humidity
of 7515 grains water per pound of dry air in the chamber.

4. Exhaust Sampling

Exhaust sampling was conducted employing the system shown sche-
matically in Figure 8. The system was used in accordance with the guidelines
established in various EPA projects conducted at SwRI. The major difference
between this system and similar systems used in other projects is the
number of sampling probes and systems required to collect the unregulated
emissions samples. This complexity is illustrated in several views of the
system as shown in Figure 3. View A of Figure 3 shows the overall sampling
system with a test vehicle as run on the dynamometer. View B, Figure 2,
shows the arrangement of various sampling carts near the dilution tunnel.
In View C of Figure 9, some of the wet chemistry sampling carts, with im-
pingers in place, are shown. The ThermoSorb/N trap used for sampling
N-nitrosamines is shown connected to the outlet side of a 47 mm filter
holder in View D of Figure 9.

This section had described the CVS and dilution tunnel system,
and has provideé some insight into the overall sampling system assembly.

More details on each of the individual sampling systems for the unregulated
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emissions are given in Sect: u 1V of this final report.
5. Enissions Test Procedures
The emissions test procedures utilized in this project are defined
as follows:
FTP - 1981 Federal Test Procedure(l) (uses the Urban Dynamometer
Driving Schedule).

HFET - Highway Fuel Economy Driving Schedule.(Z)

NYCC - New York City Cycle.(s)
85 kph Cruise - 85 kph Steady-State (the test cycle is of 20
minutes duration, and begins immediately after
stable 85 kph speed is reached).
The HFET and NYCC are hot-start, single-segment driving cycles.
The FTP, however, involves cold-start and hot-start, multi-cycle with
muiti-segment operation, The PTP, HFET, and NYCC schedules are illustrated

in Figure 10, A summary of the driving schedule parameters is presented in

Table 3. In addition, in this project, a four-bag FTP was utilized for

TABLE 3. SUMMARY OF DRIVING SCHEDULE PARAMETERS

Duration, Distance, Average Speed

Driving Schedule Seconds Xilometers km/hr mph
FTP: )
505 -505 5.8 41.3 25.7

867 867 6.2 25.8 16.2

UDDS 1372 12.0 31.4 19.5

HFET . 765 16.5 77.6 48.2
NYCC 599 1.91 11.5 7.1
85 kph 1200 28.3 85.0 52.8
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the unrequlated emissions; rather than the three-bag FTP specified in the

Federal Test Procedure. Therefore, before proceeding, it is important to

clarify the meaning of FTP as used in this program:
FTP - The FTP uses the Urban Dynamometer Driving Schedule (UDDS)
which is 1372 seconds in duration. The UDDS, in turn, is divided
into two segments; the first having 505 seconds and the second
having 867 seconds. The FTP consists of a cold-start 505 and a
stabilized 867, followed by a ten-minute soak and than a hot-start
505. 1In this project, the hot—starp 505 was followed by another 867
segment. Sampling of the regulated and unregulated emissions during

the 4-cycle or 4-bag FTP was as follows:

Four-Cycle FTIP
Cold UDDS Hot t/DDS
Duration, seconds 505 867 505 867
Requlated Emissions, 3-bag xa X X X
Regulated Emissions, 4-bag X X X X
Unregulated Emissions:
Individual Hydrocarbons X X X X
Impingers (except Amines) ———fm——— m————Y——
47 mm filters: .
sulfate X
C,H,&N -=X
- trace elements X--
500 x SO0 mm filters e G A==
N-nitrosamines (trap)b K=o
Gaseous Hydrocarbons (trap)- - - X
Organic Sulfides (trap) ——mKmm— mee—— p ST
Particulate Impactor Sizing - Xommo e e

2y designates an individual sample taken
Same trap used for 4-bag FTP, HFET, NYCC, and 85 kph test segquences
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A composite value in mass per distance for the three-cycle, three-sample
FTP regulated emissions is calculated using the following formula:

MASS - 0.43 x (MASS 1 + MASS 2) + 0.57 > (MASS 3 + MASS 2)
DISTANCE 0.43 X (DIST. 1 + DIST. 2) + 0.57 X (DIST. 3 + DIST. 2)

Assuming Distance 3 is equal to Distance 1, this equation can be reduced to:

0.43 X (M1 + M2) + 0.57 X (M3 + M2)

3-FTP M/D = Dl + D2

For the four-cycle FTP, two sample, composite values determined in this
project, the following formula was used:

MASS _ 0.43 X M(1 + 2) + 0.57 X M(3 + 4)
DISTANCE 0.43 X (D1 + D2) + 0.57 x (D3 + D4)

Assuming Distance 3 is equal to Distance 1 and Distance 4 is equal to
Distance 2, then this equation can be reduced to:

0.43 X M(1 + 2) + 0.57 X M(3 + 4)
Dl + D2

4-FTP M/D =

Therefore, with the assumption that the changes in distance traveled are
negligible, the composite results with the four-cycle FTP relative to
results with the three-cycle FTP will differ only as the mass emissions
emitted during Cycle 4 differ from that emitted during Cycle 2.

For single 4~bag FTP sampling obtained in this study, a composite
value (not weighted) was obtained using the following formula:

Total Mass
Total Distance Driven

4-bag FTP Composite =
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6. Test Coding System
The test coding system generally used in this project is described

in Table 4.

TABLE 4. TEST CODING SYSTEM
Order: VCFTSE*
Codes

V: Vehicle Number; 1 = Naturally-Aspirated Fiat, 2 = 1981 Oldsmobile
Cutlass, 3 = Turbocharged Fiat

C: Vehicle Configuration; A = without exhaust aftertreatment, B = with
catalytic trap-oxidizer

F: Fuel; 1 = EM=329-F, 2 = EM-469-F

T: Test Type; F = FTP, H - HFET, N = NYCC, S = 85 kph steady-state
V = Cold 505 smoke test, R = Trap Regeneration

SE: Sequential Test No.

*Shorthand version initially used only with Fiat N.A. diesel and fuel
EM-329~F was VC329T, where V = vehicle number, C = vehicle configuration,
329 - fuel EM-329-F, and T = test type.

D. Test Plan

The intent of the test plan was to evaluate as many emissions as
possible during vehicle operation, allowing a significant amount of
information to be collected with minimum repetitive testing. Consequently,
in this project, five diesel vehicle (engine) configurations and two test
fuels were run in the test plan. The vehicles employed in this study were
earlier identified in Section III, A cf this report.and included a prototype
naturally~-aspirated Fiat with and without catalytic trap. a prototype turbo-
charged Fiat with and without catalytic trap, and a 1981 Oldsmobile Cutlass.

The two fuels selected were coded EM-329-F and EM-469~F as discussed earlier.
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The basic test sequences and emission measurements to be conducted on
each vehicle configuration-fuel combination are summarized in Table 5.
Not included in Table 5 were the various tests conducted to collect
additional 500 x 500 particulate filters and to regenerate one of the
catalytic traps used in this program as described under Section V., A of
this report. Most emissions in Table 5 were sampled during a test sequence
compased of a 4-bag FTP, HFET, NYCC, and 85 kph steady~state cycle.-"SQak'
periods consisted of ten minutes between cold and hot 23-minute FTP's,
and generally twenty minutes after the 4-bag FTP and each of the subsequent
test schedules. The twenty-minute soak periods permitted the many impinger
and filter changes, as well as sampling equipmené preparation required
between the different test scnedules. Individual samplinag ot regulated
and unregulated emiszsicns durinq the 4-bag FTP was carried out as'described
in Section III, C. 5. All emissions wefe obtained from CVS diluted exhaust,
exzept for organic amines and visible smoke obtained from raw exhaust.
Although a reasonable effort was made to test each vehicle confi-
guration and fuel per the test plan outlined in Table 5, some circumstances
prevented complete adherence to it. Various repeat tests were run to replace
errcneous data or to supply missing inforyation. The previously-mentioned
trap regeneration tests also required expansion of the project effort.
In particular, many repeat tests that could not be fully anticipated .in
the test plan were run, to collect sufficient particulaté sample amounts
when these emissions were significantly reduced in. the éehicle employing

catalytic traps. Consequently, only some of the material- and labor-intensive analyses
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TABLE S.

TEST SEQUENCES AND EMISSION MEASUREMENTS TO BE CONDUCTED
ON EACH VEHICLE CONFIGURATION AND FUEL

Exhaust Constituents

Measured or Characterized

Test Sequences

FTP,

cold & hotl

HFET

NYCC

Cold

1

2

3

1

2

1

2

505

Regulated gaseous, particulate,

and fuel eccnomy

/

v/

4

Y

v

Y

4

Unregulated gaseous

individual hydrocarbons

aldehydes

phenols

hydrogen sulfide
total cyanide
ammonia

organic sulfides
organic amines
nitrosamines
hydrocarbons (trap)

N NCNNSNNNS

N

NN

~ -~

AN NN

NSNN

N

A NN

N

Unregqulated particulate

mass
size distribution
trace elements
CHN

sulfate

NN

N

NN

NN N

N N

Particulate Organic
Solubles (mass)
BaP
boiling point
CHN
Ames
polarity profile

NSNS

A AN NN

NSNS

NSNS

Visible Smoke,
PHS metor
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deemed more significant were selected ftor implementation in orde£ to remain
within the effort allocated to the project. Even so, the total number of tests
completed in the program was very extensive, requiring a total of 36 test
sequences consisting of a 4-bag FTP, HFET, NYCC, and 85 kph cycle each.

Other supplementary tests run were as follows:

Number of
Tests Conducted Test Type

10 4-bag FTP
30 hot 23-minute FTP
17 HFET
39 NYCC
25 85 kph
17 Cold 505

various Trap Regeneration

The majority of the emissions samples generated in th 3 project were
analyzed in the Emissions Laboratory at SwRI. Other laboratories assisting
in the analyses of the remaining samples are identified ip a subsequent
section (IV, A.) of this report. During the initial portion of the program,
the Project Officer directed tha; extraction of the 500 x 500 mm filters
and subsequent Ames and BaP analysis be conducted at this laboratory,
rather than at EPA under the in-house measurements program as originally
provided for in the contract. To accommodate the unexpected effort, careful
changes were made to the test plan as reflected in the corresponding
reduction of effort on the catalyst-equipped Fiat prototype cars. For
the same reason, only screening tests for nitrosamines, total cyanide,
amines, hydrogen sulfide, ammonja, and sulfate evaluations were included

in the formally approved test plan of Table 5.
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IV. ANALYTICAL PROCEDURES FOR UNREGULATED EMISSIMNS

The analytical procedures used to measure the unregulated emissions
are summarized in this section. A detailed description of the indivadual hydro-
carbons, aldehydes, phenols, hydrogen sulfide, total cyanide, ammonia, organic
sulfides, (ws:nes, and sulfate procedures aiong with a discussion of their develop-
ment, validation and qualification is available in the Interim Report, "Analytical
Procedures for Characterizing Unrequlated Emissions from Vehicles Using

Middle-Distillate Fuels.“(s)

The procedures were developed in our laboratory,
during an earlier phase of this project.
A, Description of the Analytical Procedures

The unregulated emissions eva;uated in this project, along with the
methods of sampling and the procedures used in the analyses, are listed in
Table 6. Individual hydrocarbons, aldehydes, phenols, organic sulfides,
organic amines, N-nitrosamines, and trace elements are categories consisting
of groups of compounds or elements. The corresponding procedures separate
and identify a number of individual compounds within each of the groups.
The analytical procedures involved in this project are described briefly
as follows:

1. Individual Hydrocarbons

For measurement of the individual hydrocarbons, methane (CH4),

ethane (C2H6), ethylene (C234), acetylene (CZHZ)' propane (C3H8), propylene
(C3H6), benzene (C6H6), and toluene (C7H8), a sample of CVS-diluted exhaust
ig collected in a Tedlar bag. This bagged sample is then analyzed for

individual hydrocarbons using a gas éhromatograph system containing four
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TABLE 6.

SAMPLING AND ANALYSIS METHODOLOGY FOR UNREGULATED EMISSIONS

Exhaust Emissions Constituent(s)
Sampled Analyzed Sampling Method Analysis Method
gases individual hydrocarbons sample bag (CVS) injection, GC/FID
aldehydes impinger DNPH, GC/FID
phenols impinger extraction, GC/FID
hydrogen sulfide impinger methylene blue derivative,
gpectrophotometer
total cyanide impinger cyanogen chloride derivative,
GC/ECD
ammonia impinger ion chromatograph
organic sulfides trap injection, GC/FPD
organic amines impinger GC/NPD with ascarite pre-column
N~nitrosamines ThermoSorb/N trap GC coupled to TEA analyzer¥®
gaseous hydrocarbons trap extraction, GC/FID
particuiate size distribution impactor~filter gravimetric
trace elements filter, 47mm Fluoropore x~-ray fluorescence
carbon, hydrogen, and
nitrogen filter, 47mm Glass combustion/TC analyzer
sulfate filter, 47mm Fluoropore | barium chloranilate derivative
(BCA), HPLC/UV
particulate organic solubles 500x500 mm filter soxhlet extraction, gravimetric
organic benzo(a)pyrene (BaP) -— HPIC/fluorescence detection
solubles boiling point - GC/FID
carkon and hydrogen - combustion/TC analyzer
nitrogen - oxidation pyroplsis/chemiluminscence
bioclogical response - Ames biocassay
polarity profile —-—— HPLC/fluorescence and UV detection
smoke smoke (visible) optical EPA smokemeter (continuous)

*I1f interferences occurred with GC/TEA analysis, a further analysis using HPLC/TEA was required.



separate columns, and a flame ionization detector. The peak areas are compared
to an external calibration blend, and the individual hydrocarbon concentrations
are obtained using a Hewlett-Packard 3354. computer system.

2. Aldehydes and Ketones

The collection of aldehydes (formaldehyde, ace;aldehyde, isobutyr-
aldehyde, hexanaldehyde, crotonaldehyde, and benzaldehyde) and ketones (acetone
and methylethylketone) is accomplished by bubbling cvs dilntéd exhau;q through
glass impingers containing 2,4-dinitrophenylhydrazine (DNPH) in dilute
hydrochloric acid. The aldehydes and ketones {(also known as carbonyl com-
pounds) react with the DNPH to form their respective phenylhydrazone deri-
vatives. These derivatives are insoluble or only slightly soluble in the
DNPH/HC1l solution, and are removed by filtration followed by pentar. extractions.
The filtered precipitate and the pentane extracts are combined, and then the
pentane is evaporated in a vacuum oven. The remaining dried;extfact contains
the phenylhydrazone derivatives, The extract is dissolved in a quantitative
volume of toluene, which contains a known amount of anthracene as an internal
standard. A portion of this dissolved extract is i;jected into a gas ch;oma—
tograph and analyzed using a flame ionization detector.

3. Phenol;

The collection of phenols (pﬁenol; salicylaldehyde; m-cresol/p-cresol;
p—ethylphenol/Z-isopropylphenol/z,3-xylenol/3,5—xylenol/%,4,G—trimethylphenol;
2,3,5-trimethylphenol; and 2,3,5,6-tetramethyiphenol) is accomplished by
bubbling CVS-diluted exhaust through twe Greenburg-Smith impingers in series,
each containing 200 mf of 1 N KOH chilled in an ice bath. The contents cf

each impinger are acifidied and extracted with ethyl ether. The samples are
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partially concentrated, combined, and then further concentrated to 1 mi. An
internal standard is added, and the volume is adjusted to 2 ml. The final
sample is analyzeh wich a gas chromatograph (GC) equipped with a flame
ionization detector. Concentrations of individual phenols are determined by
comparison to external and internal standards.
4. Hydrogen Sulfide
The collection of hydrogen sulfide is accomplished by bubbling
CVS=-diluted exhaust through glass impingers containing a buffered zinc
acetate solution, which traps the sulfide ion as zine sulfide. The absorbing
solution is then treated with N,N~dimethyl-paraphenylene diamine sulfate
and ferric ammonium sulfate. Cyclization occurs, forming the highly-colored
heterocyclic compound methylene blue (3,9-bisdimethylaminophenazothionium
sulfate). The resulting solution is analyzed with a spectrophotometer at
667 mm in a l-cm or 4-cm pathlength cell, depending upon the concentration.
5. Total Cyanide (Hydrogen Cyanide plus Cyanogen)
The collection of total cyanide is accomplished by bubbling
Cvs-diluted exhaust through glass impingers containing a 1.0 N potassium
hydroxide abscrbing solution. This solution is maintained at ice bath
temperature. An aliquot of the absorbhing reagent is then treated with KH2P04
and Chloramine-T. A portion of the resulting cyandgen chloride is injected
into a gas chromatograph equipped with an electron capture detector (ECD).
External CN~ standards are used to quantify the results.
6. Ammonia
The collection of ammonia is accomplished by bubbling CVS-diluted

exhaust through impingers containing dilute sulfuric acid at ice bath tem-
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perature. A sample from the impinger is then analyzed for ammonium ion (NH4+)
using an ion chromatograph, and the concentration in the exhaust is calculated
by comparison to an ammonium sulfate standard solution.
7. Organic Sulfides

The collection of the organic sulfides, carbonyl sulfide (COS).
methyl sulfide ((CH3)2S), ethyl sulfide ((CZES)ZS), and methyl disulfide
((CHS)st) is accomplished by passing CVS-diluted exhaust through Tenax GC
traps at -76°C. At this temperature, the traps remowe the organic sulfides
from the dilute exhaust, The organic sulfides are thermally desorbed from
the traps into a gas chromatograph sampling system, and injected into a gas
chromatograph equipped with a flame photometric detector for analysis.
External organic sulfide standards generated from permeation tubes are used
to quantify the results.

8. Organic Amines

The collection of organic amines (monomethylamine, monoethylamine
and dimethylamine, trimethylamine, diethylamine, and triethylamine) is
accomplished by bubbling CVS-diluted exhaust through glass impingers con-
taining dilute sulfuric acid. The amines are complexed by the acid to form
stable sulfate salts, which remain in solution. A portion of this solution is
then injected into a gas chromatograph equipped with an ascarite loaded pre-
column and a nitrogen phosphorus detector (NPD). External amine standards in
dilute sulfuric acid are used to quantify the results. On this project, the
organic amines procedure was modified only as necessary to sample amines

from raw exhaust instead of dilute exhaust.
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9. N-nitrosamines

The collection of N-nitrosamines, N-nitrosodimethylaﬁine (NDMA) ,
N-nitrosodiethylamine (NDEA), N~nitrosodipropylamine (NDPA), N-nitrosodi-
butylamine (NDBA), N-nitrosopiperidine (NPIP), N-nitrosopyrrolidine (NPYR),
and N-nitrosomorpholine (NMOR) is accomplished by passing CVS-dilufed
exhaust through a ThermoSorb/N trap designed by the Thermo Electron
Corporation especially for trap;inqlhﬂitrosamines. The fhermoso;b/N trap
air sampler cartridge has been reported in the literature to be free of
artifact formation and capable of retaining 100 percent of preloaded

nitzosamines.(g)

An 83 mm ( 3 1/4 in) length of 3.2 mm (1/8 in) I.D. x 6.4 'mm
(14 in) O.D. Teflon tube was fitted to the ThermoSorb/N trap inlet. The
Teflon tube was then inserted into a thermocouple connector commonly joined
to the exit side of a 47 mm filter holder containing a Pallflex filter.
In this manner, only a small portion of the total exhaust flowing through
the filter was diverted through the trap. The filter holder was attached
to one of the four 47 ﬁm filter sample probes uséa in conjunction with the
dilution tunnel as described in Section III. C. 3., and as illustrated in
Figure 3, View A of this report. &An actual ThermoSorb /N trap as adapted to
the filter holdér was illustrated in View D of Figure 9. The outlet side
of the ThermoSorb/N trap was connected to a pump, rotometer with flow control
valve, and a dry gas meter to cbtain the proper samﬁling rate; of 2 &4/min.

For analysis, the sealed traps were sent to the Thermo Electron
Corporation in Waltham, Massachusééts. Each trap was then eluted with

25:75 percent methanol:dichloromethane organic solvent to provie a 1.8 m%
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sample. For optimum sensitivity, the sample was primarily analyzed using
a Hewlett-Packard HP5710A gas chromatograph coupled to a Model 543 TEA
analyzer. If sample interferences were noted in GC-TEA analysis, the sample
was further analyzed using an Alltech 110 HPLC coupled to a Model 502 TEA
analyzer.
10. Gaseous Hydrocarbons

For use in boilling range analysis, gaseous hydrocarbons were

collected from filtered, dilute exhaust using the sampling system of an

(5)

earlier EPA Project. A schematic of the sampling system which is also

(10) is shown in Figurell

generally employed in diesel odor analysis (DOAS)
A multi-opening stainless steel probe directs the CVS-diluted exhaust to
the oven, where it passes through a fiber glass filter, then into a metal
bellows pump which directs the exhaust into a collection trap. The trap
is a 51 mm (2 in) i 9.5 mm (3/8 in) O.D. stainless steel tube fitted with
a connector on each end. Aéproximately one gram of Chromosorb 102 is
packed into the trap and retained by stainless steel frits on each end.
The dessicant removes moisture prior to the rotometer and dry gas meter.
The flowrate employed in the system was 6 £/min.

After use, the collection trap was eluted sufficiently with
cyclohexane tn obtain a 2 m sample. Each eluted sample was submitted to
the U. S. Army Fuels and Lubricants Research Laboratory of the Energy
Systems Research Division at SwRI, and analyzed qualitatively by gas
chromatograph for boiling range and for paraffin peaks. The chromatograph

procedure was run according to ASTM D2887-73, which simulates distillation

to 538°C (1000 °F) at atmospheric pressure. The equipment used for this
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gas chromatograph analysis was a Hewlett-Packard 5700 Sexies unit, equipped
with dual hydrogen flame ionization detectors. Its column was 1.8 m (6 ft)
long by 3.2 mm (1/8 in) diameter stainless steel, packed with S percent
SE-30 on 80/100 mesh Chromosorb-G. It was programmed from 0°C to 390°C at
16°C per minute. Data processing was performed on a Hewlett-Packard 3350
Laboratory Automated System.
11. Particle Sizing

Particle sizing was accomplished using a Sierra Series 220 radial-
slot impactor. The impactor system contained stainless steel stages on
which particulate matter was fractionated by size,-and a final ?allflgx
backup filter. The impactor was located at the downstream end of the
dilution tunnel. Figureiz shows the impactor system protrudinq on the left
side of the tunnel. Figurel3 shows the impactor system disgssembled with
the stages, plates, and filter removed from their holder for ciarity, In

operation, each stage was placed on a plate such that the slots in each

stage decreased in width.from sample entrance down to the filter. Each
stane was rotate§ 45 degrees so the particulate matter passing through

the slots impacted on a solid portion of the following stage. Particle
retention characterisrics were related'to’the slot size and flowrate through
the impactor. The flowrate was controlled using a met;l bellows vacuum
pump, pressure guage, and flowmeter. The flowrate w;s selected to achieve
a particle sizing range from 6.9 to'0.09 microns effective cut-off
diameter (ECD). The fluorocarbon-coated glass fiker filter, used as a
back-up filter, collected particulate smal;er than 0.09Y microns ECD.

The mass of particulate matter collectéd on sample fil;ers and impactor
discs was determined using the microbalance ficused 1n a controlled-

humidity chamber, as described in Section III. C. 3.
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Figure 12. Installation of particle sizing
impactor in dilution tunnel.

Figure 13. Particle sizing impactor disassembled.

41



12, Trace Elements

The trace elements (metals and sulfur) were collected as part
of the particulate on 47 mm Fluoropore filters. The CVS-diluted exhaust
samples were taken from the dilution tunnel. Weight gain on the filter
was determined by weighing the filter on a microbalance before and after
sampling. The filter samples were sent to EPA~Research Triangle Park
(RTP) for analyses by x-ray fluorescence, using a Siemens MRS=-3 x-ray
spectrometer,

13. Prarticulate, Carbon, Hydrogen, and Nitrogen

Particulate was collected on 47 mm Type A (Gelman) glass-fiber
filter for the purpose of 3etermining the carbon, hydrogen and nitrogen
weight percentages. The CVS-diluted exhaust samples were obtained from
the dilution tunnel. Weight gain on the filter was determined by weighing
it on a microbalance before and after sampling. The required analysis on
the particulate samples was performed by Galbraith Laboratories, using a
Perkin~Elmer Model 240B automated thermal conductivity CHN analyzer. 1In
order to accommodate the particulate sample on a filter, the filter had to
be folded or rolled over itself. As the temperature was increased, the
glass fiber media collapsed on itself, sometimes locking in some of the
particulate. For this reason, significant inaccuracies can occur, but
may be moderated by increased filter particulate loadings (Galbraith
recommends at least 2 mg particulate loading on each filter to improve
precision of analysis). To circumvent this difficulty, Spang Laboratories
was initially considered for analysis of CHN in particulate. Spang

required a particulate filter sample no larger than 15 mm in diameter,
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Cutting or punching out the 15 mm filter discs from regular 47 mm filters
introduced errors in the deterﬁination of particulate loading. These errors
were believed to be as much or greater than those experienced with CHN
analysis at Galbraith using 47 mm filters.

14. Sulfate

Automotive exhaust is routed into a dilution tunqel, where it is
mixed with a floQing stream of filtered room air. In the tunnel,.the S05
reacts rapidly with water in the exhaust to form sulfuric acid aerosols.

The aerosols grow to a filterable size range within the tunnel, and are
collected on a fluorocarbon membrane filter. Particulate sulfate salts
are also collected on the filter.

Sulfuric acid collected on the filter is then converted to ammonium
sulfate by exposure to ammonia vapor. The soluble sulfates are leached
from the filter with a measured volume of an isopropyl'alcohol‘- water
solution (60% IPA). A fixed volume of the sample extract is injected into
a high pressure liquid chromatograph (HPLC) and pumped through a column of
strong cation exchange resin in AgYt form to scrub out the halides (Cl~, Br~),
and then through a column of strong cation exchange resin in Ht form to
scrub out the cations and convert the sulfate to sulfuric acid. Passage
through a reactor column of barium chloranilate crystals precipitates out
barium sulfate, and releases the highly UV absorbing .chloranilate ions.

The amount of chloranilate ion released is proportionai to.the sulfate in
the sample, and is measured by a sensitive liquid cnrématograph UV detector
at 2°0-313 nanometers. All the reactions and measurement take place in a

flowing stream of 60% IPA. The scrubber and reactor columns also function
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as efficient filter media for any solid reaction products formed during
passage of the sample through the column system.
15. Organic Solubles
The soluble fraction of particulate was obtained by solvent

extraction from 'S00x500 mm Pallflex filters. Particulate on the large
filter was collected from CVS-diluted exhaust using the 500x500 mm fi.ter
sampling system described in Section %TII. C. 1. of this report. The 500x500 mm
filters were weighed before and after test to determine the weight of
particulate matter collected. Each filter was extracted using methylene
chloride in a Soxhlet apparatus (at times a large Soxhlet apparatus

capabla of holding up to sixteen filters was used to save time, effort,

and materials in extracting filters combined from identical test schedules).
Capacities of the regular and large Soxhlets were 400 ml and 3.8 &,
respectively. Solvent recycling periods were 15 minutes for eight hours

with the regular Soxhlet and one hour for 48 hours with the large Soxhlet.

The solvent volume was reduced under vacuum. The remaining solvent/solubles were
transferred to a preweighed container, and the solvent was evaporated

by nitrogen purging. The total mass of solubles was determined gravi-
metrically, and the percent of solubles in the particulate matter calculated.
If needed, a weighed o;ganic soluble sample was again redissolved in methylene
chloride for splitting into separate samples. These samples were transferred
into preweighed vials and dried for use in boiling point, CHN, Amssg, and
polarity profile analyses discussed subsequently in this section.

16. Benzo(a)pyrene (BaP)

Separate '500%500 mm particulate filters were employed in this
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program for benzo(a)pyrene analysis. In this case, the particulate was
also collected from CVS-diluted exhaust using the same %00x500 mm filter
sampling system previously discussed. Using a procedure developed at General

Motors (1)

 the BaP is removed from the particulate by Soxhlet extraction
with benzene/ethanol. The benzene/ethanol ertract is re-extractad in hexane/
methylene chloride. The solvent is then evaporated and the sample is re-
dissolved in acetonitrile for analysis. BaP is analyzed with an HPIC
system coupled to a fluorescence detector. The instrument used was a
Perkin-Elmer 3B liquid chromatograph equipped with an MPF-44 fluorescence
spectrophotometer. Excitation was at a wavelength of 383 nm, and emission
was read at 430 nm.
17. Solubles Boiling Range and Individual N-Paraffin Analysis

Organic solubles extracted with methylene chloride from 500x500 mm
particulate filters were subjected to analysis for boiling point range by
FID gas chromatograph. The analysis was conducted by the U.S. Army Fueis
and Lubrican4<s Research Laboratory of the Energy Systems Research Division
at SwRI. The gas chromatograph procedure used was a high-temperature
variation on ASTM D2887-73 previously used on various SwRI projects(s'e)
for EPA. The procedure provides a simulated distillation up to 600°C.
Each aliquot was dissolved in methylene chloride, and an internal standard

(C9 through C,, paraffin composite) was added for quantitative results.

11
The gas chromatograph used was a custom-built uiit, equipped with dual
hydrogen flame ionization detectors. Its column was 1.8 m ( 6 ft) long by

3.2 mm (1/8 in) 4diameter s+ainless steel, packed with 10 percent Dexsil 300

on 45/60 Chromosorb P, AW. It was programmed from 0° to 450°C at 15°C per
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minute after 2 minutes isothermal at 0°C. Data processing was performed
on a Hewlett-Packard 3354 Laboratory Automated System.
18. Organic Solubles Carbon, Hydrogen, and Nitrogen
Aliquots of the dried, weighed methylene chloride soluble extract
weresubmitted to Galbraith Laboratories and analyzed for carbon and hydrogen
by the technique and instrumentation described in Section IV.A.13. (Perkin-
Elmer 240B). Respective aliquots of the same samples were submitted to the
U.S. Army Fuels and Lubricants Research Laboratory of the Energy Systems
Research Division at SwRI for nitrogen analysis by oxidative pyrolysis
and chemiluminescence.
19. Ames Bioassay
The Ames bioassay tests on organic solubles extracted from
500500 mm Pallflex particulate filters using methylene chloride were
conducted at the Southwest Foundation for Research and Education (SFRE),
a sister organization of SwRI.
The Ames test as employed in this program refers to a bacterial

mutagenesis plate assay with Salmonella typhimurium according to the method

(12)

of 2Zmes. This bioassay determines the ability of chemical compounds

or mixtures to cause mutation of DNA in the bacteria, positive results
occurring when histidine-dependent strains of bacteria revert (or are
mutatad) genetically to forms which can synthesize histidine on their own.
The observable positive indication of mutation is the growth of bacterial
colonies on plates of nutrient media containing minimal histidine, with

the number of revertants per amount of substance tested (or “specified
activity") being the quantitative .result. The observable negative indi-
cation is the lack of such growth. A third result occurs when the substance
tested is toxic to the bacteria, but this result can not be interpreted in
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terms of mutagenesis.

SFRE used the Ames test procedure in detail, incorporating all
recommended modifications since the original description. As provided
for in the procedure, the tester strains were checked at recommended inter-
vals for maintenance of stability and validity. Each selected extract was
solvent exchanged with dimethyl sulfoxide (DMS0Q), a standard solvent com-
patible with the microorganisms. A solvent control run with each batch
of test samples consisted of a blank filter extract treated in a manner
similar to a test sample including solvent exchange with DMSO. The sample
to be tested was diluted in DMSO to provide several different doses for
each assay. Each does was assayed in triplicate with each of four tester
strains selected in consultation with the Project Officer to be used in this
program with respective test schedules as follows:
FTP extracts - Tester strains TA1535, TA1537, TA1538, TA98, all run
with and without S-9 activation, except for TAl537
run without S$-9 only.

HFET, NYCC, and 85 kph extracts - each run using tester strain TA98

without S-9|
The Aroclor-induced rat liver S-9 used for tester strain activation was
checked to insure that enzyme activity was within the desired range, and
was used within three months of preparation. Positive controls consisted
of: sodium azide for TAl535 (0.5 micrograms per plate), 2-nitrofluorene
for TA1538 and TA98 (S5 micrograms per plate), and 9-aminoacridine for TA1537

(50 micrograms per plate). In the presence of the metabolic activation
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activation system, 2-aminocanthracine (3 micrograms per plate) was used as
positive control with all tester strains.

Several range-finding studies were conducted at SFRE with repre-
sentative extracts obtained in this program. The range-~finding studies
are necessary to determine an appropriate range of conéentrations to be
used in definitive assays. An optimum range of concentrations to be
used in obtaining dose~response information would include at least one.dose
level of the test material which is toxic to the tester organisms, and a
range of concentrations sufficient to yield at least four points in the
linear portion of the dose-response curve. On the basis of the range-
finding studies, concentrations of 20, 60, 100, 200, 400, 600, and 1000
micrograms per plate were selected for use with all sampies. Each sample
was assayed twice in triplicate at each of the preceding concéntrations,
with or without S-9 activation as designated earlier in this ‘discussion.

20. Polarity Profile

Soluble fractions of particulate extracted with methylene chloride,

as described in IV.A.15, were used to determine polgrity profile. The

analysis method(l3)

employs a high-performance liquid chromatograph with
a variable solvent program, which permits separation of the solubles into
a series of fractions of increasing polarity. Instrumentation used in the
analytical'procedure included a Perkin—Elmgr Series. 3B HPLC utilizing a
Perkin-Elmer MPF 44A fluorescence detector, and a Peékin—Elmer LC65T
ultravioclet detector. BaP, 9-fluorenone, and acidiné standards are

injected to indicate the types of compounds eluted in each region of the

chromatogram.
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Initially, the solvent is composed of 95 percent hexane and S
percent methylene chloride, a relatively non-polar mixture. This solvent
mixture is used from the start of the chromatogram to 17 minutes into the
elution period. During this period, non-polar compounds elute. BaP elutes
at eight minutes into the run. Many non-polar PNA compounds also elute
during this period, and give ultraviolet and fluorescence responses. After
17 minutes, the polarity of the solvent is increased at a rate of 5 percent
methylene chloride per minute. During this transition period of solvent
polarity, more polar compounds are eluted, giving fluorescence and ultra-
violet spectra. At the end of this transition period (36 minutes intoc the
run), the solvent is 100 percent methylene chloride and 9-fluorenocne
elutes. With 100 percent methylene chloride, even more polar compounds
elute. Acridine elutes during this polar period (at about 70 minutes).

21. Exhaust Smoke Measurements

Exhaust smoke measurements were made using an optical light-
extinction smokemeter, of the type specified in Federal regulations for
heavy-duty diesel engine smoke certification.(lu) The smokemeter was
mounted on a 51 mm (2 in) O.D. tailpipe extension when in use. The control/
readout unit for the smokemeter was mounted remote from the vehicle under
test, and continuous recordings of smoke opacity were made concurrently
with vehicle speed traces. Smoke measurements were made over the first
505 seconds of the cold-start FTP cycle, while the vehicle was operated
on the chassis dynamometer. This procedure was developed for research

purposes on an earlier EPA Contract, No. 68-03-2417.(15)

49



B. Validation and Qualification of Analytical Procedures
Validation and qualification experiments were carried out, as described

in the Interim Report(s)

in Section IV, for the purpose of determining the
sultability of the analytical procedures initially selected for dilute
exhaust analysis conducted on this project. The validation experiments
determined if the sampling and instrument parameters were appropriate for
the quantitative analysis of dilute exhaust. The qualification experiments
determined if the compounds of interest could be cuantitatively recovered
from the CVS tunnel with and without the presence of exhaust in the tunnel.
The analytical procedures validated and qualified are listed in Table 7
along with methods of sampling and analysis.

The sampling parameters for all procedures were found to be adequate
for the collection of each of the unrequlated emissions. All samples, with
the exception of the organic sulfides and hydrogen sulfide are stable for
several days and can be stored and rerun within hours after sampling to
prevent loss of sample integrity. All instruments demonstrate linearity
of response for expected concentration ranges (sample concentrations above
the linear range must be diluted to concentrations that fall within the linear
range of the instrument). The organic sulfides must be monitored carefully
as traps containing over 200 ng of sample fall beyond the linear range of
the FPD. The sample flow rate can be lowered to prevent overloading the
Tenax trap. Test-to-tect repeatabilities for all procedures are documented
in this report. In most cases, repeatability is difficult to obtain at the
lower concentrations, while the repeatability at high concentrations is

easily obtained. Interferences were checked and documented for each
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TABLE 7.

ANALYTICAL PROCEDURES VALIDATED AND QUALIFIED

HPLC

Compounds Sampling Analysis Validation Qualification
Aldehydes and Ketones Impingers DNPH, GC/FID Yes Yes
Organic Amines Impingers GC/NPD Yes Yes
‘Individual Hydrocarbons Bags GC/FID Yes Not required
Hydrogen Sulfide Impingers Meth. Blue, Yes Yes
Spectrophotometer
Total Cyanide Impingers GC/ECD Yes Yes
Organic Sulfides Traps GC/FPD Yes Yes
Ammonia Impingers Ion Chrom. Yes Yes
Sulfate Filters BCA Not required Not reguired
-Phenols Impingé;s GC-FID Yes Yes
BaP Filters fluorescence, Not required -] Not required




procedure. Phthalates were found to interfere with the aldehyde and ketone
procedure and may cause erroneous results for crotonaldehyde. In the
hydrogen sulfide procedure, sulfur dioxide decreases the apparent hydrogen
sulfide concentration, and its presence or absence must be recorded. The
other procedures have interferences that can be avoided if care is taken.

Qualification experiments were carried out on the aldehyde and ketone,
organic amine, hydrogen sulfide, total cyanide, organic sulfide, ammonia
and phenol procedures to determine the recovery of known amounts of each
pollutant from the CVS tunnel wit> and without exhaust (phenols CVS tunnel
with exhaust only). Aldehydes and keu._nes, total cyanide and phenols can
be recovered qualtitatively from the CVS tunnel with and without (not done
for phenols) exhaust. There is a 10 percent loss of hydrogen sulfide with
and without exhaust present. The organic amines, ammonia, and the organic
sulfides experience significant losses in the CVS tunnel with and without
exhaust. These losses must be taken into account when determining the con-
centration of these compounds in exhaust.
c. Minimum Detection Values for Unregulated Emissions

The minimum detection values (MDV) for various unregulated emissions,
as determined in this project following guidelines discussed in other EPA
programs (16'17'18), are included in Table 8. The MDV is defined as the
value above which it can be said that the compound has been detected in the
exhaust (i.e., the accuracy is equal to plus or minus the MDV at a measured
value equal to the MDV). The MDV varies from cne test cycle to another
for the same pollutant because of variations in the sampling times (the

shorter the sampling time, the larger the MDV).
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TABLE 8. .MINIMUM DETECTION VALUES (MDV) FOR
UNREGULATED GASEOQOUS EMISSIONS

Minimum Detected Emission Rates, mg/km

Emission Type FTP HFET NYCC 85 kph
Individual Hydrocarbkons 0.93 ‘0.38 2.58 0.33
Aldehydes and Ketones:

Formaldehyde 0.19 0.14 1.23 0.08
Acetaldehyde 0.27 0.19 1.70 0.11
Acetone 0.33 0.24 2.10 0.14
Isobutyraldehyde 0.39 0.28 2.47 0.16
methylethylketone 0.39 0.28 2.47 0.16
crotonaldehyde 0.38 0.27 2.42 0.16
hexanaldehyde 0.48 0.35 3.09 0.20
benzaldehyde 0.50 0.36 3.20 0.21
Phenols 0.20 0.14 1.23 0.08
Hydrogen Sulfide 0.34 0.24 2.16 -
Total Cyanide 0.08 -P - -
Ammonia 0.17 - - -

Organic Sulfides:
carbonyl sulfide 0.05 0.04 0.31 -
methyl sulfide 0.05 0.04 0.32 -
ethyl sulfide 0.07 0.05 0.47 -
dimethyl disulfide 0.08 0.06 0.49 -

Organic amines®
methylamine —
ethylamine -
trimethylamine -
diethylamine -
triethylamine -

Vb
i
I
Qo WU bW

2\DV of organic amines is Ug/m3 in raw exhaust
Pollutant not sampled during this cycle
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V. CATALYTIC TRAP-OXIDIZER REGENERATION

Catalytic trap-oxidizers used on the Fiat diesels were provided by the
Johnson-Matthey Company branch located in Wayne, Fennsylvania. Messrs.
Fred Enga and Miles Buckman of Johnson-Mattney provided technical assistance

needed for the design, installation, and regeneration techniques of the

traps. Mr. Enga described thg two traps used in this program as,-“JM-13
design incorporating a radial flow wire-mesh filter with a.catalytic bed."
The trap-reactors were similarly designed in stainless steel, and resembled
conventional mufflers in shape. They both had diame?ers of 14.6cm (5 3/4in.)
but different effective reactive lengths of 54.9cm (21 5/8 in.) for use with
the naturally-aspirated diesel and 71l.lcm (28 in.) for use with the turbo-
charged diesel. The trap used on the naturally-aspirated diesél illustrates
the typical outer design and dimensions of the two(tr;ps, as shown in Figure
.14. Each reactor was baffled to allow exhamst gas‘to flow around the
perimeter of the can, enter the filter, flow radially through the annulax
active material into the hollow central core, and out the exit. The .annular
zone is of 1ll.7cm (4 5/8 in) outer diameter with a S.lcm (2 in) diameter hole
through its center. The active zones were 53.6 and 69.8 cm long in the
traps used for the naturaily-aspirated and turbocharged diesels, respectively.

This s;ction describes the trap installations, t{dp temperatures and
backpressures, and also, the techniques employed in regenerating the trap
in the Fiat N.A. vehicle. Although some mention is made herein of the regu-
lated gaseous and particulate emigsions detected during trap regneration,

the actual overall regulated and unregulated emissions results obtained
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Figure 14. Johnson-Matthey JM-13 catalytic trap-oxidizer.
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with the two traps are reserved for discussion in Senticn VI, VII and VIIY
of this report.
A. Fiat Naturally-Aspirated Diesel

The catalytic trap on the Fiat N.A. diesael was designed for use
in close proximity to the engine exhaust manifold., The large dimensions of
the trap and the limited space in the engine compartment made it quite
difficult to adapt it to the vehicle exhaust system. The installation
required that a 61 cm long extension of 5 cm 0.D. mild-steel tubing be
used between the trap inlet and engine exhaust manifold. A flange was
welded to each end of the trap and corresponding ends of the extension
tube and exhaust pipe. The extension tube was flared on its opposite end
to connect it to the exhaust manifold. The extension was formed in &
roughly helical shape to provide the shortest distance between trap and
exhaust manifold, and to eliminate acute angle bends within the extension
tube. A type K thermocouple was located at the immediate inlet and another
at the outlet end of the trap to monitor temperatures. A second port was
provided adjacent to the inlet thermocouple to provide access to the trap
for pressure monitoring. A third port was installed on the extension tube,
near the trap inlet thermocouple region, for propane injection during trap
regeneration, if necessary.

A material obtained from Refractory Products and identified as
WRP-X~-AQ 2300°F ceramic fiber felt was employed for the trap insulation.
Each sheet (61 x 91 x 0.64 cm) of the insulating material is packaged wet in
a closed plastic container. One thickness of the wet material was formed
around the entire trap, extension tube, exhaust manifold and assembly
connectors. Several lengths of wire were wrapped around the insulation at

appropriate locations to hold the insulation in place while it air-dried
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and hardened.

The initial conditioning of the trap was performed on the dynamo-
meter at 80 kph steady-state for 32 km. The car exhaust was direéfgd to
outside air to avoid contamination of the CVS tunnel. According to Mr.
Enga, the initial conditioning served to purge loose packing material
retained in the trap during its manufacture. The backpressure of the trap
ranged from 7.5 (initial) to 8.7 kPa (final). Trap temperatures averaged
about 293°C for the inlet and 285° for the outlet.

After the trap was purged, the car exhaust was connected to the CVS
tunnel and the following trap pressures and temperatures were recorded at

indicated vehicle speeds:

Trap Trap Temperature, °C
Vehicle Speed, kph  Back Pressure, kPa Inlet Outlet
64 5.0 226 - 209
80 7.5 279 229
9% 10.7 367 288

Mr. Enga mentioned that for this type of trap, he expected approximately
6.0 kPa trap back-pressure at 64 kph, with regeneration required when back-~
pressure reacied-approximately 10.0 kPa at the same steady-state speed.
Trap self-regeneration occurred when the trap outlet -temperature exceeded
350°C. ‘The trap could also be regenerated with the car in neutral and the
engine at full rack (high idle) for two minutes, if it were deteremined that
no engine damage would result. )

The trap back-pressure and temperature were measu;ed to monitor its

operating characteristics during the proposed test plan with this car.

Inlet and outlet trap temperatures were measured continuously using a two-~
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pen recorder. The trap back-pressure was checked at 64 kph steady-state
after each test sequence, using a Magnehelic gquage calibrated in inches of
water to determine regeneration requirements.

Summaries of the maximum inlet and outlet temperatures determined at
the catalytic trap used with the Fiat N.A. diesel dvring the EM~329~F and
EM-469-F fuel studies are found in Tables 9 and 10, respectively. Mileage
accumulation on the trap during Rung 1 through 4 on each fuel amounted to
approximately 216 mi (348 km). During all runs, there were few instances
where the trap ocutlet temperatures exceeded 300°C. When trap outlet temper-
atures exceeded 300°C, such as in ghe HFET and 85 kph cycles with EM-469-F,
the subsequent higher trap back-pressure did not indicate that significant

trap regeneration ﬁad occurred. As noted in Tables 9 and 10, trap back-

pressure as measured in fourth gear and at 64 kph steady-state after each four-

run test sequence indicated backpressure was generally increasing. Additional

testing besides that shown in Tables 8 and 9 was acccemplished using the
trap, mainly to generate 500 x 500 mm particulate filters. The resulting
trap backpressures measured during the entire use of the trap with the Fiat
N.A. diesel are listed in Table 1l.

During the initial prep of the test car with EM-469-F at 11206 km,
it was noted that the trap backpressure had increased to 9.5 kPa, as opposed
to 6.7 kPa obtained at the end .of EM-329-F testing. The abrupt and unex-
-plained increase in trap backpressure required that trap regeneration be
accomplished prior to proceeding with the EM-4€9-F tests in Table 10. As
explained earlier, Mr. Enga rgcommended that trap regenertation be performed

with the car in neutral and the engine at "high idle" (open rack) for two
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TABLE 9.

MAXIMUM INLET AND OUTLET TEMPERATURES OF
JOHNSON-MATTHEY CATALYTIC TRAP USED ON
FIAT NATURALLY-ASPIRATED DIESEL

WITH EM-329-F BASE FUEL

Test Code _ 1B1F46 | 1B1FS50 | 1B1F54| 1BlF58 1B1H47 | 1B1MSL1 | 1B1HS55 | 1B1HS59
Test Type 3-b FTP | 3-b FTP |3-b FTP| 3-b FTP HFET HFET [ HFET HFET
Date (1981) 4/6 4/7 4/9 4/]_0 4/6 4/7 4/9 4/10
Run No. 1l 2 3 4 1 2 3 4
Trap Maximum|} *
Temp., °C.
Inlet 318 368 360 339 335 348 348 342
Outlet 202 198 210 210 274 289 291 285
lest Code 1BIN48 | 1BIN5Z | 131N56] L1BIN60 1B1S49 | 1B1S53| 1B1s57| 1B1S61l
Pest Type NYCC NYCC NYCC NYCC 85 kph | 85 kph| 85 koh| 85 kph
Jate (1981) 4/6 4/17 - /9 4/10 4/6 4/7 4/9 4/10
wn No. 1 < 3 4 1 2 3 4
'rap Maximum
\emp” °c
Inlet 198 233 210 210 282 291 305 293
Outlet 236 253 245 245 229 279 223 285
Jack; .2
Sra - - — - 5.5 6.0 6.7 6.7

The trap backpressure was determined at 64 kph steady-state after each 85 kph cycle

was completed;
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_TABLE 10. MAXIMUM INLET AND OUTLET TEMPERATURES OF

_ JOHNSON-MATTHEY CATALYTIC TRAP USED ON

FIAT NATURALLY=-ASPIRATED DIESEL
WITH EM-469-F FUEL

Test Code 1B2F64 1B2F68 1B2F72 1B2F76 1B2H65 1B2H69 1B2H73] 1B2K77
Test Type 3-b FTP | 3=b FTP| 3-b FTP | Z+b FTP HFET HFET HFET HFET
bDate (1981) 4/15 4/16 4/20 4721 4/158 4/16 4/20 4/21
Run No. 1 2 3 4 1 2 3 4
Trap Maximum
Temp., °C
Inlet 325 325 365 325 342 331 360 331
Outlet 204 198 243 245 283 268 314 314
Test Code 1B2N66 1B2N70 1B2N74 1B2N78 1B2S67 1B2571 1B2875 | 1B2S579
Test Type NYCC NYCC NYCC NYCC 85 kph 85 kph 85 kph| 85 kph
Date (1981) 4/15 4/16 4/20 4/21 4/15 4/16 4/20 4/21
Run No. 1 2 3 4 1 2 3 4
Trap Maximum
‘Temp., °C )
Inlet 210 210 245 224 282 223 b 291
Outlet 236 222 249 274 274 285 b 314
Backpress. ,%
ckpress., _— - — - 7.7 7.7 8,7 9;2

aThe trap backpressure was détermined at 64 kph steady-state after each 85 kph cycle

was completed; backpressure prior to initial testing with EM*469-Fwas 7.5 kPa.

Data not acceptable
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TABLE 1ll. CATALYTIC TRAP BACKPRESSURE DETERMINED AT VARIOUS INTERVALS DURING
EMISSIONS TESTING WITH FIAT NATURALLY-ASPIRATED DIESEL

Vehicle Trap Cumulative Trap Backpressure
Odometer, km Distance, km kPra?
10823 Initial Conditioning -
10892 69 5.0
10966 143 5.5
11051 228 6.0
11124 301b 6.7
11206 383 9.2
11330 507 7.5
11402 579 7.7
11484 661 7.7
11557 734b 8.7
11646 823 10.2
11711 888 7.7
11831 1008 8.0
11991 1168 8.5
12109 1286b 9.5
12224 1401 10.7
12271 1448 7.7
12417 1594c 8.7
12509 1686 12.4

ETrap backpressure measured at 64 kph steady-state
Approximate accumulated kilometers where trap regeneration
was required according to indieated high backpressure
No further trap regeneration was attempted at completion
of Fiat N.A. diesel testing
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minutes. To forestall possible engine damage at full speed, an alternate
trap regeneration procedure was tried. The procedure consisted of running
the car in fifth gear and at 80 kph steady-state with incremental dyna-
mometer horsepower increases. The dynamometer loading was continued to

20 hp (indicated) and the trap outlet temperature was noted to have increased
‘to 394°C (inlet 430°C). The same test conditions were then sustained for
an additional two minutes before the procedure was termi;ated with accom-
panying reduction of vehicle speed and dynamometer loading. A subsequent
measure of trap backpressure showed no change from 9.5 kPa. Consequently,
it was decided to regenerate the trap by using the car in neutral and the
engine at "high idle". However, to help modEraté the effect of maximum pm
on the engine, the engine was operated at this speed for one-half minute
instead of two minutes. The procedure reduced the trap backpressure to

7.5 kPa, a value confirmed by Mr. Buchman to be adequate for, resuming
evaluation of the trap. Since the trap outlet temperature did not exceed
268°C (inlet 328°C) during the high idle procedure, it is conjectured that
the decrease in trap backpressure occurred mostly through particulate
purging instead of "light-off".

At 11646 k;lometers and prior to starting the additional particulate
sampling mentioned earlier for 500 x 500 mm filters, the catalytic trap
backpressure on the Fiat N.A. diesel was 10.2 kPa. It was therefore neces-
sary to regenerate the trap before beginning actual particulate sampling.
With the Project Officer's approval, the Johnspn—Maﬁthey "high idle" (oﬁen
rack) regeneration procedure of two minute duration was conducted, following

a test seguence that allowed for repeated "high idle" test cycles. 1In this
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manner, sampling of regulated emissions could be similarly accomplished
during "high idle" cycles for comparison during and after trap regeneration.
The "high idle" trap regeneration test sequence is shown in Table 12, and
corresponding computer sheets for the listed emissions tests are found in
Appendix A.

Although three "high idle" cycles were completed, the trap back-
pressure was not greatly affected, as seen in Table 12. The first two
"high idle" cycles demonstrated significantly higher emission rates gener-
ally than those found with the same car corifiquration and fuel on the 85 kph
test cycles as reported later in Section VI of this report. The 85 kph
average emission rates in grams/hr were HC (0.33), CO (0.92), NO, (60},
and particulate (4.6). The HC and particulate diminished after each "high
idle" cycle in Table 12. The NOx increased slightly after the first test,
but remained rather uniform thereafter. The CO decreased and then stabil-
ized after the first test. During each "high idle™ cycle, the trap back-
pressure increased rapidly to the peak values noted in Table 12. It is
interesting to note that the trap irnlet temperature did not exceed 416°C
during the "high idle" cycles. Studies conducted with a non-catalyzed trap

(19 indicated that trap regeneration could be achieved

at Ford Motor Company
generally if the trap inlet temperature exceeded 482°C and if sufficient
oxygen (2% or more) and time were provided. They showed that the actual
exhaust temperature required for fast regeneration was usually higher than
the nominal 482°C level to compensate for heat loss from the trap and
exhaust system. Also, the same study indicated that catalysts did not lower

the regeneraﬁion temperature of a particulate trap, nor did they accelerate

the particulate oxidation process.
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TABLE 12.

“HIGH IDLE" TRAP REGENERATION TEST SEQUENCE USED
ON NATURALLY -ASPIRATED FIAT WITH CATALYTIC TRAP AND EM-469-F FUEL

Catalytic Trap
Max. Back-
Test Test Emissions Rate, g/hr | Max. Temp.,°C | pressure
Sequence | Code Test Cycle HC CO | NOx {Part.| Inlet | Outlet kPa
1 23 minute FTP -3 - |- - 371 | 222 -
2 4 minute 64 kph S.S. - - - -_— 314 212 10.2
3 4 minute soakP — ) — |- |- | 204 | 202 —
4 1B2R81 2 minute "high idle"] 8.9 {16.0 | 81. |59. 411 329 34.9
5 4 minute soak® | = = | = | 3q0 | 207 -
6 4 minute 64 kph S.S. —-— - -_— —-— 379 324 9.7
7 4 minute soakb -— - | -- - 233 257 -

8 1B2R82 2 minute "high idle" ] 1.7 4.3 186, }33. 416 349 37.3
9 4 minute soakb el e R -_ 356 314 -
10 4 minute 64 kph S.S. - - - - 396 340 10.5
11 4 minute soak® —] == | = | 212 | 272 -
12 1B2R83 2 minute "high idle" | 0.21]| 4.3 | 86. {27. 416 349 36.6
13 4 minute soakb _—] - §-- - c c -
14 4 minute 64 kph S.S. - - - - 411 337 10.2

a ..
-Emissions not sampled, trap backpressure not noted

4-minute

Data not acceptable
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After the second "high idle" test in Table 12 failed to achieve trap
regeneration, Mr. Buchman was contacted for further advice. His recommen=-
dation was to try a third "high idle" test before trying a different
regeneration procedure. Mr. Enga was later advised of the
results in Table 12. He recommended that a fas; accel under
an open rack engine condition be tried to regenerate the trap while oper-
ating the wvehicle on the dyno. Since the Fiat N.A. diésel hds a five-speed
manual transmisson, it was decided to first-carefully defermine the open
rack vehicle steady speeds in first, second, and third gears without
act 1ally regenerating the trap. 'This determiaatiop would Later allow the
fast and proper shifting ¢f gears under opén rack conditions, and would
also permit measurement of regulated emissions during:and after the trap
regeneration. After running a preliminary 23-minute FTP and a 64 kph steady
state of le;s than one minute, the car was returned to idle speed. With
full rack in first gear, the car was carefully accelerated until its speed
stabilized for twenty seconds before easing off open rack to shift to
second gear, and then third gear, to also similarly determine their stabil-
ized speeds.. The first, second, and third gear stabilized speeds reached
were 42, 73, and 108 kph, respectively. Maximum inlet (outlet) tempera-
tures obtained at the three stabilized speeds were 382°C (256°C) in first
gear, 461°C (348°C) in secund gear, and 651°C (439°C) in third gear. A
subsequent check of the trap backpressure, as norﬁﬁliy.performed at 64 kph,
indicated a value of 7.7 kPa. This trap backpreséure was close to tge value
observed after the trap regeneration conducted at 11,330 kilometers. Since

the opportunity for obtaining reguiated emissions during the trap regeneration
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was lost, the car was subsequently prepped to continue sampling particulate
on 500 x 500 mm filter:.

The final trap regeneration was accomplished at approximately 12,224
kilometers by vehicle operation on the dyno. After an initial fifteen-
minute warm-up at 64 steady-state speed, the vehicle was brought to idle.
From idle, the vehicle was quickly accelerated at fu11>£ack in a first,
second, and third gear succession to reach a steady-state speed of 108 kph
for thirty seconds. Four consecutive accels were necessary using the same
trap regeneration accel procedure in order to reduce the trap backpressure
from 10.7 to 7.7 kPa in steps of 1.0, 0.7, 0.5, and 0.8 kPa, respectively.
The average maximum inlet temperature of the trap was 642°C (462°C outlet)
during the third gear portion of the trap regeneration procedure.

No further trap regenerations were attempted, as shown in Table 11, for
the remainder of the test plan on the trap-equipped Fiat N.A. diesel. After
completion of the tests run for particulate accumulation, the catalytic
frap was removed from the Fiat N.A. diesel and saved for future shipment
to Johnson-Matthey. The Fiat N.A. diesel exhaust system was then restored
to. its original configuration. At the request of Miss Sharon Quayle, and
with the approval of the Project Officer, the vehicle was shipped to the
Department of Transportation in Cambridge, Massachusetts; on June 22, 1981.
B. Piat Turbocharged Diesel

The catalytic trap-oxidizer for use on the Fiat turbocharged diesel
was designed for "underfloor" installation because of the vehicle's
limited engine compartment space. A flange was welded to each end of the

trap for its underfloor installation immediately past the firewall of the
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Fiat T.C. diesel. Prior to installation, the trap was fitted with a type K
thermocouple at its inlet and outlet. A separate port was proyided near
the inlet thermocouple for pressure monitoring. Insulation of the trap was
with a single layer of Refractory Products WRP-X=-A{ 2300°F ceramig fiber
felt. The same type insulation was used to cover the exhaust pipe section
extending from the turbocharger down to the trap. The asbestos tape
originally wrapped around the pipe section was left intact underneath the
fiver felt layer. Both the trap and pipe extension fiber felt insulation
was wrapped with several lengths of wire and then with asbestos and glass
tape for increased protection. The size and irnstallation of the trap on
the vehicle permitted only a ﬁey inches clearance between the trap and
laboratory floor.

The trap was conditioned on the dynamometer for 80 kilometers at
alternating vehicle speeds of 48, 64, 80 and 96 kph. After trap conditioning,
the car exhaust was connected to the CVS tunnel, and the trap pressure and

temperature were recorded at the following vehicle speeds:

- °
Vehicle Speed, kph Back-Pzzzgure, kPa Txggigimng—agggzg;—c
64 4.5 283 307
80 7.2 293 272
96 12.4 339 301

The clean trap back-pressure, according to Mr. Buchman, should have
been approximately 3.5 kPa at 64 kph. Trap regeneration is recommended
at or close to 8.7 kPa. For this study, trap inlet and outlet temperatures,
were measured continuously using a two-pen reccrder. The trap back-pressure

was checked in fourth gear and at 64 kph after completion of each test.
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sequence consisting of a 4-bag FTP, HFEf, NYCC, and 85 kph.

The maximum inlet and outlet temperatures measured at the catalytic
trap during regulated and unregulated emissions testing are found in Table
13 for EM-329-F, and in Table 14 for EM-469-F. Mileage accumulation on the
trap during Runs 1 and 2 on each fuel amounted to approximately 159 kilo-
meters. As indicated in Tables 13 and 14, the highest trap iglet'temperatures
(290 to 300°C)-with each fuel occurred during the HFET cycle; but they were
short of the approximately 480°C or higher temperature nezded for seif-
regeneration of the trap.

Total distance accumulated on the trap during all testing conducted,
including repetitive testing for particulate accumulation using §Oo4x 500 mm
filters, was 1,411 kilometers, as summarized in Table 15. No trap regenera-
tion was required during the extended period of emissions testing with the
Fiat T.C. diesel using cataiytic trap and the two test fuels. 1In the single
instance where trap backpressure actually approached thé prééosed upper limit
of 8.7 kPa for the trap (at 9.308 km), a subsequent run employing a NYCC:
proved sufficient to éeduce trap backpressure tB 7.2 kPa. Theregfter, the
trap backpressure remained at 7.2 kPa or slightly below, as indicated in
Table 15.

An earnesé effort was also made to run the Fiat T.C. diesel with a
manifold catalytic trap. Mr. Buchman visited SwRI on June 9, 1981 to
take preliminary pictures and measurement$ of the fi;t,T.C. engine com-
partment. Johnson-Matthey was to design and manufacture a catalytic trap-
oxidizer to use in place of the éngine exhaust manifold. The design wbu;d

allow the trap to be located immediately ahead of the turbocharger. During
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TABLE 13 MAXIMUM INLET AND OUTLET TEMPERATURES OF JOHNSON-MATTHEY

UNDERFLOOR CATALYTIC TRAP USED ON FIAT TURBOCHARGED DIESEL

WITH EM-329~F FUEL

Test Code 3B1FOl | 3B1FOS5 [{3B1HO2 | 3B1HO6 || 3BINO3 | 3BLNO7 || 3B1504 | 3B1S08
Test Type 3~0 FTP | 3=b FTP || HFET HFET NYCC NYCC |} 85 kph | 85 kph
Date (1981) 9/17 9/18 9/17 9/18 9/17 9/18 9/17 9/18
Run No. 1 2 1 2 1 2 1 2
Trap Maximum
Temp., °C

Inlet 255 255 285 290 210 215 274 278

Outlet 210 212 255 265 193 192 265 270
Trap Backpressure

kPa? -— — -— -— -— -— 5.0 5.0

2he trap backpressure was determined at 64 kph steady-state after each 85 kph
cycle was completed; backpressure prior to initial testing with EM-~329-F
was 4.5 kPa.
TABLE 14. MAXIMUM INLET AND OUTLET TEMPERATURES OF JOHNSON-MATTHEY
UNCERFLOOR CATALYTIC TRAP USED ON FIAT TURBOCHARGED DIESEL
WITH ZM-469-F FUEL
Test Code 3B2F35 | 3B2F39 {|3B2H36 | 3B2H40 (|} 3B2N37 | 3B2N41 |} 3B2538 | 3B2542
Test Type 3-b FTP | 3-b FTP || HFET HFET NYCC NYCC 85 kph | 85 kph
Date (1981) 9/23 9/24 9/23 9/24 9/23 9/24 9/23 9/24
Run No. 1 2 1 2 1 2 1 2
Trap Maximum
Temp., °C
Inlet 268 262 300 298 195 198 284 285
Outlet 220 218 274 270 220 220 275 275
Trap Backpressure
kPa2 -— -— -— —_— —-— -— 6.7 6.5
a'I;he‘trap backpressure was determined at 64 kph steady-state after each 85 kph

cycle was completed; backpressure prior to initial testing with EM-469-F

was 6.7 kPa.
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TABLE 15. CATALYTIC TRAP BACKPRESSURE DETERMINED AT VARIOUS INTERVALS
DURING EMISSIONS TESTING WITH I'IAT TURBOCHARGED DIESEL

Vehicle Trap Cumulative Trap Backpressure,
Odometer, km Distance, km kpa?
8355 Initial Conditioning -—
8497 142 4.5
8571 216 5.0
8656 301 5.0
8796 441 5.5
8951 596 6.7
9022 667 6.7
9110 755 6.5
9257 902 7.7
9308 953 8.5
9310 955 7.2
9328 973 7.2
9596 1241 7.2
9766 1411 7.0

a'1‘::ap backpressure measured at 64 kph steady-state
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his visit to SwRI on June 17, 1%3), Dr. Rinaldo Rinolfi of Fiat (Italy)
agreed to provide Mr, Buchman Qith essential engineering drawings of the
engine, exhaust manifold, and turbocharger to assist him further in ‘the
manifold trap design. Fiat was also to supply SwRI with the necessary
gaskets required for fitting the completed manifold trap to the engine.

The Fiat engineering drawings and gaskets were received at SwRI on
August 6, 1981. The drawings were quickly forwarded to Mr: Buckmhn, wbo
subsequently determined that the drawings were not applicable to the Fiat
T.C. diesel at SwRI. Fiat was alerted of the mistake, and the correct
drawings were £inally received by thée Project Officer ;n late October 1981.
After studying the drawings, Mr., Buckman determineé that the trap was more
complex than anticipated, and could therefore not be completed until late
1981 or even early 1982. The Project Officer, along with SwRI, determined
that the projected delay in the trap acquisition was too long to accommodate
within the present time and monetary constraints of the project. Thérefore,
it was decided that the underfloor trap configuragion‘bf the turbocharged
Fiat diesel would be the final vehicle configuration evaluated, and that
the remaining project effort would be applied to data analysis and prepara-

tion of the Final Report.
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VI. REGULATED EMISSIONS AND FUEL ECONOMY RESULTS

A discussion of the regulated emissions and fuel economy results obtained
during the testing conducted in this project is presented in this section.
The testing for requlated emissions provided a large amount of data gener-
ated using a four-cycle test sequence, composed of a 4-bag FTP, HFET, NYCC,
and 85 kph steady-state. The emissions evaluations included five diesel
vehicle configurations (Fiat N.A., Fiat N.A./trap, 1981 Oldsmobile Cutlass,
Fiat T.C., and Fiat.T.C./trap and two test fuels (EM-329~F and EM-469-F).

The regulated emissions and fuel economy data for individual runs and
respective computer sheets for each vehicle configuration/fuel type are
found in Appendices B, C, D, E, and F for the five vehicle configurations

in the order listed above. The individual run data have been grouped,
averaged, and tabulated in this section in order to effectively compare the
pollutants and fuel economy, by vehicle, driving cycle, and fuel. These
data for HC, CO, NOy, particulate, and fuel economy are sumrarized in Tables
16 through 20 respectively.

Test-to-test repeatability of emissions and fuel economy data used in
the preparation of Tables 16 through 20 was generally good. However, some
significant variations in particulate emission rates were noted for the
Fiat N.A./trap configuration with both fuels in the NYCC and 85 kph, as
shown in sdﬁﬁéry tabulations on pages C-2 and C-19. In the NYCC, fcﬁ’e%gﬁbie. the
test~-to-test particulate rate of the Fiat N.A./trap vehicle varied by a
factor of three with EM~329-F, and by a factor of two with EM-469-F. The

reason for the sporadic variation in particulate rate in some driving cycles
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TABLE

l6.

FOR AVERAGE HYDROCARBONS

VEHICLE, FUEL, AND TEST CYCLE COMPARISONS

Average HC Emission Rates (gq/mi) by Cycle and Fuel
3~bag FTP HFET NYCC 85 kph

Vehicle EM=-329-F |EM~469~F||[EM=329-F| EM~469-F||[EM-329~F |EM-469~F{|[EM=329~F] EM=469-F
Fiat N.A, 0.49 0.57 0.23 0.25 0.79 1.10 0.19 0.19
Fiat N.A./

trap 0.08 0.10 0.02 0.03 0.04 0.04 0.00 0.01
Fiat T.C. 0.39 0.48 0.11 0.12 1.06 1.26 0.07 0.10
Fiat T.C./

trap 0.12 0.19 0.03 0.03 0.19 0.30 0.00 0.01
Cutlass 0.19 0.21 0.13 0.16 0.45 0.52 0.13 0.13

TABLE 17. VEHICLE, FUEL, AND TEST CVYLLF COMPARISONS
FOR AVERAGE CARBON MONOXIDE
Average CO Emission Rates (g/mi) by Cycle and Fuel
3-bag FTP HFET NYCC. 85 kph —_—

Vehicle EM=329-F {EM=469=F}||[EM=329=F | EM=469~F [[EM=329=F |EM~469~F||EM=329~F | EM= 169=F
Fiat N.A. 1.66 1.90 0.67 0.70 2.93 3.80 0.55 0.54
Fiat N.A./

trap 0.29 0.41 0.05 0.07 0.15 0.20 0.03 0.02
Fiat T.C. 1.35 1.58 0.45 0.30 3.08 3.47 0.3¢ 0.43
Fiat T.C./

trap 0.43 0.43 0.08 0.08 0.64 0.72 0.0°f 0.05
Cutlass 1.05 1.11 0.70 0.72 2.42 2.51 0.66- 0.70
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TABLE 18. VEHICLE, FUEL, AND TEST CYCLE CCMPARISONS
FOR AVERAGE NOy

Average 0O, Emission Rates (g/mi) by Cycle and Fuel
3=bag FTP HFET NYCT 85 kph

Vehicle EM=329-F |EM=469-F||EM=329~F |EM=469-F||EM~329-F |"M=469~F||EM=329~F | EM~469~F
Fiat N.A. 1.32 1.40 0.88 0.98 2.02 2.25 0.86 0.96
Fiat N.A./

trap 1.4C 1.59 1.10 1.16 2.36 2.2% 1.11 1.13
Fiat T.C. 2.04 2.02 1.27 1.28 2.73 2.74 1.30 1.22
Fiat T.C./

trap 1.87 2.09 1.15 1.34 2.643 2,92 1.18 1.35
Cutlass 1.03 1.05 0.60 0.61 2.32 2.40 0.59 0.58

TABLE 13, VEHICLE, FUEL, AND TEST CYCLE COMPARISONS
FOR AVERAGE PARTICULATE ’

Average Particulate Emission Rates (g/mi) by Cycle and Fuel

3-bag FTP HFET NYCC 85 kph

Vehicle EM=329~F |[EM~46S~F|[EM-329-F |EM-469-F|[EM-329~F |[EM-469-F|{EM-329~F | EM~-469-F

iat N.A. 0.41 0.45 0.27 0.34 0.43 0.62 0.25 0.30

Fiat N.A./

trap 0.11 0.07 0.09 0.06 0.36 0.16 0.12 0.09
Fiat T.C. 0.26 0.33 0.13 0.13 0.41 0.52 0.11 0.11
Fiat T.C./

trap 0.10 0.09 0.06 0.07 0.15 0.17 0.06 0.08
Cutlass 0.38 0.44 0.21 0.21 0.57 0.66 0.16 0.14
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TABLE 20. VEHICLE, FUEL, AND TEST CYCLE COMPARISONS
FOR AVERAGE FUEL ECONOMY

Average-Fuel Fconomy (mi/gal) by Cycie and Fuel
3-Bag FTP HFET NYCC 85 koh

Vehicle EM=329~F | EM~469-F [[EM~329~F | EM~469~F |[EM=329~F | EM~469~F [[EM=329-F EM-469~F
Fiat N.A. 27.6 27.4 42.2 39.3 19.0 16.6 43.0 ‘ 39.9
iat N.A./ |

trap 28,2 28.8 37.9 38.9 18.1 18.6 38.4 39.7
Fiat T.C. 22.7 23.0 36.6 37.0 14.5 14.7 37.3 37.5
Fiat T.C./

trap 23.4 23.7 37.9 36.9 [ 14.7 14.8 38.3 38.2
Cutlass 22,0 22.1 31.6 32.7 11.3 11.3 32.1 33.5

is not known. However, it is conjectured that different levels of sulfate
and/or particulate purged from the overall exhaust system may have contrik-
uted to the observed different particulate emission rates.

Comparative FTP regqulated emissions and fuel economy d&éa obtgined
from DOE-Bartlesville(A) for the two Piats without exhaust aftertreatment
and from the EPA Certification Division for a 1981 Oldsmobile cCutlass

diesel were as follows:

FTP REGULATED EMISSIONS RATE, g/mi

Vehicle . Fuel HC co NOy« Particulate Fuel Economy,.mi/gal

Fiat N.A. 2D 0.68 | 2.32 | 1.61 | p.34 | 27.3
"European” 0.49 | 1.64 | 1.45 0.45 27.8

Fiat T.C. 2D 0.55 | 1.80 | 3.12 | 0.32 23.7

Cutlass Emissions 2D | 0.41 | 1.13 | 1.30" | (not sampled) 21.7

1981 Federal Standard‘?3) | o0.41 | 3.4 | 1.0 0.6 -

*NOx waived to 1.50 g/mi for 1581
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The 2D fuel at DOE was higher in arcomatics and density than EM-329~F. The
“European” fuel was more slmilar to EM-329-F, except for its wider boiling
range. The "European" fuel results are very close to the SwRI results with
the same car, perhaps du; to fuel similarity. The FTP 1981 Federal Stanc...
dard(23) for HC (0.41 g/mi) was exceeded by the Fiat N.A. (no trap/both

fuels) and Fiat T.C. (no trap/EM~469-F), as shown in Table 16. In addition,

the 1981 NO, limit (1.0 g/mi) was exceeded by each vehicle/fuel combination
in the FTP, as indicated in Table 18. For 1981, however, the Cutlass was

granted a NO, waiver of 1.50 g/mi.

With each fuel, as shown in Table 16, the highest HC was obtained using
the naturally-aspirated diesel without trap in the FTP, HFET, and 85 kph,
and using the turbocharged diesel without trap in the NYCC. The trap-equipped
Fiats consistently provided the lowest HC in the study, with the Fiat
T.C./trap vehicle showing higher HC in the FTP and NYCC. On a fuel-to-
fuel basis with all vehicles, HC emissions were generally higher with
EM-469~F than with EM-329-F, but not substantially so. On all vehicles
and test fuels, HC was highest in the FTP and NYCC, with the NYCC dis-
playing the higher wvalues overall.

The use of trap-catalysts served to reduce the Fiat N.A. and T.C.
diesels' KC emissions in all cycles and with both fuels as show in Table
16. The effective reduction of HC with the trap was greater than 82
percent (91 avg.) and 60 percent (78 avg.) on the Fiat N.A. and T.C.
diesels, respectively. The Cutlass HC on the FTP was lower than the Fiats

] without aftertreatment, but higher than the same vehicles with aftertreat-
ment.

In the summary of average CO emissions in Table 17, CO was generally

higher, although not appreciably so, with EM~469-F, With both fuels, the
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Fiats without aftertreatment provided highest CO during the FTP and NYCC.
The Cutlass produced somewhat higher CO than the Fiats without traps in
the HFET and 85 kph using each fuel. The decrease in CO emissions ob-
tained with the traps for all cycles and fuels was greater than 78 percent
(?1 avg.) and 68 percent (80 avg.) on the Fiat N.A. and T.C. vehicles,
respectively.

Mogt vehicles and test cycles listed in Table 18 indicated slightly
higher NO, with EM-469-F than with EM-329-F. The Fiat T.C. vehicle produced
the highest NOx in each cycle with EM-329-F, while the same vehicle with

aftertreatment had the highest NO, in each cycle with EM-469-F. The use

of the catalytic trap on the naturally-aspirated diesel with both fuels
consistently increased NOy emissions on the average of 17 percent over
the same vehicle without aftertreatment. The Fiat T.C. diesel with trap
had consistently lower NO, (average of eight percent) with EM-329-F, but
consistently higher NOy (average of six percent) with EM-469-F over the
same vehicle without exhaust aftertreatment. The effect of trap backpressure
on NO, emissions reported in Table 18 for the Fiats ig not known, since trap
backpressure was not monitored continuously during any emissions testing
performed in this study.

The highest particulate emissions, as summaried in Table 19, were pro-

duced by the Fiat naturally-aspirated diesel in the FTP, HFET,.and 85 kph with

both fuels. The Cutlass had the highest particulate rate on both test fuels ~
in the NYCC. Generally, the catalytic trap-equipped Fiats had the lowest
particulate emissions levels as shown in Table 19. These same vehicles

also demonstrated nearly identical particulate emissions in the FTP with

EM-329~F, and in the HFET, NYCC, and 25 kph with E!-469-F.
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Although no major differences in particulate emission with respect to
fuel type are generally found in Table 19, by vehiéle or driving cycle, some
trends in particulate rates can be noted. Slightly lower particulate emis-
sions were shown with EM-329-F than with EM-469-F for the Fiat N.A. diesel

without aftertreatment in all test cycles, and for both the Fiat T.C. diesel

without aftertreatment and, the Cutlass in the FTP and NYCC. The Fiat N.A.

diesel with catalytic trap emitted more particulate in all cycles with EM-329-F than
with EM~469~F. On the NYCC with EM~329~F however, the same’ vehicle showed

more than twice the particulate rate obtained with EM-469-~F. This-éubstan-

tial difference in particulate rate between fuels is attributed to the

noticeable spread of particulate emissions obtained on the NYCC with the

Fiat N.A./trap vehicle, as discussed earlier in this section.

Particulate emissions of the Fiats were lower in every cycle and fuel
combination with the catalytic traps than without them. With trap use, -the
particulate emission rates of the Fiat N.A. and T.C. diesels were reduced
by an average of 65 to 55 percent, respectively. The largest é;rticulate
decreases with each trap-equipped Fiat occurred in the FTP using EM-469-F,
where the Fiat N.A. showea an 84 percent reduction'and the Fiat T.C.
exhibited a 73 percent reduction.

Fuel economy results in Table 20 indicate that generally the highest
fuel economy was obtained by the naturaily—aspirated Fiat with and without
exhaust aftertreatment. The Cutlass had the lowest fuel economy overall,
although it was only slightly less than that obtainea with either exhaust
configuration of the turbocharged Fiat in the FTP with the two fuels. With
each test vehicle and fuel in the study, fuel economy was highest in the

85 kph and lowest in the NYCC, as expected.
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No obvious trends were observed for fuel economy between fuels, although
the Fiat N.A. without aftertreatment showed the largest differences betwean
fuel types. The result may be seen in Table 20 under the HFET, NYCC, and
85 kph procedures, where EM-329-F showed the higher mileage per gallon,
but by not more than 3.1 mi/gal in any cycle.

When the trap was put on the Fiat N.A. diesel, fuel economy with the
test fuels increased very slightly in the FTP, but decreased in the HFET,
the NYCC (EM-329-F)., and at 85 kph. The largest fuel eccnomy decreases
noted in the trap studies of the Fiats occurred using the Fiat N.A. diesel
in the HFET and 85 kph with fuel EM-329-F. No significant change in fuel
economy occurred between the different exhaust configurations of the Fiat

turbocharged diesel with either fuel.
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VII. UNREGULATED GASEOUS EMISSIONS RESULTS

This section is devoted to the discussion of the unregulated gaseous
emission results which included sampling and analyses of individual hydro-
carbons, aldehydes, ammonia, phenols, total cyanide, trap-collected gaseous
hydrocarbons, organic sulfides, hydrogen sulfide, amines, and M-nitrosamines.
The respective pollutants are discussed separately, usually with individual
run data grouped, averaged, and tabulated. Where an analysis includes
several pollutants, as in the case with individual hydrocarbors, aldehydes, phenols,
organic sulfides, amines, and N-nitrosamines, comparison of pollutants to
vehicle, driving cycle, and fuel relied more on the average "total"
emissions for simplicity.

A, Individual Hydrocarbons

The emission rates. of eight individual hydrocarbons (IHC) consisting
of methane, ethylene, ethane, acetylene, propane, nropylene, benzene, and
toluene were measured in this project. The summaries of individual
runs obtained with each vehicle configuration, driving cycle, and fuel
are found in Appendix G, Tables G-1 through G-10.

Replicate runs in Appendix G using the cold FTP and hot FTP indicated
good repeatability of the more highly concentrated IHC species identified
as methane, ethylene, acetylene, and propylene. Methane, ethylene, and
ethane were the only pollutants found consistently with each vehicle and
fuel combination. Although data scatter in the overall study made it
difficult to identify precise trends, it was found that ethylene was

generally present at the highest concentration among the IHC species for
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each vehicle, cycle, and fuel combination. Usually, the ethylene accounted
for at least half of the "total” IHC. While there were a few exceptions,
such as indicated in Tables G-1 and G-3 for the FTP's, most IHC species
detected for the Fiat vehicles without catalytic traps were foun& at lower
levels for these vehicles with catalytic traps. In most cold and hot FTP's,
the Cutlass emitted lower concentrations of all the fHC except toluene than
did the Fiats without exhaust aftertreatment. In the cold FTP and hot FTP,
ethylene was slightly higher with EM-469-F than with E#-329-F for all wehicle
configurations.

Table 21 summarizes the average "total" IHC emission results prepared
from individual run data in Appendix G. For coqpatathe purposes, the
summary includes the average "total IHC" obtained via continuous heated FID.
The "total" IHC or just IHC, as used in this discussion, was highest on the
Fiat N.A. vehicle without aftertreatment, and with both fuels in the hot FTP,
HFET, and NYCC. Displaying highest IHC emissions ih the cold FTP were the
naturally-aspirated Fiat with no aftertreatment using EM-469-F, and the
turbocharged Fiat with no aftertreatment using EM-329-F. With both fuels,
IHC was highest in the 85 kph with the Cutlass. The lowest IHC ranged from
0.96 to 26 mgv/km, and was mainly associated with the turbocharged Fiat/trap
and Cutlass diesels. The lowest IHC emissions in the study were generatea
by the Fiat T.C./trap configuration in the hot FTP with both fuels, and in
the HFET,'NYCC, and 85 kph with fuel EM-3;9-F. The Cutlass "total" IHC was
lowest on the cold FTP with both fuels and in the NQCC with EM-469-F.

On a fuel comparison basis, the EM-469-F fuel éave higher IHC emissions

in eighty percent of the cases. The differences between fuels were rather
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TABLE 21.

SUMMARY OF AVERAGE "'TOTAL" INDIVIDUAL HC RESULTS FOR

FIAT N.A.,, FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESLES

Average "Total” IHC Emission Rates (mg/km) by Cycle and Fuel

-+

Cold FTP Hot FTP HFET NYCC 85 kph
Vehicle EM-329-F |EM-469-F |EM-329-F |EM-469-T||EM-329~F |EH-469-F||EM~329-F | EM-469—F|| EM-329-F] EM-450-1
Fiat N.A. 65 82 56 69 20 27 157 153 13 6.8
FID "Total"

HC", mg/km -2 398 - 388 - 140 - 700 - 130
Fiat N.A./trap 28 29 20 25 6.2 8.1 41 a4 2.4 1.1
FID "Total
HC", mg/km 56 53 36 49 10 20 30 40 7.0 b
Fiat T.C. 68 76 36 47 10 5.4 120 68 4.7 4.6
FID "Total

HC", mg/Km 276 367 227 263 70 70 690 800 53 60
Fiat T.C./trap 31 46 9.6 11 2.4 13 36 81 0.96 4.3
FID "Total

HC" mg/km 98 162 51 66 10 20 120 190 b b
Cutlass 23 26 20 18 17 16 39 37 16 13
FID "Total

HC", mg/km 118 134 134 158 80 100 320 320 70 80

adata not acceptable
less than 5 mg/km



minor, however. Also IHC was noted to vary with test cycle for the majority
of vehicle configuration with both fuels. In this respect, rank ordering of
"total" IHC emissions by test cycie was fairly consistent in the order

NYCC, cold FTP, hot FTP, HFET, and 85 kplk, from highest to lowest "+otal"
IHC.

Trap-catalysts reduced the IHC emissions of the Fiat N.A. and T.C.
diesels in all cycles and with both fuels, except in the NYCC and 85 kph
using EM-469~F with the Fiat T.C./trap configuration. For some reason,
propane in larger quantities than usual was found in these two cycles,
thereby causing greater "total” IHC values. Nevertheless, the average
effective reduction of "total" IHC emissions with the use of the catalytic
traps on the Fiat N.A, and T.C. diesels amounted to 70 and 48 percent,
respectively. By comparison, the average reductions in FID "total" HC
with catalytic trap (Table 21) were 91 percent on the Fiat N.A. diesel
and 79 percent on the Fiat T.C. diesel.

B. Aldehydes

The emission rates of ten aldehydes and ketones consisting of form-
aldehyde, acetaldehyde, acetone, acrolein, propionaidehyde, isobutyraldehyde,
methylethylketone, crotonaldehyde, hexanaldehyde, and benzaldehyde were
measured in this project. The aldehydes and ketones are formed by the
partial oxidation of the fuel hydrocarbons. Acetone, acrolein, and pro-
pionaldehyde were not resolved from each other using the normal gas
chromatugraphic operating conditirns and all tnree have been reported
together as acetone.

The individual run summaries for aldehyde emissions from each vehicle
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configuration, cycle, and fuel are presented in Appendix H, Tables H-1l
through H-10. The only aldehydes detected in the vehicles exhaust during
this study were formaldehyde, acetaldehyde, acetone, isobutyraldehyde(
methylethylketone, and benzaldehyde. The emission rates of benzaldehyde
could not be measured accurately in this project due to interferences in
the analysis procedure. In addition, as seen in Tables H-2 through H-6
and Table H-10, the iscbutyraldehyde emigsicns were much higher than
expected., These unexpectedly high isobutyraldehyde emissicn rates were
of concern to the Project Officer, and at this request, the two NYCC
aldehyde samples listed in Table H-2 were dried and shipped to Mr. Frank
Black at EPA/RTP for their analysis using HPLC and mass spectroscopy
techniques. A copy of the lettexr to Mr. Black describing the two NYCC
samples and tbeir drying technique is presented in Appendix H. Since the
identities of the iscbutyraldehyde and benzaldeiiyde have not;begp confirmed
in this study, their emission rates in various summaries of Appendix H are
included for information only. Further, the two compoupds are not included
in the "total" aldehyde emission rates found in the.same summaries.

Formaldehyde was the only aldehyde @etected v,ith all vehicles and fue;s,
as seen in Tables H-1 through H~10. Overall, the aldehyde emissions data
showed considerable scatter. Acetaldehyég, acetone, and methylethylketone
emissions appeared in only a few cycles during the s;ugy_and alqng yith
formaldehyde, did not provide obvious trends.

A summary of the average formaldghyde and "total" aldehyde emissions,.
prepared from individual run data given in Appendix H, is presented in

Table 22. Formaldehyde, a known carcincgen, was generally the largest
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portion of the "tctal™ aldehydes evaluated, and at times was also the
only aldehyde detected. The highest formaldehyde emissions were those
from the Fiats withcut aftertreatment, but more so with the naturally-
aspirated configuration. With trap use, formaldehyde was reduced by
more than 53 percent on the naturally-aspirated Fiat, and by more thar
43 percent on the turbocharged riat. The FTP formaldehyde emissions on
the Fiats without aftertreatment were generally comparable to those

found with a 1977 non-catalyct gasoline car in another EPA study(ls)

conducted at this laboratory. 1In the same study(le)

, low mileage 1978
oxidation catalyst-equipped gasoline cars produced FTP formaléehyde
emissions similar to those found with the trap-equipped Fiats and the
Cutlass.

"Total" aldehydes were consistently highest overall from the

naturally-aspirated
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TABLE 22. SUMMARY OF AVERAGE FORMALDEHYDE AND “TOTAL" ALDEHYDES EMISSIONS FOR

FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

S8

Average Aldehydes Emission Rates (mg/km) by Cycle and Fuel
Measured Cold FTP Hot FTP HFET NYCC 85 kph
Vehicle Aldehydes EM-329-F|€M-469-F |EM-329~F | EM~469-F | EM-329-F |EM-469-F |[EM~329-F | EM-469-F| EM-329-F| EM-469-F
Fiat N.A. |Formaldehyde 8.0 7.8 6.5 12 4.4 1.6 13 19 1.5 2.0
"Total" 12 8.1 12. 13 7.2 1.6 40 24 5.2 3.3
Fiat N.A./|Formaldehyde 1.7 2.4 0.75 1.4 o 0.75 o] o] o o]
Trap "Total” 1.7 2.4 0.75 1.4 0] 0.75 o 0 0 o]
Fiat T.C. |Foxrmaldehyde 2.2 5.3 1.8 5.2 0.55 0.10 6 9 0.31 0]
"Total" 7.0 5.3 11 5.2 1.4 0.10 6 9 3.1 0
Fiat T.C./|Formaldehyde o] 0.55 (0] o o -0 3.4 o 0 0
. Trap " I"rotal" 0 0.55 0 0 0 0.49 20 12 o] 0.70
Cutlass Formaidehyde 1.0 1.1 1.2 0 0 0 0 () 0 0
“Total" 1.0 1.1 1.2 o] 0 0 0 0 o 0




Fiat without aftertreatment. The turbocharged Fiat without aftextreatment
gave second highest “total" aldehyde emissions in the cold FTP and hot FTP with both
fuels, The lowest "total" aldehydes were mainly associated with the Fiat
N.A./trap, Fint T.C./trap, and Cutlass diesels. Although fuel and driving
cycle influences on "total" aldehydes were not too apparent, the
available data show clearly that the highest "total" aldehydes with the Fiat
N.A, diese] and also the Fiat T.C. trap configuration occurred in the NYCC with both
fuels. Also, aldehydes on the Cutlass were found only during the cold FTP
wi;h both fuels, and on the hot FTP with EM=329-F.

The use of a catalytic trap on the Fiat N.A. diesel reduced "total"
aldehydes overall by 53 percent in one case, and by more than 86 percent in most
cases. On the Fiat T.C./trap configuration, "total" aldehydes were reduced by
90 percent or higher in the cold and hot FTP with hoth fuels; however some aldehyde

increases were obtained on the WYCC with both fuels for the same vehicle configuration

c. Ammonia

Ammonia is a toxic gas found in diesel engine exhaust by the r»eduction
of nitrogen. In this project, amaonia was sampled only during the cold FTP
and hot FTP but using all venicle configurations and both test fuels. The
ammonia results are listed in Table 23.

With both test cycles and fuels, ammonia emissions were highest from
the naturally-aspirated Fiat having no aftertreatment. The vehicle's
ammonia emission rates of 118 mg/km on the cold FTP and 27 mg/km on the
hot FTP EM~469-F were substantially larger than those from the other
vehicles, noﬁe of which exceeded 10 mg/km. No other strong trends were

apparent.
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TABLE 23. AMMONIA FTP RESULTS FOR FIAT N.A., FIAT T.C., AND
1981 OLDSMOBILE CUTLASS DIESELS

Ammonia Emission Rates (mg/km) bv Cycle and Fuel
Cold FTP Hot FTP

EM=~329~F EM~469%-t EM=-329~F EM-469-F
Fiat N.A. 8.3 118 8.1 27
Flat N.A./trap 3.8 5.4 3.8 1.5
Fiat T.C. 3.7 0.43 4.5 1.5
Fiat T.C./trap 0.70 1.2 3.1 3.1
Cutlass 8.0 9.3 3.2 6.3

D. Phenols

Twelve phenols were measured in this project, namely phenol,
salicylaldehyde, m-cresol, p-cresol, p-ethylphenoi, 2-isopropylphencl,
2,3-xylencl, 3,5-xylenol, 2,4,6-trimethylphenol, é-n—propylphenol;
2,3,5-trimethylphenol, and 2,3,5,6~tetramethylphenol. Several phenols
were grouped together because they could not be resolved individually with
the present G.C procedure. The compounds m-cresol and p-cresol formed one
group, and p-ethylphenol, 2-isopropylphenol, 2,3-xylenol, 3,5-xylenol, and
2,4,6~trimethylphenol formed a second group herein designated "Group Five"
The individual run summaries for phenols from each vehicle configuration,
cycle, and fuel are presented in Appendix I, Tables I-1 through I-10.

At the initiation of this project, both filtered and unfiltered
sampling of phenols was conducted to determine which sampling procedure
would provide better results. It was believed that filtering the parti-
culate out of the exhaust sample at 190°C (375°F) could help to keep the

sample clear of particulate, thereby causing less interferences. The
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unfiltered sample was also considered because it was thoqght that the phenols
present in the particulate would be extracted in the sampling impinger.
However, no clearly defined trend emerged from the study to establish either
sampling procedure as providing smaller interferences or greater sensitivity.
This conclusion is better illustrated in Table 24 by comparing average
"total” phenols calculated from individual phenols results in Tables I-1

and I-2. The phenols were obtained in the filtered and. unfiltered sampling
modes, using the two test fuels and the naturally-aspirated Fiat without
‘aftertreatment.

TABLE 24. AVERAGE "TOTAL" PHENOL (FILTERED AND UNFILTERED) RESULTS
BY TEST CYCLE AND FUEL, FIAT N.A. WITH NO CATALYST

Filtered Composite 4-bag HFET, NYCC, 85 kph,

Fuel Code Sampling FTP, mg/km mg/km mg/km mg/km
EM~329-F Yes 8.0 2.9 63 2.0
No 8.3 5.8 63 2.6
EM-469-~F Yes 16. 9.4 68 9.8
No 13, 10. 64 2.8

Based on Table 24 results, the Project Officer approved the suggestion
that the phenol sampling remaining to be completed on the project be conducted
only in the filtered mode in order to reduce costly sample preparation and
analysis. Therefore, the subsequent discussion on phenols refers to results
obtained'using filtered sampling cnly.

All phenols were detected at least once during this study, as seen in
Appendix I summaries. However, the phenol compound appearing more consis-
tently and found in largest quantities throughout this study was 2,3,5,6-
tetramethylphenol. Also more apparent than most other phenols in the overall
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tests were "Group Five" and 2,3,5-trimethylphenol. The obvious data scatter
found in Appendix I for most phenols made it difficult to discern a clear-
cut trend in their concentrations and distribution. However, 2,3,5,6~
tetramethylphenol as compared with the two test fuels among the different
driving cycles was generally highest on the NYCC, and second highest on the
cold FTP.

A summary of average “"total" phenol results prepared from individual
runs in Appendix I is presented in Table 25. As found with the individual
runs, the average "total" phenols also indicated considerable variation
overall. Consequently, each vehicle was represented by highest and lowest
"total" phenols found in the study in the various driving cycles. The
Fiat N.A. vehicle without aftertreatment was the single vehicle showing
increased phenols with EM-469-F throughout the five test cycles. Increased
phenols were also found with the Cutlass using EM-469~F in the hot FI?,
HFET, NYCC, and 85 kph. "Total" phenols were highest on the NYCC using
both fuels with the Fiat N.A., Fiat T.C., and Cutlass diesels. Phenols
were decreased an average of 73 percent with catalytic trap on the Fiat
N.A. diesel on all cycles and fuels, except the cold FTP (EM-469-F), hot
FTP (EM-329-?), and 85 kph (EM-329-F). Reduction of phenols with the Fiat
T.C./trap configuration was less apparent throughout the cycles, but it
still averaged 60 percent on the cold FTP (EM-329-F), hot FTP (EM-329-F),

HFET (EM-469-F), and NYCC (both fuels).
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TABLE 25.

SUMMARY OF AVERAGE "TOTAL" PHENOL (FILTERED) RESULTS
FOR FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Average "Total" Phenol Emission Rates (m

/km) by Cycle and Fuel

Cold FTP Hot FTP HFET NYCC 85 kph

Vehicle EM-329-F| EM-469-F| EM-329~F | EM-469~F| EM~329~F| EM-469-F | EM-329-F | EM~46%~F| EM~329-F] EM-469-F
Fiat N.A. 12. 25. 4.9 8.6 2.9 9.4 63. 68. 2.0 9.8
Fiat N.A./

trap 6.6 42. 11. 1.9 0.74 1.6 24. 7.5 14, 2.3
Fiat T.C. 17, 14, 34, 4.9% 0.16° 7.2 48. 58. o? 3.0
iiat T.C./ a a

trap 5.6 18. 6.6 13. 23. 6.0 0 37. 7.8 4.3
Cutlass 7.0 6.6 9.7 12. 0.18 11. 24, 65. 0.72 1.5

a .
single value, not averaged



E. Total Cyanide

Total cyanide sampled in this project included hydrogen cyanide and
cyancgen. The gases are both flammable and toxic, with the characteristic
odor of bitter almonds. The cyanides afe formed by the reduction of
nitrogen or nitrogen oxides. The total cyanide emission. rates determined
for the ccld FTP and hot FTP cycles are listed in Table 26. Some total

TABLE 26. TOTAL CYANIDE RESULTS FOR FIAT N.A., FIAT T.C., AND
1981 OLDSMOBILE CUTLASS DIESELS

Total Cyanide Emission Rates
(mg/km) by Cycle and Fuel
Cold’ FTP Hct FTP
Vehicle EM~329~F EM=-469~F | EM=469-F EM-469~F -

Fiat N.A. 0.12 0.56 .0 0.01
Fiat N.A./trap 1.0 . 0.65 .42 0.44
Fiat T.C. 0.30 0.87 0.21 0.37
Fiat T.C./trap 1.1 1.4 047 0.44
Cutlass 0.21 0.32 0.28 0.13

cyanide emission rates in Table 26 were at the MD&, but most were above

the MDV by at least a factor of three. The Fiat T.C./trap configuration
emitted highest total cyanide in the cold FTP with both fuels and in the

hot FTP with EM-329-F. Also showing léwer but very similar total cyanide
emissions was the Fiat N.A./trap vehicle. The lowest Fotal cyanide of the
study occurred with the Fiat N.A. configuration on tké cold FT# with
EM-329-F and on the hot FTP with bqth fuels. On the ‘cold FTP, total cyanide
was slightly higher with EM-469-F than with EM-329-F on all vehicles except

the Fiat N.A./trap configuration. Total cyanide differences between fuels
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in the hot FTP were not toc apparent on most Fiat configurations. Catalytic
traps on the Fiat were generally associated with slightly higher total
cyanide emissions.
F. Trap-Collected Gaseous Hydrocarbons

Hydrocarbons were collected from filtered, dilute exhaust on traps,
and the cyclohexane elutions were analyzed qualitatively by gas chromatograph
for boiling range and for paraffin peaks. Trap sampling for hydrocarbons
was conducted during the 4-bag FTP, NYCC and 85 kph for each vehicle confi-
guration/fuel combination. A single trap was employed for each test cycle,
including one trap for the entire 4-bag FTP.

Summaries of the trap-collected gaseous HC data are given in Tables
27, 28, and 29 for the naturally-aspirated Fiat with and without aftertreatment,
the turbocharged Fiat with and without aftertreatment, and the 1981 Oldsmobile
‘Cutlass, respectively. Since it is expected that gaseous HC are closely
related to "unburned" fuel, gas chromatograph analysis of the test fuels in
similar format is given in Table 30 for comparison. The test fuels were
blended in cyclohexane for G.C. analysis. The data in Table 30 show little
difference in boiling range between fuels, but most of the fractional
distillation points a few degrees higher for EM-409-F.

The HC boiling range of the Fiat N.A. diesel without aftertreatment
in Table 27, as compared to the fuel data in Table 30, had a higher heavy
énd for each cycle and fuel. The average end point temperature of the HC
was 463°C, compared to 436°C obtained for the two fuels themselves.
Generally, traéped hydcocarbons showed a tendency towards lower boiling

temperatures for light end than the fuels themselves, especially in the NYCC.
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TABLE 27. SUMMARY OF GAS CHROMATOGRAPH ANAI.YSISa OF TRAP-COLLECTED
GASEQUS HYDROCARBONS, FIAT N.A. DIESEL WITH AND WITHOUT
EXHAUST AFTERTREATMENT

Temperature in C° by Cycle and Fuel

Weight 4-Bag FTP NYCC 85 kph
% off EM—329—F*[EM-469-F EM=329-F [EM—469-F EM-329-F | EM~4€9-F
Without Aftertreatment
0 (IBP) 157 154 154 152 153 153
5 218 197 156 155 173 156
10 231 208 195 166 196 195
20 247 232 197 197 229 216
40 278 268 230 265 258 275
60 309 305 265 312 296 329
30 364 368 320 382 358 393
o6 398 398 368 420 395 420
o 416 416 401 440 418 439
100 (EP) 466 453 458 465 ! 472 463

With Catalytic Trap

0 (IBP) 153 127 123 127 193 127
5 184 138 215 137 212 133
10 196 166 259 159 254 147
20 230 226 323 257 328 203
40 265 341 371 359 372 348
60 320 385 412 396 412 391
80 395 415 453 419 449 418
°C 427 427 475 429 470 428
95 442 432 490 433 483 433
100 (EP) 463 437 513 437 506 437

aby ASTM D2887-73 simulated distillation
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TABLE 28. SUMMARY OF GAS ~HROMATOGRAPH ANALYSIS® OF TRAP-COLLECTED
GASEOUS HYDROCARBONS, ¥IAT T.C. DIESEL WITH AND WITHOUT
EXHAUST AFTERTREATMENT

Temperature in C° by Cycle and Fuel
Weight 4-bag FTP NYCC : 85 kph

% off EM-329-F | EM-469~F | EM~329~F | EM~469-F EM—329—F1 EM-469-F
)

Without Aftertreatment

0 (IBP) 133 133 132 132 132 132

5 138 139 136 135 135 135

10 150 152 140 139 139 140
20 176 178 153 150 154 156
40 229 229 192 181 205 209
60 271 271 ‘245 232 280 275
80 309 309 300 289 352 327
90 346 347 337 ‘320 405 364
95 367 370 367 350 494 403
100(EP) 402 404 504 406 504 502

With Catalytic Trap

0 (IBP) 112 112 112 112 o112 |} 112

5 121 112 113 114 115 114
10 131 113 116 117 119 116
20 164 116 122 124 128 122
40 204 130 142 148 - 166 139
60 242 © 178 181 197° 262 171
80 289 250 252 270 376 249
90 326 289 308 322 ! 393 306
95 375 310 348 367 411 345

100 (EP) "419 356 414 399 420 392

3y ASTM D2887-73 simulated distillation
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TABLE 29. SUMMARY OF GAS CHROMATOGRAPH ANALYSIS® OF TRAP~COLLECTED
GASEOUS HYDROCARBONS, 1981 OLDSMOBILE CUTLASS DIESEL,
FUELS EM-329-F AND EM~469-F

Temperature in C® by Cycle and Fuel

Weight 4-bag FTP NYCC __85 kph

% off EM=329-F | EM~469=F | EM-329-F EM=-469-F | EM-329-F | EM-469-F

0 (IBP) 94 93 92 92 92 93
5 114 99 98 96 97 97
10 140 118 108 102 102 110
20 205 138 137 120 122 141
40 305 194 226 168 179 214
60 471 244 308 212 242 275
80 490 302 491 262 295 320
90 496 339 497 298 323 350
95 499 360 499 313 347 364

100(EP) 500 385 500 348 385 385

%py ASTM D2887-73 simulated distillation

TABLE 30. SUMMARY OF GAS CHROMATOGRAPH ANALYSIS® OF
EM-329-F AND EM~-469-~F DIESEL FUELS

Weight Temperature in C° by Fuel
% Off EM=329-F EM-469~F
0 (IBP) 155 153
5 200 204
10 217 224
20 244 251
40 276 280
60 300 305
80 330 345
90 359 368
95 376 386
100(EP) |. 435 438

8,y ASTM D2887-73 simulated aistillation
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Changes in HC boiling range were apparent with catalytic trap use
on the naturally-aspirated Fiat as compared to the same vehicle without
aftertreatment in Table 27. With the trap and fuel EM~329-F, the boiling
range was similar on the FTP, but was shifted higher on the NYCC and 85 krh.
Using the catalytic trap, the EM-469-F HC heavy and light end boiling tem-
peratures were shifted lower on all cycles by about 24°C, but the mid-range
components showed boiling temperature increases.

A comparison of HC boiling range in Table 28 obtained for the turbo-
charged Fiat without aftertreatment and the fuel data in Table 30 shows a
consistently lower initial boiling point for HC than for fuels. With the
gaseous HC, the end point was lower than that of the fuel in the 4-bag FTP
with both fuels, and in the NYCC with EM-469-F. Somewhat higher HC end
points than fuel end points were noted in the NYCC with EM-329-F, and in
the 85 kph with both fuels, Mid-range boiling temperatures were lower for
the HC than for the fuel especially in the 4-bag FTP and NYCC, with both
fuels.

The use of a catalytic trap on the turbocharged Fiat (Table 28)
generally lowered the gaseous HC boiling ranges. The decrease in the
initial boiling point for each cycle and fuel was very consistent at 20°C.
An increase in the end point was noted for the vehicle with trap in the
4~-bag FTP.

The gaseous HC initial boiling point of the Cutlass (Table 29), as
compared to fuel boiling range results (Table 30), was lower by about 60°C
on each cycle and test fuel. The end point was also apprcximately 60°C

lower for gaseous HC in the FTP and NYCC with EM-469-F, and in the 85 kph
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with both fuels. The mid~range and heavy-end Hc.temperatures in the 4-bag
FTP and NYCC with fuel EM-329-F were higher than the fuel.

Summaries of the paraffin peaks detected during the boiling range
determination of trap-collected gaseous hydrocarbons are provided in
Appendix J, Tables J-~1 (EM~329-F) and J-2 (EM~469-F). Generally, more
paraffin peaks were detected in the 4-bag FTP, which may have been related
to sample size, since more dilute exhaust is passed through the tr;pé
during this cycle than the other cycles.

Data in Tables J-1 and J-2 indicated that the type and relative amount
of paraffin peaks between fuels alone were very sim;lar; The fuels indica;ed
paraffin peaks between C8 and C24 with the strongest peaks concentrated
between C14 and C18‘ In the HC study, more paraffin peaks were detected
using the Fiat N.,A. diesel without aftertreatment, and they were very
consistently of the same type found with the two fuels ﬁetween CiO and C24.
Compared to fuel results, the relative abundance of C

through C,, HC peaks

16 18

for the Fiat N.A. diesel without aftertreatment was. lower with all cycles
and fuels. Results for the catalytic trap-equipped Fiét-N.A. diesel,
compared to the same vehicle without aftertreatment indicated fewer
paraffin peaks especially for the 4-~bag FTP with EM-469-F and the NYCC and
85 kph with both fuels.

Trapped hc from the Fiat T.C. without af;ertreatment showed the same
nunber and type of paraffin peaks as the corresponding éuels between ClO
and C on the 4-bag FTP. When the trap was used‘with.fuel EM-469-F,

24

fewer peaks (only C and ClS) were found.

12’ 14,
On the Cutlass, more paraffin peaks were found overall with EM-469~F
than with EM-329-F. Idenitcal peaks detected on the 4-bdg FTP with both
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fuels were C8, C g’ and C The NYCC with fuel EM-469-~F had

12 150 & 24°

more peaks than with EM-329~F and they were mostly concentrated in the C12
through C18 region.
G, Organic Sulfides

Organic sulfides measur:d in this project were carbenyl sulfide, methyl
sulfide, ethyl sulfide, and dimethyl disnlfide. The organic sulfides are
malodorous compounds, producing odors similar to rotten 2g9g9s. Individual
test results for organic sulfides as obtained with the five vehicle confi-
gurations, two test fuels, and four test cycles (cold FTP, hot FTP, HFET,
and NYCC) are provided in Appendix K. A single run at 85 kph, obtained
early in the program, is included for comparison in Table K-1l.

Dilute exhaust sampling at 125 m&/min for orgunic sulfides, as used
at the initiation of this program, collected so much sample in the traps
that .the FPD detector was saturated. Subsequently, the sampling flowraté
was reduced to 41 mf/min. Some samples continued to be saturated, but
further reduction of sample flow rate would have unnecessarily lengthened
the residence time of the sample in the sampling interface. Other sampling
configqurations were tried, but gave inconsistent data. The Project Officer
concurred with the plan that no further procedural development work for
organic sulfide sampling take place, and that the sampling rate be main-
tained at 41 mi/min during the remainder of the program.

Individual test results for organic sulfides included in Appendix K
indicated that carbonyl sulfide and methyl sulfide were found consistently
.in the dilute exhaust with.all vehicle configurations, fuels, and test cycles.

In addition, carbonyl sulfide was generally present in noticeably larger
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concentrations than methyl sulfide. Ethyl sulfide and dimethyl disulfide
were found in low concentrations but only for the Fiat N.A. diesel with and
without aftertreatment, using fuel EM-329-F as shown in Tables K-1 and K-3.
A summary of average "total” organic sulfide results prepared ‘using
emissions data in Appendix K is presented ip Table 31. The hiqhest'organic

TABLE 3l. SUMMARY OF AVERAGE "TOTAL" ORGANIC SULFIDE RESULTS
FOR FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Average "Total" Oréanic Sulfide Emission Rates (mg/km) by Cycle and Fuel

_ Cold FTP Hot FTP HFET - NYCC
Vehicle EM-329-F| EM~469~F|| EM~329~F [EM=46 9~F|| EM~329-F |[EM=469=-F{|EM=329=F| EM—469-F
Fiat N.A. 14.2 16. 16.2 22. 16. 8.9 152. 120.
Fiat N.A./ a a a a

trap 39, 27. 31. 19. 8.5 14. 172. | 93,
Fiat T.C. 32. 20. 33, 28. 22. 13. 160. 111.
Fiat T.C./ a .

trap 16. 39, 23. 23. 13.° "18... 130. 178.
Cutlass 44. 81. 34,2 56. || 25. 27,2 163.%  19.

aSingle test only

sulfide emissions were those of the Cutlass for all cycles and fuels except
in the NYCC withEM-329~F. The Fiat N.A, diesel with and without aftertreatment

usually emitted "the lowest organic - sulfide emissions of the study.

On all vehicles and fuels, higher concentrations of organic sulfides were found in
the NYCC than in the other driving cycles. -Although'sérqng emission trends

did not develor between the two test fuels, the Fiat T.C. diesel without
aftertreatment did emit lower organic sulfides with EM-469-F than with

EM-329-F in all cycles. Organic sulfides were also higher over all cycles
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with the Cutlass using EM-469-F. No emission trends were apparent with
catalytic trap use on the Fiat N.A. and T.C. diesels.
H. Hydrogen Sulfide

Hydrogen sulfide was measured during the cold FTP, hot FTP, HFET, and
NYCC driving cycles employed in this project. Hydrogen sulfide is a toxic
gas with the characteristiz odor of rotten eggs, and one of the lowest odor
thresholds known.

Although early tests in this project using the naturally-aspirated Fiat
without aftertreatment indicatea the vehicle emitted hydrogen sulfide,
later findings showed that sulfu; dioxide was more clearly the pollutant
actually detected. Overall, no hydrogen sulfide was found in the dilute
extaust of the five test vehicle configurations employed. The compound,
if present in the dilute exhaust, was well below the MDV listed in Table 8
for hydrogen sulfide.

I. Organic Amines

The organic amines are possible reduced nitrogen exhaust products
havirgy an offensive fish type odor at low concentrations. The amines may
alsc be intermediates in the formation of nitrosamines, known carcinogens.
Organic amines, analyzed for in vehicle raw exhaust during the 85 kph
steady-state in this project, included methylaaine, ethylamine, dimethyl-
amine, trimethylamine, diethylamine, and triethylamine. Ethylawine and
dimethylamine could not be analyzed separately, so that emission rates
for these two components are both reported under ethylamine in this
discussion. |

A summary of organic amines results obtained with the five vehicle

confiéurations and the two test fuels is presented in Table 32.
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TABLE 32. SUMMARY OF ORGANIC AMINES RESULTS AT 85 KPH STEADY-STATE
WITH FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Organic Amines Emission Rates in Hg/m3 (ppm)
Organic Amine Raw Exhaust by Fuel
Vehicle Measured? EM~329-F EM~469-F
Fiat N.A. | Methylamine 9.2 (0.007)° 0o (0)
Ethylamine 19. (0.01) 0 (o)
Trimethylamine 12. (0.005) 0 (0)
Fiat N.A./ | Methylamine 0 (0) 1.5 (0.001)
trap Ethylamine 5.2 (0.003) 0 (0)
Trimethylamine 6.4 (0.003) 6.4 (0.003)
Fiat T.C. Methylamine 0 (0) 0 (0)
Ethylamine 0 (0) 0 (0)
Trimethylamine 0 (0) o] (0}
Fiat T.C./ | Methylamine 21l. (0.016) 20. (0.015)
trap Ethylamine 107. (0.057) 90. (0.048)
Trimethylamine 0 (0) 2.8 (0.001)
Cutlass Methylamine n 0 0 (0)
Ethylamine 0 (0) 0 (0)
Trimethylamine 0 (o) 0 (0)

adiethyla.mine and triethylamine sampled for, but were not found in any
vehicle

Diethylamine and triethylamine were not detecved throughout the study.
Organic amines, when detected, were generally found at low concentrations.
Qualification of the organic amines procedure, conducted earlier at this
laboratory(s), showed that recovery (particularly of methylamine) was
quite low when sampling from a dilution tunnel. It is assumed that the
raw samples are faced with the same problem, but no attempt was made to
correct for losses.

No organic amines were detected with the Fiat N.A. diesel without

aftertreatrent using EM-469-F, the Fiat T.C. diesel without aftertreatment
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using either fuel, or the Cutlass using either fuel. The highest concen~
irations of methylamine and ethylamine found during the study were emitted
by the Fiat T.C. with catalytic trap.
J. N-Nitrosamines

Seven N-nitrosamines measured in this project using ThermoSorb/N traps
were earlier identified in this report (Section IV, A) as N-nitrosodimethyl-
amine (NDMA), N-nitrosodiethylamine (NDEA), N-nitrosodipropylamine (NDPA)
N-nitrosodibutylémine (NDBA) , N-nitrosopiperidine (NPIP), &-nitrdsopyrrolidine
(NPYR), and N-nitroscmorpholine (NMOR). The N-nitrosamines were sampled
over a test Sequence consisting of a 4-bag FTP, HFET, NYCC, and 85 kph.
In order to enhance the detection of the N-nitrosamines in the dilute
exhaust of the various test vchicles, one TherhoSo?b/N trap was used during
an entire test sequance employed with each vehicle configuration and fuel

combination as follcws:

Test Vehicle Fuel Code ThermoSorb/N Trap Code

Fiat N.A. EM-329~F 17700
EM-469-F 17701
Fiat N.2./trap EM-329-F 17703
EM-469-F 17692
Cutlass EM=329-F 17693
EM-469-F 17694
Fiat T.C. EM~-329-F 17695
EM-469-F 17696
Fiat T.C./trap EM-329~F " 17698
EM-469-F 11824
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All ThermoSorb/N Traps used in this project were analyzed by the Thermo
Electron Corporation in Waltham, Massachusetts employing either GC-TEA or
HPLC-TEA instrumental analysis, as each sample required. Each trap sample
was first analyzed with GC-TEA: and if sample interferences occurred, those
samples were again analyzed with HPLC-TEA. Interferences were noted in
all samples, except those obtained using the turbocharged Fiat without
aftertreatment. A detailed list notinyg sample preparation and instrument
condition used is presented in Appendix L.

No N=-nitrosamines were detected in the ten trap samples previously
described in this section. Formal reports prepared by Thermo Electron
Corporation on the various trap analyses are provided in Appendix L, and
include the lower limits of detection for the N-nitrosamines employing the
GC-TEA and HPFLC-TEA analytical procedures,., The average MDV for N-nitrosamines

using GC-TEA was 0.90 ug/km, and that with HPLC-TEA was 4.4 Hg/km.
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VIII. UNREGULATED PARTICULATE EMISSIONS RESULTS

The discussion of the unregulated particulate emissions results is
included in this section. Specific topics considered individually include
visible smcke emissions, particle size distribution, particulate composition,
sulfate, trace elements, percent organic solubles, organic solubles compo-
sition, organic solubles boiling range, organic solubles polarity profile,
benzo(a)pyrene in organic solubles, and mutagenic activity of organic
solubles. Where possible, individual run data are grouped, averaged, and
tabulated.

A, Visible Smoke Emissions

Visible smoke emissions were measured over the first 505 seconds of
the FTP using an EPA smokemeter. The smoke opacity and vehicle speed
were simultaneously recorded using a 2-pen strip chart recorder. The
recorder traces were analyzed manually, and are provided in Appendix M,

Pages M~2 through M-1l. The results are summarized in Table 33.

Although no strong fuel trends emerged in the smoke data, the Fiat N.A.
diesel with and without aftertreatment did produce slightly lower smoke
with EM-469-F., The cold start peak and cold idle smoke were highest for
the Fiat T.C. diesel without aftertreatment on both fuels. Highest smoke
on the 1lst accel peak was emitted by the Fiat T.C. diesel without aftertreatment
on EM-329-F and by the Cutlass with EM-469-F. Overall, the lowest and
highest smoke emitters using both fuels at the conditions of Table 33,
we~e the Fiat N.A. diesel with catalytic trap and the Fiat T.C. diesel without
aftertreatment, respectively. The use of catalytic trap on the naturally-
aspirated and turbocharged Fiats generally reduced visible smoke emissions

with both test fuels.
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TABLE

33. VISIBLE SMOKE DATA FOR FIAT N.A., FIAT T.C., AND

1981 OLDSMOBILE CUTLASS DIESELS

Smoke, PHS % by Vehicle and Fuel

Fiat N,A.. Fiat N.A./Trap Fiat T.C. Fiat T.C./Trap [ . Cutlass
Condition EM-329-F}EM-469-F |[EM~329-F {EM-469-F | EM~329-F |EM-469~F |EM~329~F| EM~-469-F ]| EM-329~-F| EM-469-F

Cold start peak 55.5 38.0 18.0 13.0 69.0 62,7 18.0 34.2 3.2 4.5
Cold Idle

(after start) 1.0 1.0 1.0 0.3 25.0 40,0 22.0 20.0 1.5 1.5
1st accel. peak 17.5 23.0 5.5 3.8 46.2 33.0 1.7a 0.7 21.5 44.5
Idle @ 125 sec 1.02 1.0 1.0 0.2 0.6 0.6 0.2a 0.5 5.4 4.5
Accel, peak @ a a

‘164 sec. 13.5 7.0 5.0 3.5 12.0 18.2 4.7 2.8 18.0 17.0




B; ‘Particle Size Distribution

Aerodynamic sizing of the particulate matter, performed during the
4~bag FTP with the five vehicle configurations and two fuels, was accom-
plished using a Sierra Model 220 cascade impactor. The precision of particie
sizing by the impactor may have been decreased by the occasional sticking
of the back-up filter to its o-ring seal, and by difficulty in weighing
some very small net weight gains on individual impactor stages. One reason
for using the impactor during an entire 4-bag FTP was to enhance the parti-
culate collection on each stage enabling more precise waight determinations.

Particle size determinations for the 4~bag FTP with each vehicle con-
figuration are presented in Figures 15 and 16 for EM=-329-F and EM-469-F,
respectively. The least change in particle diameter between fuels was
observed with the Cutlass. Catalytic trap use generally increased particle
size cn the Fiat N.A, diesel with both fuels, and on the Fiat T.C diesel
with EM=-469-F. With fuel EM-329~F, particle size was mostly decreased
when the trap was used on the turbocharged Fiat. One might anticipate that
as the sulfate content of particulate is increased, particle size would
decrease. The opposite effect was observed, however, since the FTP sulfate
studies with EM-329~F (in Section VIII, D of this report) indicated a nigher
fraction of sulfate in particulate with the Fiat h.A./trap configuration and
a lower fraction of -sulfate in particulate with the Fial T.C./trap configur-
ation. .. Therefore, the particle size shifts with the trap-equipped Fiats may
depend more strongly on the different physical and operating parameters of

the vehicles.

A summary of the carbon, hydrogen, and nitrogen content of the parti-

culate matter collected on 47 mm glass fiber filters is presented in Table 34.
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Cumulative particle size distributions by impactor with

Fiat N.A., Fiat T.C., and 1981 Oldsmobile diesels, Fuel EM~329-F
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TABLE 34.

CARBON, HYDROGEN, AND NITROGEN IN EXHAUST PARTICULATE
MATTER FROM FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Weight Percent of Particulate by Element and Fuel

Carbon ltydrogen Nitrogen L CHN
Vehicle Test Cycle | EM-329~F |EM~460-F |EM-329-F |[EM~469-F |EM~329-F] EM-469-F | EM~329-F |EM-469-F
Fiat N.A. 4~bag FTP 78.73 75.61 7.12 7.03 0.65 0.60 86.50 83.24
HFET 78.32 79.70 9,14 8.75 0.38 0.49 87.84 88.94
Nycc? 70.00 64.49 6.10 5.78 1.00 0.87 77.10 71.14
85 kph 81. 36 81.43 8.96 9.14 0.39 0.34 90.71 90.91
Fiat N.A./trap | 4-bag Frp€ 71.24 83.75 3.86 4.59 0.64 0.97 75.74 89.31
HFeTC" 36.14 36.93 3.45 4.44 0.62 0.61 40.21 41.98
Nycc? 45.44 68.12 4,57 9.97 1.12 1.13 51.13 79.22
85 kph 23,35 29.89 2.06 3.31 0.49 0.95 25.90 34.15
Fiat T.C. 4-bag FTP 66.31 69.08 5.16 5.43 0.54 0.55 72.01 75.06
HFET 57.56 58.78 2.95 3,51 0.38 0.43 60.89 62.72
Nycc® 41,98 40.80 2.04 2.87 0.37 0.36 44.39 44.03
85 kph 63.62 64.56 2.58 3.70 0.59 0.48 66.79 68.74
Fiat T.C./trap | 4-bag FTP? 90.23 87.06 6.91 6.97 0.85 0.75 97.99 54.78
HFET? 50.64 27.51 8.63 5.64 0.50 0.16 59.77 33.31
NYcca 23.03 8.91 11.93 12.86 0.29 <0.1 35.25 | <21.87
85 kphP 49.19 32.44 6.05 4.90 0.53 0.29 55.77 37.63
Cutlass 4-bag FTP 85.60 79.02 1.88 1.66 0.44 0.28 87.92 80.96
HFET 68.48 76.19 2.24 2.25 0.39 0.26 71.11 78.70
Nyccad 63.38 70.95 1.69 0.86 0.38 0.34 64.45 72.15
85 kph 72.62 73.07 2.86 2.93 0.52 0.49 76 .00 76.49

2)ess than 2 mg total particulate on filter with EM-329~F and EM-469~F

less than 2 mg total particulate on filter with EM-329-F
€less than 2 mg total particulate on filter with EM~469-F



The elemental aata for the five vehicle configurations generally showed a
low hydrogen content, indicative of a dry or soot-like particulate material
rather than an oily material. The carbon content varied somewhat, but most
cases of low carbon content (such as found in the NYCC) may have been more
indicative of decreased precision in the analytical method. All samples
in the NYCC contained less than 2 mg particulate/filter, and the particulate
content was least on the trap-equipped Fiats. Significant elemental content
differences between the two fuels were usually not apparent, especially for
hydrogen and nitrogen. Carbon content for the trap-equipped Fiats was
decreased in the HFET and 85 kph, as was nhydrogen content with the trap-
equipped naturally-aspirated Fiat. Hydrogen increased in the turbocharged
Fiat with catalytic trap in the HFET and 85 kph. Part of the particulate
matter unaccounted for by the sum of carbon, hyirogen, and nitrogen in the
HFET and 85 kph with the trap—eJjuipped Fiats may have been sulfate (SOZ:).
Sulfate studies with EM-329-F as, discussed in Section bhﬁéléw, indicated a higher
fraction of sulfate in particulate for the Fiats with catalytic trap in the
HFET and 85 kph.
D. Sulfate

Sulfate is a toxic Substance when in the form of sulfuric acid, and
it results from the catalytic oxidation of sulfur dioxide to sulfur trioxide.
Sulfur trioxide, in turn, is hydrated to sulfuric acid. The sampling of
sulfate on this project was performed on all Fiat configurations during the
4-bag FTP, HFET, NYCC, and 85 kph with fuel EM-329-F only. Sulfate results

are summaried in Table 35.
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TABLE 35. SULFATE RESULTS FOR FIAT N.A. AND FIAT T.C.
DIESELS WITH FUEL EM-329-F

Sulfate Emissions by Cycle
Vehicle Measurement 4-bag FTP HFET NYCC 85 kph
Fiat N.A. S0 , mg/km 3.1 0.69 | 3.8 0.65
504, % of Part. 1.4 0.37 1.3 0.43
% Fuel S in S04 0.60 0.18 0.43 0.17
Fiat N.A./trap sci=, mg/km 1.6 7.7 6.5 18.
| 50=. % of Part. 2.4 18. 4.9 29,
% Fuel S in SO4” 0.32 2.1 0.86 5.0
Fiat T.C. S04, mg/km 8.7 7.8 9.0 6.5
SO4 » % Of Part. 5.2 8.8 3.9 8.4
% Fuel S in SO4 1.4 2.0 0.92 1.7
Fiat T.C./trap |SOs , mg/km 1.7 3.3 2.3 5.9
s0,=, % of Part. 2.9 9.4 2.8 15.
% ?uel S in so4= 0.28 0.88 | 0.24 l.6

On both Fiats, sulfate emission rates for the HFET andtas kph, as
compared to those for the 4-bag. FTP and NYCC, were lowest withoué after-~
treatment and highest with trap configuraticn. The hiéhest sulfate rates
of the study were emitted by the Fiat naturally-aspirated diesel with
catalytic trap during the ‘85 kph, and by the Fiat tuzﬁocharged diesel
without aftertreatment during the 4-bag FTP, HFET, and NYCC. The catalytic
trap reduced sulfate =mission rates on the 4-bag FTP with the Fia; N.A.
diesel, and on all ‘cycles with the Fiat T.C. diesel. Sglfate, measured as
percent of particulate, increased with the trap on the Fiat N.A. diesel
during all cécles, and on the Fiat T.C. diesel during £hé HFET and 85 kph.
The largest increases in sulfate, as percent of particulate, occurred on

the HFET and NYCC with the trap-equipped naturally-aspirated Fiat.
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E. Trace Elements

Sampling of particulate matter for analyses cf trace elements was con-
ducted during the 4~bag FTP, HFET, NYCC, and 85 kph using the five vehicle
configqurations and two test fuels. One 47 mm Fluoropore iilter was used
0 collect particulate during each test cycle, including the use of a
single filter for the entire 4-bag FTP. The emission rates of thirty-one
metals and other elements were determined in this project. The metals and
other elements measured included sodium, sulfur, vanadium, niékel, cadmium,
mercury, magnesium, chlorine, chromium( copper, tin, lead, aluminum,
potassium, manganese, zinc, antimony, silicon, calcium, iron, selenium,
barium, phosphorus, titanium, bromine, platinum, strontium. moiybdenum,
tungsten, arsenic, and cobalt.

Results of the elemental analyses conducted on particulate matter from
each vehicle configuration with two test fuels are presented in Appendix N.
Emission rates below 0.0l mg/km were not reported for elements studied in
this project.

Nickel, mercury, platinum, arsenic, and cobalt were the on'y elements
not detected at 0.0l mg/km or above. Fourteen elements detected at emission
rates as high as 1.0 mg/km were sodium, sulfur, chromium, aluminum,
manganese, lead, zinc, silicon, selenium, calcium, iron, phosphorus, bromine,
and molybdenum. Only sulfur and iron were emitted at or above 1.0 mg/km,
with emissions not exceeding 3.62 mg/km for ;ulfur and 1.07 mg/km for iron.
Over the four cycles and two fuels, the eleusents detected made up from
1.3% to 2.1» of particulatevrate for the naturally-aspirated Fiat without

aftertreatment, 3.1% to 11.8% for the naturally-aspirated Fiat with catalytic
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trap, 1.2% to 1.7% for the Cutlass, l.3% to 3.0 % for the turbocharged
Fiat without aftertreatment, and 1.8% to 9.5% for the turbocharged Fiat
with catalytic trap. '

Trace elements found most commonly in particglate matter were sulfur,
magnesium, aluminum, zinc, silicon, calcuim, iron, barium, and phosphorus.
Most of the sulfur emitted was likely derived from fuel sulfur, while
rossible sources of magnesium, aluminum, and iron include wear products
from the engines an& corrosion products from the exhaust systems. iinc,
calcium, barium, and phosphorus are possibly derived from lubricating oil.
Over the four cycles and two fuels, more different types of trace elements
were emitted by the two Fiat N.A. configurations and by the Cutlass, than by
the two Fiat T.C. configurations.

-Sulfur and iron generally accounted for more than fifty percent of the
“total” trace element emission rate in each cycle. Iron emission’ rates were
regularly higher in the 4-bag FTP and NYCC than in the HFET and 85 kph
with each vehicle configuration and test fuel, Higher sulfur was regularly
emitted on the 4-bag FTP and NYCC than in the HFET and 85 kph using the
Fiats without aftertreatment and both fuels. The reverse trend in sulfur
emissions was noted for the trap configurations of the Fiats, that is,
decreased sulfur emissions were emitted on the 4-bag FTP and Nch; and
increased sulfur emissions were emitted for the HFET and 85 kph. There
sulfur emission trends with cycle type closely paralleled.those of sulfate
observed with the respective Fiat configurations as discﬁssé¢ earlier

in this report.
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F. Percent Organic Solubles

Organic solubles were extracted from particulate collected on 500x500 mm
filters during the 23-minute cold FTP, 23-minute hot FTP, HFET, NYCC, and
85 kph., The organic solubles obtained were used in the analyses of percent
organic solubles, major elements (C, H, and N). G.C. boiling range, HPLC
polarity profile, BaP, and mutagenic activity by Ames biocassay. Solubles
for use on all analyses except BaP were extracted with methylene chloride.
All solubles for BaP analyses were initially extracted with benzene/ethanol
and were then re-extracted with hexane/methylene chloride according to the
procedures of Section IV, A, 16 of this report. The discussion in this
section is restricted to the results obtained for percent organic solubles,
while discussions on the other solubles analyses will follow in later
sections of thiz report. Representative data on the percent organic solubles
extracted are found in T;b%e 36 for methylene chloride, and in Table 37 for
benzene/ethanol. ‘

The use of catalytic trap on both Fiats as discussed earlier in Section
VI, effectively reduced particulate emissions on most cycles with both
fuels. Conseguently, a substantial number of additional cold FTP, hot FTP,
HFET, NYCC, and 85 kph tests had to be run using the catalyti: trap-equipped
Fiats with both fuels to collect sufficient particulate for extraction of
organic solubles. Em'ploying the multiple testing ultimately provided
enough organic solubles to meet all the sample needs for analyses of HPLC
polarity profile and Ames bioassay, plus some of the more important sample
needs for analyses of major elements and G.C. boiling range. Additional

tests beyond those shown in Table 37 to collect organic solubles for BAP

analyses were not regquired.
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TABLE 36.

METHYLENE CHLORIDE SOLUBLES OF PARTICULATE SAMPIES FROM
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Organic Solubles Data by Cycle and Fuel
Cold FTP Hot FTP HFET NYCC 85 kph
Vehicle Measurement  [EM-329-F |[EM-469—F |EM-329~F |EM-469-F |EM-329-F |EM-469—F | EM-329~F |EM-469-F | EN- 329-F | EM-469-F
Fiat N.A. |[Total Part. g 06464 | 0.5662 | 0.6534 | 0.5383 | 0.6756 | 0.5821 | 0.1170 | 0.1282 | 0.8935 | 0.8521
CHpCly Solubles,q 0.3404 | 0.2824 | 0.3721 | 0.3221 | 0.4500 | 0.3759 | 0.0463 | 0.0732 | 0.5726 | 0.5711
Percent Solubles [52.7 49.9 56.9 59.8 66.6 64.6 39.7 57.1 64.1 67.0
Fiat N.A./|Total Part. g 0.85162| 0.68222| 0.6631%| 0.5718%} 0.7810%| 0.32992| 0.3036*| 0.3843%| 2.0212%| 0.7340%
trap CH,Cl, Solubles,qg 0.1036 | 0.0715 | 0.0780 | 0.0749 | 0.0402 | 0.0336 | 0.0276 | 0.0343 | 0.0411 | 0.0331
Percent Solubles {12.2 10.5 11.8 13.1 5.1 10.2 9.1 8.9 2.0 4.5
Fiat T.C. |Total Part. g 0.4525 | 0.6209 | 0.3505 | 0.4230 | 0.2899 | 0.3099 | 0.1105 | 0.1290 | 0.4514 | 0.4395
CH,Cl, Solubles,g 0.1448 | 0.2522 | 0.1442 | 0.1907 | 0.0798 | 0.1002 | 0.0458 | 0.0457 | 0.0939 | 0.1156
Percent Solubles [32.0 40.6 41.1 45,1 27.5 32.3  [41.4 35.4 20.8 26.3
Fiat T.C./|Total Part. g 0.1775P| 0.1595| 0.1205°| 0.1208%| 0.64462| 0.7053%| 0.6766%| 0.3956°| 4.4841%| 3.7903%
trap CH,Cly Solubles,gl 0.0233 | 0.0233 | 0.0241 | 0.0083 | 0.0620 | 0.0453 | 0.1159 | 0.1598 | 0.0626 | 0.1072
Percent Solubles [13.1 14.6 120,0 6.9 9.6 6.4 17.1 40.4 1.4 2.8
Cutlass |Total Part. g 0.7805 | 0.7876 | 0.5628 | 0.5418 | 0.5211 | 0.4917 | 0.1667 | 0.7070%| 0.6489 | 0.5809
CH,Cl, Solubles,g| 0.0774 | 0.0883 | 0.0762 | 0.0837 | 0.0827 | 0.0937 | 0.0248 | 0.1062 | 0.1176 | 0.1286
Percent Solubles | 9.9 11.2 13.5 J15.4 15.9 i5.1 14.9 15.0 18.1 22.1

amultiple tests run to obtain sufficient particulate for use in required analyses
additional cold and hot FTP's run and combined to collect a total of 1.7598 g
particulate with 16.5% solubles

Cadai
part

“onal cold and hot FTP's run and ccmbined to collect a total of 1.8072 g
culate with 23.0% solubles
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TABLE

37.

BENZENE~ETHANOL SOLUBLES OF PARTICULATE SAMPLES FROM
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUILASS DIESELS

Organic Solubles Data by Cycle and Fuel

Cold FTP Hot ETP - HFET NYCC 85 kph
Vehicle Measurement £M-329-F |EM~469-F |EM~329~F [EM-~469-F {EM~329-F | EM-469~F | EM-329-F | EM-469-F | EM-329-F | EM-469-F
Fiat N.A. |[Total Part. g 0.6770 | 0.5104 0.5909 | 0.5163 | 0.6500 | 0.5573 | 0.1l66 0.1411 | 0.8897 1.0112
CgHg=ETOH Sol. -g | 0.3177.1 0.2258 0.3699 0.3528 | 0.4493{ 0.3876 } 0.0613 | 0.0759 0.6941 ~-a
Percent Solubles |46.9 44,2 62.6 68.3 69.1 69.5 52.6 53.8 78.0 ~--a
Fiat N.R./{Total Part. g 0.1915 0.1%061 0,2387| 0.0814 0.2686 | 0.1191 | 0.z2:44 0.0413 | 0.6199 0.2925
trap Cgllg=ETOH Sol..g 0.0269 | 0.0225 0.0228 | 0.0148 | 0.0972 0.0300 0.0178 | 0.0072 0.2825 0.1010
Percent Solubles {14.0 20.5 9.6 18.2 36.2 25.2 7.9 17.4 45.6 34.5
Fiat T.C. |Total Part. g 0.5348 ] 0.5800)] 0.3799 ] 0,3909 ¢ 0.3173 ] 0.3096 | 0.1127 | 0.1255 } -0.4598 | 0.4460
CgHe-ETOH Sol, g | 0.1884 0.3331] 0.1617 | 0.2187 |} 0.1049 } 0.0995 0.0478 --a 0.1185 0.1423
Percent Solubles |35.2 57.4 42.6 55.9 33.1 32.1 42.4 --2 |l25.8 31.9
Fiat T.C./|Total Part. g 0.1587 } 0.1614 0.1177 | 0.1194 0.1032 0.1339 | 0.0331 | 0.0304 0.1989 | 0.2650
trap, CegHg—ETOH Sol, g | 0.0323 ) 0.0301 0.0258 | 0.0342 } 0.0186 | 0.0407 | 0.0072 0.0140 | 0.,0377 | 0.0815
Percent Solubles {20.4 18.6 21.9 28.6 18.0 30.4 21.8 46.1 19.0 30.8
Cutlass Total Part. g 0.7229 | 0.7555] 0.5380 | 0.5550 | 0.4899 | 0.5036 | 0.1558 | 0.1595 0.6377 | 0.5820
CeHg~ETOH Sol. g | 0.1039 | 0.1044} 0.0913| 0.0973 | 0.1297 0.1129 | 0.0256 0.0346 0.1753 | 0.1432
Percent Solubles {14.4 13.8 17.0 17.5 26.5 22.4 l16.4 21.7 27.5 24.6

Iy

a *
data not acceptable



In Table 36, solubles data show that the catalytic trap clearly reduced
the organic solubles content in particulate obtained with both Fiats on
the five cycles and two fuels, but most noticeably on the 85 kph. The
vehicles associated with highest percent of organic solubles in the overall
rethylene chloride study were the two Fiats without aftertreatment. The
Fiat vehicles with catalytic trap gave the lowest percent of organic
Slubles at 85 kph with both fuels. No clearly defined trends for
quantity of organic solubles with fuel type were apparent in the methyiene
chloride data.

A comparison of the range of percent organic solubles extracted using
methylene chloride (Table 36) and benzene/ethanol (Table 37) with the five

vehicle configurations is provided below.

Range of Percent Solubles by Solvent

- Vehicle Methylene Chloride Benzene/Ethanol
Fiat N.A. 39.7 - 67.0 44.2 - 78,0
Fiat N.A./trap 2.0 - 13,1 7.9 - 45.6
Fiat T.C. 20.8 - 45.1 25.8 - 57.4
Fiat T.C./trap 1.4 - 40.4 18.0 - 46.1
Cutlass 9.9 - 22.1 16.4 ~ 27.5

As found with methylene thoride, the benzene/ethanol extracts were alsc
highest using both Fiats without aftertreatment. Moreover, the catalytic
trap simiiarly served to reduce benzene/ethanol solubles in both Fiats.
Compared to methylene chlo;ide data, the benzene/ethanol solubles were
higher for each vehicle configuration, but more significantly on the
trap-equipped Fiats. This finding may indicate, especially for the trap-
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equipped Fiats, that a further quantity of polar compounds not extracted
with methylene chloride were more efficiently extracted witl: benzene/ethanol.
G. Organic Solubles Composition

Separate samples of organic solubles from the 4-hag FTP, HFET, NYCC,
and 85 kph, run with each vehicle configuration and each test fuel, were
analyzed for carbon, hydrogen, and nitrogen. Organic solubles from the
cold FTP and hot FTP were combined to provide a 4-bag PTP sample prior to
elemental analyses. The results are given in Table 38, and indicate that
sufficient organic solubles were not available for overall cycle analyses
using the naturally-aspirated and turbocharged Fiats with catalytic traps.

All of the elemental data are indicative of hydrocarbon-like materials
with numeric H/C ratio between 1.58 and 1.95. The catalytic trap-equipped
Fiats, and especially the turbocharged Fiat, were associated with the
lowest H/C railo for the 4-bag FTP. This result may be indicative of higher
content of unsaturated hydrocarbons present for thé Fiats using catalytic
traps. Also noted with the same Fiats using the catalytic traps were higher
nitrogen content and lower sums of the carbon, hydrogen, and nitrogen
content (Z CHN). The lower I CHN may be indicative of catalytic action
on hydrocarbons, possibly resulting in more oxygenated products.
H. Organic Solubles Boiling Range

The organic soluble material obtained during the cold FTP, hot FTP,
HFET, NYCC, and 85 kph using the five vehicle configurations and two fuels
was submitted for boiling range determination by gas chromatography. Each
sample aliquot, provided according to vehicle, cycle, and fuel combination,

was redissolved in methylene chloride prior to analysis (original extraction
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TABLE 38.

CARBON, HYDROGEN, AND NITROGEN IN EXHAUST PARTICULATE

ORGANIC SOLUBLES FROM FIAT N.A,, FIAT T.C., AND 1981 OLDSMODILE CUTLASS DIESELS

Weight Percent of Organic Solubles by Element and Fuel

Carbon Hydrcgen Nitrogen L CHN
EM-329-~F |EM-*49-F| EM-329-F| EM-469-F |EM-329-F |EM~469~F | EM-329~F] EM~469~-F
Fiat N.A, 4-bag FTP 84,74 83.90 12,51 12.67 0.11 0.13 97.36 96.70
HFET 85.14 78.94 13.12 12.08 0.10 0.08 98.36 91.10
NYCC 85.13 85.03 13.02 12.95 0.25 0.12 98.40 98.10
85 kph 84,75 83.88 13.17 12.82 0.05 0.05 97.97 96.75
Fiat N.A./trap 4-bag FTP 83.05 77.96 12.69 11.22 0.49 0.42 96.23 89.60
HFET --a - - - 0.48 0.50 -- -
NYCC —— - — - - - - et
85 kph - - - - 0.41 0.41 -- -
Fiat T.C. 4-bag FTP 85,29 85.48 13.28 13.19 0.24 0.22 98.81 98.89
HFET 85.36 85.25 13.34 13.31 0.16 0.19 98.86 98.75
NYCC 85.17 85.18 13.35 13.08 0.48 0.29 99.00 98.55
85 kph 85,25 85.34 13.41 13.06 0.16 0.16 98,82 98.56
Fiat T.C./trap 4-bag FTP 71.78 76.63 2.51 10.50 0.49 0.43 81.78 87.556
HFET - - - - S -— - -
NYCC - - - — - 0.92 - -
85 kph - -- - - - 0.27 - -
Cutlass 4-bag FTP 84.33 84,32 12.58 12.51 0.29 0.30 .97.20 97.13
- HFET 84.19 84.91 13.78 13.05 0.28 0.4? 98.25 98.39
NY. T 79.64 84.69 11.61 12.76 0.68 0.39 91.93 97.84
85 kph 84.99 84.27 13.1? 13.21 0.19 0.24 98.30 97.72

8organic solubles not available for analysis



was also in methylene chloride. The cold FTP and hot FTP solubles were
combined to provide a composite 4-bag FTP sample for analysis. A number

of blanks and standards were also run to provide background and calibration
information.

The modified ASTM D2887-73 simulated distillation procedure with gas
chromatograph has been successfully used in this laboratory to determine
the boiling range distribution of lubricants and middle-distillate fuels. (>s5)
The same procedure as applied to organic solubles has not been adequately
qualified. Therefore, using the procedure to analyze organic solubles has
at times resulted in unacceptable data based on what appears to be polym-
erization of samples during storage or even sample chemistry alteration
during actual G.C. analytical runs. Polymerization apparently limits
sample solubility. To minimize possible sample storage polymerization
during this program, steps were taken to run samples as soon as possible
after preparation cr to store them at low temperature while awaiting analysis.
In spite of these precautions taken, some samples analyzed for boiling range
determination showed possible evidence of sample alteration.

Boiling range data obtained were tabulated according to each vehicle
configuration, four test cycles, and two test fuels. Results on the Fiat
N.A. diesel without aftertreatment and with catalytic trap are found in
Appendix O, Tables O~1 and 0-2, respectively. Tables O-1 and 0-2 are
provided for information only since very low recovery of the soluble material
with the gas chromatograph was observed on the Fiat N.A. diesel without
aftertreatment, thus generally obviating comparison of its solubles boiling
. range results with- those éf the same vehicle using the trap catalyst.

Boiling range results of solubles from the Fiat T.C. diesel without
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aftertreatment, Fiat T.C. diesel with catalytic trap, and Cutlass are pro-
vided in Tables 39, 40, and 41, respectively. Chromatcgrams given in
Appendix O, Figures 0-1 through 0-3, respectively include an "Altamont"

crude oil standard, a 4-bag FTP solubles sample from the Fiat T.C. diesel
without aftertreatment, and a 4-bag FTP solubles sample ‘from theFiat T.C.
diesel with catalytic trap. The turbocharged Fiat solubles used for the
chromatograms were obtained with EM-329-F and include a Cg-c11 paraffin
camposite internal standard. Included in Appendix O as Figure 0~4 is a
chromatogram of fuel EM-329-F obtained with the ASTM D2887-73 procedure
programmed from 0°C to 390°C. Each chromatogram in Appendix O was referenced

to C,. through C

10 8 paraffin peaks for ease of comparison.

2
The recovery of soluble material by the chromatograph procedure ranged

from 75.4% to 109.8% for the Fiat T.C. vehicle without aftertreatment,

48.1% to 70.9 % for the Fiat T.C. vehicle with catalytic trap, and 76.7%

to 99.4% for the Cutlass. Previous studies(S)

indicated that the recovery
of the material ranged between 60 and 90 percent.
The boiling temperature of the light-end regions as compared between
the turbocharged Fiat without aftertreatment and the Cutlass were more
similar in the HFET, NYCC, and 85 kph than in the 4-bag FTP. The 4-bag
FTP light-ends of the Cutlass boiled at lower temperatures than those of
the turbocharged Fiat without catalytic trap. Major or consistent differences
7of boiling range with fuel type were not observed.. The limited boiling
range results obtained with the Fiat T.C. diesel with catalytic trap did not

provide a strong basis for comparison with boiling range results of the same

vehicle without aftertreatment. The trap-equipped Fiat T.C. diesel, however,
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TABLE 39.

FIAT T.C. DIESEL, NO AFTERTREATMENT, FUELS EM-329-F AND EM-469-F

GAS CHROMATOGRAPH ANALYSIS® OF ORGANIC SOLUBLES IN PARTICULATE MATTER,

. Temperature in C° by Cycle and Fuel
Distillation 4-bag FTP HFET NYCC 85 kph
Peint EM-329-F }EM-469-F||[EM-329-F | EM-469-FlEM-329~F| EM-469~F| EM-329-~-F] EM-469-F
IBP 310 264 256 242 227 256 236 263
10% point 374 364 377 372 335 346 369 375
20% point 395 387 400 395 360 363 391 395
30% point 416 411 422 416 377 380 410 413
40% point 440 438 446 437 395 401 429 432
50% point 466 467 472 459 417 429 452 453
60% point 496 502 497 480 446 464 477 476
70% point 546 564 532 502 476 507 506 504
80% point fee— - 595 534 509 574 550 552
90% point —— - -— 592 552 - 608 640
EP -~ - - — 594 - -= —
Recovery, % 76.9 75.4 84.6 94.8 109.8 88.7 94.4 89.9
@ Temperature, °C 640 640 . 640 640 595 640 640 640

“py modified ASTM D2887-73 simulated distillation
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TABLE 40.

FIAT T.C. DIESEL WITH CATALYTIC TRAP, FUELS EM-329-F AND EM~-469-F

GAS CHROMATOGRAPH ANALYSISa OF ORGANIC SOLUBLES IN PARTICULATE MATTER,

-Temperature in C® by Cycle and Fuel
Distillation 4-bag FTP HFETD NYCC I 85 kph
Point EM~329-F | EM-469-TF ||EM=329-F] EM~469~F ||EM=-329~FP| EM-469-F |[|EM-329~FB| EM-469-F
I8P 292 303 292 296
10% point 374 371 349 403
20% point 403 394 366 436
30% point 434 439 384 470
40% polnt 476 467 406 511
50% point 524 506 437 -
60% point -—- - 486 -
70% point - - 557 -
80% point - - - -
90% point - - - -
EP - - - -
Recovery, % 58.4 68.6 70.9 48.1
@ Temperature, °C 562 562 562 562

;by modified ASTM D2887-73 simulated distillation
insufficient sample for analysis
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TABLE 4l1. GAS CHROMATOGRAPH ANALYSIS® OF ORGANIC SOLUBLES IN PARTICULATE MATTER,
1981 OLDSMOBILE CUTLASS DIESEL, FUELS EM-329-F AND EM-4G9-F
Temperature in C° by Cycle and Fuel
Distillation 4-bag FTP HFET NYCC 85 kph

Point EM~329-F |EM-469~F|{EM-329~F | EM~469~-F|{EM=329-F [ EM-469-F||EM-329~F | EM-469-F
IBP 250 240 267 249 240 251 “ 247 268
10% point 352 348 364 366 346 344 369 368
20% point 372 366 384 386 365 359 390 387
30% point 394 384 403 405 386 372 408 403
40% point 420 407 424 426 419 388 424 420
50% point 460 440 453 456 472 414 445 442
60% point 512 484 492 497 523 455 472 472
70% point 586 536 547 554 585 502 505 510
80% point - 600 639 - - 548 550 573
90% poiat - - - - - 591 607 -
EP - -- - - - 640 - --
Recovery, % 76.7 87.2 80.1 78.8 78.2 99.4 95.4 87.1
@ Temperature, °C 640 640 640 640 640 640 640 640

3py modified ASTM D2887-73 simulated distillation



did show somewhat higher beoiling temperatures for the light-ends using fuel
EM-469-F on the 4-bag FTP and 85 kph. The boiling ranges of the fuels, on the
average, extended from 154°C to 436°C. Consequently, test results with both
configurations of the Fiat T.C. diesel and also the (Cutlass indicated an
overall upward shift in solubles boiling range as compared to the boiling
range of the fuels.

I. Organic Solubles Polarity Profile

Organic soluble samples extracted from particulate with methfiene
chloride were studied to determine their polarity profile (fractionation
by relative polarity). A solubles sample from each vehicle, cycle, and
fuel combination was analyzed using HPLC as described ear;iér in this report..
Composite 4-bag FTP samples were prepared for analysis using the cold FTP
and hot PTP samples in combination. Background and calibration information
was obtained using a number of solvents-and standards specific to the HPLC
procedure.

The complexity of organic solubles composition makes their chromatographic
separation into individual compounds very difficult. The principal use of
HPIC enables the separation of the organic solubles into.a series of
fractions of increasing molecular polarity. The HPLC procedure as emplcyed
in this study was only qualitative, mainly because of the'differing rosponse
factors for each compound and the guantities of samples injected. Although
an attempt to quantitate the data was considered impracéiéa;; each sampie's
HPIC chromatogram was divided into regions of similar polarity for sake of
comparison (each chronatogram contains three traces, one representing the

solvent composition, a second representing the ultraviolet detector response,
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and the other representing the fluorescence detector response). The first
17 minutes of a chromatogram was identified as the nonpolar region, and the
polar region was determined to start after 32 minutes., The transitional
region was the section of the chromatogram between 17 and 32 minutes.

The total area for the peaks in each region of polarity was determined with
a planimeter. A total area for each region of polarity was divided by Lhe
sum of the total area for each chromatogram. This value when multiplied

by 100 resulted in a percentage that normalized the chromatogram.

CRC and related studies(16’24) suggest that the transitional region
compounds display the highest Ames activity, while the nonpclar region
compounds give the lowest Ames activity. Generally., as discussed in the
same studies, indirect—-acting mutagens were associated more with the nonpolar
region and direct:acting mutagens more with the transitional and polar

" regions.

Table 42 presents the HPLC data prepared to include the normalized
percent of chromatogram peak areas with fluorescence and UV detecticn.
‘Although the UV data was included only for supplementary information in
this discussion, the UV response like the fluoresence response ‘vas least‘
in the transitional area. 1In some cases, the UV rsesponse was respectively
opposite to the fluorescence cosponse in the nonpoiar and polzr regions.
For simplicity, the remaining discussion of HPLC results in Table 42 is
concerned only with fluorescence data.

The highest peaks in the transitional region were found in the
NYCC for the Fiat N.A: vehicle with and without aftertreatment using
‘EM=329-F. Overall highest response wes seen in the polar region

especially as found with each vehicle using EM~329-F on the
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TABLE 42. NORMALIZED HPLC CHROMATOGRAM PEAK DATA OF PARTICULATE ORGANIC SOLUBLES
FROM FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Lzl

Normalized Percent of Peak Areas by Cycle and Fuel
Chromatogram 4-bag FTP HFET NYCC 85 kph
Vehicle Region® EM-329-F | EM-469-F || EM~329-F | EM-469-F [{ EM-329-F | EM~469~F (| EM-329-F | EM-469-F
Fiat N.A, Nonpolar 30P(60) € el (50) 51 (76) 68 (70) 36 (70) |22 (67) 19 (52) 59 (91)
Transitional | 14 (1) --d(--) 7 (1) == (==) 21 (1) 12 (2) 13 (3) 11 (1)
Polar 56 (39) 39 (50) 42 (23) 32 (30) 43 (29) 66 (31) 68 (45) 30 (8)
Fiat N.A./trap | Nonpolar 31 (62) 69 (38) 28 (54) 10 (41) 13 (52) - (-=) 18 (46) 9 (40)
Transitional ! 14 (2) -- (1) -= (4) 12 (8) 23 (4) - (==) -~ (9) 7 (9)
Polar 55 (36) 31 (61) 72 (42) 78 (51) 64 (44) - (-=) 82 (45) 84 (51)
Fiat T.C. Nonpolar 27 (62) 22 (40) 50 (53) 42 (63) 24 (44) 77 (44) 44 (47) 19 (55)
-Transitional | 14 (3) 12 (D) -~ (4) 1 (1) — {==) |- (=) j] - (-=) 4 (2)
Polar 59 (35) 66 (56) 50 (43) 57 (36) 76 (56) 23 (56) 56 (53) 77 (43)
Fiat:-T.C./trap | Nonpolar 39 (49) 38 (53) 66 (61) 25 (44) 44 (42) 59 (48) 21 (36) 6 (21)
' Transitional | 13 (4) 6 (3) - (=) 2 (2) 14 [7) 4 (3) -~ (7 4 (8)
Polar 148 (47) 56 (44) 34 (39) 73 (53) 42 (51) 37 (49) 79 (57) 2¢ (71)
Cutlass Nonpolar 37 (65) 54 (37) 28 (62) 40 (38) 41 (67) 30 (67) 23 (62) 20 (62)
Transitional | 1 (2) == {(-=) -- (5) -- (4) 5 (3) 4 (3) 3 (2) 2 (2)
Polar, 62 (33) 46 (63) 72 (33) 60 (58) 54 (30) 66 (30) 74 (36) 78 (36)

2 Chromatogram region: first 17 minutes is designated nonpolar, 17 to 32 minutes is desighated transitional,
and beyond 32 minutes is designated polar. ' ' .

b The first value represents the normalized percent .of the peak area with a fluorescence wavelength of 418
nm and an excitation wavelength ‘at 313 nm.. )

C The second value in parenthesis represents the normalized percent of the samplé peak area with a UV

absorbance at 254 nm.

d no peak detecteq



4-bag FTP and both fuels at 85 kph. Sample area response between the same
chromatograph regions for the Fiats with and without aftertreatment, shown in
Table 42, were not significantly different as obtained during the 4-bag FTP
with EM-329-F. The chromatograms, however, did show some differences

in sample characteristics between the naturally-aspirated and turbocharged
Fiats. These differences plus other sample chromatographic characteristics
may be seen in Figures 17 through 22, which include chromatograms of a
standard, and of samples from the five vehicle configurations used during the
4-bag FTP with EM-329-F.

J. Benzo(a)pyrene in Organic Solubles

Benzo(a)pyrene (BaP) is an indicator of the many PNA compounds considerecd
potential carcinogens in diesel exhaust particulate. Analysis for BaP was
conducted with organic solubles extracted from particulate using benzene/
ethanol as previously described in this report. Sufficient organic solubles
extracts were obtained to represent each vehicle configuration, cycle, .and
fuel combination used in this program. The cold FTP and hot FTP samples
were combined to provide a 4-bag FTP sample for BaP analysis. The percent
solubles of each particulate sample analyzed for BaP were discussed earlier
in Section VIII, F of this report.

The BaP emission rates obtained for the various vehicle configurations
are listed in Table 43. The MDV's of various samples where BaP was not
detected are listed in Table 43, and include results obtained with two
different HPLC fluorescence detectors as identified in the same table.

Most of the BaP studies were conducted using a fluorescence detector with

an improved deteétlon limit, eg., 0.002 ug BaP/filter, employed later
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HPLC chromatograms of benzo(a)pyrene, 9-fluorenone,
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HPLC chromatograms of 4-bag FTP organic solubles

from 1981 Oldsmobile Cutlass diesel, fuel EM-329-F.
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Figure 19, HPLC chromatograms of 4-bag FTP organic solubles from
Fiat N.A. diesel without aftertreatment, fuel EM~-329-F,
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Figure 20. HPLC chromatograms of 4-bag FTP organic solubles from
Fiat N.A. diesel with catalytic trap, fuel EM‘—B?Q-P.
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Figure 21 . HPLC chromatograms of 4-bag FTP organic solubles from
Fiat T.C. without aftertreatment, fuel EM=-329-F.
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TABLE 43.

BENZO(a) PYRENE IN ORGANIC SOLUBLES OF PARTICULATE MATTER,
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

Bap Emission Rates (ug/km) by Cycle and Fuel

4-bag FTP HFET NYCC 85 kph

Vehicle EM-329~F EM-469-7 EM-329-F EM-469-F EM-329-F EM-469-F EM~329~F EM-469-~F
Fiat N.A. 2.0 1.1 0.67 0.86 7.8 2.9 0.06 0.23
Fiat N.A./trap N.D.2 0.20 i1.p.a N.p.d N.p.P 0.10 N.D.C N.D.©
Fiat T.C. 1.1 3.4 N.p.9 0.12 3.0 30.8 N.D.® 0.05
Fiat T.C./trap 1.3 1.6 0.02 0.02 0.12 0.20 0.007 0.001
Cutlass 0.31 0.45 0.03 0.15 1.1 1.8 0.005 0.05
4 0.0lug/km MDV detection limit 0.05ug BaP/filteras analyzed with Perkin-Elmer Model MPF-44A
b 0.12pug/km MDV fluorescence detector; used on Fiat N.A. (both fuels) and Fiat N.A./trap
€ 0.008ug/km MDV {EM-329-F) samples
d 0.00C06ug/km MDV } detection limit 0.002ug BaP/filter as analyzed with Perkin-Elmer Model 650
e

0.0003ug/km MDV

fluorescence detector; used on Fiat-N.A./trap (EM-469-F), and Fiat T.C..

Fiat T.C./trap, and Cutlass (both fuels) samples



in the study versus 0.05 ug BaP/filter employed early in the study.
Benzo(a)pyrene emission rates given in Table‘43_ranged from 0.001 Ug/km
to 30.8 ug/%m. The BaP emission rateof 30.8 Ug/km was obtained on the NYCC
using EM- 4€9=F in the turbocharged Fiat without aftertreatment, and was
the single BaP emission rate higher than 7.8 Ug/km in the study. The
extensive use of stop-and-go operation employed on the NYCC may have con-
tributed to the not;ceably large BaP emission rate observed. .BaP emission
rates obtained were generally representative of those obtained in an

earlier study(s)

at this laboratory using a 1975 Mercedes 240D diesel and
a 1977 Rabbit diesel.

Highest BaP emissions on each cycle and with each fuel were assoclated
with either of the two Fiats using no aftertreatment. Although no strong
relationship was established between BaP emission and fuel type, BaP
emissions were consistently highest on. EM~469-F for: the turboéharged
Fiat without aftertreatment, and for the Cutlass. Overali BaP emiseions ag
compared between the two configurations of the naturally-aspirated Fiat,
were reduced by more than 82 percent with catalytic trap use. Reduction of
BaP emissions with use of catalytic trap on the turbocharged Fiat was
53 percent on the 4-bag FTP (EM-469-F), 83 percent on HFET (EM-469-F),

97 percent (average) on the NYCC (both fuels), and 98 pégcent at 85 kph
(EM~469-F) .
Ke Mutageni; Activity of Organic Solubles

Methylene chloride extracts of particulate collected on-500x500 mm

filters, as previously discussed in tlis report, were prepared for Ames

bicassay. The separate cold and hot 23-minute FTP extract samples for each
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run were combined to provide a 4-bag FTP sample for Ames analysis employing
tester strains TA1535, TA1537, TA1538 and TA98. The four strains used on
the FTP samples were run with and without S~9 activation, except for TAl537
run without $-9 only. The HFET, NYCC, and 85 kph organic extracts for each
vehicle and fuel combination were tested using tester strain TA98 without
S5-9 only. TAl535 detects base pair substitutions, while TAl537, TAl5238,

and TA98 respond to frameshift mutagens.

The Ames bioassay response of the organic solubles is summarized in
Table 44. Detailed Ames bioassay formal reports for each vehicle configuration~-
fuel combination shown in Table 44 were prepared by the Southwest Foundation
for Research and Education. These formal reports are located in Appendix P,
and are individually coded to correspond to the respective vehicle configuration=-
fuel code provided in the vehicle column of Table 44.

All samples showed weak to strong positive mutagenic response in Table 44.
TA1535 had the weakest response and TA98 the strongest response generally.
Highest mutagenic response overall was observed with the trap-equipped
Fiats using TA1537, TAl1538, and TAS8. TA98 displayed the strongest response
of the four strains with either fuel in the 4-bag FTP using most vehicles.

On either fuel overall, the 4-bag FTP revertants/iug showed a tendency to
increase with S-9 on TA1535 (only slightly) and TAl1538, and a tendency to
decrease with activation of TA98. Although no consistent trends for fuel
effec;s on reventants/jlg were noted in the overall study, sample responses
using EM-469-F were somewhat stronger than those using EM~329-F, especially
as noted on the naturally-aspirated Fiat without aftertreatment, the turbo-

charged Fiat without aftertreatment, and the Cutlass.,
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TABLE 44. AMES BIOASSAY RESPONSE OF ORGANIC SOLUBLES IN ARTICULATE,
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
Average Revertants/jig Extract® by Cycle, Puel, and Tester Strain
{-bag FTP - HFET WYCC 85 wph
$-9 EM-1329- EM-469-F EM-329-F EM-~469-P EM-329-F EM-469-F EM-129-F EM-469-P
Vehicle Activation TALSIS TA1537 TA1538 TA98 TALS1S TAL53Y TA1518 TASD TA98 TA98 TA9B TASB TA98 TAS8
Flat N.A. w/o o 0.17 0.40 0.82 1] 0.26 0.60 1.24 0.77 1.09 0.88 0.66 0.42 0.52
(1A32951A469)°€ w 0.04 --b 0.85 1.02 0.07 - 1.20 1.32 - - - - - -
Flat N.A./trap w/o o 1.46 2.20 3.7 n 1.86 2.18 5.22 13.86 10.%6 5.04 3.6) 11.60 9.10
{1B32981H469) w 0.04 .- 1.92 3.00 0 - . 3.98 - -- - - -- -
Fiat T.C. w/o =0.00) 0.7 1.06 3.00 0 1.17 2.61 4.6) 2.08 s.22 1.46 1.09 3.36 4.90
(AINI290IN46Y9) w 0.06 - 1.4) 1.02 0.06 - 2.36 3.05 - - - Led - -~
Fiat T.C./trap w/o 0.02 2.10 4.22 4.06 0 1.29 2.54 2.84 a.42 8.72 A 8.04 l.Sld 8.62 9.84
(3B329s3834969) w 0.06 -- 1.05 2.68 0.06 -- 2.84 2.42 - - - - - -
Cutlass w/0 -0.02 0.71 1.39 3.12 0.03 1.08 1.94 3.24 4.45 4.60 2.00 2.96 2.83 4.70
(LA 3298 2A4069) w 0.05 -~ 1.40 1.27 0.04 - 2.13 3. 42 - - I -~ - - -

a

b no bicassay was performed

[

slope of dose-response curve

Report provided in Appendix P

vehicle-fuel code in parenthesis cen be referred to similarly coded Ames Formal

low Ames respunse possibly related to sample dilution as indicated by high organic extract
fraction in Table 36.



As discussed above, the mutagenic response (rev/ug)-was found to be significantly
stronger with the trap-equipped Fiats than with the same vehicle configuratiors
without aftertreatment. It must be kept in mind, however, that the trap-
equipped Fiats also produced less particulate and organics than the same
vehicles without exhaust aftertreatment. Therefore, mutagenic response
data in revertants/Ug in Table 44 were converted to reve}tants/km in Table 45
to better assess the mutagenic activity of the organic solybles.

Approximate high to low ranking order of vghicles with respecf'to
overall revertants/km were the turbocharged Fiat without aftertreatment,
the naturally-aspirated Fiat without aftertreatment, the Cutlass, the
turbocharged Fiat with catalytic trap, and the naturally-aspirated Fiat
with catalytic trap. General reduction of revertants/km were obtained on
the two Fiats with catalytic trap. Revertants/km using tﬁé catalytic trap
and two fuels on the Fiat N.A, diesel were reduced by an averagé of 83
percent on the 4-bag FTP, 63 percent on the HFET, 83 pércené (EM-469~F only)
in NYCC, and 62 percent in the 85 kph. Corresponding reducticns of
revertants/km using the trap on the turbocharged Fiat were 75 percent on
the 4-bag FTP, 68 percent on the HFET, 32 percent on the NYCC, and 88,perceht

on the 85 kph.
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LET

TABLE 45, AMES BIOASSAY RESULTS IN REVERTANTS PER KILOMETER,
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS

103 Revertants/kn® by Cycle, Fuel, and Tester Strain

4-bag FTP
s-9 ~ BN-129-F - ENM-369-F

vehicle Activation [ TAIS3S | TalS37 | TA1S3IB | TA9B || TAV535 | TAIS3T | TAIGID] TAUA
Flat N.A. w/o 0.0 24, 56. 115, 0.0 a. 92. 190.
(1A32951A469)C w 6. --b 119, 143, 11. -- 184, 203.
Flat N.A./trap w/o 0.0 12. 18. 30. 0.0 9. 11. 27.
(1B32951B469) w 0.3 - 16. 25. 0.0 - 14, 20.
Fiat T.C. w/o 0.0 a4. 61. 177. 0.0 102. 140. 403,
(3A32953A469) w 3. -- Bl. 106. 5. - 206. 265.
Fiat T.C./trap w/o 0.0 21. 42, 40. 0.0 17. 33, 36.
(38329438469) w 0.6 -- 18. 27. 0.0 -- 37. 1.
Cutlass w/o 0.0 19. 37. 84. 1. 38, 68. 114.
(2A32962A469) w 1. - 3g. 53. 1. - 82. 120,

@ calculation includes particulate mass rates based on 47 mm Pallflex filters

Y no bioassay was performed
€ vehicle-fuel c~de in parenthesis can be referred to similarly coded Ames Formal

Report provided in Appendix F
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APPENDIX A

TEST RESULTS,
TRAP REGENERATION ON
FIAT NATURALLY-ASPIRATED DIESEL.
WITH CATALYTIC TRAP
FUEL EM-469-F



[DE  VENICLE CMISSIONS RESULTS
FROJCET 11-4674-001

TEST NO. 1L2RG1I RUN 1 VEILICLE NO.1E TEST WEIGHT 1341, KG( 3000, LKS)
VEHICLE MODCL A FIAT CAT DATE 57 7/01 ACTUAL ROAD LUAD 8.2 RWC 11,0 0
ENGINE 2,0 L(122, CID) L-4 B4G CART NI, 1 DICSCL EM-449-F
TRAHNGHISSTION MS DYNO NO. 2 OnOnCTER II656 KM(7244 HILES?
CVS ND. 5
RAROGMETER 730,12 MM [IG(29.06 IN HG) DRy BULDB TEMP. 27.0 DCG €C(02,0 DEG F)
RELATIVE HUMIDITY 40. FCT ALlS. HUMIDNITY 9.6 GH/KG NOX HUMIDITY CORRECTION FACTOR .94
BAG RESULTS
TEST CYCLE INLE
RLOWER T P MM, H20(IN. H20) 708.1 (27, 0'
BLOWER INLET £ MM, H20CIN. 1120) 869, 0 (22.4
ELOWER INLET TEMP, DEG. C(DCG. F) J&.1 ¢ 97, O)
BLOWER REVOLUTIONS 3469.
TOT FLOW STh., €U, METRES(SCF) 33,7 ( 11872)
HC SAMI'LE MCTER/RANGE/FTH 2.5/14/ 2,
{C  DRCAGRIv HETER/RANGE/['PM 4,8/ 1/ 5
C0O  SAMFLE MCTER/RANGE/FFM: 17.7/13/ 15,
CO  ECRORD METCR/RANGE/TEM 1.5/13/ 1.
C02 SAMPLE WCTCR/RANGE/FCY 79.8/7 3/ 1.47
€02 RCRGIRE METER/RANGE/FCT 3.4/ 3/ I3
NOX SANPFLE METCR/RANGE/I'I'M 45,9/ 2/ 4d.
NOX BCKORD HETER/RANGE/FPM S/ 2/ L
DILUTIOH FACTOR 2.12
o HC  CONCENTRATION I'PM 16.
1 CO CORCENTRATICH I'TH 14,
& C02 CONCENTRATION FCT 1,42
NOX CONCENTRATION FFM 45.5
HC  MASS GRAMS +31
CO MASS GRAMS 036
C02 MASS GRAMS g74.8
NOX MASS GRAMS 2,62
FARTICULATE HASS GKAMS 2,05
RUN TIME SCLONDS 124,
DFCy WET (DRY) +390 ( .377)
SCF» WET (DRY) 1.000 ( ,979)
VoL (GCH) 33.7
SaM LLR (S5CM) 7.11
Kt (HEASURED)
TEST NUMDCR, 1E2K01
BAROMETER s f4 HG 738.1
HUMIDITY, G/KG 9.4
TEXPERATURL s DEG C 27.8

CAREOH DIOXIDCy
FUEL CONSUHPTION. L’lOOhH

HYDISRODCARECHS G/KM
CaRLON HﬂNDXIDEr G/KHM
OXIDLCS OF NITROCENs G/kM



IDLE  VEHICLE EMISSIONS RESULTS
PROJECT 11-4074 001

£-¥

TEST NO. 1B2Kk82 RUN 1 VEHICLE NO.1E TEST WEIGHT 1361, KG( 3000, LR5)
VEHICLE MODCL NA FIAT CAT DATE S/ 7/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 HF)
ENGINE 2,0 L(122, CID) L-4 DAG CART 0. 1 DICSEL EN--469-F
TRANSMIGSION M5 DYND NO, 2 ODOMETER 11661 KM(T247 HILES)
CvS NO. 3
EARGHETCR 738,12 MM 1G(27,06 IN HG) DRY pULB TEMP, 20.9 DEG C(84.,0 DEG F)
RELATIVE BUMIDITY 35. PCT ARG, NUMIDITY 9.1 GH/KG NOX HUMIDITY CORRECTION FACTOR .75
BAG RESULTS
TEST CYCLE IDLE
HLOUCR DIF P MM. H20(IN. H20) 708.1 (27.8)
LLOWER INLET P #M. H20(IN. H20) 569.0 (22,4)
BLOWER INLET TEMP, DEG. C(DEG. F) 40.% (105.0)
BLOWER REVOLUTIONS 3445,
TOT FLOW STD. CU. METRCS(SCF) 33.2 ( 1172.)
HC SAMFLC HETER/RANSE/PTM /147 7.
HC EBCKORD HETER/RANGE/FPH 4,8/ 1/ 5.
CO SAMPLE METER/RANGE/FPY 5.8/13/ 5,
€0 DRCKORD HETER/RANGE/FFM 1.4/13/ 1,
CO2 SAMI'LE METER/RANGE/PCT 80.7/ 3/ 1.48
C02 KCKGRD METCR/RANGE/FCT 3.8/ 3/ .04
NOX SAMPLE METER/RANGE/P'FM 50,97 2/ t1,
NOX RCAGRD HITCR/RANGE/FFH 872/ 1,
DILUTION TACTOR 2,02
1HC CONCENTRATION PFM 3,
CO CONCENTRATION FPH 4,
CO2 CONCENTRATION PCY 1.43
NOX CONCENTRATION T'FM 49.8
HC HMASS GRAMS +08
CO MASS GRAMS . o15
£02 MAS3 GRAMS 870,2
NDX MASS GRAMS 3.00
FPARTICULATE HASS GKRAHMS 1.15
RUN TIHE SECONDS 125,
DFCy WET (DRY) 887 ( .879)
SCFy WET (DRY) 1,000 ( ,973)
upL (5CH) 33,2
SAM DLR (S5CH) 7.10
N (MEASURED)
TEST NUMBLR: 1B2R02
BAROHETER» . MM HG 738.1
HUMIDITYy G/KG ?.1
EMMERATURE BEG C 28,9

CARBOA DIOXILE, G/KH
FUEL. CONSUMFTION, L/100KM

HYDRDEARLONS G/KH
CARRON HONDXIUE, G/RM
OXIDLCS OF NITROCEN» G/KH



TEST N0, 162R03

VECUICLE HODEL

RUN 1
NA FIAT CAT

CHNGINE 2.0 L(122, CID) L-4

TRANSHISSION M5

RAROMETER 737.37 MM 11G(29.05 IM IIG)

EELATIVC HUMIDITY 36. FCT

FAG RESULTS
TEST. £YCLE

BLOWER DIF P HH. N20CIN. H20)
BLOWCR INLET  ItM. H20CIN, H20)
Bl CUCR IMLET TEMFP. DEG, C(DEG, F)

BLOWER RCVOLUTIONS

TOT FLOY STD, CU, METRES(SCF)

HC  SAMI'LE METCR/RANCE/FIH
HEC  LCNORD hETCR/RANGE/FFM
CO -SAMPLE MCTER/RANGE/PFM
CO BCNGRD HETCR/RANGE/FEM
€02 SAMIPLE METER/RANGE/TCT
€02 ECNGRTt METER/RANGE/FCT
NOX SAMPLE METCR/RANGE/FTM
NOX ECKGRD HCTCR/RANGE/FFH

DILUTION FACTOR

» HC CONCENTRATION [PM
L CO CONCENTRATION TN
02 CONCENTRATION FCT
NOX CONCONTRATIDN I'PM

HC' hASS GRAMS
CO MASS GRAMS
£02 MASS GRAMS
N@X MASS GRAMS

FARTICULATE MASS GRAMS

RUN TIHE SELCONDS
DFCs WET (DRY) :
SCFy UCT (LRY)
Vot (6CHY -
SAM BLR (SCH)
KH  (HCASURELD)
TCST NUMBLR:
“BAROMETERy M4 HG
HUMILITY, G/KG
TEMPCRATURE DEG C
CARLON DIDXIDE, G/KM

FUECL CONSUMPTIONS L/7100KM

HYDIROCARLONS
CARDON HONOXIDE,

-G/KN
G/KH

OXIDCS OF NITROGCNy G/NM

I1DLE

VEHICLE HOW1E

VEHICLE CHMISSIONG RESULTS
fROJECY 11-4874 001

DATC & 7/01

#AG CART HO.
LYND ND.
Cvs uo. 3

DRY BULE TEMP. 27.4 DEG C(05.0 DEG F)
ABS. LUMIDITY 9.6 GH/KG

IDLE
706.1 (27.8)

70,7/ 3/ 1.44

3.2/ 3/ .05

49,27 2/ 4%,

O/ 2/ 1
?.20

125
892 ( 4562)
1,000 ( ,975)
33.4
7.1

1D2R03
737.9
b
27.4

1
2

TEST WEIGHT 1361, KG¢ 3000, LiG)

ACTUAL ROAD LOAD 8,2 KM( 11,0 KD

DIESEL EM-469-F _
ODOHCTER 11666 KM(T7250 HILES

NOX HUMIDITY COKRECTION FACTOR

¢



APPENDIX B

TEST RESULTS,
FIAT NATURALLY~ASPIRATED DIESEL
WITHOUT AFTERTREATMENT
FUELS EM~329-F AND EM-489-F



SUMMARY OF REGULATED EMISSIONS FROM FIAY N.A. DIESEL
RESEARCH VEHICLE, EM-329-F BASE FUEL, NO CATALYST

Test Code 1A329F 1A329H

Test Type 3-bag FTP HFET

Date (1980) 12/20 }12/22 | 12/23 |} 12/20 [12/22 |12/23 |l2/23
Run No. 1 2 3 2 3 4
HC, g/mi 0.48 0.52 0.48 0.24 ----: 0.24 0.21
Cco, g/mi 1.63 1.67 1.69 0.72 " "a 0.66 0.63
NOyx, g/mi 1.34 1.32 1.20 0.89 —=a 0.89 0.85
Particulate, g/mi 0.47 0.38 0.38 0.25 ——— 0.29 0.26
Fuel, mi/gal 25.6 28.6 28.6 42.2 —=—="141.6 42.9
Test Code 1A329N 1A329s

Test Type NYCC 85 kph steady-state
Date (1980) 12/2012/22|12/23|12/23j12/20 [12/22]|12/23|12/23
Run No. 1 2 3 4 1 2 3 4
HC, g/mi 0.55| 0.76| 1.00} 0.84|| 0.18}| 0.21} 0.19] 0.18
CO, g/mi 2.69] 2.99] 2.93) 3.11} 0.55] 0.56f 0.55{ 9.55
NOy, g/mi 2.01}] 2.00} 2.03} 2.03 0.87a 0.87] 0.85] 0.85
Particulate, g/mi 0.35| 0.42] 0.46} 0.49)f ===~ 0.25] 0.25} 0.26
Fuel, mi/gal 20.0 [19.3 j19.0 {17.6 {|42.8 [42.5 |43.6 |43.2

adata not acceptable



FROJECT 11-4874-001

TEST NO.  1A329F RUN 1 VEHICLE NC.1A TEST WEIGHT 1341 KG( 3000, LKS)
VEHICLE MODEL NA FIAT  NOCAT DATE  12,20/80 ACTUAL ROAD LOAD 8.2 KW( 11,0 HF)
ENGINE 2,0 L(122, CID) L-4 BAG CART MO, 1 DIESEL  EM-329-F
TRANSMISSION M5 DYNG NO. 2 ODOMETER 9879. . KH(6140. MILES)

CVS NO. 3 ‘
FARONETER 755.14 MM HG(29.73 IN HG) DRY BULB 1EMP. 22.8 EG C(73.0 DEG F)
RELATIVE HUMIDITY 19. PCT AES. HUMILIT( 3.3 GN/KG NCX HUMIDITY CORRECTION FACTOR  .E£0
BAG RESULTS
PAG NUMEER 1 2 3 4
PESCRIFTION ) COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
ELOWER DIF P MM. H20(IN. H20) 716.3 (28.2) 723.9 (20.5) 716.3 (28.2) 723.9 (28.5)
BLOWER INLET F_MM. H20(IN, H20) . 579.1 (22.&) 5§3.9 (22,2) 579.1 (22.8)" 584.2 (23.0)
BLOWER INLET TEMP. DEG. C(DEG. F). 37.8 (106.0) 35,0 ( 95.0) 35.0 ( 95.0) 34.4 (T 53.0)
BLOWER REVOLUTIONS 138 8. 23758, 13874, 23735,
10T FLCUY STD. CU. METRES(SCF) 137.7 ( 48(3.) 237.7 ( 8394.) 138.5 ( 4690.) 237.5 ( 8334.)
HC SANFLE KETER/RANGE/FFH 30.0/11/ :0. 15.87117 16. 19.7711/ 20. 15.3711/ 15,
HC BCKGRD METER/RANGE/FPM 2.5/ 1/ 3, 2.5/ 1/ 3, 2.5/°1/ 3. 2.8/ 1/ 3.
CO SAMFLE METER/RANGE/PPN - 42,1713/ 39, 28.2/13/ 26, 31,6713/ 29, 28.0/137 26,
€O BCNGRD NETER/RANGE/FFHN 87137 1. /137 1. 7/137 1. 8713/ 1.
€02 SAMFLE METER/RANGE/FCI , 38,47 3/ .65 21,67 3/ .35 29.17 3/ .48 20,7/ 3/ .33
€02 BEKGRD HETER/RAMGE/FCT 3.5/ 3/ .05 3.0/ 3/ .05 3.1/ 3/ .05 3.0/ 3/ .05
NOX SAFFLE KETER/RANGE/FPM 25,4/ 2/ 5. 15.5/ 2/ 16, 19.3/ 2/ 19, 13.7/ 2/ 1S,
NOX BCNGRD METER/RANGE/PFM .S/ 2/ 1. 6/ 2/ 1, 6/ 2/ 1. 7/ 2/ 1.
DILUTION FACTOR 20,46 37.96 27,664 39.69
W HC CONCENTRATION FPHM 28. 13, 17, 13..
& €D CONCENTRATION FRM 38, 25, 28, 25,
CO2 CONCENTRATION FCT ) 60 .30 .43 .29
nDX CONCENTRATION FPM 24,9 14.9 18,7 14.2
HL  HASS GRAMS 2,20 1.84 1,38 1,72
£Q MASS GRAMS 6,07 4,90 4,52 §.82
. CD” MASS GRAMS 1505.4 1324,0 1100.1 1235.8
NOX MASS GRAMS 5,20 5,44 3,99 5,20
FARTICULATE MASS GRAMS 3.3 1.23 1,46 0.00
HC GRAMS/KM .38 .30 2 28
€O GRAMS/KM 1,05 1,11 ,78 1,10
. CO2 GRAMS/KM 261,2 212.4 190.8 202,3
NOX GRAMS/KM .92 .88 W49
FUCL CONSUMPTION BY CB L7100KM 11,08 9,02 8,09 8,40
RUN TIHE SECONDS 504, 867, - 505, 864
MEASURED DISTANCE KM 5.76 6,23 5,77 6,21
IFCy WET (DRY) . 1945 ( 4959) 971 ( 1965)
5CFy WET (DRY) - 1:000 ( ,990)- 1,000 ¢ .990)
VOL (5CM) 375.4 ) 376.0
SAM ELR (SCHM) 80,42 : 80.43
KM (MEASUREDD _ 12,00 11,97
FUEL CONSUMFTION. L/100KM 10,01 3.35
COMPDSITE RESULTS 3-EAG (4-EAB)
TEST NUHEER - 1A399F CAREON DIOXIDE - 6/KH 214,64 ( 213.4)
RAROMETER MM HG  755.1 FUCL CONSUMFTION  L/100KNM 9.19 ( "9.08)
HUHIDITY G/KG 3,3 HYDROCARBDNS (THC)  G/KM 30 (.29
TEMFERATURE DEG C  22.8 CAREON MONOXIDE G/KM 1.01 ( 1.00)
OXIDES OF NITROGEN G/KM .83 ¢ .82)
PARTICULATES 6/KM 290 ( 0.000)



‘HFET  VEI'ICLC EMISSICNS RESULTS
PROJECT 11-4874-001

TEST.NO. 1A329H RUN 1 UEHICLE ND.IA TEST WEIGHT 1341, KG( 3000, LES)
VEHICLE MODEL NA FIAT  NOCAT DATE 2/20/80 ACTUAL ROAD LOAD 8.2 KW( 11.0 HF)
.ENGINE 2,0 L(122, CID) L-4 BAG CART “NO. 1 DIESEL EM-329-F
TRANSMISSION M5 DYND NO. 2 ODOHETER 9902, KM(6154. MILLS)
CVs NO, 3 :
BAROMETER 754,89 MM HG(29.,72 IN HG) DRY BULB TEMP, 23,3 DEG €(74.0 DEG F)
RELATIVE HUMIDITY 20, PCT ABS. HUMIDITY 3.6 GM/KG NOX HUMIDITY CORRECTION FACTOR .81
BAG RESULTS
TEST CYCLE HFET
BLOWER DIF P MM, H20(IN. H20) 716.3 (28.2)
BLOWER INLET £ MM, H2OCIN. H20) 579.1 (22.8)
BLOWER INLET TEMP. DEG. C(DEG. F) 43.3 (110.0)
BLOWER REVOLUTIONS 21015.
TOT FLOW ST, CU. METRES(SCF) 208.3 ( 7357,)
HC  SAMPLE METER/RANGE/PPM 23,7/117 24,
HC ECKGRDI METER/RANGE/FPM 2,87 1/ 3.
CO SAMPLE METER/RANGE/FFM 34.4/13/ 32,
CO BCKGRD METER/RANGE/FEM 1.0/13/ 1.
C02 SAMFLE METER/RANGE/FCT 39.4/ 3/ .47
C02 BCAORD METER/RANGE/FCT 2,87 3/ .04
NOX SAMFLE METIIR/RANGE/FFPM 28.4/ 2/ 18,
NOX BCKGRD METEK/RANGE/FPH 272/ 1,
DILUTIGN FA&CTOR 19,94
CONCENTRATION PFYH 21,
CO CONCENTRATION PPM 30,
C02 CONCENTRATION PCT o863
NDX CONCENTRATION PPH 27.7
HC MASS GRAMS 2.53
CD MASS GRANS 7.33
C02 MASS GRAMS 2387.5
NOX M#455 GRAMS 8.96
FARTICULATE MASS GRAHS 2,54
RUN TIHE SECONDS 766,
IFCy WET (DRY) «950 ( +944)
SCFy WET (DRY) 1,000 ( ,907)
VoL (5CH) 208.3
SAM BLR (SCM) 47.07
KM (MEASURED) 16.43
TEST NUMEER» 1A329H
BAROMETER MM HG 754.9
HUMIDITY, G/KG 3.6
TEMPERATUREy DEG C 23,3
CARDON DIOXIDEy G/KN 145.3
FUEL CONSUMFTION:, L/100KH 5,57
HYDROCAREONS» G/KH )
CARBON MONOXILE . G/KM +45

OXIDES OF NITROGENs G/KM +95



FROJECT 11-4874-001
TEST NO. 1A329N RUN 1 VEHICLE NO.1A TEST WEIGHT 13461, KG( 3000, LBES)

UEHICLEquDEIE1 C?g F{AE NOCAT DATEC %2620/8? ACTU@t RUAEHLgAD 8,2 KW¢ 11:0 HF)
:-LO ) - DAG AR ’ ES
TRANSHISSION M5 DYNO NO. 0 2 ODOMETER 9918 « KM(6164 + HILES)
CVs NO. 3
BAROMETER 754.89 MM HG(29.72 IN HG) DRY DULB TEMP. 23.3 DEG C(74.0 DEG F)
RELATIVE HUMIDITY 24, PCT AES, RHUMIDITY 4.2 GM/KG NOX HUMIDITY CORRECTION FACTOR .82
BAG_RESULTS
TEST CYCLE NYCC
BLOWER DIF P MM. H20(IN. H20) 731.5 (23.8)
BLOWER INLET P MM, H20(IN, H20) 563,9 (22,2)
BLOWER INLET TEMP, DEG. C(DEG, F) 26,4_¢ 77.9)
BLOWER REVOLUTIONS 16385,
TOT FLOW STD. CU. METRES(SCF) 14941 ( 5970.)
HC SAMPLE METER/RANGE/PFM ?9.5/11/ o
HC BCKGRD METER/RANGE/PFPM 2,8/ 1/
CO SAHFLE METER/RANGE/FFM 19.6/13/ 18.
CO BCKGRD METER/RANGE/FPM 1,2/13/
€02 SAMFLE METER/RANGE/PCT 14.6/ 3/ 3
€02 BCKGRD METER/RANGE/FCT 2.6/ Y/ .04
NOX SAMPLE METER/RANGE/PFH 9.8/ 2/ 10,
NDX BCKGRD METER/RANGE/PFM 2/
DILUTION FACTOR 57,28
HC CONCENTRATION PEN 7
CO CONCENTRATION PFM 17,
€02 CONCENTRATION FCT .19
NOX CONCENTRATIDN FPM 9.1
HC MASS GRAMS 63
€0 HMASS GRAMS 3,26
C02 MASS GRAMS 594.9
NOX MASS GRAHS 2.43
FARTICULATE MASS GRAMS +43
RUN TIME SECONDS 597,
LFCy WET (DRY) 1983 ( .275)
SCFy WET (DRY) 1.000 ( .990)
VOL (SCH) 16%.1
SAH BLR {SCH) 36,46
KM (HEASURED) : 1.9
TEST NUMBER:» 1A329N
RAROMETER M1 HG 754.9
HUMILITY, G/KG 4,2
TENFERATURE» DEG C 23.3
CARBON DIOXIDE, G/NM 305.5
FUEL CONSUMFTIGN L/100KH 11.75
HYI:BCARBOMNS G/NH 34
CAREON HMONOXIDE, G/KM 1.67

OX1UES OF NITROGEN, G/AH 2



9-4

85 KFN VEHICLE EMISSIONS RESULTS
FROJECT 11-4874-001

TEST ND. 1A3295 RUN 1 VENICLE NO.1A TEST WEIGHT 1381, KG( 3000, LBS)
VEHICLE MODEL NA FIAT  NOCAT DATE  12/20/80 ACTUAL ROAD LOAD 8.2 KW( 11.0 HF)
ENGINE 2,0 L(122, CID) L-4 BAG CART NO, 1 DIESEL EM-329-F
TRANSMISSION MS DYND NOD. 2 ODOMETER 9922 . KM( 6167, MILES)
' Cvs NO. 3
EAROMETER 754,89 MM HG(29,72 IN HG) DRY BULB TEMP, 23.3 DEG C(74.,0 DEG F)
RELATIVE HUMIDITY 24, PCT ABS. HUMIDITY 4.2 GM/KG NOX HUMIDITY CORRECTION FACTOR .82
FAG _RESULTS
TEST CYCLE ) 85 K
ELOWER DIF P MM. H20(IN, H20) 736,46 (29.0)
RLOWER INLET P MM. H20(IN. H20) 584.2 (23.0)
EBLOWER INLEY TEMP. DEG. C(DEG. F) 45.6 (114.0)
BLOWER REVDLUTIONS 32954,
TOT FLOW STh. CU. METRES(SCF) 323.4 (11418,)
HC SAMFLE METER/RANGE/FFM 19.5/11/ 19,
HC ECKGRD METER/RANGE/FFM 206/ 1/ 3.
CO SAMEFLE HMETER/RANGE/PPM 29.8/13/ 27,
CQ BCKGRD METER/RANGE/FFM 87137 1.
€02 SAMPLE METER/RANGE/FCT 43,0/ 3/ .73
C02 BCKGRD METER/RANGE/FCT 2.7/ 3/ .04
NOX SAMFLE METER/RANGE/PPM 31.47 2/ 31,
NOX RCKGRD METER/RANGE/FFM 97 2/ 1.
DILUTICN FACTOR. 18,15
HC CONCENTRATION FFM 17,
CO CONCENTRATION PFM 26,
C02 CONCENTRATION PCT 69
NOX, CONCENTRATION FFM 30.5
HLU MASS GRAMS 3.18
. CO  MASS GRAMS ?2.083
CO2 MASS GRAMS 4113.6
NOX MASS GRAMS 15,56
RUN TIME SECNNDS 1200,
OFC, WET (DRY) +945 ( .913)
.SCFy WET (DRY) 1.000 ( .986)
VOL (SCH) | : 323.4
SAM ELR (SCH) s 72,43
KM (MEASUKRLCD) 28.68
TEST NUMBER, ’ 1A329S
BARDRETER) MM HG 734.9
HUHIDITY, G/KG 4.2
TEHPERATURE » DEG C 2%.3
CARBON DIOXIDE> G/KM 143.4
FUEL CONSUHMFTIONr L/100KM 5.49
HYDROCARBONS » G/KH o11
CAREON MONOXIDEs G/KN +34

OXIDES QF NITROGEN» G/KH 04



TEST NO. 1A3"9F RUN VEHICLE NO.1A TEST WEIGHT 1361, KG( 3000. LES)

VEHICLE MODEL NA FIAT NOCAT DATE  12/22/80 ACTUAL KOAD LOAD _ 8.2 KW( 11.0 HP)
ENGINE 2,0 L(122, 'CID) L-4 BAG CART NO. 1 DIESEL EM-329-F
TRANSMISSION M5 DYNO NO. ) ODOMETER 9963 , KM(6192, MILES)
€VsS ND., 3
BAROHETER 751,08 MM HG(29.57 IN HG) [RY BULE TEMP., 23.9 DEG C(75.0 DEG F)
gg%agég5L¥gHIanY 22, PCT ABS. HUMILITY 4,0 GH/KG NDX HUMIDITY CORRECTION FACTOR .82
FEAG NUMBER 1 2 3 4
DESCRIFTION COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
ELOWER DIF P MM, H20(IN. H20) 713.7 (2B8.1) 713.7 (28.1) 713.7 (28,1) 713,7 (2B.1)
BLOWER INLET P MM. H20(IN. H20) 531.7 (22.9) 584.2 (23.0) 584.2 (23.,0) 584.2 (23.0)
ELOWER THLET TEMP. DEG. C(DEG, F) 36,1 ( 972.0) 36,1 ( 97.0) 36,1 ( 97.00 J2.8 { 91.,0)
BLOWER REVOLUTIONS 13849, 238035, 13807, 3786,
TOT FLOW STD, CU. METRES(SCF) 138.6 ( 4092,) 238.1 ( 8407.) 138.9 ( 4904.) 239.3 ( B451.)
HC SAMPLE METER/RANGE /PFM 23.6/11/7 26, 19.0/11/ 19. 261/ 11 26 18.3/11/ 18,
HC RCKGRL METER/RANGE/PFM 4.5/ y/ 5, 4,3/ 1/ 4,3/ {/ 4,8/ 1/ S
€O GAMFLE METER/RANGE/FFM 38,0713/ 33, 30.72/13/ 8. 34.1/13/ 31. 28.8/13/ 26,
CO EBCNGRD METER/RANGE/FFEM 1.4713/ 1, 1.6713/7 i, 1.1/13/ 1.0/13/ 1.
€02 SAMPLE MECTER/RANGE/FCT 34,97/ 3/ .58 22,17 3/ .34 2%9.27 3/ .48 21.47 3/ .35
£02 DCNGRD METER/RANGE/PCT 3.4/ 3/ .05 3.3/ 3/ .05 3.4/ 3/ .05 3.5/ 3/ .05
NOX SAMFLE MEYER/RANGE/FEM 22.7/7 2/ 23. 15.57 2/ 16. 19.07 2/ 19. 14.87 2/ 15,
NOX BCKGRD METER/RANGE/PEM 272/ L. .87 2/ 1. 97 2/ 1. 1.0/ 2/ 1.
DILUTION FACTOR 22,74 37.00 27.51 32.92
w HC  CONCENTRATIDN FFM 21, 15, 22, 14,
5 CO CONCENTRATION FFM 33. 26, 30. 23,
£02 CONCENTRATIDN FCY 53 31 +43 .30
NOX COMNCENTRATION FFM 22,9 14.7 18.1 13.8
HC MASS GRAMS 1,70 2.04 1,76 1.89
C0 MASS GRAMS 9,3% 7.33 4,86 7,02
co2 HASS GRAHS 1354.,9 1343.9 1096.5 1300.0
NOX MASS G 4,78 5,49 3,95 5.18
FARTICULATE ﬁASS GRAMS 1.43 1.27 1.58 0,00
HC GRAMS/KH +30 +33 W31 +30
C0 GRAMS/NM 924 1.18 «83 1,13
C02 GRAMS/KM 235.3 216.4 191.4 ”0?.6
NDX GRAMS/KH .83 +89 69 .84
FUEL CONSUMFTION BY CB L/100KM 9.04 8.34 7.36 8.07
RUN TINE SECONIS 505, B67, 506. BA7.,
MEASURED DISTANCE KM §.75 4,20 5.73 4.20
OFCs WET (DRY) 967 ( .960) 970 ( .963)
SCFy WET (DIRY) 1,000 ¢ .989) 1,000 ( .989)
VoL (5CM) 3724.6 378.2
SAM BLR (SCHM) 83,49 83,49
KM (MEASUKRED) 11,94 11.93
FUEL CONSUMFTION L/100KM 8.48 7.73
COMPOSITE RESULTS J-BAG (4-RAR)
TEST NUMBER 1A329F CARBRON DIOXIDE G/KM 213,46 ( 211.5)
BAROMETER MM HG 751.1 FUEL CONSUMFTION L/100KH 8.22 ( 8.14)
HUMILITY G/hG 4,0 HYDROCARRONS (THC) 6/KM - v32 ¢ .30
TEMPERATURE DEG C 23.9 CAREON MONOXILE G/KM 1,04 ( 1.03)
OXIDES OF NITROGEN G/KM +82 ( 81)
PARTICULATES G/KM '233 ( 9.000)



TEST NO. 1A329N RUN 2
UEHICLE MODFL NA FIAT  NOCAT
ENGINE 2,0 L(122, CID) L-4
TRANSMISSION M3

RAROMETER 748,28 MN HG(29.46 IN HG)
RELATIVE HUMIDITY 2S5. PCT

BAG RESULTS
. TEST CYCLE

BLOWER DIF P MM, H20CIN. RH20)
ELOWER INLET P MM, H20(IN. H20)
BLOVER INLET TEMP. DEG. C(DEG. F)
BLOWER REVOLUTIONS

TOT FLOW STh, CU. METRES{SCF)
HC SAHPLE METER/RANGE/PFPM

HC ECKNGRL METER/RANGE/FFM
CO SANFLE METER/RANGE/PFM
CO0 EBCKGRD METER/RANGE/PPM
C02 SAMFLE METER/RANGE/FCT
C02 BCKGRD METER/RANGE/PCT
NOX SAMFLE HETER/RANGE/FFM
NOX BCKORD METER/KANGE/FPYM
HILUTION FACTOR

HC CONCENTRATION PFH

(0 CONCENTRATION FFM

€02 CONCENTRATION PCT

NOX CONCENTRATION FPH

HC  MASS GRAMS

CO MASS CRAMS

C02 MASS GrAMS

MNOX Mn55 CRAMS
FARTICULATE MASS GRAMS
RUN TIME SECONDS

DFCy WET (DRY)
SCFy WET (LIRY)
VoL (SCH)

SAM ELR (S5CM)
KM (MEASURED)

TEST -NUMEERy

HAROMETER» MM HG
HUHIDITY G/KG
TEMFERATURE » DEG C
CARDON DIOXIICy G/KM
FUEL CONSUMFTION. L/100KM
HYLROCAREONS» G/KH
CAREON MONOXIDEs G/KM

OXIDES OF NITROGEN: G/KM

NYCC  VEHICLE EMISSIONS RESULTS
FROJECT 11-4874-001

VEHICLE NO.1A TEST WEIGHT 1361, K&( 3000, LBS)
DATE 12/22/80 ?CTUAL ROADHLDgg F 8.2 KW{ 11,0 HP)Y
- , ‘ T
ﬁ@ﬁocﬁgf 1o é ODOMETER10016 , KM(6225 . MILES
cys No, 3
DRY BULE TEMP, 23.9 DEG C(75.0 DEG T)
AQS. HUMIDITY 4.6 GM/KG ' NOX HUMIDITY CORRECTION FACTOR .83
NYCC
711.2 (28, O)
579.1 (--.
35.6 ( 94. 0)

14461,
164-- { 57%44)
13.9/117 14,

4,4/ 1/ 4,
22,6713/ 21,

1.5713/ 1.
16,27 3/ .2

3.5/ 3/ .05

10.4/ 2/ 10,
1.22.2/ 1.

+981 ( 973}

1,000 ( ,990)
144,2
,36.40
1.95

1A329N
748.3
4.&

23.9
316.1

12.18

47
1)
3

P

——
-

r

£



FROJECT 11-4874-001

6-g

TEST NO. 1A3295 RUN 2 VEHICLE NO.1A TEST WEIGHT 1341, KG( 3000. LES)
VEHICLE HODEL NA FIAT  NOCAT DATE  12/22/80 ACTUAL RDAD LOAD _ 8.2 KW( 11.0 HF)
ENGINE 2 L(l,-. Cin -4 EAG CART MO, 1 DIESEL EN-329~F
1'F\ANSHISSIOI‘J LIYNO NO. 2 ODOMETER 10018, KM( 6226, HILES)
CVJ NOQ
BAROMETER 748.03 MM HG(°9 45 IN HG) DRY BULB TEMP, 24.4 DEG C(76.0 DEG F)
RELATIVE HUMIDITY 23. ABS., HUMIDITY 4.4 GM/KG NOX HUMIDITY CORRECTION FACTOR .83
BAG RESULTS
. TEST CYCLE 85 N
ELOWER DIF P MM. H20CIN. H20) 711.2 (28.0)
BLOWER INLET P MM. H20(IN. H20) 9574.0 (22.0)
ELOWER INLET TEMP., DEG. C(DEG. F? 42,2 (108.0)
BLOWER REVOLUTIONS . 32960,
TOT FLOW STD. CU. METRES(SCF) 323,2 (11413.)
HC SAMFLE METER/RANGE/PFM 23.8/11/ 24,
HC BCKGRD HCTER/RANGE/FEM 4.2/ 1/ S
CO SAMFLE METER/RANGE/PFM 31.5/13/ 29,
CO  EBCKCRD METER/RANGE/FFM . 1.6/713/ 1,
C02 SAMFLE METER/RANGE/FCT 42,72/ 3/ .75
02 RCKGRD METER/RANGE/PCT 3.1/ 3/ .05
NOX SAMPLE METER/RANGE/PFM 31.47 2/ Gl
NOX BCKRGRD METER/RANGE/FFM 1.4/ 2/
IIILUTION FACTOR 17.01
HC CONCENTRATION PEM 19,
CO CONCENTRATION FFM 2§.
C02 CONCENTRATION FCT 70
NOX CONCENTRATION FPH 30.1
HC MASS GRAMS . 3,40
CO , HASS GRAMS 10.17
CO2 MASS GRAMS 4135.4
. NDX MASS GRAMS 15,38
FARTICULATF HASS GRAMS 4.43
KUN T SECONDS 1200,
DFCy WET (DRY) 944 ( ,927)
SCFy WET (DRY) . 1,000 _( .986)
oL (SCH) 323.2
SAM BLR (SCM) - 71.72
. KM (MEASURET) 28,48
TEST NUMBER» . 1A329S
RAROMETER» HM HG 748.0
HUMIDITY, G6/K6 4,4
TEMFERATURE DEG C 24.4
CAREON DIDXIDE, G/RkH 144.9
FUEL CONSUMETION. L/100KN 9,54
HYLIROCAREONS » G6/KM 13
CARLON MONOXIDEy G/KM +39

OXIDES OF NITROGEN» G/KM ' 54



TEST NGO, JA329F  RUN

VEHICLE MODEL NA FIAT NOCAT
ENGINE 2,0 L(122, CID) L-4
TRANSHISSION M5

BAROHETER 743,97 MM HG(29.29 IN HG)
RELATIVE HUMIDITY 42, PCT
RAG RESULTS

BAG NUMRER

DESCRIPTION

ELOWER DIF P MM. HZOCIN, H20)
ELOWER INLET F _MM. H20CIN, H20Q)
BLOWER INLET TEMF. DEG., C(LEG. F)
BLOWER REVOLUTIONS

TOT FLOW STIr, CU. METRES(SCF)
HE  SAMPLE METER/RANGE/FEM
HC- BCKGRDN METLR/RANGE/FFM
CO OSAMPLE HETER/RANGE/PFM
CO  BCNGRD METER/RANGE/FFM
C02 SAMFLE MCTER/RANGE/FCT
€02 BCNGRD MITER/RANGE/PCY
N3X SAMFLE METER/RANGE/FPM
NOX LCRGRD METER/RANGE/FFM
U‘LUTION FACTOR
CONCENTRATIGN FFM

CD CONCENTRATION PFH

2 CONCENTRATION PCT

NOX. CONCENTRATION FFM

HC HASS GRAMS

C0 MASS GRAMS

C02 MASS GRAMS

NOX HASS GRAMS

FARTICULATE MASS GRAMS

HC GRAMS/KH
CD GRAMS/KM
(02 GRAHS/KH
NOX GRAMS/KH
FUEL CONSUMFTION BY CB L/100KY

RIN TIHE SECONDS
McASURED DISTANCE K

DFCy WET (DRY)

SCFy WET (LRY)

VoL (SCH.

5AaM BLR (SCH)

KM (MEASHRED)

FUEL CONSUNFTICN L/100&M

0Tl~-9
o
©
X}

COrB31TE RESULTS
TEST NUMEER 1A329F
BARCMETER MM HG 744.0
HUMIDITY G/xG 8.1
TENMFERATURE LEC C 24,7

1
COLD TRANSTIUNT

CNUURLY Y ARATIIO/TUVL

VEHICLE NO, 1A

YN
CVS NO,
IRY BULE TEMP., 24,4 DEG C(76.,0 DEG F)
ABS. HUMINITY 8.1 GM/KG

2
STABILIZED

711.2 (20, 0) 711.2 (28.0)

571.5 (?2¢' 571.5 (22.3)
38.1 ( 27.0) 32,2 ( 920.0)
13874, 23846,
136,3 ( 4812.) 236.,0 ( 8332.)
28,3711/ 728, 19.0/1t/ 19,
4.8/ 1/ 3. 4.8/ 1/ S,
45.7/13/ 43, 32,1713/ 30,
3.8713/ 3. 3.1713/ 3.
34,9/ 3/ .58 22:67 3/ .37
3.3/ 3/ .05 2/ 3/ 405
20.4/7 2/ 20, 14.27 2/ 14,
1.1/ 2/ 1. 1.0/ 2/ 1,
22,68 36,13
24, 14,
39, 24,
54 032
19.3 13.2
1.86 1,95
6.12 22
1336.4 1375.6
4,64 3,50
1.71 1.27
32 +31
1,06 1.16
232.3 220.8
.81 .
8.73 8,5¢
503, 848.
5.73 6.23

+268 ( 4?53)
1.000 ¢ .982)

TEST WCIGHT 1341, KG( 3000, L.1S)
ACTUAL ROAD LOAD 8.2 KW( i1.0 HF)
DIESEL EM~329-F

GDOMETER 10050, KM( 6246,, MILES

NOX HUMIDITY CORRECTION FACTOR .92

4
STABILIZED

711.,2 (28.0)
571,35 (22.5)

3
HOT TRANSIENT

711.2 (28.,0)
571.5 (22.5)

33.3 ( 92.0) 35.0 ( 95.0)
13878, 23608,
137.0 ( 4838.) 234.3 ( 8273.)
24.4/11/7 24, 18.8/11/ 19,
4,8/ 1/ 5. 4.8/ §/ 5.
35.2713/ 33, 30.8/127/ 28,
2,5/13/ 2, 2.4/713/ 2.
29.07 3/ .48 21.97 3/ 35
3.3/ 3 .05 2,9/ 3/ .04
1627 2/ 17, 13.37 2/ 13,
W9/ 2/ 1, 87 2/ 1.
27.71 38,08
20, 4,
30, 26,
43 + 30
15.8 12,5
1,56 1,91
4,73 7.01
1076.95 1304.1
3.82 5.17
1.38 0.00
27 31
82 1,12
187.1 208.9
YY) 83
7.19 8.04
50S. 866,
5.73 6:24

270 { .957)
1.000 ( .983)

372.3 371.3
81.01 80.97
11.98 12.00
3.71 7+64

3-BAG {3-BAG)

CAREON PIOXIBE G/K# 214.0 ( 210.4)

FUEL CONSUMFTION L/7100KM 8.23 ¢ 8.10)

HYDROCAREONS (THC) G/KM - «30 .30

-AREON EONOXIDE G/kH 1.05 { 1.00)

OXIDES OF NITROGEN G/KH .81 ( 7%9)

PARTICULATES G/KM «233 ( 0.000)



T1-4

TEST NO.  1A3290 RUN 3
VEHICLE MODEL NA FIAT NOCAT
ENGINE 2,0 L(122, CID) L-4
TRANSMISSION M5

BAROMETER 742,70 MM 11G(29.24 IN HG)
RELATIVE HUMIDITY 40. PCT
BAG RESULTS

TEST CYCLE

BLOWER DIF P MM, HZ0CIN. H”O)
ELOWER INLET P MM, H20(IN. H20)

BLOWER INLET TEMF., DEG. C(DEG. F) .

BLOWER REVOLUTIONS
TOT FLOW STD, CU. METRES(SCF)
HC S5AMPLE McTER/RANGE/PFH
HC BCKGRD METER/RANGE/FFM
CO SAHMI'LE METER/RANGE/PPH
CG  BCKORD METER/RANGE/FFM
C02 SAMFLE METER/RANGE/FCT
€02 BCKGRD METER/RANGE/PCT
NOX SAMFLE METER/RANGE/FFH
NOX BCKGRD METER/RANGE/FPM
DILUTION FACTOR
HC CONCEMTRATION PPM
CO CONCENTRATION FPH
C02 CONCENTRATION FCT
HOX CONCENTRATION FPH
HC 'MASS GRAMS
€0 HASS GRAMS
'CO” MASS GRAMS
NOX _HAaSS GRAMS
PARTICULATE MASS GRAMS
RUN TIME SECORDS
DFCy» WET (DRY)
‘SCFy WET (DRY)
VoL (SCH) .
SAM BLR (SCH)
KM (MEASUKRED)

TEST NUMBERs

EBAROMETER Y MM HG

HUHIDITY, 6/KG

' TEMPERATURE» DEG C
CARBON LJOXIDE, G/KM

FUEL CONSUMPTION, L/100KHM

HYDROCARBONSy G/KH

CAREQN MOWOXIDEy G/KM

OXILDES OF NITRDGENs G/KM

HFET

FROJECT 11-4874-001

VEHICLE NO.1A
DATE  12/23/80
BAG CART NO. 1
DYND NO. 2
Cvs NO, 3

DRY BULB TEMP. 25.8 DEG C(78.0 LEG F)

ABS. HUMIDITY 8. 3 GM/KG

HFET

711.2 (28,0)
563 9 (22.2)
? (103.0)
204,46 ( 72’4 )
25,6711/ 28,
4.6/ 1/ S,
32.,5/13/ 0.
97137 1,
41.1/ 37/ .70

765
«247 ( .9339)
1,000 ¢ ,981)
204.6
44,62
16.44

1A329H
742.7
8.3
2346
147,5
S5.465

o 15

W41
99

VEHICLE EMISSIONS RESULTS

TESY WEIGHT 1341, KG( 3000. LES)
A?TUAt RDAE LOAD

-329--F
DDOMETER 16120, KM( 6290, MILES)

8.2 KU( 11,0 HP)

NDX HUMIDITY CORRECTION FACTOR



c1-d

NYCC  VEHICLE EMISSIONS RESULTS
PROJECT 11-4874-001

TEST NO. 1A329N KUN 3 VEHICLE NO.1A TEST WEIGHT 1361 KG( 3000. LLS)
VEHICLE MOUEL NA FIAT  NOCAT DATE  12/23/80 ACTUAL RDAD LOAD _ 8.2 KM( 11.0 IIF)
ENSINE 2,0 L(122, CID) L-4 BAG CAKT NO, 1 DIESEL  EM-329-F
TRANSMISSION M5 DYNO NO. 2 ODOMETER 10136 .KM(6300. MILES)

CVs NO, 3
BAROMETER 742,70 MM HG(29.24 IN HG) URY BULB TEMP. 25.4 DEG C(78.0 DEG F) ,
RELATIVE HUMIDITY 40, FCT AES, HUMIDITY 8.3 GM/KG NOX HUMIDITY CORRECTION FACYOR .93
- BAG_RESULTS
* " UYEST CYCLE NYCC
DLOWER DIF P MM, H2OCIN, H20) 711.2 (28.0)
BLOWER INLET P MM, H20(IN, H20) 566.4 (22,3)
BLOWER INLET TEMP. DEG. C(DEG F) 32,2 { 90.0)
ELOWER REUDLUTIONS 16445,
TOT FLOW STI, CU, METRES(SCF) 162,7 ( 5744,)
HC  GAMFLE METER/RANGE/PFM 16,911/ 17,
HC LCNGRD METER/RANGE/PFH 4.4/ 1/ A4,
CO SAMFLE METER/RANGE/FFM 21,4713/ 20,
€O LCKGRD METER/RANGE/FFH 1,0713/ 1.
€02 SAMPLE METER/RANGL/PCT 16,2/ 3/ .26
CO2 GCNGRD METER/RANGE/PCT 3.5/ 3/ .05
NOX SAMFLE METER/RANGE/PFM 9.4/ 2/ 9,
NULX BCKGRD METER/RANGE/FFH 1,172/ 1,
LILUTION FACTOR 51,27
HC CONCENTRATION FPM 13,
€0 CONCENTRATION FFM 18,
€02 CONCENTRATION PCT v21
NOX CONCENTRATION PPHM 8,3
HE HASS GRAMS 1,18
CO  HMASS GRAMS 3,46
£02 MASS GRAMS 611.0
NOX MA5S GRAMS 2,40
FARTICULATE MASS GRAMS v54
RUN TIME SECONDS 599,
DFCy WET (DRY) 980 ( .948)
SCFy WET (DRY) 1,000 ( .985)
V0L (SCH) 182,7
SA¥ ELK (SCH) 35,30
kM (MEASURED) 1.90
TEST NUHBER. 1A329N
BAROMETER » MM HG 742.7
HUMIDITY» 6/KG 8.3
TEKFERATURE LEG C 25.4
CAREON DIOXIDE, 6/KM 320,9
FUEL CONSUMPTION:  L/100KM 12,38
HYDROCARBONS » G/KH 62
CALLO KONOKIDE G/KH 1.82

OXIDES OF NITROGENs G/KH 1.26



85 KFH VEHICLE EMISSIONS RESULTS
FROJECT 11-4874-001

TEST NO. 143298  RUN VEHICLE NO.1A

TEST WEIGHT 13461. KG( 3000, LES)

3
VEHICLE MODEL . A FIAT  NOCAT DATE _12(23/60 o ACTUAL KOAD LOAD " 8.2 K 11,0 WP
2,0 L122, CART AD.
TRANSHISSION M3 Dto NG, 2 QDOMETER 10138.KH( 6301 MILES)
CVS NO. 3

EAROHETER 741,93 MM HB(”? 21 IN HB)
RELATIVE HUNIBITY 40, FCT
BAG_RESULTS

DRY BULE TEMP. 25.6 DEG C(78.0 DEG F)

ABS, HUMILITY 0.3 GM/KG NOX HUMIDITY CORRECTION FACTOR .93

€1-€

TEST CYCLE 85 K
?thER DIF P MM, H20CIN. H20) 713.7 (28.1)
{LOWER INLET P {4, H20(IN., H20) 561.3 22,1
ELOWER INLET TEMF. DEG. C(DEG, F) 41.1 (106 5
BLOWER REVOLUTIONS 2967,

10T FLOW GTD, CU, METRES(SCF) 319t31(}12250)
e el kE HETERRANGE /B 7 Y

ETER/RA 30.0/13/ 28,

CO BCAGRD HETER/RANGE/FPH +A/13/ 0,
CO2 SAMFLE METER/RANGE/FCT 43,2/ 3/ .74
CO2 BCKGRD METER/RANGE/FCT 3.1/ 3/ .05
NOX SAHPLE HETER/LKANGE/PPM 27.87 2/ 28,
NOX BCKGRD METER/RANGE/FPPM 1.2/ 2/ N
DILUTION FACTOR 18,04

HC COMCENTRATION FPM 17,

CO CONCENTRATION FEM 26,

CO2 CONCENTRATION PCT 69

HOX CONCENTRATICN FPM 26,27

HC MASS GRANS 3,55

CO MASS GRAHS 9.87

C02 MASS GRAMS 4057.3

NOX MASS GRAMS 15,12
PARTICULATE HASS GRAMS 4,43

KUN TIHE SECONDS 1200,

DFCs WET (DRY)
SCFy WET (DRY)
VoL (5CH)

+245 ( ,932)
1,000 ( .980)
319.9

SaH BLR (SCH) 70,54
KH (NEASURED) 28,75
TEST NUMHERs 143295
BAROMETER s HM HG 741.9
HUMIDITYs B/KG 8.
TEHPERATURE s LEG C 25.4
CAREON INOXIDE, G/KH 141,1
FUEL CONSURFTIONs  L/100KM 5,40
HYDFROCAREONS » G/KH 12
CARBOH HONOXIDE s G/KHM 34
OXIDES OF NITKOGEN» G/KM .53



TEST NO. 1A329N  RUN 4
VEHICLE MODEL " NA FIAT  NOCAT
ENGINE 2.0 L(122, CID) L-4
TRANSMISSION M5

BAROMETER 743.71 MM HG(29. 28 IN HG)

. RELATIVE HUMIDITY 37, PCT
" BAG_RESULTS

yi-d

TEST CYCLE

BLOWEK DIF P MM. H20CIN. H20}
ELOWER INLET P HM. H20(IN., H20)
BLOWER INLET TEMP, DEG., C(DEG. F)
ELOWER REVOLUTIONS
TUT FLOW STB. CU, METRES(SCF)
HC 'SAMFLE METER/RANGE/PFHM
HC BCKGRD METER/RANGE/FFM
C0 SANFLE METER/RANGE/FFM
€O BCKGKD METER/RANGE/FPM
£02 SAMFLE METER/RANGE/FCT
€02 BCKGRD METER/RANGE/PCT
NOX SAMILE METER/RANGE/FFM
NOX DCKGRD METER/RANGE/PFM
DILUTION FACTOR
HC  CONCENTRATION FFM
CO. CONCENTRATION PPM
€02 COMCENTRATION FCT
NOX CONCENTRATION FiM.
HC MASS GRAMS
CO MASS GRAMS
co2 HASS GRAHS
NOX_MASS G
PARTICULATE nAes GRAMS
RUN TIHE ECONDS
. DFCy WET (DRY)

SCFy WET (DRY)

YOL (SCH)
SAH BLR (SCH)’
KM (MEASURED)

TEST NUMBER» :
BAROMETER, HM HG

HUMIDITY, G/K6
TEMFERATURE » DEG C

CARBON DIOXILDEs G/KM
FUEL CONSUMPTION» L/100KHM

HYDRDCARBONS ’ G/KM
CAREON HONOXIDE» G/RM
OXILES OF NITROGEN» G/KM

NYCC

FROJECT 11-4374-001
VEHICLE NO.1A
DATE  12/23/80
BAG CART NJ. |
DBYNO NO.
Cvs NO, 3

DRY BULB TEMP, 25,6 DEG C(78.0 DEG F)
ABS. NHUMIDITY 7.6 GM/KG

NYCC

711.2 (28.0)
561.3 (22,1)
35,0 ¢ 9u.0)

162,41 « 5724 )
15,0/117 15,

4
22,1,13/ 28.

.990 ( «968)
1,000 ( .98%)
6231

1A329N
743.7
746
254
346.4
13.34

' 92
1.93
1,26

VEHICLE ZMISSIONS RESULTS

TEST WEIGHT 1341. KG( 3000, LBS)

ACTUAL ROAD LOAD _ 8.2 KW( 11,0 HF)

DIESEL — EN-329-F
OLGHETER 10141, KM(6303 . HILES)

NOX HUMIDITY CORRECTION FACTOR

91



c1-d

85 KFH VEHICLE EMISSIONS RESULTS
FROJECT 11-4874-001

TEST NO, 1A3295 RUN 4 VEHICLE NO.1A TEST WEIGHT 1361, KG¢ 3000, LES)
UEHICLE MODEL NA FIAT  NOCAT DATE  12/23/80 ACTUAL ROAD LOAD 8.2 KW( 11,0 HP)
GINE 2.0 L(122, cID) L-4 BAG CART NO. DIESEL EM-329-F
TRANSHISSION M5 DYNO NO, 2 OLOMETER 10144. kH(6305, HILLS)
CVvS NO. 3
BARCHETER 743,71 MM HG(29.28 IN HG) LRY BULB TEMP, 25.6 DEG C(78.0 DEG F)
RELATIVE HUMIDITY 40, PCT ARS, HUMIDITY 0.3 GM/KG NOX HUMIDITY CORRCCTION FACTOR  ,93
BAS RESULTS
: TEST CYCLE 85 K
BLOWER DIF P MM, H20C(IN. H20) 711.2 (28.,0)
BLOWER INLET. P MM. H20(IN, H20) 524,46 (22.7)
BLOWCR INLET TEMP. DEG, C(DCG, F) 42,2 (108,0)
BLOWER REVOLUTIONS 32974,
TOT FLOW STD, CU. METRES(SCF) 319.6 (11286.,)
HC SAMFLE METER/RANGE/FFM 21,9711/ 22,
HC DCKGRD HETER/RANGE/IPM 4,8/ 1/ 5.
CO SAMPLE METER/RANGE/FFM 29,8713/ 27,
€0 BCKCRD METER/RANGE/FFM 37137 0.
€02 SANFLE METER/RANGE/FCT 43,7/ 3/ .75
C02 BCKGRD METER/RANGE/FCT 3.4/ 3/ .05
NOX SAMFLE METER/RANGE/FPM 28,0/ 2/ 28.
NOX BCKGKRD HETER/RANGE/PFH 1.47. 2/ 1,
DILUTION FACTOR 17,02
HC CONCENTRATION PFM 17,
€0 CONCENTRATION FFM 26,
£02? CONCENTRATION PCT 70
NOX CONCENTRATION FFM 26,7
HC MASS GRAMS 3.19
O HASS GRAMS 9,82
€02 MASS GRAMS 4083,7
NDX MASS GRAMS 15,10
FARTICULATE MASS GRAMS 4,70
RUN TIME SECONDS 1201,
DFCs YET (DRY) 944 ( ,932)
SCFe WET (DRY) 1.000 ( ,930)
VoL (SCH) 319,46
SAM BLR (SCM) : 70,76
KM (MEASURED) 28,74
TEST NUMEER» 1A3295
EAROMETER MM HG 743.7
HUXIDITY 6/KG 8.3
TEMFERATURE y LEG C 25,6
CAREON DIDXILE, G/KM 142.1
FUEL CONSUMFTIONy  -L/100KM 5.44
HYDROCAREONS G/KM W11
CAREON MONOXIDE, G/KH .34

OXIDES OF NITROGEN» G/KM 093



91-49

1EST NO. 1A3294 RUN 4
VEHICLE MODEL NA FIAT  NOCAT

ENGINE

TRANSMISSION M5

BAROMETER 743,71 MM HG(29.28 IN HG)

RELATIVE HUMIDITY 40. FCT

EAG_RES

ULTS

TEST CYCLE

BLOWER DIF P MM. H20(IN. H20)
BLOWER INLET P MM. H20(IN. H20)

BLOUER INLET TEMP. DEG. C(DEG, F)

ELOWER REVOLUTIONS

NOX
NOX

T FLOW STD. CU. HETRES(SCF)

SAMFLE METER/RANGE/FFM
BCKGRD METER/RANGE/FPFM
SAMFLE METER/RANGE/FFH
ECKGRD METER/RANGE/PFM

? SAMPLE HETER/RANGE/FCY

BCKGRL HETER/RANGE/FCY
SAMPLE HETER/RANGE/PFM
BCKGRD METER/RANGE/FFM

DILUTION FACTOR

CO

CORCENTRATION FPM
CONCENTRATION FPM
‘CONCENTRATION FCT
CONCENTRATION FPM
MASS GRAMS
HASS GRAMS

> MASS GRAMS

ASS GRAMS

FARTICULATE MASS GRAMS

RUN TIHE

SECONIDS
DFCy WET (DRY)

SCFy WET (DRY)}

VoL (GCM)

SAM BLR (5CM)

KM (MCASURED)

TEST NUHMEER,

EAROHETER, HM4 HG

HUMIDITY, G/KG
TEMFERATURE » DEG C
CARBON DIOXIDE, G/KH

FUEL CONSUHPTIONy L/100KH

HYDRDCAREONS » G/KH
CARBON MONOXIDE, G/KM
0XIES OF NITROGEN» G/KH

HFET  VEHICLC EMISSIONS RESULTS
FROJECT 11-4874--001

VEHICLE NO.1A
DATE  12/24/80
BAG CART NO. 1
DYNG NO. 2
CVS NO, 3

DRY BULB TEMP., 25.6 DEG C(78.0 DEG F)
ABS, HUMIDITY 8,3 GM/KG

HFET

711.2 (28.0)
571.5 (22,5)
40,6 (105.0)
21028,
204,7 ( 7;27 )
21.8/11/ 22,

4 Se
30,4713/ 28,

Q.

39,0/ 3/ .67
3.1/ 3/ .05
25.7/ 2/ 24,
1.9/ 2/ 2.,

7
+249 ( 937)
1. COO ( +781)

TEST WEIGHT 1361. KG( 3000, LES)
ACTUAL ROAD LOAD _ 8.2 KW( 11.0 HP)
DIESEL EM-329-F

ODOMETER 10146. KM( 6306, MILES)

NOX HUMIDITY CORRECTION FACTOR .93



SUMMARY OF REGULATED EMISSIONS FROM FIAT N.A. DIESEL

RESEARCH VEHICLE, EM~469-F, NO CATALYST

Test code 1a2F25 | 1A2F29 | LA2F33 1a2026| 1a2u30 | 1A2H34| 1A2H38

Test type 3-b FTP | 3=b FTP | 3-b FTP HFET HFET HFET- HFET

Date (1981) 2/16 2/18 3/11 2/16 2/18 /11 3/13

Run_No. 1 2 3 1 2 3 4

EC, g/mi 0.63 0.61 0.48 0.23 0.29 0.26 0.23

0, g/mi 1.93 1.92 1.85 0.68 0.71 0.71 0.71

NOy,, g/mi 1.40 1.40 } 1.40 0.93 1.01 0.97 1.00

Part, g/mi 0.44 0.45 -a 0.32 0.35 - -

fuel, mi/gal | 26.9 27.2 28.2 “ 40.5 38.8 39.1 38.7

Test code 1A2N27 | 1A2N31 | 1LA2N35 | 1A2N39 || 21a2s28] 1a2s32| 1A2S36 | 1A2540
Test type NYCC NYCC NYCC NYCC 85 kph{ 85 kph | 85 kph | 85 kph
Date (1981) 2/16 2/18 3/11 37113 2/16 2/18 3/11 3/13
Run No. 1 2 3 4 1 2 3 4
HC, g/mi 1.13 1.17 1.13 0.95 0.21 0.18 0.19 0.19
Cco, g/mi 3.67 3.96 4.12 3.43 0.56 0.55 0.53 0.53
NOy, g/mi 2.04 2.32 2.37 2.25 0.93 0.98 0.95 0.98
Part, g/mi 0.62 0.62 - - 0.29 0.30 - -
fuel, mi/gal | 16.6 16.6 15.5 17.9 40.8 40.1 39.7 38.9

a. indicates regulated particulate not sampled

B-17"



JEﬁICL? g ﬁ F2s NA FIQT
ENGINE 2,0 L(122, CIDl) L--4
TRANCMISSION M5

BAROMETCR 745,74 MM 1G(29.36 IN HG)

RELATIVE HUMIDITY 30, PCT
BAG RESULTS

BAG NUMDLR

DCSCRIPTION

NOCAT

HLOWER DIF P MM. H20(IN. H20)

BLOWER INLET T MM, H20(IN,

DLOWER INLET TEMF. DEG, C(DEG. F)

BLOWER REVOLUTIONS

H20)

14T FLOW STD. CU. METRES(GCF)

HC SAMPLE METER/RANGE/FI'M
HC EGCKGRD HETCR/RANGE/IPM
CO SAMPLE METER/RANGC/FPM
CO  DBCNGRD METER/RANGE/TPM
C02 SAMI'LL METER/RANGE/PCY
€02 LCNGK{t METER/RANGE/FCT
NOX SAMPLE METLR/IANCLC/FI'M
HOX RCKRGI'D HETER/RANGE/FEM
DILUTION FACTOR

HC CONCENTRATION FPM

CO CONCENTRATION PFM

C02 COHCENTRATION FCT

NOX CONCENTRATION PFM

HC  MASS GRAMS

CO MASS GRAHS

CO2 HASS GRAHS

HOX MASS GRAMS
FARTICULATE MAGS GRAMS

HC  GRAMS/KM
€O  CRAMS/KM
C02 GRAMS/KH
NOX GRAMS/KM

gI-1

FUEL CONSUMPTION BY CB L/100KHM

RUN TIME SCCONDS
HMECASURED DISTANCE KM
SCFy I

RY

DFCy WET (DRY)

SCFy UET (DRY)

VOL (SCH)

SAM ELR (SCHM)

KM (MCASURED)

FUEL CONSUHFTION L/100KM

COMPOSITE RESULTG

TEST NUMEKER 1A2F 25
BAROHETER MM HG  745.7
HUMIDITY G/KG 7.1
TLWTERATURE DEG € 23.9

FROJCCT 11--4074--001

VEIICLE NG.1A
DATE 2/16/31

BAG CART NO. 12/ CVS NO., 3

-DYNO NO.

DRY DULB TEMP, 23,9 DEG C(75.,0 DEG F)

BS. HUMIDITY 7.1 GM/KG

1
COLD TRAMSIENT

710.6 (20.2)
504.2 (23.0)
35.8 ¢ 26,0)
13870
137.2 ( 4843.)
35.7/11/ 36

B.
46,5713/ 4%.

36:9/ 3/ 42
3.3/ 3/ .05
2177 27/ 22,
872/ 1.

505,

5.48

982
964 (
1,000 (

2
STABILIZED
710.8 (28.3)

TEST WCIGHT 1341, KG( 3000, LBS)

ACTUAL KROAD LOAD
DIESCL EN-

8.2 KW( 11,0 HF)

ODOMETER 10450. KM( 5477, MILES)

NOX HUMIDITY CORRECTION FACTOR .09

3
HOT TRANSICNT
721.4 (20.4)

4
STABILIZED
723.9 (28.5)

981.7 (22,9) 504.2 (23.0) 584.2 (23.0)
33.2 ( 73.0) 36.1 ( 97.0) 33 2,0)
23792, 13849, 1
233,7 ( 0331.) 136.8 ( 4829.) 236 3 ( 8346 )
29.1/117 29, 31.9/11/7 32, 25.0/11/ 25,
10.2/ 1/ 10, 10,2/ 1/ 10, 7. 4/ i/ 7.
35.6/137 32, 36 7/13 34, 32,5713/ 30,
2,2/13/ . 3/13 1, 1.4713/ 1.
24.5/ 3/ .40 30.7/ 3/ 31 21,9/ 3/ .35
07 3/ .0 3.5/ 3/ 05 2.8/ 3/ .04
15.3/ 2/ 15, 18.0/ 2/ 18, 14.5/ 2/ 15,
2/ 2/ 1 8/ 2/ 1, 87 2/ 1.
33,08 26,04 37,28
19, 22, 18.
30, 32, 28.
«34 146 31
14.6 17.2 13.7
2:62 1.74 2,43
8.35 5.12 72.75
1465.9 1143.2 1351.7
5.89 4.02 Ge04
38 1,71 0,00
+43 W31 +40
1,37 21 1.26
240,2 202.3 220.4
71 «90
9,05 7.60 8.31
867, 5035, 848.
6410 9.83 6,13
+984 983 +205
+992) «26% ( 4937)
+933) 1.000 ( .934)
373.1 373.1
79.79 79.27
11.78 11.78
9.27 7.97
3-BAG (4-EAG)
CARDON DIOXIDE G/KH 232,39 ( 224.6)
FUEL CONSUMPTION L/100KH 8.75 ( 8.33)
HYDROCARRONS (THC) G/KM «39 ( .38)
CARBON MONOXIDE G/RM 1.20 ¢ 1.17)
OXIDLS OF NITROGEN G/KM .87 (  .84)
PARTICULATES G/KM «270 ¢ 0.000)



61-4d

FROJECY 11-48674--001

TEST NO. 1A2H26  RUN 1 VCHICLE NO, 1A TCST WEICHT 1261. KG( 3000, LLS)
VEHICLE MODEL " NA FIAT  NOCAT DATE 2/14/781 ACTUAL ROAD LOAD 0.2 KWC 11.0 HP)
ENGINE 2,0 L(122, CID) L-4 BAG CART k0. 1 DICSEL EM--449- T
TRANSMISSION M3 DYNO NG. 2 ODOMETER 10478, KH( 6511, MILES
CVS NO. 3
BAROMETER 745.00 MM HG(29.37 IN HG) DRY DULB TEMP, 24.4 DEG C(746.0 DEG F) _
?géﬁééEELHg"IDITY 38. PCT AEBG, HUMIDITY 7.5 GM/KG NOX HUMIDITY CORRCCTION FACTOR + 50
4 GULT
TEST CYCLE HFET
BLOWCR DIF P MM, H20CIN. H2O) 723.9 (28.5)
ELGWER INLET P MM, U20(IN. H20) 534 2 (23,0)
BLOWER INLEY TEMP. DEG. C(DEG. F) ( 98,0)
RLOWER REVOLUTIONS 10 7
TOT FLOW STD, CU. HETRES(SCF) 207,5 ( 73246.)
HE SAMPLE METER/RANGE/PPM 25, 7/11/ 24,
HC  BCKGRD METER/RANGE/FPM 7.4/ \/ 74
CO SAMPLE METER/RANGE/PPM 33.0/13/ 20,
CO RCNGRD METER/RANGE/FFM 1.2/13/ 1,
€02 SAMPLE METER/RANGE/FLCT 42,2/ 3/ .72
€02 BCKGRD METER/RANGE/FCT 3.2/ 3/ .05
NOX SAMPLE METER/RANGE/PPHM 272.37 2/ 27,
NOX BCKGRD METCR/RANGE/FPM W/ 2/ 1.
DILUTION FACTOR 168,50
HC CONCENTRATION PPM 17,
CO CONCENTRATION PN 2%,
C02 CONCENTRATION FCT 167
NOX CONCENTRATION FPH 26,8
HC MASS GRANMS 2,23
CO HASS GRANS 6,92
€02 HASS GRAMS 2534.,3
NOX MASS GRAMS .62
PARTICULATE MASS GRAMS 3,26
RUN TIME SECONDS 765,
LIFCy WET (DRY) 245 ( 47234)
SCFs WET (DRY) 1.000 ¢ .981)-
yaL (GCH) 207.5
SAM BLR (S5CM) . 44.60
KM (MEASURED) 14645
TEST NUMEER» 1A21126
BAROMETER M4 HG 746.0
HUMIDITY, G/KG 745
TEMPERATURE » DEG C 24,4
CARDDN DIOXIDE» G/KM 155.3
FUEL CONSUMFTIONy L/100KM 95.01
HYDROCARIIONS » 6/KM 14
CAREBON MONOXIDE» G/KH W42

OXIDES OF NITKROGLN» G/KM 98



oZ-4

NYCC VCHICLE EMISSIONS RCSULTS

. FROJCCY 11-4074°-001
TEST NOo  1A2N27  RUN 1 VENICLE NOJ1A TEST WEIGHT 1361, KGC 3000. LDBS)
VEHICLE MDDEL NA FIAT  KGCAT DATE 2/16/8614 ACTUAL RDAD LDAD 8,2 KW( 11,0 1l
ENGINE 2.0 L(122, CIIN L-4 BAG CART MO, 1 DICSEL EH-469-F
TRANSMISSION MS DYND NO. 2 ODOMCTER 10495, KM( 6521, MILES)
CVS NO. 3
FAROMETER 746,00 MM 11G(29.37 IN HG) BRY DULB TEMP. 24,4 DEG C(76,0 DEC F)
RELATIVE HUMIDITY 23, PCT ABS, LUMIDITY 4.4 GM/KG NOX UMIDITY CORRECTION FACTOR .03
BAG_RESULTS .
TEST CYCLE NYCC
BLOWER DIF P MM. H20CIN, H20) ’ 718.8 (28.3)
ELOWER TNLET F HMM. H20(IN, H20) - 981.7 (22,%)
BLOWER INLET TEWP., DEG. C(DEG. F) 33,9 ¢ 93 0)
ELOWER RUVOLUTIONS 16‘0
TOT FLOW STh. CU. MCTRES(SCF) 164.0 ( 57'0 3
HC SAHPLE HMETER/RANGL/PPH . 19.8/711/ 20,
HC BCNGRD METER/RANGE/FFM 6.1/ 1/ &
CO SAMPLE METER/RANGE/FFM 26,5713/ 24,
(0 RCKGRD METER/LANGE/FEM 1.7/13/ 2,
€02 SAMFLC HETER/RANGE/FCT 18.07 37 .2
(02 HCKGRD METCR/RANGE/FCT 3.9/ 3/ 05
NOX SAMPLE MCTER/RANGE/T'FM 9.7/ 2/ 30,
NGX ECKGRD MCTER/RANGE/FFHM 5/ 2/ 1.
DILUTION FACTOR' 45,85
HC CONCENTRATION PFM 14,
CO CONCENTRATION PI'M . 22,
C02 CONCENTRATION PCT 24
NOX' CONCENTRATION FPH 9.2
HC HASS GRAMS 1.31
* CO_ MASS GRAMS .2
CO2 MAS S UGRRAMS 70647
NOX_HASS GRAMS . 2,39
FARTICULATE H¢53 GRAMS , 73
RUN TINE SCCONDS. 4601,
LFCy WET (DIRY) . . 978 ( +271)
SCFy WET (DRY) 1,000 (. .590)
oL (5CH) . 164.0
SAM BLR (SCM) 35,34
KM (HEASURED)- 1.08
TEST NUMBER» \ 1A2N27
RARQMETCRY HM UG 744.0
HUMIDITY, 6/KG 4.4
TEMFERATURE LEG C 24.4
CARFON DIOXIDC, G6/KM 376.1
FUEL CONSUHPTIONs,  L/100KM 14,18
HYDROCARLONS G/KH .70
CARDON HONOXIDEy . G/KM . 2.2

OXIDES OF NITRODGENs G/KM 1,27



TZ¢=d

vurnaunL ueLn rEST WEIGHT 13461, KG( 3000, LES)

VLHICLE MODCL | NA FIAT  NOCAT DATE 2/146/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 1IM
ENGINE 2,0 L(122., CID) L-4 DAG CART NO. 1 DIESEL EM--469-F
TRANSMISSION M5 DYNC NO. 2 ODOMCTER 104946, KM( 4522, MILLS)
CV5 N0, 3
EAROMETER 745,49 #M HG(29.35 IN HG) IRY BULB TEMP, 24.4 DEG C(74.0 DEG F) .
RELATIVE HUMIDITY 35, PCT ARS, NUMILITY 6.0 GM/KG NOX HUMIDITY CORRECTION FACTOR .09
FAG_RESULTS :
TEST CYCLE 85 K
RLOWER DIF F MM. N20CIN, H20) 718.8 (20.3)
BLOWER INLET P MM, N20.IN. H20) 581.7 (22,%)
RLOWCR INLET TEMF., DEG, C(DEG. F) 8.9 (102,0)
BLOWER REVOLUTIONS 32947,
TOT FLOW GTD. CU. METRES(SCF) 324,2 (11447.)
HC SAMPLE HECTER/RANGL/PP'M 25,0/117 235,
HC ECKGRD METCR/RANGE/PPM &1/ 1/ b,
CO SANPLE METER/RANGE/FPM 30,0713/ 28,
CO RCKGRD METER/RANGE/FFM 27137 1.
CO2 SAMPLE METER/RANGL/PCT 45.5/ 3/ .78
€02 RCKGRD METER/RANGE/FCT 2,9/ 3/ .04
NOX SAMFLE HETER/RANGE/PPM 30,3/ 2/ 30,
NOX ECKOKRD METER/RANGE/FPM 9/ 2/ 1,
DILUTION FACTOR : 17.04
IIC  CONCENTRATION PPM 174
€0 CGACENTRATION [PM 24,
CO2 CONCENTRATION PCT 74
NOX CONCENTRATION FPH 29.0.
HC hASS GRAMS 3.40
CO MASS BRAMS ?.85
(02 MASS GRAMS 4337.9
NOX MASS GRAMS 16,40
PARTICULATE MAGS GRAMS 5.18
RUN TIME SECONDS 1201,
OFCy WET (DRY) 9241 ¢ .931)
SCFy WET: (DRY) 1,000 ( .98
VGL (5CH) 324,2
GAM DLR (S5CY) 70,34
KM (HEASUREL) 28,40
TEST NUMEER» 1A2520
BAROMETER MY HG 745.9
HUMIDITY, G/KG 6.8
CMPERATURE LEG C 24.4
CARLKON DIOXIDEC, G/KM 154,5
FUEL CONGUMFTION» L/1O0KNM 9.77
HYDIIROCAREONSy G/KH 13
CARKON MONOXILE G/KM +35

OXIDES OF NITROGEN» G/KH «30



TP VEHICLLC CMISSIONG RCSULTS
PROJECT 11-40874-001

VEIIICLE ND.1A

NOCAT DATE 2/18/81
BAG CART NO. 1 / CVs ND. 3
DYNO NO.

TEST NO. 1A2F2% RUN 2
"VEHTCLE HODEL . NA FIAT
ENGINE 2.0 L(122, CII) L-4
TRANGNTSSTION M3

BAROMETER 741.63 MM HG(29.20 IN HG)
RELATIVE HUNMIDITY 44. PCT
EAG RESULTS

TEST WEIGHT
ACTUAL RDAD LOAD

ESEL ?-F
OBOMETER 10538. KH( 6548, M

1361, KGC 3000, LBSY
8.2 KW 11.0 U™

HILES)

DRY RULB TEMF, 25.0 DICG €(77.0 LEG F)

ARS. HUMIDITY ¢.3 CM/KG NOX HUMIDITY CORRECTION FACTOR .96

BAG NUMECR 1 2 3 4
LCSCRIFPTION COLD TRANSICNT STABTLIZED HOT TRANSIENT STASILIZCD
BLOMCR DIF P W1, H20(IN. H20) 713.7 (20.1) 713,7 (26.1) 71,2 (28,0) 7112 (28.0)
BLOWCR INLET P MH. 120CIN. H20) 579+1 (22.0) 5791 (22.8) 57616 (22.7) 574.0 (22.4)
RUOVER IMLET TEWP. DEG. C(DEG. F) 372 (56,09 35,6 (54,0 30,9 (102.0) 6.1 (97.0)
RLOVER REVOLUTIONS 13855, 53005 13851, 3067,

TOT FLOW STH. CU. METRES(SCF) 135.7 ( 4791,) 23307 ( 0252) 135,0 ( 4768,) 23301 ( B230.)
G SAMFLE METCR/RANGE/FRH 0r11s 57, oy s 36.8/117 37 30,4711/ 30
NG BCNGRD METER/RANGE/PFM 937 17 6. 10.07 1/ 10 10:07 1/ 10+ 10:1/ 1/ 10.
CO GANPLE METCR/RANGE/PEN 45057137 43 34.3/137 32, 37.5/137 35 32,7137 30,
€0 3CKGRD METER/RANGE/FFN 3137 0. o137 0. 13 o 57137 o,
C02 GANPLE HETER/RAMGE/FCT 36.57 37 .6l 23167 37 3B 2197 3/ .55 p2its 3 W37
€02 BCKGID HCTCR/RANGE/FCT 3.5/ 37 .05 3.47 3/ .05 5.8/ 37 104 597 3/ 04
NOX GAMPLE METER/RANGE/EFM 20057 27 b1 1257 2/ 15, 1797 27 1a. 1357 27 14y
NOX DCNGKD METER/RANGE/PFN 1.1/ 57 i 875 i, &7 3 1. B3 1.
LILUTION FACTOR 2150 3444 24,16 36,02

HC CONCENTRATION FPH 26, 17, i 21,

? CO CONCUNTRATION FFM 41, 31, 34, 27,

&, £02 CONCENTRATION FCT .56 \33 51 35

N NOX CONCENTRATION Fob 1975 1357 1723 12,7
HC MASS GRAMS 2.0 2,33 2112 577
O MASS CRAMD %.53 8.3 5.35 5.69
C0? HASS CRAMS 139421 1423.7 1255,5 1378.1
NOX HASH CRAMS 4,02 5\06 3,27 5,42
PARTICULATE MASS GRAMS 1.83 1437 2:06 000
HC  GRAMG/KM .38 .38 V37 .45
€O GRAMS/KM 1.13 136 \93 120
C02 GRAHS/KN 2451 23027 219.7 22574
ROX GRAMG. \H \04 .95 V95 185
FUCL CONSUMPTION BY CB L/100KM 9110 8,69 828 851
RUN TIHE SECONDS 505. 867, 505, 867,

NEASURER DISTANCE KM 5,77 6,17 5,70 vt
SCIrs DRY . 1780 902 280 282
BrCs WET (IRY) V965 ( 4950) \967 ( <953)

SCFr WET (DRY) 1,000 ¢ .031) 1,000 ( +981)

V0L (SCH) 349.4 368.1
SAN BLE (SCH) 70,74 7812
KM (HEASURED) 11,74 11,81
FUECL CONGUMPTION L/100KM 8,09 8.39

COMPOSITE RCSULTS A 3-BAG (4-TAB)
TEST NUNLER 1A2F29 CARDON HIOXIDE 6/KH 230,0  ( 222.5)
BAROMETER MM LG 74147 FUEL CONSUNPTION  L/100KN  Bié6  ( B.40)
i g T

MPCR : G 29.0 L Lf It. \ [ 1.17)
TEMPERATURE - DG € OXIDES OF N1TROGEN G/KM 87 (.35
PARTICULATLS 6/KN- 360 € 0,000



ar e vEMALLE &MILLIUND KLDULID

FROJECT 11-4874--001

TEST NO. 162H30 RUN . 2 VEHICLE NO.1A TEST WCIGHT 1341, KG( 3000, LES)

UEhTCLE MODCL NA FIAT  NOCAT DATE 2/18/81 ACTUAL RDAD LOAU 8.2 KW( 11.0 HP)
ENGINE 2,0 L(122, CID) L-4 BAG CART nO. 1 BIESEL 9-F

TRANSMISSION MS DYNQ NO. 2 ODOMETER 10567. KH( 8566, MILES

CVS NO.

DRY BULB TEMP, 24.1 DEG C(79.,0 DEG F)
ARS. NUMIDITY 11.0 GM/KG

HFET" .

711.2 (28.0)
5724, O (_L.é)

DAROMETER 740,41 tM HO(272.15 IN HG)
RELATIVC HUMIDITY 50, PCT
BAG_RESULTS

TEST CYCLE

BLOWER RIF P HM. H20CIN, H20)
BLOWER INLET P MM. H20(IN. H20)

NOX HUMIDITY CORRECTION FACTOR 1.01

RLOWCR INLET TEMP. DEG. C(DEG. F) 38,2 (102.0)
ELOWER REVOLUTIONS 21002,

TOT FLOW STR. CU. METRES(SCF) 204.6 ( 7224,)
HC  SAMRLE METER/RANGE/FRM 34,3/11/ 34,
HC  ECKIRD METCR/RANGE/FRM 10.17 1/ 10,
CO SAMLE MCTER/RANGE/PFY 33.8/13/ 31,

£z-4

CO RBCKIRD METER/RANGE/FFM 4713/ '
€02 SAMI'LE METER/RANGL/PCT 43,5/ 3/ .74
£02 BCKGRD METER/RANGE/FCY 2.8/ 3/ .04
NOX SAMI'LE METER/RANGE/FFM 260/ 2/ 27,
NDX BCNGRD METER/RANGE/PEM 77 2 1,
DILUTION FACTOR 17.87
HC CONCENTRATION PPM a5,
€D CONCENTRATION FI'M 30,
C02 CONCENTRATION FCT +70
NOX CONCENTRATION FPH 2641
HC. MASS GRAMS 2,72
CO MASS GRAMS 7.13
C02 MASS GRAMS 2632,4
NOX MASS GRAMS 10,31
PQPTIFUIATE MASS GRAMS 3.52
RUN TIME SECONDS 768,
DFCy WET (DRY) . 244 ( J929)
SCF» WET (DRY) 1,000 ( ,977)
VOL (SCM) : 204.6
SAH LLR (SCHM) . 43.82
K¥  (MEASURED) 15,26
TEST NUMEER» 1421130
RARONETERY MM HG 740.4
HUMIDITYy G/KG 11.0
TEMFERATURE y UEG C 285.1
CARBON DIOXIIDE, G/KM 161.9
FUEL CONSUNMFTION. L/100KM ) 6,04
HYDROCARECNS G/KM .18
CARTON MONOXIRE, G/KH 44

<XILCS OF NITROGEN» -G/KM 63



. PROJECT 11-4874-001
TEST Nd. 1A2N31 RUN - VEHICLE NO.1A TEST WEIGHT 1361. KG( 3000, (.IS)

yc-d

U%g%CEE HO'EL NA FIAT NICAT AEEC RT’(&B/B{ %%Tugt ROAL LOAg 8.2 KW( 11.0 .1
h N =4 -~ 1;.-3 e R A L S
TRANSMI SS? ‘ M5 I -4 D?ND NQ . 2 OLOMETER 10583. KH( 6576. MILES)
; CVS NO, X
I cOMETER 739,90 MM HG(29.13 IN HB) DRY BULR TEdP, 25.0 DEG C(77.0 DEG F)
RELATIVE HUMIRITY S3. PCT ABRS. HUMIDITY 12 7 Gh/KG NOX HUMIDITY CORRECTION FACTOR 1.00
“BAG _RESULTS
TEST CYCLE NYCP
RLOWER LIF P MM, H20CIN. H20) 713.7 (20.1)
BLOWER INLTT P MM, H20(ZN. H20) 576.& (22.7)
DLOWER INLET TEMF. DEC. C(DEG. F) 38.1 ¢ 97.0)
BLOWE? REVOLUT.ONS 16 4
T0T FLOW STD. CU. METRES!SCF) 161.0 5685..
HC  SAMPLE METER/RANGE/PFM 22,5711/ 28,
HE RCKGRD METER/RANGE/PPN 12,8/ 1/ 13,
CO SAMPLE METER/RANGE/PPM 28.1/13/ 24,
CQ ERCKGRD METER/RANGE/UPM A/13/ .
Cr2 SAMPLC METER/RANGE/PCY 12,87 3/ .28
C082 KCNG™D METER/RANCE/FCT. 2.7/ 3/ .04
HOX SAMILE MLTER/RANGE/FPH 9.2/ 2/ 10,
NOX BCKaRD METER/RANGE/FPPM 87 2/ 1,
DOLUTION FACTOR 456,24
HC  CONCENTKNATION PPN . 13,
CO  CONCENTRATION FPN ac,
CO2 CONCLNTRATION ['CT ' 24
NOX CONCENTRATION FPH 8.%
HC MASS GRAMS 1.39
CO MNALS DRAME 4,71
<'02 HAS GRAMS 7194
NOX MASS GR&MS 275
FARTICULATE MASS GRAMS 74
RUN . INE SECONDS 9794
LECy NET (DRY) 9708 ( 1962)
SCF» WET (DRY) 1.000 ( .280)
VoL (5CH) ) (R 3V
SAN ELR (SCM) 34,49
KM (HEASUREDD 1.7
1EST NUMBER» 1A2N31
B ROMETERs WM HC 7372.9
HUMIDTTY &/K6 10,7
TEHMIERATURE » UG C : 25.0
CARBON DIOXIDRE, G/RK 376.2
FUEL CONSUMFTION, L/7100KM . 14.20
HYDRIZAREONS » G/KH 73
CARRUN HMONOXILE, G/RM 2.46

OXIDES OF NITROGEN, G/KM 1.44



85 KPH VEHICLE EMISSIONS RESULTS
PROJECT 11--4874-001

TEST NO. 1A2532 RUN 2 VEHICLE NO.1A TEST WEIGHT 1341. KG( 3000, LL3)
VEHICLE MODEL . NA FIAT NOCAT LATE 2/18/61 ACTUAL RDAD LOAD 8.2 KW( 11.0 111
ENGINE 2.0 L€122, 'CID) L-4 BAG CART ND. 1 DICSEL EH-469-F

TRANSMISSION M5 DYND NO. 2 ODONMETCR 10585, KM( 6577+ HILLES)

CV5 NO.

BAROMETER 739.45 HM 16(292.12 IN HG) BRY BUULB TEWP, 25.1 DEG C(79,0 DEC F)
RELATIVE HUMIDITY 47, PCT

ARS, HUMIDITY 10.2 GM/KG
BAG_RESULTS
TEST CYCLE 85 K

FLOWER DIF P MM, H20CIN. H20) 716.3 (28.2)
ELOWER INLET P MM. (120(IN. H20) 579.1 (22.0)

NOX HUMIDITY CORRECTION FACTOR .78

qZ-4

BLOWER INLET TEMP. DEG. C{DEG., F) 38.9 (102 o
ELOWER REVOLUTIONS 32919,
TOT FLOW STD, CU. METRES(SCF) 319.7 (11208,
HC  SAMP'LE METER/RANGE/PFH 31,1711/ 31,
HC  LCKGRD HETER/RANGE/FEM 14,5/ 4/ 13,
CO SAMILL METER/RANGE/FPM 29,3713/ 27,
CO  RCKGRD HETER/RANGE/FFM A/13/ 0,
C02 SANP'LE METER/RANGE/PCT 46.8/ 3/ .91
CO2 GCKRGRD METCR/RANGE/FCT 3,17 3/ .05
NOX SAMPLC METER/RANGE/FPM 29.5/ 2/ 30,
HOX BONGRD METER/RANGE/ZPEM /2 1,
OTLUTION FACTOR 16,51
UL CONCENTRATION FFPM 17,
ca CONCENTRATION FPM 26,
CO2 CONCENTRATION FCT 76
NOX CONCENTRATION FPH 28.7
HC  MASS GRAMS 3,23
CO HMASS GIRAMS 9,48
C02 MAGS GRANMS 4455.3
NOX MASS GRAMS 17,25
FARTICULATE HASS GRAMS 5,22
RUN TIME SECONDS 1200,
DFECy WET (DRY) 09237 ( .9723)
SCFy WET (DRY) 1,000 ( .977)
VoL (SCH) 317.7
SAM DLE (5CM) 68.10
K (HEASURED) 28,36
TEST NUMLER, 1425632
RAROHITER Y HM H6 732.6
HUMIDITYy G/KG 10,2
TEMPCRATURE » DEG C 24,1
CAREON DIOXIDE, G/KM 157.1
FUEL COMNSUMFTION L/100KM 5.07
HYDRDCARBONS G/KM 11
CARBON MONOXILE G/KM +34
OXINES OF NITROGEN» G/RHM W61



TEST NO.  1A2F33 RUN 3
VEHICLE MODEL + NA FIAT
ENGINE 2,0 L(l . CIIN L4

TRANGMIGGION M

BAROMETER 747 92 MM HG(29.,43 IN HG)

‘RELATIVE HUMIDITY 42
BAG RESULTS

9¢-d

BAG NUMBER
HESCRIPTION

¢ PCT

NOCAT

ELOWCR DIF P MH. H20(IN, H20)
BLOWER INLCT P MM, H20(IN. H20)

ELOWER INLET TEMFP,
BLOWER REVOLUTIONS
TOT FLOW STD. CU.

ﬁOX
GILUTION FEACTOR

jon]
<

HC CONCENTRATION PFM
CO  CONCENTRATION IEM
€02 CONCENTRATION FCT
NOX* CONCENTRATION FFM

HC MASS GRAMS
CO  HMASS ORAMS
C0O2 MASS GRAMS
MOX MASS GRAMS

HC . GRAME/RM

CO  GRAMG/KHM

co2 GRAHu/hN
GRAMS /KN

REG. C(LDCG. F)

METRCS (SEF)
HC SAMPLE METER/RANGE/FPPM
HC LCKGRD METER/RANGE/PI'M
CO SAMPLE METER/RANGE/PEM
CO GCKCRD HETER/RANGE/I'FPM
C02 SAMIMLE METLR/RANGE/FCT
CO2 BCKORD METER/RANGE/PCT
SAMMLE METER/RAMOE/T'PM
RBCKGRD METER/RANGL/TFH

NOX
FUEL CONSUMPTION DY CE L/100KM
SECONDS.

RUN TIME
HEASURED DISTANCE
SCFy DRY

.DOFCy

VoL (GCH)
SAHM DLR (S5CH)

KM (MEASURCID

WET (LRY)
SCFy WET (DRY)

KM

FUCL CONSUMFTION L/100KH
COMFOSITE RESULTS

TEST NUMIER
BAROMETER HM G
HUMIDITY G/KG

TEMPERATURE DEG C

1A2F33
7475
8.5
25,0

FIr

VEHICLE EMISSIONS

PROJECT 11-4074~001

VEHICLE NO, IA
[IATE Js1

BYNO

/01
BAG CABT NU. 1 / CVS NO.

RCSULTS

TEST WCIGHT
ACTUAL ROAD LOAD
3 nesrL

DRY DULE 1CMP. 25,0 DCG C(77.,0 DEG F)

1341, hB( 3000, LK3)

Moyl r 2 KW 1140 {ir)
ODOHETER 10626 KH( 6603, HILES

ADBS, HUMIDITY 8.5 GM/KG HOX HUMIDITY CORRCCTION FACTOR .93
1 2 3 4
COLD TRANSIENT STADILIZED HOT TRANSIENT STARILIZED
71643 (28.2) 718,8 (28.3) 716.8 (28.37) 718.8 (28,3}
531.7 (22.9) 581.7 (22.9) 581.7 (22,9) 581.,7 (22.7)
35.4 ( 94,0) 33.2 ¢ 93,0) 35,6 { 9¢.0) 33,3 ( 92,0}
138435, 23814, 138535, 23811,
136.4 ( 4B14.) 234.%9 ( 8295.) 136,23 ( 812 ) 235.2 ( 830442
Jo.1/711/ 30, 21.4/11/7 21, 27.9/11/ 28, 25.,4/117 264,
6.6/ 1/ 7, 7.8/ 1/ 8. 7.8/ 1/ 8, 14,5/ 1/ 135,
45.1/13/ 42, 33.9/13/ 31, 34.7/13/ 32, 32.6/13/ 30,
8/13/ 1, 8713/ 1, 16713 i, 05/13/ 0,
35.1/ 3/ 5% 22,8/ 3/ .37 30.2/7 3/ .50 ?21.5/ 3/ 435
2.8/ 3/ 04 2.6/ 3/ .04 2,4/ 3/ .04 2:47 375 .04
o8/ 2/ 21, 14,4/ 2/ 14, 17.8/ 2/ 18, 13.3/ 2/ 13.
.4/ 2/ 00 05/ 2/ 10 15/ 2/ 1‘ oJ/ 2/ 10
22,53 36,10 26,33 37.98
24, 14, 20, 12,
41, 30, 31, 29,
«35 33 146 +31
20.4 13.9 17,3 12,8
1.97 1.83 1,40 1.46
4,43 B8.19 4.89 7.74
1364.9 1408.2 1157.5 1328,2
4.96 5,83 4.21 S5.37
33 29 o2 27
1.12 1.32 «83 2
237.8 22649 201.3 213.8
+86 94 73 84
8.23 8.54 7 3.04
305, 866. 505. 846,
5‘74 6021 5n75 60’)1
701 +783 - 4982 5 783
1966 { 953) 270 ( . 954)
1,000 ( .$82) 1,000 ( ,983)
371.3 371.4
79.95 79.90
11,95 11,94
8.73 7.81
3-LAG (4--RAG)
CARDON DNIOXIDE G/KM 222,1 ( 218.2)
FUCL CONSUMPTION-  L/100KM 8.35 ( 08.20)
HYDROCAREONS (THC) G/KM «30 ( +29)
CARRON MONOXIDE G/KM 1.15 ( 1.14)
OXIDES OF NITROGEN G/KM +87 { «34)



TEST NO. 1A2H2Z4 RUN 3
UEHIPLE MODEL NA FIAT . NOCAT
ENGINE 2.0 L(122, CID) L-4
TRANGMISSION M5

BARGHETER 747,01 HM 116(29.41 IN HG)
RELATIVE HUMIDITY 42, PCT
BAG RESULTS

Le-9

TEST CYCLE

DLOWER DI¥ P MM: D20CIN, 1120)
ELONER INLET P MM« [120CIN, HZ0)
BLOVER INLET TEMP, DEG. C(DEG. F)
BLOWER REVGLUTIONS
TOT FLOW STO, CU, METRES(SCF)
HC  SAMILE MCTLR/RANGE/IFM
HC ECKGRD METER/RANGE/FFM
CO SANPLE METER/RANGE/['FN
€O BCKGRD MCTER/KANGE/[EM
£02 SAMILE METER/RANGE/PCT
C02 LCKGRD METCR/RANGE/FCT
NOX SAMPLE METER/RANGE/PFH
NOX LCKGRD METER/RANGE/FFM
DILUTION FACTOR
HC CONCCNTRATION PFM
CO  CONCENTRATION PPN
C02 CONCENTRATION FCT
NDX CONCENTRATION FiM
HC  MASS GRAMS
CO  MASS CRAMS
02 HASS GRANMS
NOX MASS GRAMS
RUN TIME SECONDS
OFCs WET (DRY)
SCFy WET (DRY)
vaL (SCH)
SAM DLR (SCH)
KM (NCASURED)

TEST NUMBER»

BAROMCTCR, M4 HG
HUHIDITY, G/KG
TEMFERATURE G C
CARBON DIOXIDE, G/rKH
FUEL CONSUMPTION, L/7100KH
HYDROCARGONS » G/KM
CAKDON HONOXIDE. G/RM

OXIDES OF NITROGEN» G/KM

HFET  VCHICLE EMISSIONS RESULTS
FROJECT 11-4074--001

VEHICLE NO.14 TEST WEIGHT 1341. KG( 3000, LLS)
BAEE ARszél/G} SCTUAL RBAE ngﬂ F 8.2 KM( 11.0 1™
AG C '

DYNO N0, 2 ODOMETER 10651, KH( 6618. MILES)

CUJ NO. 3

DRY BULE TEMP. 25.0 DEG C{(77.0 DEG F)

ABS., HUMIDITY 8.5 GM/KG NOX HUMIDITY CORRECTION FALTOR .93

HFET

710.8 (20.7)
504, 2 (23.0)
36 ( 28.0)
02,

210
2056 ( 72604)
30.4/11/ 30,
8.0/ 1/ 9.
33.4/13/ 36.

43,7/ 3/ 73
3.4/ 3/ .05
7.4/ 3/ 27,
2/ 2/ 0,

~e * =
e Tle maC~~D
NO =N

f&!
ORI O
—~n-



gZ-d

NYCC  VEHUICLE EMISSIONS RESULTS
PROJECT 11-40374-001

TEST NO. 1A2N35 RUN 3 VEHICLE NO,1A

TCST WCIEGHT 1341, KG( 3000, LES

UEHICLE MODEL HA FIAT  NOCAT DATE 3 11731 ACTUAL ROAD LCAD 2 KW(C 11, Olh

ENG INE 2,0 L(122, CII) L-4 BAG CART MO, 1 DICSEL CH--445- F

TRANSHIGSION M3 DYNO NO. 2 ODOMETLER 10667. KM¢ 6628, MILES
CVS NOD,

BARDMETER 746,91 HM HG(29.3% IN HG) DRY DULR TEMP, 23,3 DEC C(74.0 DEG F)
RELATIVE HUMIDITY 44, PCT

ARG, HUMIDITY 7.9 GH/KG
EAG RESULTS
TEST CYCLE NYCC

BLOUER BIE P MM, M20(IN, H20) 713.7 (28.1)
BLOWCR INLEY I MM. H20(IN. R20) 5791 (22,8)

NOX HUMIDITY CORRECTION FACTOR .92

GLCWER INLET TEMP., DEG. C(DEG. F) 34,4 ( 74.0)
BLOWER RCVOLUTIONS 1645“
TOT FLOY STD. CU. METRES(SCF) 161.7 ( 5710 )
HC SAMPLE KETER/RANGE/FFM ;1.0/11/ .
HC RCNGRD METCR/RANGE/FFM 6.8/ 1/ 7
CO SAMMLE METER/RANGE/PIM 29.3/13/ 27.
CO . RCKGRD METER/RANGE/FFM 4713/ 0,
C02 SAMPLE HETER/RANGE/PCT 19.5/ 3/ 31
C02 RCRORD METER/RANGE/FCT 3.6/ 3/ .06
NOX SAMFLE HETER/RAM3IE/PFH 10,2/ 27 10,
NOX BCRGRD METER/RANGE/PFM 372/ 0
DILUTION FACTOR 42,15
HC  CONCENTRATION FPFM 14,
CD  CONCENTRATION I'FM 26,
C02 CONCENTRATION FCT ' 24
NOX CONCENTRATION FPH 9.9
HE  MASS GRAMS 1.34
CO  MASS GLANS 4,20
CO2 MASS GRRANS 76746
NOX MASS GRAMS 2.81
RUN TIHE SECONDS 400,
IECy WET (DRY) 976 € 9L3)
SCI» WET (DRY) 1,000 ¢ ,9C3)
VoL (SCH) 161.7
SAM LLR (SCH) 34,60
KH  (MCASUREL) 1.2
TEST NUHLER» 1A2N35
BARDMETER MM HG 746.5
HUMIDITY, G/KG .
TEMPERATURE y DES € 23.3
CARBON LIOXIDE, "G/RM 401,46
FUEL CONSUHMPTION, L/100KM 15.14
HYDROCARBONG» G/KM +70
CARDON MONOXIDE G/KH 2.56
OXIDES OF NITROGENs G/KM 1.47



85 KF# VLIMICLE EMISSIONS RESULTS
PROJECT 11-4374-001

6Z-4

TEST NO. 142536 RUN 3 VEHICLE NOJ1A TEST WEIGNT 1361+ KG( 3000, LLEH)
VEHICLE MODEL NA FIAT  NOCAT DATE 3’11781 ACTUAL ROAD LOAD 8.2 KU( 11.0 iF)
ENCINE 2.0 L(122, CID) L-4 BAG CART NO., 1 ICSCL EM-465-F
TRANSMISSION MS DYNO NGO, 2 ODOMFTER 10660, KM( 6627, MILLS)
CVS NO.
BAROMETER 746,76 MM HG(29.40 IN UG) DRY BULB TEMP, 23.3 DEG C(74.0 DEG F) )
RELATIVE LUMIDITY 44, PCT ADS, HUMILITY 7.9 GM/KG NOX HUMIDITY CORRECTION FACTOR .92
BAG RESULTS .
TEST CYCLE g5 K
BLOUWER DIF P MM. H20C(IN. H20) 716.3 (28.2)
BLOWER INLET P MM. H20(IN. 120) : 57%.1 (22.8)
BLOWER INLET TEMP, DEG. C(DEG, F) 38,3 (101.0)
RLOWCR RCVOLUTIONS 32945,
TQT FLOW 5TD. CU. METRES(SCF) 322.1 (113724)
HC SAMPLE METLR/RANGC/PPM 23.0/117 24,
IIC BCKGRD METER/RANSE/['FM T 5.2/ 1/ S,
CO SAHFLE MCTER/RANGE/PPM 28,0713/ b,
CO DRCRGRDV METER/RANGE/FFRD 17137 04
C02 SAMFLE METER/RANGE/FPCT 47.0/ 3/ .61
C02 XCKGRD METER/RANGE/FCT 2.9/ 3/ .04
NOX SAMPLE METER/RANGL/FIM 30.4/ 2/ 0.
NOX BCKGRD METER/RANGE/I'FM 5/ 22 1.
DILUTION TACTOR - 16445
HC  CONCCNTRATION [FM 17,
CO CONCENTRATION PMM . 23,
C02 CONCENTRATION FCT 77
NOX CONCENTRATION FFH 29.9
HC  MASS GRAM 3,82
CO MASS GRAMS ?2.31
€02 MASS GRAHS 4528.1
NOX -MASS BRAMS 16.69
RUN TIME SECONDS 1201,
DFCy WET (DRY) +23% ( ,926)
.SCFy WET (DRY) . 1,000 € .973)
VOL (SCH) . . 322,
GAM BLR (5CH) . 69.34
KM (fCASURED) 28450
TEST HUMDIR, 1A2536
HAROMETER MM 16 74468
HUHIDITY, G/KG . 7.9.
TEMPCRATURE DEG € 23,3°
CAREON DIOXIDE, G/KM 138.9
FUEL CONSUMFTION» L/100KH 5.93
HYDROCAREONG G/KM +12
CARLON MONDXIDES G/KH «33

OXINES OF NITROGEN» .G/KM 39



HFET VERICLE CHMISSIONS RESULTS
FROJECT 11-4G674-001

oe-d

“TEST NO. 1A21138  RUN 4 VEHICLL NO.1A TEST WCIGHT 1341 KGC 3000, L)
-VEHICLE MODBEL NA FIAT  NOCAT DATE 3/13/31 APTUAL ROAD LDAD 0.2 KWC 11,0 UM
ENGINE 2.0 L(122, CID) L-4 PAG CART nO. 1 IESEL El-449-T B
TRANSMISSION M5 DYND NOD. 2 DDOhETER 10717. KM( 465%+ MILLS)
CV3 NO, 3
BAROMLETER 742,70 MM HG(”? 24 IN HG) DRY DBULD TEMP. 24.4 DEG C(746.0 DEG F) 3
RELATIVE HUHIDITY 38. F ABS. HUMIDITY 7.5 GM/KG NOX HUMIDITY CORRECTION TACTOR .90
BAG RLSULTS
TEST CYCLE HFET
ELOWER DIF P MM. H20CIN. H20) =713.7 (28.1)
RLOWER INLET P HM. H20(IN., H20) 579,1 (22.0)
BLOWER TMLET TEMP. DEG. C(DEG. F) 37,2 ¢ 29.0)
BLOWER REVOLUTIONS 21018,
TOT FLOW STO. CU, METRES(SCF) 205.0 ¢ 72:94)
HEC  SAMPLE METER/RANGE/I'['M 22.9/117 23,
HC BCKORD METER/KANGE/FFM 4.0/ 1/ A,
€0 SAMPLE METLCR/RANGE/PFM 33.5/137 1.
CO BOCKGRD METER/RANGE/FEY 1/137 0,
CO2 SAMI'LE METER/RANGE/PCY 43.3/ 3/ .74
C02 RCKGRD METER/RANGE/FCT .17 3/ .03
NOX SAMPLE ME{ER/RANCL/FFM 28.6/ 27 %
~NOX ECKGRD METER/RANGE/FFM 17 27 0,
DILUTION FACTOR 17.99
HC CONCENTRATION PI'M 17,
CO CONCENTRATIGN FP'M 30,
€02 CONCENTRATION #CT W71
NOX CONCONTRATION PN 28,5
HC MASS GRAMS 2.2
CO_ MAGS GRAMS 7.16
ca2 HA¢4 GRAMS 2681.9
NOX MASS GRaMS 10.11
RUN TINE SECONDS 7435,
DFCy WET (LRY) «244 ( ,90D)
SCFy WET (DRY) 1.000 ¢ J92C1)
VoL (SCH) 205.0
SAM LLR (SCH) 44.41
KM (MEASURED) 16,37
TEST NUHRER, 1A2H38
RAROHETER » HM LG 742.7
HUMITLITY, G/KG 7.9
TEXFERATUREy DEG C 24.4
CAREON DIOXIDEy G/KM 162,
FUEL COMCUMPTION, L/100KM 6,08
HYTROCARBONS » G/KM +14
CARRON MONOXIDE, G/KM 44

OXIDES OF NITROGLN» G/KH 162



1e-d

NYLC VCHIC T EMISSIONS REGULTS
FROJECT 11-4874-001

TEST NO. 142N3?, RUN 4 VENICLE NO.1A TEST UCIGHT 1341, KG( 3000, LES)

VEHICLE MOREL " NA FIAT  NOCAT DATE 3/13/01 ACTUAL ROAD LOAD 8,2 KW( 11,0 1)
ENGINE 2,0 L(122, CID) L-4 EAG CART NO. 1 DIESEL EM-469-F
TIRANSMISSION M5 DYND NO. 2 ODOMETER 10733, KM( 4669, MILES)
CVvG NO. 3
BARDHETER 742,19 MM_1G(29.22 IN HG) [y BULB TEMP, 2349 DEG C(75.0 DEG )
RELATIVEC HUNIDITY 38, PCT ALS, HUMIDITY 7.1 GM/KG NDX HUMIDITY CORRECTION racvor .09
LAG RCSULTS
TEST CYCLE NYCC
LLOWER DIF P MM. H20C(IN, H2O) 713.7 (23.1)
BLOWCR INLCT F MM, H20C(IN. H20) 579.1 (22.)
BLOWER INLEY TEMF. DEG. C(BEG. F) 33.3 ¢ 92.0)
BLOWER REVOLUTIONS 164764,
TOT FLOW STD. CU, METRES(SCF) 161,1 ( 546834)
HC  SAMPLE METER/RANGE/PFM 15,5711/ 14,
HC  DCNGRD METER/RANGE/PPM 3.7/ 1/ 4
CD SAMI'LE METER/RANGE/I'EM 23,8713/ 22
CO  DRCKGRD METER/RANGE/PEM 17137 O,
CD2 SAMriE METER/RANGE/PLT 16:727 3/ 027
€02 BONGRD METER/RANGE/FCT 3.0/ 3/ 05
NOX SAMFLE METER/RANGE/PFM 9.7/ 2/ 10,
HOX RCKGRD HETER/RANGE/PFM 272/ 0
DTLUTION TACTOR 49,47
HC  CONCENTRATTON PPM 124
CO CONCENTRATION DRM 21,
C0O2 CONCENTRATION FCT e 22
NOX CONCENTRATION FFH 7.8
HE  HASS GRAMS 1.10
CO MASS GrARS 3,99
C02 MAGS GiiaMS 6921
NDX MASS GREMS ) 262
RUN TIME SECONDS 500, )
DFCy WET (DRY) 200 (241D
SCFr WET (DRY) 1,000 ¢ ,980)
VoL (5CH) 16141
5aM DLR (SCM) 34.25
RM  (MEASURED) 1.87
TCGT NUMEERy 1A2N39
BAROQMETER Y HM HG 742,2
HUNTLITY, G/KG 7ol
TCHIERATURE DEG C 23.9
CARGON DIOXIDEy G/RM 348.9 -
FUEL CONSURPTION, L/100KRMH 13.15
HYDROCARBONS » G/KM +99
CAREDON MDNOXIDEs G/KM 2,13

OXIGES OF NITROGLMN, G/KM 1.40



85 KM VERICLE itMISSIONS RESULTS
FROJECT 11--4074-001

TCST NO, 1A2540 RUN 4 VEIICLE NOJ1A TEST WCIGHT 1361, KG6( 2000, LBS)

VEHTELE MQUEL NA FIAT  NOCAT RATE 3/13/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 UP)

ENGINE 2.0 L(122, CID) L-4 RAG CART NO. 1 DICSEL EM--409- T

TRANSHISSION M3, gYﬁONSU. 2 ODOMETER 10735, KNM( 6672, HILLS)
VS '

RAROKETER 741.93 MM HO(29.21 IN HG) DRY BULE TCMP, 25.0 DEG C(77.,0 DEG F)
RELATIVE HUMIDITY 36, PCT

ARS. LUMIDITY 7.3 GM/KG
BAG_RESULTS
TEST CYCLE 85 K

NOX HUHIDITY CORRCCTION FACTOR  .¥0

ce-d

BLOWER DIF P MM. H20(IN. H20) 718.8 (28.3)
BLOWER INLET P MM, HID(IN, H2D) 979.1 (22.8)
ELOWER INLET TEMF, DEG, C(DEG. F) 36,9 (102.0)
ELOWCR RCVOLUTIONS 32947,

TOT FLOW STD. CU. METRES(SCF) 317.1 (11261,)
HC SAMPLC METER/RANGE/PPM 22.,1/117 22,
HC  BCRGRD METER/SANGE/MFM 3.4/ 1/ 3,
CO SAMPLE METCR/RANGE/FTM 28.9/13/ 27,
CO  BCRCRD METER/RANGE/PPM 3/13/ 0,
C0O2 SAMPLC MCTLR/RANGC/FCY 47.8/ 3/ .02
€02 LRCKGRD METER/RANGE/FCT 2,5/ 3/ .04
NOX SAMFPLE METLR/RANGE/PFM 32,17 2/ I
NOX RCKGRD METECR/RANGE/FEN S/ 2/ L
DILUTION FACTOR 16.15

HC  CONCENTRATION PEM 19.

CO CONCENTRATION PFM 26,

C02 CONCENTRATION FCT W79

NDOX CONCENTRATION I'FM 31,6

HC « MASS GRAKS ; - 3.49

CO  MASS CKANS 9.49

C02 MADS GRAMS 4610.0

NDX MASS GRAMS 17,35

RUN TTHE SECONDS 120Q.

DECy WET (DRY) .938 ¢ 9227
SCFy WET (DRY) -
Val. (SCH) 319.1

SAM DLR (SCM) 68,73

KM (MCASURLCIDD 20.51

TEST -NUMIER 142340
RAROMETLR MM HG . 741.9
HUMIDITY, G/KG 7.3
TEMMERATURE DEG € 25,0
CARLON DIOXIDE, G/KH 161.7
FULCL CONSUMFTION) L/100KM 6,04
HYDROCAREGNG G/KM 12
CARDON MOMOXIDCy G/KM’ W33
OXIDES OF NITROGENy G/KM W1



APPENDIX C

TEST RESULTS,
FIAT NATURALLY-ASPIRATED DIESEL
WITH CATALYTIC TRAP
FUELS EM-329-F AND EM-469-F



SOMMMARY OF REGULATED EMISSIONS FROM FIAT NATURALLY-ASPIRATED DIESEL
RESEARCH VEHICLE, EM-329-F BASE FUEL, WITH CATALYTIC TRAP

Test Code 1BlF46 | 1BlFSO| 1B1FS4| 1B1FS8|| 1B1H47 | 1B1H51 | 1BLHS5 | 1B1HS9
Test Type 3-b FTP | 3-h FTP|3-b FTP|3-B FTP HFET HFET HFET HFET
Date (1981) 4/6 4/7 4/9 4/10 4/6 4/7 4/9 4/10
Run No. 1 2 3 4 1 2 3 4
HC, g/mi 0.06 0.06 0.10 0.08 0.02 0.02 0.02 0.02
€O, g/mi 0.27 0.31 0.35 0.23 0.05 0.06 0.06 0.03
NOx, g/mi 1.40 1.46 1.51 1.54 1.08 1.11 1.11 1.09
Particulate, g/mi 0.13 0.11 0.09 0.10 0.06 0.07 0.09 0.12
Fuel, mi/gal 28.2 28.9 27.7 z8.1 38.5 38.3 37.0 37.8
Test Code 1B1N48 [ 1BIN52| 1BINS6{ 1BINSO|{ 1B1S49 | 1B1S53| 1B1S57 | 1B1S61
Test Type NYCC NYCC NYCC wyee 85 kph | 85 kph| 85 kph | 85 kph
Date (1981) 4/6 4/7 4/9 4/10 4/6 4/7 4/9 4/1¢C
Run No. 1 2 3 4 1l 2 3 4
HC, g/mi 0.06 0.00 0.03 0.08 0.00 0.00 0.00 0.00
€O, g/mi 0.13 0.16 0.24 0.08 0.02 0.03 0.05 0.00
NOx, g/mi 2.32 2.38 2.43 2.32 1.05 1.09 1.16 1.14
Particulate, g/mi 0.51 0.22 0.17 0.53 0.06 0.10 0.16 0.16
Fuel, mi/gal 17.2 19.0 17.3 18.8 39.1 39.4 36.6 38.6




T NO. 1R1F46 VERICLE ND.1B TEST WEIGHY 13431, KG( 3000. LES)

UEHIC(E MonZL N rrar CAT DATE 4/'6/81 ACTUAL ROAD LOAD 8,2 KW( 11.0 HF)
ENGINE 2.0 1 (122, CID) L-4 BAG CART MD. 1 / CVS NO. 3 DIESEL EM~329-F
TRANSHISSION M5 DYNO NO, 2 DDOMETER 10892, KM( 67468, HILES)
DARDMETER 750,32 MM HG(29.,54 IN HG) DRY BULB TEMP. 25.0 DEG C(77.0 .DEG F) ,
gELA;éUEL¥UﬁIDITY 27, PCT ABS. HUMIDITY <.3 GH/KG NOX MUMIDITY CORRECTION FACIOR .85
..J
®AG NUMBER 1 2 3 |
[ESCRIPTION COLD TRANSIENT STABILIZED HOT TRANSTENT STABILIZED
BLOWER DIF P MM. H20CIN. "0 716.3 (20.) 721.4 (28.4) 714,3 (28,2) 721.4 (28.4)
DLOWER INLET P MH. L20CIN. H20) 579.1 (22,11) 504. 2 (23,0) 579.,1 (22.8) 584.2 (23,0)
RLOWER INLET TEMP. DEG. C(DEG. F) 35.0 ( 95.0) 2 ( §0.0) 38,1 ( 97,00 33,2 ( 923,00
I NUES RCVOLUTIANS . 13846, 238 9 . 13870, 23001,
TNT FLOW STD, CU. METRES(SCF) . 137.% { 4849%.) 238.0 ( 8403,) 1372.7 ( 4B614) 237.0 ( 8370.)
HC SANPLE HETER/RANGE/[PM 10,2711/ 10, 4,8/11/ 5. 7.41/117 7. s.0/11/ 5,
HC  BCNGRD METER/RANGE/PPM 4,0/ 31/ A, 4,0/ 1/ 4, 4,0/ 1/ 4. 4,0/ 1/ 4,
CO SAMPLE METER/RANGE/PEM 19,1713/ 12, 2,1/13/ 2, 5.5/13/ 5, 1.,0/13/ 1.
CO ECKGRD METER/RANGE/I'PN oW 321137 0. 27137 0. 2/137 0. 17137 0.
€02 SAMPLE METCR/RAMGE/PCT 32,5/ 3/ .54 21,7/ 3/ .35 30.9/ 3/ .51 21.77 3/ .35
€02 RCKGRD NEVER/RANGE/PCT 2,9/ 3/ .04 2,7/ 3/ .04 3,1/ 3/ .05 3,3/ 3/ .05
NDX SAMPLE METER/RANGF ‘FFM 21,17 2/ 21, 15.1/ 2/ 15, 19.87 27/ "1, 15.1/ 2/ 15,
NOX BENGRE METER/RANRT /['PM 172/ 0, A7 3/ 0. 372/ 0, .3/ 27 0.
DILUTTAN FACTOR 23.08 38.15 26,13 38,15
HC CRNCENTRATION PPN &, 1, kS i
CO CONCONTRATION FPM 17, 2, S. 1.
€02 CONCENTRATION: PCT .52 .31 47 .30
o NOX CONCENTRATION FFM 21,0 15.0 19.5 14.8
HC MASS BRAKS S0 .10 26 .15
W 0D MASS GRAMS 2,49 47 .75 27
coz HASS GRAHS 1302.4 1352.5 1174,7 1308.0
X MAGS CRANS 4,70 5.80 4,34 5.70
FARTICULATE MASS GRAMS - b6 .37 49 0.09
HC  CRAMS/KM W09 .02 .04 ,02
CO GRAMS/KM .49 .08 .13 .04
£02 GMAHS/KN ’ 234,1 720,55 205.3 213.0
NDX GRANS /KM . .85 .95 74 93
FUEL CONSUMPTION BY.CD L/1OOKM 8.94, 8.39 2.82 .. 8.10
RUN TINE SECONDS 505, 867, 505, 867,
MEASURED DISTANCE NN 5.56 6.13 . 5.72 4,14
SCF» DRY 986 988 907 030
DFC, WET (DRY) 4088 € 4980) 949 (L2
SCFy WET (DRY) A :1.000 ¢ .987) 1.000 ( .$D8)
VOL (SCH) ' . 375.9 374.7
SAH DLR (504 80.17 80.14
£¥ (MEASURED) A 11.70 11.086
FUNL CONSUMPTION L/100KM 8,45, 7,96
COMPOSITE RESULTS L 3-LAG (4~RAG)
- TEST NUMLCR . 1DBIF44 CAREON DIOXIDE G/KM 219.1 ( 218.9)
ROROMETER MM 16 750,3 FUEL CONSUNPTION  L/100KM 8.34 { 8.26)
HUMIDITY G/NG 5.3 HYDROCARBONS (THC) G/KM .04 {  .04)
TEMPERATURE DEG € 25.0 CARDON MONOXIDE G/KM 17 {147
: OXIDCS OF NITROGEY G/KM .87 ( a7
PARTICULATLS /KM 079 { 0.000)



FROJECT -11-40874-001

-0

TEST NO.  IRII47Z  RUN 1 VEHICLE NO.1B TEST WEIGHT 13461. KG( 3000, LES)
VEIITCLE MODEL NA FIAT CAT DATE 4/ &/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 iIF)
ENGINE 2,0 L{122, CID) L-4 BAG CART NO. ) DICSEL EM~329-T
TRANSHIGSION M3 g&gongo., 2 ODOMETER 10913 KM( 6782 MILES
< ‘
BAROMETER 748.28 MM 1IG(29.446 IN HG) DRY BULDB TEMP, 25.6 DEG C(73.0 DEG F)
gggA;éUgL¥gNIB.TY 28, PCT ABES, HUMILITY 5.7 GM/KG NOX HUMIDITY CORRCCTION FACTOR .86
. TEST CYCLE HFET
RLQHCR DIF P M. H20CIN, H20) 711.2 (28.0)
BFLOWER INLET P MM. U2DCIN. H2D) 574.0 (22.4)
BLOWCR INLET TEMP. DEG. C(DES., F) 37,3 (100.0)
DLOWER REVOLUTIONS 20998,
TOT FLOW 5TD, CU. HETRES(SCF) 207.5 ¢ 7328.)
HL  SAMP S HETER/RANGE/FPrH 5.1/11/ 5.
HE  BCNGRD HETER/RANGE/PPM 4,1/ 1/ 4,
0 SAMPLE HETCR/RANGE/PIM 2.3/13/ 2,
CO0 ECKGRD METER/RANGE/FFM 4137 0.
C02 SAMPLE HETER/RANGE/VET 43.2/ 3/ 74
C02 DCKRGRD MCYCR/RANGE/FCT 337 3/ 05
NOX CAHPLE METER/RANGL/PH 32.4/7 2/ 32
NOX BCKGRD METCR/RANGE/MFM W3/ 27 0,
RILUTION FACTOR 18,15
HC CONCONTRATION PRM 1.
CO CONCENTRATION I'PM 2.
CO2 CONCENTRATIGON PCT 59
NOX CONCENTRATION FFM -32.1
B HASS GRANMS i3
ca HASS GRAMS 47
C02 MASS GRAMS 2620,9
NOX MASS GRAMS 10.74
FARTICULATE HASS GRAME $ 99
RUN TIME SECONDS 65,
DECy WCT (DRY) +243 ( ,236)
SCFy UET (DRY) 1.000_( _.784)
uoL (5CH) 207,35
SAM LDLR (SCM) 44,57
KM (MEASURED) 16,32
TEST NUMLERy 1B1L47
RAROMETER » MM NG 748.3
HUMIDITY, G/KG 97
TEMFLCRATURE » DEG C 25.4
CARION DIOXIDE, G/KM 160.%
FUEL CONSUMFMTIONy L/100KNM 6.11
HYDROCARBONS » G/RM .01
CARBON HONOXIDE S G/KH +03

OXIDES OF NITROGENs G/KM &7



NYCC  VEHICLE EHMISSIONS RESULTS
PROJECT 11-4874-003

UEHICLE NO.1B
NA FIAT CATo DATE 4/ /01

TEST NO. 1BIN48  RUN

TEST WEIGHT 1361, KO( 3000, LBS)
VEHICLE MODEL

ACTUAL ROAD LDAD 0.2 Kk( 11.0 HF)

ENGINE 2.0 1.(122, CID) L-~4 BAG CART NO+ 1 IES EN-329
TRANSMIGOIDN MS CV UNSU. 2 DDDNETER 10931, KH( 6792, HILED)
9 +

BAROMETER 747,52 HM HG{29.43 IN HG) DRY BULDB TEMP., 26,1 DEG C(79.0 DEG F)
RELATIVE HUMIDITY 28, FCT

BS. HUMIDITY 6.1 BM/KG
BAG_RESULTS
TEST CYCLE ’ NYCC
ELOWER DIF P M. H20CIN. H20) 711.2 (28.0)

BLOWER TNLET P MM. H20(IN, H20) 558.8 (22,0)
ELOWER INLET TEMP., DEG. C(DEG. F) 37.2 ( 92.0)

NOX HUMIDITY CORRECTION FACTOR .67

BLOWER REVOLUTIONS 16437,
TOT FLOW STh. CU., METRES(SCF) 152.6 ( 5741.)
HC  SAMPLE METER/RANGE/PTM 4,8/11/ 5.
HC  BCKORD METER/RANGE/FFM 4.7 17 4,
CO SAMFLE METER/RANGE/PPM 1.0/13/ 1.
CO RCKORD HETER/RANGE/F'PM 1713/ 0.
€02 SAMPLE METER/RANGL/PCT 12.2/ 3/ .27
€02 BCKORD METER/RANGE/PCT 3.2/ 3/ 05
HOX SAMPLL METER/RANGE/PFM 10.5/ 2/ 11,
NOX BCRGRD HETER/RANGE/FPM S/ 2/ 1
DILUTION FACTOR 46,73
{IC CONCENTRATION FPM 1.
CO CONCENTRATION FI'M 1,
CO2 CONCEMTRATION FCT 23
NOX CONCENTRATION FPM | 10.0
o HC HASS GRAMS +08
CD. MASS GRAMS 15
€02 MASS GRAMS 674.1
NOX MASS NS 2,70
FA?TICULATE HASS GRAMS o 50
RUN TINE SECONDS . 599.
DFCy WET (DRY) 272 ( ,270)
SCFy WET (DRY) 1,000 ¢ .988)
VAL (9CH) 162.6
SAM ELR (5CH) 34.86
KH  (MEASUREDR) 1.86
TEST NUMEER, ] 1RIN4S
RATOHMETER, i HG 747.3
HUMIDITY, G/KG 6.1
TEHFCRATURE » DBEG C 2641
CARLON DIOXIDEr G/KM . 3591
FUEL CONSUMFTION, L/100KM 13,46
HYDROCARDONS G/KM 04
- CARLON MONOXIDE» =~ G/KM .08
© OXIDLCS OF NITROCENy G/KM 1.44



85 Kril VEHICLE EMISSIONS RESULTS
: FROJECT 11--4874--001

TEST NO. 1B1S42 FRUN 1 VEHICLE NO. 1B TEST WEIGHT 1361. KG( 3000. LISG)
VENICLE MODEL NA FIAT CAT DATE 4/ 6/81 ACTUAL ROAD LDBA% 3.2 KW( 11,0 UP)
ENGINE 2.0 L(122, CID) L-4 . [AG CART NOV 1 BIESEL EM-3Z,-F
TRANSHISSION M5 LYNO ND. 2 DBOOHETER 10935 KM( g795 HILES)

CV5 NO, 3
BARGMETER 747,27 MM HG(29.42 IN HB) DRY BULB TEMP, 27.8 DEG C(82.0 DEG F)
RELATIVE HUMIDLTY 25, PCT AES, HUMIDITY 4.0 GM/KG NOX HUMIDITY CORRECTION FACTOR .07
FAG RESULTS
. TEST CYCLE 85 K
RLOWER DIF P MM. H20CIN. H20) 711.2 (28.0)
BLOWER INLET P MM.' H20(IN, H20) S574.0 (22.¢)
BFLOWER INLET TEMP. DEG. C(LEG. F) 37,3 (100.0)
BLOWCR REVOLUTIONS 32934,
TOT FLOW STD. CU. METRES(SCF) 324,8 (11443.)
HC  SAMPLE METER/RANGE/FPM 4,071/ 4.
HC [LCKGRD METER/RANGE/FFY, 4,67 1/ 9,
CO0 SAMFLLC METER/RANGE/PPM 1.17137 1.
CO0 BCKGRY METER/RANCE/PEM JA7137 0,
€02 SAMFLE METER/RANGE/PCT 46,47 3/ .30
€02 ECKGRD METCR/RANGE/FCT 2,8/ 3/ .04
NOX SAMPLE MLTLR/RAMGE/PFM 34,7/ 2/ 35,
NOX BONCRD HETER/RANGE/FPM 47 2/ 0.
DILUTION TACTOR 16,78
1C CONCENTRATION FFM -0,
€0 CONCENTRATION PFEN 1,
£02 CONCENTRATION FCT 74
 NOX CONCENTRATION PrH 34.3
i HC MASS GRAMS -.04
O CD MALS GRANS 33
€02 HASS GRAMS 45048, 6
NOX HASS BRAMS 13.47
FARTICULATE MASS GRANMS 79
RUN TIME SECONDS 1200,
GFCy WET (DRY) «740 ¢ ,92313)
SCFy WET (DRY) 1,000 ( ,$89)
VoL (SCH) 324.8
SAM BLR (5CM) £9.73
KM (MEASURED) 20,47
TEST NUMECR, 1D1549
GAROHMETER v MM HG 747.3
HUMIDITY, G/KG 6.0
TEMPCRATURE » DEG C 27.8
CARLON DIOXIDE, G/KM 158.3
FUEL CONSUMPTION, L/100KM 6402
HYDROCARLONS ¢ G/KM .00
CARDON MONOXIDE, G/KM .01

OXIUECS OF MITROGEN:s G/KM 63



FRUVUELY A4ATMOrMTVUVS

TEST NO. 1R1FS0 RUN 2 VERICLE NO.1D TEST WLCIGHT 1361, KG( 3000, LES)

VEHICLE MOLRECL NA FIQT CAT . LATE 4, 7/81 ACTUAL ROAD LOAD 8.2 KW¢ 11.0 iIF)
ENGINE 2.0 L¢122, CID) L-4 BRAG CART NO. 1 7 CVS NO. 3 DICSCL EM--329-F
TRANSHISSION M5 DYNO NO. 2 DOGHETER 109642 KM( 6814, MILES
BAROHETER 738.89 MM HG(29.09 IN HG) DRY RULR TENF. 25.0 DEG C(77.0 DEG F)
RELATIVE HUMIDITY 49, FCT AGS. HUMIDITY 10,0 GM/KG NOX HUMIDITY CORRECTION FACTOR .98
RAG RESULTS
BAG NUMBER 1 2 3 4
RESCRIPTION COLD TRANSICNT STABILIZED HOT TRANSIENT STABILIZED
ELOWER DIF P MM. H20{IN. H20) 706.1 (27.6) 711.2 (28.0) 70601 (27.8) 71643 (26.2)
BLOWER INLET F MM H20(IN, H20) 571.5 (22.5) 574,0 (22.8) 571.5 (22.5) 579:1 (22.8)
BLOUER INLET TEMP. DEG. C(DEG. F) 361 (590 34:4 ( 94.0) 35.0 (65,00 34.4 (54,00
BLOWER REVOLUTIONS 13875, 23018, 13875, 53037,
TOT FLOW STD. CU. METRES(SCF) 134,9 ( 4743.) 2321 ( 8196,) 135,31 ( 4771) 23231 ¢ 81950
HG SAMPLE METER/RANGE/DPH B.2711/ 8. 21/117 4, B /117 6 517117 A
HC LCKGED METER/RANGE/PPM 1717 4 NVEVERES 3471/ 3 3.2/ 1/ 3.
CO  SAMILE HETER/RANGE/PEN 18,2713/ 17, 33713/ 3. 5.5/13/ 5. 2.0/137 3.
0 BCKGRD METER/RANGL/PFM 52137 0. 313 0. 137 0. 27137 0.
€02 SANTLE NETER/RANGE/FCT 3\3/3 .57 2187 37 .35 3000/ 3/ .50 2100/ 37 34
€02 BOKGRD METER/RANGE/FCT 2067 37 104 2.6/ 37 104 2.7 3/ .04 2177 37 04
NOX SAHPLE METCR/RANGE/FEM 19:97 27 50, 14.47 27 14, 1917 27 19, 14,97 27 15,
NOX EFCKGRD HETER/RANGE/PPM ‘37 37 “o. 3757 0. 117 27 1. 12727 1.
RILUTION FACTOR 23529 37,94 26,98 39,49
HC  CONCENTRATION FPM 4, i, i i,
CO CONCENTRATION FPM 16+ 3. 5. 2.
£02 CONCENTRATION FCT .5 31 45 .56
A NOX CONCENTRATION FPM 1974 1471 18,0 13,7
©HC HASS GRAMS 133 14 '24 13
0 MASS GRANS 250 \72 '55 162
£02 HASS BRAME 132131 1332.8 11241 1265.6
NOX HASH GRANS 4.95 5212 .56 5 594
FARTICULATE HASS GRAMS 52 ) 3t 000
HC  GRANS/KM \06 .02 ,04 .02
O GRAMS/KM '43 12 13 10
£02 GRAHS/KH 228.7 21,8 195.5 2071
NOX GRANG/KH 106 1,0 \79 197
FUEL CONSUNFTION EY CB L/100KM 8.76 8.25 7046 7185
RUN TIME SECONDS 505, 867, 505, 865,
HEASURED DISTANCE KM 5,75 615 5,74 6.12
SCFy TIRY V979 .981 2900 \981
DFCr WET (DRY) (968 ( ,952) ' /970 ( ,955)
SCFr WET (DRY) 1,000 ( +900) 1,000 ( +980)
VoL (3CH) 347,0 367.2
SAM ELR (SCH) 76291 26193
KM (PEASURTD) , 11.90 11,86
FUEL CONSUMFTION L/100KN 850 7167
COMPOSITE RESULTS _ I-FAG . (4-DAG)
TEST HUMBER 1B1F50 CARBON DIOXIDE G/KM 213.7 ¢ 210.8)
BARONETER MM HG  738.9 FUEL CONSUMPTION  L/10OKM  B.14  ( 8.03)
s ™ e
MFERATURE  DE 25.0 0 X .
TEMPERATURE  DEG € OXIIES OF NiTROGEN 6/KM 91 ( 291)
PARTICULATES 67K 066 0,000



HFET  VENICLE EMISSIONS RESULTS
FROJECT 11-4874--001

TEST ND. 145 1 2 ICLE ] TEST WEIGNT 1341, KG( 2000, LBB)
Y HICEB ngné ! Ngugle“CAT ch §9'§/01 ACTUAL £0An L AD 2 KU 11,0 HP)
ENGINE 2,0 L(122, CID) L- BAG CART N3O, 1 DICSEL Eii -329 r
"TRANSMISSION MS BYNO NO, 2 ODOMETER 10909, KM¢ $828, MILES)
CVS NO,
BAROMETER 730,12 MM HG(27.046 IN HG) DRY BULB TEMP. 2641 nco C(79.0 DEG F)
RELATIVE HUMIDITY 44, PCT ARS, HUMIDITY 9.& GM/KG NOX HUMIDITY CORRECTION FACTOR .96
BAG RESULTS
TEST CYCLE HFET
RLOWER DIF P MM, H20(IN, H2D) 711,2 (20,0)
BLOWLCR INLET P MM, H2D(IN, H20) 571.5 (22,5)
BELOWER INLET TEMP. DEG. C(DEG., F) 372.2 ( 99.0)
ELOWER REVOLUTIONS 21015,
TOT FLOW STD, CU, METRES(SCF) 203.5 ( 7184.)
HC SAMPLE MCTER/RANGE/FPM 4,7/11/ 3,
HC BCKGRD.METER/RANGE/FPM 3.5/ 1/ A,
CO SAMFLE METER/RANGE/FFM 3.1/13/ 3,
€O BCKGRD METER/RANGE/FPM /1370,
€02 SAMPLE METER/RANGE/PCT 44,1/ 3/ .75
€02 BCKGRD METER/RANGE/FCT 3,173/ .05
NOX SAMFLE METER/RANGE/T'FM 31.1/ 2/ 31,
HOX BCKGRD HCTER/RANGE/FFH 1,07 2/ 1,
DILUTION FACTOR 17,74
IIC CONCENTRATION PPN i,
CO CONCENTRATION PI'M 3.
C02 CONCEMTRATION PCT 71
.NOX CONCENTRATIDN FPM 30.2
o HC HASS GRAMS 17
CO  MASS GRAMS 162
CO2 MASS. GRAMS 2544.6
NOX HMASS GRAMS 11,31
PARTICULATE MASS GRANS &9
RUN TIME SECONDS D 763,
DFCy WET (DIRY) . 244 ( ,930)
.5CFy WET (DRY) . . 1,000 ( ,$79)
VOL. (5CH) . 203.5
SAM ELR (SCM) 42,40
KM (MEASURED) 16.39
TEST NUMELZR» 1B11i51
BAROMETER) MM G . 738.1
HUKIDITY, 6/KG : 9.4
TEMFERATURE » DEG € 26,1
CAREON DIDXIDE, G/KM 161.4
FUCL CONSUMPTIOMy L/100KNM 4014
HYDROCARLONS » G6/KM 01
TARKON MONOXIDE . G/KM «04

OXIDES OF NITROGENr G/KM 67



FRUJSLLY 11--38/74-001

ST ND. 2 - : TEST WEIGHT 1361, KGS 3000, LDS)
gﬁnrcfg nonéf’"sz NAF1AT AT R ACTUAL™ ROAD LOAD 2 KW( 11,0 1F)
GINE 2.0 L{122, CID) L-4 BAG CART NOV 1 Gf ROAR,S80.F ©
TRANSHISSION M5 DYNO ND, 2 OLONETER 11003 KH( 4020, HMILES
CUS NO,
BAROMETCR 737.87 MM HG(27.05 IN HG) DRY BULD TEMP, 26.1 DEG C(79.0 DEG F)
RELATIVE HUMIDITY 44, PCT ADS. HUMILITY 9.6 GM/KG NOX HUMIDITY CORRECTION FACTOR .96
BAG_RESULTS
TEST CYCLE NYCC
BLOWCR DIF P MM, H20CIN. H20) 711.2 (28.0)
BLOWER INLET F MM. H2O(IN. H20) 569.0 (22.4)
ELOWER INLET TCMP. DEG. C(DEG, F) 34,4 { 94.0)
BLOWER REVOLUTIONS 16456,
TOT FLOW STI. CU. HETRES(SCF) 160.0 ( 58504)
HC SAMPLE METER/RANGE/FPH 3.6/11/ 4,
HC DCKGRD METER/RANGE/PPM 3917 4,
CO SAMPLE METER/RANGE/FPM 1.2/13/ 1,
€O GCKORD METER/RANGE/[FM 17137 0.
£O2 SAMPLE METER/RANGE/FCY 1642773/ 426
€02 KCKGRD METER/RANGE/FCT 3.1/ 37 .05
NOX SAMFLE METER/RANGE/PFM 10.5/ 2/ 11,
NOX DCKGRD HETER/RANGE/FFM 1.0/ 2/ 1,
DILUTION FACTOR 51,90
HC CONCENTRATION FPH - 0.
£O0 CONCENTRATION FFH 1,
€02 CONCENTRATION FCT v 21
NiJX CONCENTRATION PR 9.5
HC MASS GRAMS -.02
CO  MASS CRAMS .18
€02 HASS GRAMS $18.8
NOX HASS GRAMS 2.81
PARTICULATE MASS GRAHS 24
RUN TIME SECONDS 599,
[FCy WET (DRY) 981 ( 947)
SCFy WET (DRY) 1,000 { .983)
V6L (SCH) 150.0
SAM BLR (SCH) 33.35
KM (HEASURED) 1,90
TEST NUMBER, 1B1NS2
BAROHETER HH HG 737.9
HGHIDITYy G/KG 9.6
TEMFERATURE » DE G c 26,1
CARION DIOXIDEs 326.1
FUEL CONSUMPTION, L/lOOhM 12,40
HYDROCAREONS » 6/KM -.01
CAREON MONOXIDE» G/KH 10

OXIDLCS OF NITROGENs G/KM 1.4



0T-2

85 KFi VEHICLE CMISSIONG REGULTS
PROJECT 11--4074-001%

TEST NO. 5 2 YEHICLE NO.1B TEST WEIGNT 1361, KG¢ 3000, LES)
CERICHE mordt o3 AUt arcar [ATE 4/ 7/81 ACTUAL ROAD LOAD _ .2 Kil 11.0 0
ENGINE 2,0 L(122, CID) L-4 BAG CART Mo, 1 DIESEL  EN-329-F
TRANSHISSION HS DYND ND. 2 ODOMCTER 11008, hM( £840, MILES)
CVUS NO, 3
DAROMETER 737.42 MM HG(29.04 IN lHG) BRY BULB TCMPM, 26.7 DEG C(80.0 DEG F)
RCLATIVE HUNIDITY 41, PCT ADS, HUMIDITY .3 GH/KG NDX HUMIDITY CORRCCTION FACTOR .96
EBAG RESULTS
TEST CYCLE 85 K
BLONER DIF P MM. H20C(IN. H20) 711.,2 (28.0)
BLOWER INLET P MM. H2C(IN. H20) 574.0 (22.6)
BLOWER INLET TEMP. DEG. C(DED. &) 37.8 (100.0)
BLOWER REVOLUTIONS 32943,
TOT FLOW STD. CU. METRES(SCF) J18.6 (11249,)
HC SAMPLL METER/RANGE/PPM 3.42117 4,
HC BCKCGRD HMETER/RANGE/FFM 4.0/ 1/ 4.
CO SAMPLE METER/RANGE/FFM 2,1/13/ 2,
CO RCNGRD METER/RANGE/FEY 17137 9.
C02 SAMFLE HETER/RANGE/PCT 47.1/ 3/ i1
CO2 RCKGRD METER/RANGE/PCT 3.2/ 3/ .05
NOX SAMFLE METCR/RANGL/PFM 33.9/ 2/ 34,
NOX BCNORD METER/RANGE/PPM 77 2/ 1.
DILUTIUN FACTOR 18,50
CGNCENTRATION PPM -0,
cn CONCENTRATION FFN 2,
CO2 CONCENTRATION FCT 77
NDX CONCCNTRATION FFM 33,2
HC MASS GRAMS - .02
CO_ HASS GRRANS +45
C0O2 MASS GRAMS 44484.3
NOX HASS GRAMS 19,37
PARTICULATE MASS GRAMS 1,77
RUN TIME SECONDS 1200,
LFCy WET (DRY) 939 ¢ ,927)
SCFy WET (DRY) 1,000 ( .979)
VOL (5CH) 318,64
SAM DLR (SCH) 86477
KM (MEASURED) 20.41
TEST NUNMDCR» 1B1553
BAROMETER MM G 7374
HUMIDITYy 6/KG 9.3
TEMFERATURE » DEG C 26,7
CARRON DIOXIDE, G/KN 157.1
FUEL CONSUMFTIGNs  L/100KM 5.97
HYDROCAREONS » 6/KH =00
CARRQON MONGXIDEy G/KM 02

OXIDES OF NITROGENs G/KH 68



FRUJELT 11 48/79-001

TES 1R1F54 RUN 3 . TEST WEIGHT 1361, KG( 2000, LBS
VENTCLE: MODEL NA FIAT CAT bare - 404041 RETUAL ROAD LOAD' " Bu5 Ka¢ irto ne
ENGINE 2,0 L(122, CID) L-4 BAG CART {10, 1 / CUS MO, 3 DIESEL  EM-329-F
TRANSHISSION M5 DYND NO. ODGHETCR 11051 KM( 4867, MILES)
BARDMETER 742,44 MM 1H6(29.23 IN HB) DRY BULE TEMP, 25.6 DEG C(78.0 DLG F)
RELATIVE WURTDITY 60, PCT ABS, HUMIDITY 12,7 GM/KG NOX MUMIBITY CORRECTION FACTOR 1.07
2
BAG NUMRER 1 2 3 4
DESCRIFTION COLD TRAMSICNT STABILIZED HOT TRANSIENT STABILIZED
FLOWER DIF P MM, H20(IN, H20) 711.2 €20,0) 711,2 (28.0) 711,2 (28.0) 711.2 (28.0)
ELONER INLET P MM, H20(IN, H20) 571.5 (22.5) 501.7 (22,9) 579.1 (22.8) 579.1 (22,8)
BLOWER INLET TEMP. DEG, C(DLB. F) 35,6 ( 96.0) 33,9 (93,0 35,6 ( 96,0) 33,9 ( 93,0
ELOWER REVOLUTIONS 13873, 23824, 13079, 23627,
TGT FLOW STD. CU+ HETRES(SCF) 1361 ( 4804,) 234,2 ( 8271,) 136.1 ( 4005.) 234,3 ( 6273.)
NG SAMPLE HETER/RANGE/FFM 10,3711/ 10, 5.6/117 6, 7.3/117 7, S.6/117 &
HC DCKGRD METER/RANGE/FPN 3.97°1/7 A, 3.7/ 1/ A 3.7/ 1/ A4, 3.9/°17 4
€O SAMPLE METER/RANGE/PPM 23,2/137 21, 4.8/137 4, 7.4/137 7. 4.2/13/ A
£0  BCKGRD HETER/RANSE/PPM 1.5/13/ 1, 1.4/13/ 1, 1.3/13/ 1, 1.2/13/ 1.
02 SANFLE METER/RANGE/FCT 35,9/ 3/ 160 2,77 31 32 31,373/ .52 22,4/ 3/ .34
CO2 ECKGRE METER/RANGE/PCT 3.2/ 3/ .05 3.0/ 3/ .05 3.3/ 3/ ,05 3.5/ 3/ .05
NOX SAMPLE HETER/RANGE/PPHN 19.07 2/ 19, 13.0/ 2/ 14, 12,27 2/ 17, 13,5/ 2/ 14,
NOX RCKGRD METER/RANGE/FPH 8/ 27 1, 5/ 3/ 1, 572/ 1, 5.2/ 1.
DILUTION FACTOR 22,14 35,34 25,76 36,86
HC  CONCENTRATION PPM 7, 2, 4, 2,
CO_ CONCENTRATION FPM 17, 3. 54 3,
€02 CONCCNTRATION FCT \56 V32 /47 W31
o NOX CONCENTRATION FPH 18,4 133 14,7 13.0
?  HC MASS GRAMS '52 .28 '30 025
= CO_ MASS GRAMS 3,05 .82 285 72
£O2 MASS GRAMS 1383,9 1305,9 1171,7 1331,7
NOX_HASS GRAMS 5,13 6,37 4,45 2
PARTICULATE HASS GRAMS /40 V32 .30 0.00
HC  GRAMS/KM .09 .04 /05 .04
CO_ GRAMS/KH .53 /13 15 12
€02 GRAMS/KH 240, 4 234,79 205.7 218.3
NOX GRAMG/KM .89 1,03 .82 1,02
FUEL CONSUMFTION BY CB L/100KM 9.19 - 8,56 7.83 8.31
RUN TIME SECONDS 505, 868, 504, 868,
MEASURED DISTANCE  KH 5.75 6416 5,70 6,10
SCF». DRY ' /975 977 \976 977
IFCs WET ¢DRY) _ T 966 (4947) 969 ( 1950)
SCFy WET (DRY) : 1,000 { 4978 1,000 ( .977)
VoL (SCH) 370, 4 370.4
SeH ELE (SCH) 70.57 78.56
KM _ (HEAS 11.91 11,80
KiirL EoReUKFTIoN L/100KH 8,87 8.08
COMPOSITE RESULTS . 3-DAG - (4-TAB)
TEST NUNELR 1R1F54 CARRON DIDXIDE 6/KH 222, ( 220,9)
BAROHETER ~ HM HG 742,34 FUCL CONSUNPTION  L/100KM 8,49  ( 8.42)
VENCRATURE CFOC 2546 EARDON NORDXIDE /KN 23 (3%
MF'CRATURE UEG C Ao \ X[ [ e
TE GXIDES OF MITROGEN G/KM 74 (.54
PARTICULATES 6/KM 056 { 0,000)



Z1-0

HFET  VEHICLE CMISSIONS RESULTS
FROJEGT 11-4874-001

TEST NO. 1R1NSS  RUN VEIIICLE NU. 1B TEST WEIGHT 13é1. KG( 3000, LEDS)
VEHICLE MODEL NA FIAT CAT DATE A/ 9/01 ACTUAL ROAD LOAD 8.2 KW( 11.0 HF)
ENGINE 2,0 L(122, CJD) L-4 BAG CART MO, | DIESEL EM-329-F
TRANGMISSION M5 DYNO NO. 2 ODGMETER 11074, KM( 4081. MILES)
CVS NO. 3
BAROMETER 742,70 MM HG(27.24 IN HG) DRY DULB TEMP, 256.1 DEG C(79.0 DEG F) .
RELATIVE 1UAIDITY S54. PCT ABS. HUMIDITY 11.7 GM/KG NOX HUMIDITY CORRCCTION FACTOR 1.03
-BAG RESULTS
TEST CYCLE HFET
ELOWER DIF P MM. H20(IN. H20) 711.2 (28.0)
BLOMER TINLET P MM, H20(IN. H20) 971.5 (22.%)
BLOWER INUET TEMP. DEG. C(DEG. F) 40,0 (104.07
BLOWER RELOLUTIONS 21029,
TOT FLOW 53D, CU. METRES(SCF) 204.3 ( 7215.)
HC SAMPLE METER/RANGE/PTM 5.5/11/ &5,
HC ECKGRD METER/RANGE/FPM 3.8/ 1/ 4,
CO SAMFLE METER/RANGE/FPM 4,3/13/ 4,
€0 BCRGRD METER/RANGE/PFM 1.1/13/ 1.
CO2 SAMPILT METER/RANGE/PCT 45.2/ 3/ .78
€02 LCKGRD HETCR/RANGE/PCT 3.3/ 3/ .05
NOX SAMPLE HETER/RANGE/PFM 28.72/ 2/ 2%,
NOX LUKGRD HETER/RANGE/PFM 7/ 2/ 1
DILUTION FACTOR 17.26
HC CONCENTRATION FFM 24
CO CONCENIRATION PFPH 3.
€02 CONCENTRATION FCT +73
NOX CONCENTRATION FPM 28,0
HC MASS GRAMS v 23
CO HMASS GRAMS 67
€02 MASS GRAMS 2722.3
NOX MASS GRAMS 1.3
FARTICULATE HASS GRAMS v 26
RUN TIHE SECONDS 764,
DFCes WET (LRY) «942 ( ,7268)
SCFs WET (DRY) 1,000 ( .%76)
VaL (SCH) 204.3
SAH BLR (SCH) 43,46
KM (HEASURED) 16.30
TEST NUHEERy 1R1HSS
BAROHETLR» HM HG 74247
HUMIDITY, G/KG 11,7
TEMPERATURE » DEG C 2641
CARLON DIOXIDE, G/KN 17,0
FUEL COMSUMFTION» L/100KH 635
HYDROCARLONS » G/kH +01
CARDON MONOXIDE., G/KN 04

DXIDES OF NITROCENs G/kM 69



FROJCCY 11--4874-001

TEST NO. IRINS4 RUN 3 VCHICLE NU.IB TEST WEIGHT 1361, KG( 3000, LBS)
VEHICLE MODEL NA FIAT CAT DATE f 9/81 ACTUAL ROAD LOAD 8 2 KHC 11.0 HIM)
ENGINE 2,0 L(122. CID) L-4 BAG CA?T NO. 1 DIESEL EN-329-
TRANSMISSION MS gbﬂDNgD. 2 ODOMETER 11090, KM( 4891, MILES)

£ .

BAROHETER 742.70 MM HG(29.24 IN 1I6)
RELATIVC HUKIDITY 54, PCT
BAG_RESULTS

DRY BULD TEMP, 26,7 DEG C(80.,0 DEG F)

ARG, HUMIDITY 12,2 GM/KG NDX HUMIDITY CORRECTION FACTOR 1.05

£€1-0

TEST CYCLE

BLOWER LIF P oM. H20(IN. H20)
BLONER INLCT P MM, H20(IN. H20)

NYCC

711.2 (20.0)
571.5 (22.95)

BLOWCR INLET TEMP, DEG, C(DEG, f) ( 95.0)
ELOWER REVOLUTIONS 16486,
TOT FLOW STD. CU. METRES(SCF) 161,46 ( 57035.)
HC SANMPLE METCR/RANGE/PPM 4,9/11/ '
HC ECKGRD METER/RANGE/PPM 4,6/ 1/ 3.
CO SAMPLE HETER/RANGL/FPFM 2,571 2,
CO ECKGRD HETER/RANGE/FEM 87137 1.
CO2 SAMI'LE METER/RANGE/PCT 172.5/ 3/ .28
€02 BCKGRD METER/RANGE/PCT 3.4/ 3/ .05
NOX SAMPLE METER/RANGE/FPH 9.4/ 2/ .
NOX BCKGRD METCR/RANGE/FPM W/ 2/ 1.
DILUTION FACTOR 47.82
I CONCENTRATICON [PM 0.
CO  CONCUNTRATION PPH 2,
CO2 CONCENTRATION PCT 23
NOX CONCENTRATION FPPH 8.8
IC MAGS GRAMS +04
co FAJS GRAMS 28
€02 MASS GRAMS 675.8
NDX HASS GRAMS 2,86
FARTICULRTE MASS GRAMS +20
RUN TIHE SECONDS 00,
DFCr WET (DRY) 1979 € 962)
SCFy WET (DRY) 1.000 ¢ .9B0)
VoL (5CH) 161.4
SAM BLR (5CH) 34,14
KM (MEASURED) 1.89
TEST NUMBER» 1BRINDS
BARGHETLR» H4 HG 742.7
HUMIDITY, G/KG 12,2
TEMPERATURE y LEG C 26,7
CARBON DIOXIDE, G/KH 354.8
FUEL CONSUMFTION, L/100KH 13.57
HYDROCARLONS » G/KM 02
CARRON MONOXILE» G/KH +15
OXIDES OF NITROGEN, C/KH 1,51



85 KPH VEHICLE EMISSIONS RESULTS
PROJECT 11-4074-001

VEHICLE NO.1B

TEST NO. 1B1557 RUN 3
NA FIAT CAT DATE 4/ /81

TEST MEIGHT 1381« KGC 3000, LBS)
VENICLE MODEL

ACTUAL ROAD LDAD 8.2 KWC 11,0 HP)

ENGINE 2.0 L(122, CID) L-4 BAG CART NO. 1 DIESEL EM-327-F
TRANSHISSION M5 EU°DNBD' 2 DDOMETER 11092. RH( 6892+ MILES)

RARORETER 742,70 MM HG(29.24 IN HG) BRY BULD TEMP. 26.7 DCG C(80.0 BEG F)
RELATIVE HUNIDITY St. PCT

ABRS. HUMIDITY 11.4 GH/KG
DAG_RESULTS
TEST CYCLE 85 K

BLOWER DIF P MM. H20(IN, H20)
BLOUER INLET P MM, H2O(IN. H20)
BLOWER INLET TEMP. DEG. C(DEG. F)
BLOWER REVOLUTIONS

T0T FLOW STh. CU. HNETRES(SCF)

NOX HUMIDITY CORRECTION FACTOR 1.02

711.2 ("8.0)
571.5 (22.5
40 6 {105, 0)

397,
314 2 (11093.)
S.2/117 9

p1-0

HC SAMPLE METER/RANGE/FPM /11 '
HC  BCRGRD METER/RANGE/PEM b 5/ 1/ '
CO  SAWPLE METER/RANGE/PPM 3.1/13/ 3,
CO BCKGRD METCR/RANGE/I'PM 087137 1.
CO2 SANPLE METER/RANGE/FCY 50.2/ 3/ .87
CO2 BCNGRD METCR/RANGE/FCT 3.4/ 3/ .05
NOX SANPLE METER/RANGE/FPH 33.7/ 2/ 34,
NGX GCKGRD METER/RANGE/FFM W87 2/ 1
PILUTION FACTOR : 15.37
HC  CONCENTRATION PPM -1,
(O CONCENTRATION FPM . 24
€02 CONCCHTRATION PCT .82
NOX CONCTNTRATION FPM 33.0
HC MASS GRANS ~15
€0 - MASS BRAMS +75
C02 HMASS GRAMS 4730.3
NOX MASS GRAHMS 20,27
PAPTICUIATE MASS GRAMS . 2,72
RUN TINE SECONDS - 1100,
DFC- WET (DRY) «235 ( +920)
SCFy WET (DRY) - . 1,000 ( 9724&)
vaL (SCHY . 314.2
SAM BLR (SCH) 66480
KM (HEASURED) 27,99
TEST NUMBER» 1B1S57
RARGMETER» Mt HG 742.7
HUMIDITY» G/KG 11.4
TEXFERATURE» DEG C 28,7
CARBON DIOXIDE» G/KM 169.0
FUEL CUNSUMPTIONs L/7100KH .42
HYDROCARBONS v 6/KM - .01
CARLON MONOXILE G/RM~ +03
OXIDES OF NITROGENr G/KH W72



TEST NO. 1R1F50 RUN VEIICLE NO.1D TEST WEIGHT 13441+, KG( 3000, LES)

VEHICLE MODEL "NA FIAT CAT DATE 4/10/61 ACTUAL ROAD LOﬁD 8.2 KWC 11.0 UIF)
ENGINE 2,0 L(122, CID) L-4 BAG CART Nu. 1 / Cvs NO. 3 DIESE EN:
TRANSHISSION NS DYHO NO. ODOHETER 11124. KH( 6212, HILES
RARGHETER 742.70 MM HG(29.24 IN HG) DRY DULD TEMP, 23.3 DEG C(74.0 DEG F)
RELATIVE NUMIDITY 70. PCT ADS. HUMIDTITY 12.9 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,08
BRAG RESULTS
BAG NUMEER 1 2 3 4
DESCRIPTION COLD TRANSIENT STABILIZED 10T TRANSIENT STABILIZED
BLOWER DIF F MM. H20C(IN, H20) 711.2 (28.0) 716.3 (28.,2) 711,2 €20,0) 716.3 (28.2)
ELOWER INLET P M, H2OCIN, H20) 971.5 (22.5) 57440 (22,6) 571.5 (22.3) 574.0 (22.6)
BLOWER INLET TEMP. DEG. C(DEG. F) 35,6 ( 94,0) 33.9 ( 93.0) 36,1 ( 97.0) 35.0 ( 95.0)
BLOWCR REVOLUTIONS 13845, 23012, 13874, 23814,
TOT FLOW STR. Cd. MCTRES(SCF) 135.8 ( 4794%4) 232.8 ( B257.) 135.8 ( 4794.) 213.4 ( 8241.)
HG SAMPLE METER/RANGE/PEM 10.1/11/ 19, $.0/117 6, 2.7/11/ 8. 5.4/117 5.
HC  RCKGRDN NCTER/RANGE/PPM 5.0/ 1/ 5. 4,4/ 1/ A, 4.4/ 1/ 4, 4,1/ 1/ 4,
€O  GAMPLE HETER/RANGE/PTM 2843/137 28, 10.6/13/ 10, 10.2/13/ 9. 5.8/13/ 5.
CO  BCNGRD METER/RANGE/PPM 12.1/13/ 11, .4/13/ 9. 95.7/13/ 3. 4.7/13/ 4.
CO2 SAMPLE METER/RANGE/PCT 34,87 3/ .58 22,27 3/ 36 31,3/ 3/ .52 22,0/ 3/ .36
C02 REKGRD METER/RANGE/FCT 3.0/ 3/ .05 2.8/ 3/ .04 3.2/ 3/ 405 3.2/ 3/ 405
NOX SAMPLE HETER/RANGE/PDH 19.2/7 2/ 20, 13.7/ 2/ 14, 18.07 2/ 18, 13.5/ 2/ 14,
NOX RCNGRD METER/RANGL/PFM W27 2/ 1. WS 27 1, 9/ 2/ 1. 4/ 2/ 0.
DILUTION FACTOR 22.08 37415 25,74 37,55
HC  CONCENTRATION PFM 5. 2. 3. 1.
-CO_ CONCERTRATION FFPM 13, 1, 4, 1,
C02 CONCENTRATION PCT + 54 32 «47 +31
@ NOX CONCENTRATION FPM 19.0 13.2 17,1 13.1
~ HC HASS GRAMS 042 23 27 2
o Co HACS GRAMS 2,35 <29 +65 o2
€02 MASS FRAHJ 1330.1 1359, 4 1172,7 1314,4
NOX _MASS OR 5.32 6.34 4 $.30
PARTICULATE HA S GRaMs 39 32 . 0.00
HC  GRAMS/KM +07 +04 +03 103
€0  GRAMS/KM 4 05 111 05
€02 GRAMG/KM 233.1 221.,7 205.1 214.7
NOX GRAHS/KM 93 1.04 04 1.03
FUEL CONSUMPTION BY CB L/100KHM 8.87 8,43 7.81 8.17
RUN TINE SECONDS 505, 867, 505. 868,
HEASURED DISTANCE KM 5.74 6,13 9.72 613
SCFy DRY 0972 974 973 974
DFCy HWET (DRY) 1967 ( .945) o269 ( .947)
SCFy YET (LRY) 1,000 ¢ ,973) 1,000 ( .974)
Val. (SCH) 36%.6 369.2
SAM LLR ("CH) 77.76 77.78
KM (HEAGURECD 11.87 11.85
FUEL CONSUHFTION L/100KM 8,66 7.99
COMPOSITE RESULTS 3-RAG (4-PAG)
TEST NUMEBER 1B1FS8 CARBON DIOXILE G/KM 219.5 ( 217.4)
BAROMETER MM HG 742, FUCL CONSUMPTION L/100RN 8.36 ( 8.28)
HUMIDITY G/NG 12.9 E:ngﬁégggggIégHC) g;{g .02 ¢ .05)
CERATURE DEG € 23.3 ¢ \ o ¢ .14)
TEHFERATURE T OXIDES OF NITROGEN G/KM 926 ¢ .96)
PARTICULATES G/KK 1043 ( 0.000)



91-0

THRUVCLT 437Uty

1E1HS®  RUN VEHICLE NO.1R TEST WEICHT 13261, KG( 3000. LBS)

VEHILLE MODRCL NA FIAT CAT DATE 4/10/81 ACTUAL ROAD LOAD 2 KWC¢ 11.0 1iR)
GINE 2,0 L{122, CID) L-4 PAG CART N0, 1 DIESEL  ENH-329
rnnusnxss‘un H5 DYNO NO, 2 DDGHETER 11148 KM 4927, MILES
CVS NO. 3
BAROMETER 742,19 MM HG(29.22 IN HG) DRY RULDR TEMP. 25.6 DEG C(78.0 DEG F)
§ELATEU5L¥gHIDITY 53. PCT ARG, LUMIDITY 11.2 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.02
TAG RCSULY
1EST CYCLE HFET
RLOWER BIF £ Hi. H20(IN. H20) 721.4 (20.4)
BLOMER INLET P MM, H20(IN. H20) 564.2 (22,0)
SLOYER INLET TEMF, DEG. C(DEG. F) 41,1 (108,0)
RLOWFR REVOLUTIONS 21014,
TOT FLOW STD. GU. METRES(SCF) 203.5 ( 7187.)
HC SAMPLE METLR/RANGE/PFM 5.72/117 &,
IIC ECKGRD METCR/RANGE/FIM A7 17 4.
CO  SANPLE METER/RANGE/PPHN 3.0/13/ 3.
€0 DBCKGRD METCR/RANGE /PP 2.2/13/ 2,
€02 SAMFLE METER/RANGE/PCT 44,7/ 3/ 77
€02 BCNGRI! S TER/RANGE/FCT 3.5/ 3/ .05
NOX SAMPLE METER/RANGE/PFM 28,5/ 2/ 29,
NOX DCAGRD HETCR/RANGE/PFM 57 .2/ "1,
DILUTION FACTOR 17.48
HC  CONCENTRATION FPM 2
CO  CONCENTRATION FI'M 1,
€02 CONCENTRATION FCT .72
NOX CONCENTRATION PR 28,0
HC HASS ORAMS 022
CO MASS GRAMS /25
€02 HASS GRAMS 264657
NOX MASS GRAMS 11,07
FARTICULATE MASS GRAMS 1,21
RUN TINC SCCONDS 766,
IFCs HET (DRY) 943 ( ,927)
SCFy WET (DRY) 1,000 ( .974)
UOL (5CM) 203.5
SAN ELR (5CH) 43,69
KM (HEASURED) 16430
TEST NUMBER» 1B11S9
BAROHETER» MM NG 742,2
HUMIRITY G/KG 11,2
TEMFERATURE » LEG C 25,4
CARLON DIOXIDE, G/KM 163,5
FUEL CONSUHPTION»  L/100KM 6,22
HYDROCARRONS » G/KM .01
CARBON MONOXTDE, G/KM .02

OXIDES OF NITROGENy G/KM 468



LI-D

1PINGD R TEST WEIGHT 1381, KOS 3000, LES)
qufr ‘mor NGO (RUN TS VENICLE NO. 1D g

NA FIAT CAT D 0/81 ACTUAL ROAD LOA 8 2 KW( 11.0 {iP)
ENGINE 2,0 L{122, CID) L-4 BAG CART N“o 1 DIESEL EM- 32
TRANSMIS SIUN HS DYNO. NO. 2 ODOMETER 11164, KH( 6937+ NILES)
CVS NO.
RAROMETER 742,19 MM HG(29.22 IN NG) DRY DULR TEMP, 2343 DEG C(74.0 DEG )
RCLATIVE HUMIRITY 64, PCT ARS, UUMIDITY §2.1 GM/KG NOX HIUMIDITY CORRCCTION FACTOR 1.05
BAG RESULTS
TEST CYCLE NYCC
BLOWCR DIF P MM, N2OCIN., H20) . 711.2 (28.0)
BLOWER INLET P MM. M20(IN, H20) 971.5 (22.5)
BLOWER INLET TEN™. DEG. C(DEG. F) 37, E (100,(
BLOWER REVOLUTIONS : 16452,
TOT FLOW 57D, CU, METRES(SCF) : 160,08 ¢ 567“.)
HC SAMPLLC METER/RANGE/PTM 4.9711/ Sie
HC BCKGRD METER/RANGE/FFNM 4,07 1/ 4,
LD SAMFLE HETCR/RANGL/PP'M 2,37137 2,
CO ECKRGRD METER/RANGE/FPM 1,221/ 2.
C02 SAMPLE METER/RANGE/FCT 1667 3/ .2
C02 RCKGRI METCR/RANGE/FCT 347 3/ .05
NOX SAMFLE METER/RRANGE/PFPM 917 2/ 9
NOX ECKGRDr METER/RANGE/FIM b7 2/ 1,
DILUTION FACTOR 50,93
HC  CONCENTRATION PPN 1.
CO CONCCNTRATION PPN 1
€02 CONCENTRATION FCT 21
NOX CONCENTRATION FPH 8,3
HC  MASS GRAMS . 09
co HHSS GRAMS 10
€02 MASS GRAMS $20.3
NOX HAdu GRAMS 2,73
PARTICULATE HASS GRAMS .83
RUN TIME SECONDS 599,
DECy WET (DRY) «980 ( +759)
SCFy WET (DIRY) 1.000 ( ,97¢)
VoL (SCH) © 140.8
SaM LR (GCH) . 34.24
KM (MEASURED) - . 1.91
TEST NUMEBER» 1P1NSO
RAROMETERy Hd G 742.2
HUMIDITY, G/NG 12,1
TEMFECRATURE » DEG C 23.3
CARRON DIOXIDE, G/KN 329.,2
FUEL CONSUMPTIGN. L/100KM 12,52
HYDROCARRONS » G/NNM + G5
CARDON HONOXIDE, G/KH 03

OXIDES OF WITROGEN, OG/KM 1.44



8T~0

: . TEST WEIGHT 1361, KG( 3000. LES)
ugﬁfc % 'MOD Fl“él ”Frnr car’ HaTECEE 4988, ACTUAL ROAD LDAD _ 8.2 Ku( 11.0 HF)
Nr 2,0 L(122 c¥d) BAG CART NO'» 1 DICSEL = EM-329-
TRAN SSION H5 DYND NO, 2 ODOMETER 11166, hH( 4938, MILLS)
CVS NO.
RAROMETCR 742,19 MM HG(29.22 IN HG) DRY BULB TEMF, 25.$ DEG C(78.0 LEG F) _ '
RELATIVE HUMIDITY S7. PCT ABS. HUMIDITY 11,5 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,04
DAG RESULTS
TEST CYCLE 85 K
BLOWCR DIF P HM. H20CIN, H20) 711.2 (28.0)
RLOWER INLET P Mh. H20CIN, H20) 579.1 (22.8)
ELOWCR INLET TEMP. DEG. C(RCG. F) A1.1 (104.0)
RLOWER REVOLUTIDNS 32939,
TOT FLOW STD, CU, METRES(SCF) 318.7 (112404)
HC SAMPLY METER/G:ANCLC/PFHM 4,511/ 4,
HC  ECNGRD METER/RANGE/PIM 4.0/ (7 4,
CO SAMPLE METER/RANGE/FT'M 1.1713/ 1.
CO LCKGRD MCTER/RANGE/FFN 1.0/13/ 1.
CO2 GAMFLE METER/RANGE/PCT 42,77 3/ .62
€02 RCKGRD HETER/RANGE/PCT 2.9/ 3/ .04
NOX SAMPLC METER/RANGE/FFM 32,3/ 2/ 32,
NOX ECKGRD METER/RANGE/FFM 57 2/ 1.
DILUTION FACTOR 14,27
IC CONCCNTRATION PPM 1.
CO. CONCENTRATION FPM 0.
€02 CONCEMTRATION FCT .78
NOX CONCCNTRATION PFA 31,8
HC  MASS GRAMS .14
€O MASS GRANS .05
€02 MASS GRAMS A551,8
NOX MASS GRAMS 20,21
PARTICULATE HASS GRANS 2,74
RUN TINE SECONDS 1200.
DFCy WET (DRY) 939 ( .921)
SCFy WET (DRY) 1.600 ( 974)
VOL (SCH) 318.9
SAM BLR (SCH) 48,18
KM (MEASURED) 20,42
TEST NUMLER» 151561
BAROMETER HH HG 74‘.h
HUNIDITY, G/KG 1.9
TEHPERATURE » IEG C 25.6
CAREON DIOXIDE, /KN 140,5
FUEL CONSUMFTION,  L/100KM 6,10
HYDROCARBONS » G/KM .00
CAREON MONOXIDE, G/KM .00

OXILES OF NITROGEN» G/KM W71



SUMMARY OF REGULATED EMISSIONS FROM FIAT NATURALLY ASPIRATED DIESEL
-RESEARCH VZHICLE, EM-469~F FUEL, WITH CATALYTIC TRAP

Test Code 1B2r64| 1B2F68| L1B2r72| 1B2F76 ||1B2H65 | 1B2H60| 1B2H73| LB2HTT
Test Type 3-b FTP|3-b FTP|3-b FTP|3-b FTP || HFET | HFET .| HFET | HFET
pate (1981) a/15 | 4716 | 4720 | 4/21 a/15 | 4/16 | 4720 | 4/21
Run No. 1 2 3 4 1l - 2 3 4
BC, g/mi 0.08 | 0.08 | o0.11 | o.11 0.03 | 0.03 | 0.03 | o0.03
co, g/mi 0.35 | 0.39 | 0.48 | 0.42 0.05 | 0.08 [ 0.10 | 0.05
NOyx, g/mi 1.51 | 1.56 | 1.61 | 1.9 1.14 | 1.16 | 1.19 | 1.14
Particulate, g/mi | 0.08 | 0.05| 0.07 | o0.06 .|| 0.07 | 0.06 | 0.05 ] o0.06
Fuel, mi/gal 28.5 | 28.7 | 28.9 | 29.0 ||38.0 | 39.1 | 39.5 | 39.1
Test Code 1B2N66 | 1B2N70| 1B2N74| 1B2N78 ||1B2S67 | 1B2S71 | 1B2S75 | 1B2579
Test Type NYCC NYCC NYCC NYCC 85 kph | 85 kph | 85 plkh | 85 pkh
Date (1981) 4715 | 4716 | 472 a/21 415 | 4/16 | 4/20 | 4/21
Run No. 1 2 3 4 1 2 3 4
BC, g/mi 0.05 | 0.08 | --3 0.00 0.00 | 0.00 | 0.02 | 0.02:
co, g/mi 0.23 | 0.24 | -2 0.14 0.00 | 0.00 | 0.05 | o0.02
NOy, g/mi 2.25 | 2.27 | -- 2.25 1.13 | 1.14 | 1.13 | 1.11
Particulate, g/mi | 0.23 | 0.10 | 0.18 | 0.12 0.08 | 0.11 [ 0.07 | 0.09
Fuel, mi/gal 18.5 | 18.6 --% | 18.8 39.5 | 33.7 |40.6 |4c.1

aData not
acceptable



rir VEHICLE IMTISSIONG RESULTY
l'ff\'(l.lECl_ 11-4874 001

0¢-0

TEST MD.  102F64  RUN 1 VUHICLE NO. AL IEST UEESHT 1341, KBU 3000, 1LY
YCHICLE MOLCL NA FIAT CAT UATE  4/:5/01 ACTUAL KOAD 1nau 3.2 KW¢ 1150 4ify
EMGINE 2.0 L(122, CID) L- 4 G lAhf Y / U3 No. 3 MreEL c: 9
TRANGHIGHION ho DYND N OLOMETER 1 JO. hM( 7040, #ILLY)
BARDMCTER 749,55 MM 1I6(29.51 IN 1G) DRY DULT TCMM 25,0 DEG C(77.0 DEG ) o
RELATIVE HURIDITY 52, FCT ALS, HOMIDITY 10,5 Gh./KG NOX LIUMIBITY CORRECTION FACTUR .o
BAB RESULTS
EAG NUNLCR 1 2 3 4
DCSCRIFTION COLD TRANSIENT STABILIZED HOT TRANGLFNT STARILIZED
BLOWER GIF P MM, H20CIN. H2D) 716.3 (20.0) 711.2 (28.0) 716.3 (28.2) 708.4 (28.4)
BLOWER TNUET F MM, H20CIN, B20). 579.1 (22.F 534.2 (23,0) 579.1 (22.0) 504,32 (23,03
BLOWER INLET TCE™, DEG. C(DEG. ©) 35,0 ( 95.) 2.8 & $1,0) 36,1 { 97,00 34,4 ( $4.97
WOEER RCVON UTTONS 13644, 23330 13643, 23020,
10T .00 570, CU. HETRCS(SCF) 137,5 .« 48544) 237,270 0377.) 137,2 ( 4844,) 236.3 ( 8344 )
HE SAMPLT HETCR/RANCE, FTM 2.1/117 9 5.4/11/ S, 8.0/11/ 3, 5.2/11/ 3.
HC  BCKGRL MCYCR/RANGE /PPN 4.3/ 1/ 4, 3.7/ \/ A, 3.7/ 1/ 4. 3.7/ 1/ 4,
£0  SAMPLE METLR/RANGT/[FM 12,8713/ 18, 4,31/13/ 4, 8.3/13/ 7. 2.4/13/ 2.
CO ECKGRD METCR/RANGE/FFM /137 1 87137 1. 37137 0. L7137 0,
CO? SAMPLE METCR/RANGE/RCT 35.3/° 37 49 23,0/ 3/ .37 30.7/ 3/ .51 22,2773/ .34
£O2 LCRGRD METCR/RANGL/TCT 3.0/ 3/ .05 3.2/ 3/ .05 2,9/ 3/ .04 3.4/ 3/ .05
NOX SAHM € METER/RANGE/IFN 22,3/ 2/ T, 15.08/ 2/ 16, 12,47 2/ 19, 14,8/ 2/ 15,
NOX ECAGRD 8 TER/RANGE/FFH 1.0/ 2/ 2, 1.6/ 27 2. 1,67 2/ 2. 1.5/ 2/ 2
DTLUTION TacTOR 32.56 35,04 24,29 37.23
NG CONCERTRATION I'T'H 5. 2. 4, 2,
CO CONCENTRATION Fif 17, 3, 7. 2,
CO2 CONCOCNTRATION FCT .55 .33 .47 .31
NOX CONCTHTSATION FIH 20,4 14,1 17.9 13.3
HE  MASS CRAHS V39 .25 .35 .02
€0 HASS GRANS .08 .85 1,12 .51
C02 HASS GiAMD 1377.4 1413.0 1149,2 1334,7
NOx HAS3 GRAMS 5.1 6.34 4,68 5.99
FARTICULATE MASS GRAMS 23 .26 35 0.00
IE  GRANS/Kh 07 .04 ,04 .04
CO  GRAMS/NH V44 .14 19 .08
CU2 CR&MS/NH 236.% 2241 201.5 2125
NOX CLAMS/RY .93 1.01 .00 74
FUCL CONSUMITION BY CI L/103KM 3,03 g8.41 7,50 7.2
RUN TIME SECONDS 505, 869, 505, 843,
REASURET DISTANCE KM .01 6,25 5.90 6,75
SOFy DRRY 978 950 970 980
Gy WCT (DRY) (966 ( 4950) WPLT (. 953)
507, WET (DRY) 1,000 ( ,9279) 1.000 ( .977)
UoL (SCH) 374.7 372.5
SaM DLR (SLH) 79,42 79,29
KM (MCASURELD 12,04 12,05
FUEL CONSUMPTION L/100KM g.41 773
CORFNSTTC REGULTS 3- pas (4 HAU)
TCST RUMLCR (B2F 44 CARDON DIDXIDE 6/KM 221,46 ( 217.9)
TAROACTCR MM UG 74946 FUEL CONSUMFTION  L/100KM 3,25 ( T
HOMIDITY G/KG 105 ?2?505“§§23§1§E”C’ g/Rn ] f '9?3
METRATURE DFEG € 25.0 CARDON My : /K o2 o
TEMPERATURE T OXTNES OF NITROGEN G/KM 54 3}
PARTICULATCS G/KM L 050 ( O.o00)



TEST NO. 162065 ~uN 1

VCHICLE MOLCL NA FIAT CAT
ENGINE 2,0 L(122, CIIN L--4
TRANGHISSION h5

GARORETER 749,55 MM 116(272.51 IN HG)
KCLATIVE HUMIDITY S04 PCT
BAG RESULTS

TEST CYCLE

BLOWER DIF & M, H2OCIN. H20)
BLOWLR INLLT I MM. H20(IN. H20)
LLOWER INLLT TEMF, DEG. C(DCG, F)
ELBUER RCVOLUTTONS
T6T FLOW STO, CU, METRES(SCF)
HC  SAMPLE HETER/RANGLC/T'M
HC  LCXGRD HE1ER/RANGE/FEM
CO  SAMPLE MCTER/RANGE/T'TH
O LONGRD HMETER/RANGE/FFH
£02 SANMLE METCR/RANGL/TCT
€02 LOROGRD HETCR/RANGE/FCT
NOX CAMPLL METER/RANGE/PEM
ROX DUNGRLD METCR/RANGE/FFM
IILUTION FACTOR
ItlC  CONCENTRATION ['M
CO CONCENTRATION PEM
CO2 CONCENTRATION FCY
NOX CDNEENTRRTION FPH
HC  MASS GRAMS
Co . Hhuq GRAMS
£02 KASS GRAMS
NOX HMASS GRAMS
PARTICULATE HACS GRAMS -
RUN TIHE SECONDS
DECy WET (DIRY)
5CIy WET (DRY)
VoL (M)
SAM BLR (SCH)
KM (MEASURED)

TEST NUMLER

1Z-0

RARORETER Y oM G
HUMTEIIITY, G/KG
TEHTERATURE » LtG ©
CARLON DIOXIDESs G/KH
FUCL CONSUHFTION, L/100KM
HYDROCARLONS » G/KH
CARRON MONGXILES G/hH

OXILZS Or NITROGEN»  G/RH

HI'ET

711.2 (Z
576 6 (22

.
<
o
~
T
~,
e =

VCHICLE £MIS

SIONSG RCSULTS

FROJECT 11-4874 001

VCHICLE NGJ K

DATE 4715/

BAG CART tO.
DI'YNO NO.
CVS ND, 3

IRY DULL TIMF.
ALS, HUMILITY 10,3 GH/KG

HFCT

OI‘O

)

NN~ » « o =
~

~
—
w
<

—_—— O N O M) DO

765

4942 € 227

1, 000 ( .977)

Dr-
SO
R

r.;-bc\

25.8 BEG C(78.0 DEG )

TEST WCISHT 1361, AGC 2000, t1.5:
ACTUAL ROAD LOAD 8.2 KW 11,0 i
LICSEL CH--469-T

OnOMCTCR ‘1342. KM( 7054, MILLS

NOX BUMIDITY CORRCCTIOW FACTUL .79



NYCC  VCHICLE IMISSIONS RESULTS
PROJCCT 11-4074-001

TEST MO, 1E2NS6 RUN 1 VCIICLE NO. Lk TEST BEIGHT 1361, KGC 3000, LIN)

VENICLE MODCL NA TIAT CAT DATEC 4/15/01 ACTUAL R0OAD LDRD 8.2 KW(C 11.¢ ")

ENGINZ 2,0 L(122, CII) L-4 RAG CART NS, 1 DBIESCL CM-449F

TRANSMISSION M5 DYNDNNO. 2 ODOMCTER 11346, hh( 7064, HILTD)
CV3 NO. 3

BAROHETCR 249,55 MM 1IG(29.51 IN HG)
RELATIVE HUMIDITY $2. PCT
kAG RCSULTS

DRY BULR TuMP, 25.0 LEG C(77.0 LEG )

ALS, HUMIDITY 10.5 GM/KG NOX HUMIDITY CORRCCTICN FACTOR .

~
<3

A dat®]

TEST CYCLT NYCEC
RLOVER DIF M MM, H20CIN. H20) . 711.2 (28.0)
BLOWER INLCT I MM H2OCIN. LH20) 97644 (22,7)
BLOWER INLCT TCMPMe DEG, C(DEG. F) 35.0 ( 95,0)
FLOWER REVOLUTIONS 16450,
TOT FLOW STD. CU, METRCS(SCF) 163.2 ( S5744,)
HC  GAMILE MCTCR/RANGE/PPH 4,7/11/ S
HC  BCKGRD METCR/RANGE/IDM 4.1/ 17 4.
€0 SAHMPLL MCTER/RANGL /MMM 1.7/13/ 2y
G0 RCKGRD METER/RANGE/PEN RVARY G
€02 SAMPFLE MCTOR/RANGL/T'CT 17.1/ 3/ .27
CO2 RCKGRD METER/RANGE/FCT 3.4/ 3/ Q5
NOX SAMPLLC MCTER/RANGE /MM 9.6/ 2/ 10,
NOX SONGRDC METOCR/RANGE/PFH W2/ 2/ 1
I'LUTION FACTOR 49,02
CONCENTRATION FFM . i,
CO CONCENTRATION PPN 1.
€02 CONCENTRATION FCT W22
NOX CUNF NTRATION FIH 8.7
HC® MASS 2 GRAMS 04
D MASS CRhaHs 27
€02 HAJ) GRAMS 66247
NOX MASS GRAMS . 2.71
MARTICULATE MASS GRAMS 27
hUN TINE SECONDS 600,
IFCy WET (DRY) - R 0230 (283
STy WET (DRY) . 1,000 ( ,291)
YoL (5CH) 163.2
SaM DL (SCM) 34,44
KM (MCASUREDD 1,93
TEST NUMBLRy . 1R2N&S
BAROMETER MM HG 749,46
HUMINITY » 6/K6 10.5
TEMPERATURE » REG C 25,0
CARDON DIOXILRLC. G/KM 342,55
FUCL CUNSUMFTIONy L/100KM 12.73
HYDROCARRONS » /KN 03
CARRON MONOXIDCy G/KM 14
OXIDCS OF NITROGEN» /KM 1.40



€2~

TEST Na,

1k2G67
VENICLE MODCL.

RUN 1
NA TIAT CAT

ENGING- 2,0 L(122, CII) L.-4
TRANSMISSION M5

NARGHETER 749,30 MH HG(27,50 IN HG)

RELATIVE HUMIDITY S0, PCT
HAG RESULTS

TEST CYCLL
nIr

BLOWCK
NI OWER
L OWER
DLOWER

[ hM. H20CIN. H20)

INLET T MM, U20CIN, 11200

INLEY TCHF, DCG. C(DEG, F)

REVOLUTIONS

TOT FLOW GTO. CU. METRES(GCE)
HC  SAMPLE MCTER/RANGE/FPM
HC  DCRGRDY MCTER/RANGE/T'EN
CO  SAMPLE MCTCR/RANGL/FTM
CO0  DONGRD METCR/RANGE/FCM
C02 SAMI'LE METER/RANCE/FCT
€02 RCRGRD HMETER/RANGE/PCT
NOX SAMIPLE BOCTER/RANGL/PTM
MOX DCKGRD RETER/RANGE/T'FM
DILUTION TACTOR

HE  CONCENTRATION ['FM

CO CONCENTRATION I'PM

€02 CONCENTRATION FCT

NOX CONCONTRATION Pih

HE  MASS GRARMS

co HA“‘ GRANS

€02 HASS GRANS

HoX HASS -kﬂﬁ

FARTICULATE HASS GRAMS

RUN TINE SECONDS
LFC, WET (DRY)

SCFy WET (DRY)
yoL {SCed

SaM BLiv (GCM)
RH

TEST NUMLER»

(BREASUREID

BARONCTER M HG
HUNILITY) 6/KG
TEKCTRATURE y LG C
CARBON [TOXILE, G/nN
FUEL CORSUNMPTION,  L/100KM
HYDROCARLONS 6/KH
CARLON HOHOXILE, G/KM

BXIDES OF NITROGEN, G/KH

85 K VCHICLE
PROJECY

EMIG
11 4ul4 001

EINCLE NOJIB

DATC

4,15

DBAG CART NO.
BYND NO.
CV3 D,

LRY BULD TCMP. 26.1 DEG C(77.0 BEG T3

3

/81

1
)

“~

IOKS3 RESULTS

AS. HUMIDITY 10.€ GH/KC

85 N

711 2 (201(")

576.4 (22.7)

37.4 (1031.0)
3")

2735,
J24.4 (11403.)

920 ( ,924)
1, ooo { ,576)
324,4

467,01
283.38

D2667
74? 3
10.6
26.1
1560,
5.95%

".00
00
70

[

TEST UCIGHT 1361, KG( 3000. i3
ACTUAI ROAD LDAD 8.2 hu( 1.9 KM

CH 469 F
DIOKETER 11370, NH( 70&5. DL

NOX HUMIDITY CORRCCTION FACTOR

1.00



FTF VCHICLE EMISSIONS RESULTS

FROJECT 11 4374001

VCHRICLD NCJIE

DBATE 4,14/

BAL CART t0. t 7/ CVUS NO. 3
DYNO NO. 2

TEST NO, RUN 2
VEHICLE MongL NA FIAT CAT
ENGINLC 2,0 L (122, CID) L-4
TRANGCHMISSION M5

BARDACTER 748,54 MM NG(27.47 IN HO)

1D2F68 TEET WCISHT 1361, KEC 3000, L9

ACTUAL ROAD LOAD 8.2 rUC 11,00
DICSTL Ch
DDDHFTER 11402. hﬂ( 7085, MILLs)

LRY BULD YEMP. 25,8 BEG C(70.0 LG F)

RELATIVE HURIDITY S56. PCT ALS. NUKIDITY 11.8 GM/KG ROX HUMILDITY CORRECTION FACTOR 1.04
EAG RESULTS
BAG NUMGELR 1 2 3
LESCRIFTION COLD TRANGICNT STADBILIZED HOT TRANSICNT uTﬁLILL i
RLOWER DIF F MM, H20CIN, H20) 7163 (28.2) 721,4 (20.4) 716.3 (28,2) 721.4 (20.4)
QLOWER INLET F MM, H20(IN. H20) 374.0 (22,:) 534,2 (23.0) $74.0 (22,6) 504.2 (23.0)
BLOWER INLET TEMF. DEG. C(DEG. F) 361 ( 972,0) 33.9 ( 23.0) 3.1 ( 97.0) 34.4 ( 74.,0)
DLOWER REVOLUTIONS 13997, 23745, 13049, ?3303.
TOT FLOW STD., CU. METRES(SCE) 137.,8 ( 48(54) 224.4 ( 82784 134.3 ( 4012,) 234.7 ( £2084)
HC  SAMFLE HUTER/RANGE/FPM 2/1L17 7 be8/11/ 7 2.3/11/ 9. b.7/14%/ 7.
HC LCNGRD MCTER/RANGL/PEM 4,5/ 1/ S 4,9/ 1/ 5. 4,9/ 1/ 5. 4.97 {7/ S
GO SAMILE METER/RANGE/PEM 20,0713/ 18, 4.6/13/ 4, 11.1/13/ 10, 3.4/13/ 3.
C0  DLRCKGRD HETER/RANGE/PFH 1.5/13/ 1, 1.2/13/ 1, W9/13/ 0. W6/137 1.
C02 SAHMRPLE HMOTER/RANGE/PCT J4.5/ 3/ .58 22,7/ 3/ 37 31.27 3/ .32 21,22 3/ .35
C02 DRCKGRD METCR/R&NCE/PCT 3.3/ 3/ .05 3417 3/ 405 3.4/ 3/ .09 3.2/ 3/ .05
NOX SAMi"LE HETLR/RANCE/FT'HM 20.727 2/ 1. 14,37 2/ Ve 13.47 2/ 13, 14.0/ 2/ 14,
NOX ECKRGRD METCR/RANGL/TTM 1.0/ %/ 1. W7/ 2/ i. B8/ 2/ 1. 9/ 2/ i,
DILUTION FACTGR 23.13 36,33 25,62 37,75
HC  CONCENTRATION PiM S5 ' 9 2,
(o) CO  COGNCONTRATION ['eH 14, ' 2 2.
L CO2 CONCUNTRATION I'CT 53 32 47 .31
> NOX CONCEMTRATION PPR 12,9 13.8 12,6 13.1
HC  MASS GRAMS 39 +25 16 2
o Hﬁﬁ" GRAHS 2,63 32 1.48 67
C0O2 MASS CRAMS 1332.¢4 1380.5 1165.5 1314.3
HOX HASS OraMs 5.45 5442 4.78 Gell
FARTICULATC MASSL GRAMS 1 & 21 19 0.00
HE  CRAMGI/ZN 07 04 104 04
U GRAMS/KM T T 13 26 11
€02 GRANG/RM 231.7 225.0 202,8 214.0
NOX GRANS/KNM 195 1.05 B3 .9
FUEL CONSUMFTION Y CB L/7100KM 3.464 8.37 74335 V7
RUN TIhEC SECONDS 510, I 505, 847,
HPA URCD RISTANCE N4 575 6.14 5.75 415
SCFy DRY 1?74 978 977 373
DCy WET (DRY) o7 (L 24%) ' 769 991)
SCTy WET (DIRY) 1.000 ¢ .270) 1.000 ( .773)
yaL (SCH) 372.2 371.0
SAH BLR (SCH) 77.74 77.31
KM (MCAGURELD) 11.8% 11.70
FUEL CONSUMFTION L/100KM 8.50 776
COMMOSITE RLOLLTS 3~-LAG (4 [AB)
TEST NUMICR 1L2F 68 CARRON LIOXIDE G/KM 220,3 ( 217.0)
HAROMETER MM 116 740,35 FULCL CONSUMPFTION L/100KM 8.20 ( 8.08)
HUMIDRETY G/KG 11,0 HYDROCARRONSG (THC)  G/KM 203 ( +03)
TEMFCRATURE DREG C 25,6 CARION HONOXIDE G/KM 24 ( +23)
DXIDCS OF NITROBGEN G/RM 27 t +95)
FARTICULATLCS /KM 031 ¢ 0.000)



§2-0

oL VLHIULE LMISSIONS RESULTS
FROJECY 11--4374-001

TEST NO. 1B2H6®  RUN 2 VEHICLE NO.1D * JEST WEIGHT 1361, KG( 2000, LLIO)
VCHICLE MODE HA FIAT CAT DATC 4/18/01 ACTUAL ROAD LOAD 8.2 KUC 11.0 i)
ENGINE 2.0 L{122, CIIV L- BAG CART NO. 1 DIESCL
TRANGHISSION HS [YNO NO. 2 ODOMETER 11425. hH( 7099. MILES)
CVS NO, 3
RARONETER 743,28 MM HG(29.48 IN IG) DRY BULD TCMP, 22.8 DEG €(73.0 DEG F)
RCLATIVE BUMIDITY &5. PCT ARS, HUKIDITY 11.5 GM/KG NOX HUMIDITY CORRCCTION FACTOR 1.903
UAG RCSULTS
TEST CYCLE ’ HIET
GLOWER NIF P MM, H20CIN. H20) . 711.2 (20.0)
BLOWCR INLET I MH. H20CIN, 1120) 971.5 (22,5)
BLOWER INLET TEMP., DEG. C(DEG., F) 3386 ( 96,0)
RLOUER RCVOLUTIDNS 21007,
TOT FLOW STR. CU. METRES(SCF) 207.0 € 73(%24)
HC SAMPLE METER/RANGE/PPM 72.5/117 7.
HC  RCRORD METER/RANGE/T'TM .4,27 1/ 5.
CO  SAMPML.C METER/IRANGL/IPH 4.3/13/ 4,
CO  BCAGRD METER/RANGE/I'PM 2713/ 1,
C0O2 SAHFLE METEL/RANGE/PCT 43.1/ 3/ .74
€02 DCNGRD METCR/RANGE/ICY 3.0/ 3/ .05
NDX SAMPLE HETER/RANGE/PFM 297/ 2/ 30,
NOX BCRGRD HETCR/RANGE/FPH 1.0/ 2/ 1y
DILUTION TACTOR 18,19
HC  CONCENTRATION PPH 3.
CD CONCENTRATION £1M X
€02 CONCENTRATION FCT . 149
NOX CONCENTRATION PPM 28,8
He MA S GRANMS +34
co S GRAMS 176
ca2 HA 7S ORAME 2623.5
NOX HASS GRAMS 11,70
FARTICULATE HASS GRAMS 959
RUN TIHE SECONDS . 7694
LFCy WET (DRY) : «9245 ( .923)
SCFy WET (DRY) . 1,000 ( .572)
Uit (GCH) ’ . - 207.0 -
SAM ELR (SCH) . 43,29
KM (HCAGUREDD 18,21
TEST NUMEERy . 1R21169
EAROHRETLER Y HH G 748.3
HUMIDITYy G/RG 11,95
TONPERATURE » DEG C 22.8
CARLON DIOXIDE . G/KM 161.9
FUCL CONSUMPTION, L/100KM $.02
HYDROCARDONS » G6/KM 02
CARDON MONDXIDE, G/KM 05

OXIDES OF NITROGEN» 6/KH 72



TEST NO. LE2N70 RUN
VOINCLE MODCL

2

NA FIAT CAT

ENGINE 2.0 L(122, CID) L-4

TRANSMISSION M5

RAROHETCR 740,03 MM HG(2%.45 IN 1G)

RCLATTVE NUMIDITY 44, PCT

DBAG RESULTS
TEST CYCLE

ELOWCR OIF £ MM. H20CIN, H20)
BLOUER INLET P HM. H20(IN. H2D)
BLOWUCT TNLET TEMP. DEG. C(DEG, F)

BLOWER REVOLUTIONS.

TOT FLOW §TDh, CU. METRES(SCK)

HC  SAHPLE METER/RANGE/FPM
HE DCRORD METER/RANGE/FPM
CO SAHMPLE METER/RANGLC/PTM
(0  DCNGRIN METER/RANGE/FPH
C02 SAMFLLC HLTER/RANGE/I'CT
€02 GCKGRD RMETER/RANGE/FCT
NOX SAMPLE METCR/IANGC/FEM
HOX ECNGRD METER/RANGE/I'FM

NILUTION FACTOR

HC  CONCENTRATION PFM

9Z-0

HC MASS GRAMS
CG  hASS GRAMS
€02 MAGS GRAMS
NOX HASS GRAMS

PARTICULATE HASS GRAHg

RUN TIME
DFCy WET (DRY)
SCry WET (DRY)
VL (SCM)
SAH DLR (5CM)
KM (HCASURED)

TCST NUMRER,
BAROKETIRY
HUNIDITY
TEMFERATURE »
CARLION DIOXIDE s
FUEL CONGUMFTION,

HYDROCARLONS
CARRON UHONOXIDECs
DXIDES OF NITROGENy

CO  CONCONTRATION FPM
CO2 CONCOMNTRATION PCT
NOX CONCLNTRATION MM

ECONDS

MM HG
G/KG

L/IOORH
G/KM

G/KM
G/KH

NYCC  VEHICLE EMISSIONS RESULTS

FPROJCCT 11-4874 501

VENICLE NOW.1R
DATC 4.°146/61
LAG CART NC. 1
DYND

. <

CV5 NO, 3

DRY BULB TCMF. 25.4 DEG C(78.0 DCG M)

ARG, HUNIDITY 9.4 GH/KG
NYCC

711.2 (28.0)
574.0 (‘-.6)
35,6 ¢ 9u.0)

o)
¢
+
9713/ 2,
0.

27

3 .05
17 2/ 10,
0 .

1L2N70
748.0
2.6
25.48
33?.5
12,82

05
13
1.41

TEST WEIGHT
ACTUAL RDAD LDAD

7.
DDDHFTER 11441.

1361, KGC 3000, LEG)
8.2 KW( 11,0 vl

NOX HUMIDITY CORRECTION IFACTOR



83 KRl VEHICLE EMISSIONS RESULTS
PROJCCYT 11 4874001

TEST NO. L2571 RuUN 2 VENICLE NOW IR TCST WEIGHT 1361, KG( 3000, LBS)
VEHICLE MODEL NA FIAT CAT DATE 4/14/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 UM
ENGINE 2.0 1.(122, CIL) L-4 BAG CART NO. 1 DIESEL EN-457-F

TRANSMISGION M5 DYND NO 2 ODOMETER 11442, KMC 7110, MILLS)

CV5 NO.

DRY DULE TEMF, 246.1 DEG C(7%.0 LEGC F)
ABS. HUMITITY 10.1 CM/KG

BAROHETLCR 743,03 MM HO(29.45 IN HB)
RELATIVLC HUMIBITY 47, PCT

NOX 1IUMIDITY CORRECTION FACTOR .78
BAG_RESULTS

OXINES OF NITROGCN» G/KH

TEST CYCLE 85 K
RLOWCR BIF P MM, H20C(IN. H20) 716.3 (20,2)
BLOWCR INLET P MH. H20(IN. 1120) 572.1 (22,6)
BLOMER INLET TEMP. DEG. C(DEG. F) 37,8 (100.0)
BLOWER REVDLUTIONS 329847,
TOT FLOW STD. CU. METRES(SCF) 323,94 (114:214)
HC  SAMPLE METER/RANGE/FPM 4,8/11/ 5,
NG RCKGRI METER/RANGE/FFPM 4,5/ 1/ 5
CO SAMPLE MCTER/RANGE/FFM 6/13/ 1,
C0O  DCNGRD METER/RANGE/PEM 47137 0.
C02 SAMMLE METER/RANGC/PCT 48.1/ 3/ .03
CO2 BCKGRD METER/RANGE/FCT 3,2/ 3/ .05
NOX SAMPLE MCTER/RANGE/DTFM 34,0/ 2/ 4,
NOX LCNGRD METUR/RANGE/FPPM Q7 27 1.
DILUTION FACTOR 16,12
HC  CONCENTRATION [Pl 1.
o CO CONCCNIRATION I'TH 0.
o, CO2 CONCENTRATION FCT 78
< NOX CONCENTRATION PI'M 33.2
HC MASS CORAMS A1
CO  HASS GRAMS 07
C02 MASS GRAMS 4645.4
NOX HASS GRAMS 20,15
FARTICULATE MASS GRAMS 1.75
RUN TIHE SECONDS 1201,
OFCy WET (DIRY) +2383 ( .974)
SCFy WET (DRY) 1.000 ¢ .§77)
VoL (5CH) 323.4
SaM DLIv (5CH) 472,92
KM (HCASUREDD 28,37
TEST NUMEERYy 1p2571
RARGHETLC Ry Hi G 748.0
HUMILITY, G/KG i0.1
TEHIMCRATURE LEC C 26,1
CARGON DIOXILDEr G/KK 163.8
FULL CONSUMPTION: L/100KHM 6.08
HYDROCAREUONG G/KH +00
CAREON HONOXILE» G/KM <00

71



82-0

TEST NO,
VEMICLE MODEL

ENGINE 2,0 L €122, CID)

TRANSHMISSION M5

BAROMETER 733,63 MM HG(29.03 IN HO)
RCLATIVC {IUMIDITY 52, PCT
BAG REGULTS

1R2F72  RUN
N& FIAT CAT

BAG NUMRER
DCSCRIFTION

BLOWCR DIF P MM, H20CIN. H20)
BLOWCR INLET P MM, H20CIN, H20)
BLOWER INLEY TEMP, DEG. C(DEG, F)
LLOWER REVOLUTIONS

TOT rLouw STb, CU. MLCTRES{SCr)
HC  CAHPLE HMETER/RANGE/FFM
HC DCKGRD METCR/RANGE/FFEM
CO0 SAHPLE METCR/RANGE/FEM
CO LCRGRDR METER/RARGE/FT'M
CO2 SANPLE METER/RANGE/FCT
C02 BCNGRD METER/RANGL/FCT
NOX SAMFLE HMETER/RANGE/FPM
NOX ECNGRD METLR/RANGE/FFM
DILUTION FACTOR

HC CONCENTRATION PRM

CO CONCTNTRATION PFM

C02 CONCLNTRATION PCY

NOX CONCENTRATION PPY

HC  MASS GRAMS

CO- MASS GRAMS

€02 MASS GRANRS

NOX #ASS ORAMS

FARTICULATE MASS GRANS

HC  GRAMS/KM
CO GRAMS/KM
C02 GRAMG/KM
NOX GRAMS/KM
FUEL CONGUMPTION BY CB .L/100KM

RUN TIME SECONDS
HCASURED DISTANCE KM .
SCFy DRY

DFCy WET (DIRY)

Cry WCT (LRY)

VaL (SCH)

SAM DLR (SCH)

KM (MEASURED)

FUEL CONSUMI'TION.L/100KM

COHFOSITE RESULTS

1R2172
MM NG 738.6
G/KG 1244
27.8

TEST NUMBLR
EBAROMETER
HUMIDITY
TEMPERATURE DLG C

FTP VEHICLE CHISGIONS RESULTS

FPROJECT 114874 -001

VCHICLC NOJ1B

DATE 4,20/01

BAG CARY ND, 1 / CVUS NO. 3
DYNO NO. 2

DRY DULD TEMP,

TEST WE
DIESEL

- EN-4
OIOMETCR 11404,
27,0 BEG C(02,0 LEG F)

IGUT

1361, KG( 2000, LhS)
ACTUAL ROAD LOAD

8.2 NU( 11,0 11P)

9-F

KMC 71364 MILES)

ALS, HUHIDITY 12.4 GH/KG NOX HUMIDITY CORRECTION FACTOR 1.06
1 2 3 4
COLD TRANGIINT STARILIZED HOT TRANSIENT STABILIZED
706.1 (27,8 711,2 (28.0) 706.1 (27.8) 711.2 (28.0)
58844 (22,3) 571.5 (22,5) 566.4 (22,3) 571.5 (22.5)
37, 8 (100 0) J4.4 ( 94,0 37.2 ( 92.0) 34.4 ( 24.0)
23804, 13865, 3734
134, 9 ( 47650) 232,46 ( B8214.,) 135.0 ( 4766,) 232.4 ( 8204.)
1544711/ 135, g.s/11/ 8, 11.6/7117 12, .2/11/ 7.
- ' 8.4/ 1/ &, 6.4/ 1/ &, 8.7 1/ 7,
28027137 24, §.3713/ &, 13,3713/ 12, 69713/ 6.
1.6/13/ 1. 1.4/13/ 1. 4,0/13/ 4. 3.2/13/ 2.
J4.87 3/ .58 22,0/ 3/ 36 31.0/ 3/ .31 21.87 37 .35
2,9/ 3/ .04 2,67 3/ .04 3.2/ 3/ .05 2/ 37 .05
19.8/ 2/ 20, 14,27 2/ 14, 18,67 27 19, 14,57 27 15,
702/ ' 17 2/ 0, S/ 2/ 1. 8/ 2/ 1.
22,86 37.52 25.78 37.87
10. 2¢° S 3.
24, 4, 8. J,
«54 e 32 47 «30
12,7 14.1 8.1 13.7
«75 «30 +43 +38
3,81 1.18 1.31 +70
1332.4 1350.4 1152,5 129441
Sedt 64,68 4.98 §.49
¢33 o2 26 0.00
13 005 n07 006
67 .19 «23 W15
234.3 220,7 201.3 209.8
' 25 1.09 87 1.03
8.78 8.21 7.30 7.61
505, 847, 5035, 857,
589 6,12 5,73 $.18
778 «700 978 hh
«747 ( .931) +26%9 { ,953)
1.000 ¢ .97%) 1.000 ¢ ,979)
347.8 3674
78.50 78,41
11.80 11,90
B.47 7,66
J-DBAG (4--BAG)
CAREON DIOXIDE G/KM 216,2 ( 215,0)
FUEL CONSUMPTION L/100KM 8.13 ¢ 8.01)
HYDROCARRONG (THC) G/KM 07 ( +08)
CARLON HONOXILDE G/KN «30 ( 29)
OXIDES OF NITROGEN G/RM 1.00 ( .99)
PARTICULATES 6/KN ( 0.000)

044



6Z2-0

HFET VEHICLE EMISSIONS RLCSULTS
PROJECT 11--4874--0012

TEST NO. 1B2H?3 RUN 3 VEHICLE NO LIt TEST WEIGHT 13461. KG( 3000, LBa)
YENTCLE MODEL NA FIAT CAT DATE 4./20/81 ACTUAL ROAD LOAB 8.2 KUC 12,0 HM)
EhuINF 2.0 Le122, CID) 1-4 BAG CART HO. 1 DIESCL o
TRANSMIGSION NS ['YNO NO. 2 DDONETCR 11507. KH( 7150, MILLS)
€vs NO. 3
BAROMETER 737.87 M4 HG(29.05 IN HG) DRY BULD TEMP, 20,3 DEG C(B3.0 BEG F)
RCLATIVE HUMIDITY 49. PCT ABS. IUMINITY 12,3 GH/KG NOX HUMIDITY CORRCCTION FACTOR 1.04
BAG RESULTS
TEST CYCLE HFET
BLOWER DIF M hM. H20C(IN., H20) 708.1 (27.4)
BLOWCR INLET £ MH. H20CIN, H20) 56444 (22.3)
BLOWER INLET TEMP. DEG. C(DEG, ©) 40.$ (105.0
BLOWER RCVOLUTIONS 21000,
TOT FLOW STD, CU. METRES(SCF) 202,46 ( 71554)
HC  SAMPLE METER/RANGL/PI'M 2711/ T
1IC  TCKGRD METER/RANCE/FPM LYY-VA0 VA
CO SAMPLE METER/RANGE/I'PH 6o1/137 b,
0 BOKGRD HMETCR/ZRANGE /PN 1.0/13/ 2,
C02 SAMPLE METER/RANGE/PCT 43,9/ 3/ .73
C02 RCKORD MCTER/RANGE/PCT 3.2/ 3/ .05
NOX SAMPLE MCTER/RANGE/PPN 29,9/ 2/ 20,
NOX BCAGRD HETER/RANGE/IMFM b7 2/ 1
DILUTION TACTOR 17.01
HC CONCENTRATION ['PM 3,
CO CONCCNTRATION FFM 4,
CO2 CONCENTRATION PCT .70
NOX CONCENTRATION PPN 29,3
HC MASS GRAHMS + 33
CO MASS GRAMS + 70
C02 MASS ORAMS 2613.6
NOX MASS GiiAMS 12.00
FARTICULATE MAGS GRAMS 133 _
RUN TIHME SECONDS 765,
DFCy WET (LRY) v 744 ( ,927)
SCFy WET (LRY) 1,000 ( .9727)
VoL (5CH) 202.4
SAM DBLR (SCH) 43,401
KM (HCASUREID 15,30
TEST NUMLLCR» 1R273
BAROHMETERy MM HG 7379
HUMIDITY G/KG 12,3
TEMPERATURE » BeG C 28.3
CARRON DIDXIDLC, G/RM 140.3
FUCL CONSUHFTION, L/100KM 5.%24
HYDROCARLONS G/KH 02
CARTON MONOXIDEy G/KM +06

OXIDES OF NITROGEN» G/KM ' 74



NYCC  VEHICLC EMISSIONS RESULTS
FRDJUCET 11-4874-001
TEST WO, 1E2N74  RUN VEHICLE N3.1B
USHICIE MODEL NA FIAT CAT DATE 4/20/01

ENGINE 2.0 L(122, CID) L-4 RAG CART 0. 1
TRANGHISSION M3 DYNO NO. 2
CVS Na.

DRY BULB TCMP. 27.8 DLG C(B82.0 DEG F)
RELATIVE HUMIDITY 44. PCT ALS. LUMIDITY 11.0 GH/KG
BAG RESULTS

TEST CYCLE NYCC

ELONER DIF P HM. H2O(IN. H20) 708.1 (22.)

BLOWER INLET P MM. H20(IN, H20) S66.4 (22.3)

BLOWCR INLET TEMP. DEG., C(DEG. F) 38.1 € ?7.0)
DLOVER REVOLUTIONS 14452,

TOT FLOW STD. Cu. NETRES(SCF) 1529 ( 544354)

TEST MEICHT 1361, KG( 3000, £KG
ACEUAL ROAD LDAD " 8.2 KW( 11.0 hf)

DIES i 459
ODOMCTER 115“3. KM( 71604 MILLS

BAROMETER 737,11 MM HG(F?.OQ IN HG)
NOX HUMIDITY CORRCCTION FACTOR 1.01

0g-2

HC  SAHPLE METCR/RANGC/PPM 6.9/7117 7.
HC RCKOGRD HETER/RANGE/FPH 5.0/ 1/ S,
CO SAMPLE METER/RANGE/PPM 4.0/13/ 4.
€3 RCAGRD METER/RANGL/MPNM 1.0/137 1.
-CO2 SAHPLE METER/RANGLC/PCT 1637 3/ .26
€02 LCKGRD MSTER/RANGE/PCT 2.8/ 3/ .04
NOX SAMILLC METER/RANGE/IEM 8.0/ 2/ 8.
NOX ROKGRD METER/RANGE/PPM a7 27 0.
BILUTION FACTOR 21445
HC CONCENTRATION FFA 2,
CO CONCUNTRATION DPH 3.
C02 CONCENTRATION PCT + 22
NOX CONCENTRATION PPH 7.7
HC MASS GRAMS +18
€0 MASS GRAMS + 50
CO2 MASS GRANS $45.3
NOX MASS GRAMS 2.30
PARTICULATE HASS GRAMS 21
RUN TIHE SECONDS 399,
DFCy WET (DRY) +981- ( .964)
SCFy WET (IIRY) 1. 000 ( 503
VoL (5CH) 137.9
SAM DLR (SCM) 34.01
KM (MEASURED) 1.93
TEST NUMLER» 1B2N74
RAROHETLR, MM HG 737.1
HUMIDITY, G/KG 11,0
TEMPERATURE y DEG C 27.8
CAREON DINIOXIDC, G/KM 334.4
FUEL CONGUMPTION, L/100KM 12,44
HYDROCARLONS G/KM 09
CAREON MONDXIDC G/KH W 28

OXIDES OF NITROGENy G/KM 1.23



Ub NIPH VENLICLE EMISSIONS RESULTS
PROJECT 11-4674--001

TEST NG, 1R2S75  RUN VEHICLE NO.1R TEST WEIGHT 1341, K3C 3000, LB33)
VEIHCLE HODLCL. NA FIAT CAT DATE 4/20/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 1)
ENGINE 2.0 L(122, CIIN L-4 EAG CART MO, 1 DIES In 9-F

TRANCHISSION M5 DYND NO. 2 ODDHETEP 11426. KM( 7162, MILES)

CVS NO.

DRY BULD TEMP, 27,8 DCG C(82.0 DEG F)
ARS, NUMIDITY 11.0 GH/KG

BAROHETER 734.85 HM HG(29.01 IN HG)
RELATIVL HUNIDITY 46. FCT

NOX [IUMIDITY CORRCCTION FACTOR 1.01
RAG RESULTS

1£-0

TEST CYCLE : 85 K
RLOWCR DIF & HM. H20(IN. H20) 7081 (27,10
BLOWCR INLET T HM. U20DCIN. H20) ) S564.4 (22.7)
M.OWCR INLET TEMP. DEG. C(DEG, F) 41.1 (108,00
LLOWER RCVOLUTIONS 32943,
TOT FLOW GTD. CU, METRES(SCF) 316,08 (111674}
HC  SAMPLE MCTCR/RANGE/PPM 6,1/117 b6,
HC  BCKORD METER/RANGE/FEM ST TAS VAR D)
CD SANI'LE HETER/LRANGE/FPHM 4,2/13/ 4,
CO DRCKGRD METCR/RANGE/I'FM 1.6713/ 1.
C02 SAMPLE METER/RANGLC/FCT 46,9/ 3/ .01
C02 BCKGRD METLR/SANGE/FCY 3.17 3/ .05
NOX SAMPLLE METLR/RANGE/T''M 32.97 2/ 22,
NOX HCKGRD METER/RANGE/FEM 372/ 0,
NTLUTION FACTOR 16,57
UHC CONCENTRATION T'PM 1.
CO  CONCINTRATION PPH 2
C0O2 CONEENTRATION FCT . 74
NOX CONCENTIRATION FFH 32,4
HC  MASS GRAMS W14
CO HASS GRAMS 86
COD2 MASS GRAMS -4424,2
NOX HMASS GRAMS 19.98
FARTICULATE HASS GRAMS 1,28
RUN TIKE SECONDS . 1200,
OECy WCET (DRY) ' « 240 ( 4928)
SCFy WET (DRY) . 1.000 ( ,978)
VOL (GCH) ’ : 3ts.8 . .
‘SAH [LR (SCH) . 68413
KH  (MZASURED) 28,35
TEST NUMBER» 1R2575
BARGHETER » MM HG 134.9
HUHIDITYy G/KG 11.0:
TEMPERATURE » BEG F 27.8
CARLON DIOXIDE, G/K 156.1
FUZL CONSUNMPTIONy L/lOOKH 5,30
HYDIROCAREONS « G/KM .01
CARRON HONOXIDE, G/hM +03
OXIDES OF NITROGLCNs - G/RM

70



viauhL LOSSUAUNG KELULITD

FROJECT 11 4874-001

TEST NO. 1LG2r76  RUN 4 VCHICLE NU.IB CST WLIGHT 1361 KRG( 3000, LIS
UEHIC(E MODIEL NA FIAT CAT OATE 421/ ACTUAL ROAD LOAB 8.2 K¢ 11,0 lr
ENGINE 2.0 L€122, CILI) L4 RaG .- CART 0. l / CUS NO. 3 DICSCL £ 4569-F
T RANSMISSION M5 DYNO NO. OIOHLTER 115572, hH( 7131. MILE

RAROMETER 739.14 MM 1G(29,10 IN HG) DRY LULE TCHMP. 25.0 DEG €(77.0 LEG )

gg&h;égﬁLjyﬁlﬂlTY 67. FCT ALS, HUMIDITY 1348 OM/KG NOX HUMIDITY CORRECTION FACTOR 1,11
o [
BAG NUMDLR 1 2 3 4
LESCRIFTION COLD TRANSICNT STABILIZED HOT TRANGIENT STABILIZEL
BLOWER DIF P MM, H20CIN. 1120) 70641 (27.0) 711,2 (28.0) 70441 (27.08) 711.2 (28,0)
DLOWER INLET P HM. HOCIN. H20) 56444 (22.3) §71.5 (22.5) S65.4 (22,3} 571, 5 (272.5)
RLOWCR INLET TEMP, DEG. C(RLCG. F) 36,7 ( 96.0) 33,92 ( 23,0} 36,7 ( $8.0) 34,4 ( 94,0}
BLOWCR REVOLUTIONS 13073, 23797, 13865, 23800,
TOT FLOW STh. CU. METRES(SCF) 135.2 ( 47744) 232.9 ( £62234) 1351 ( 4771.) 232.6 ( 8214.)
(€ SAHPLE METER/RANGE/PPN 1,92/11/ 12, 23117 7. 7.6/11/ 10, 7.0/1%/ 7.
HC  BCKGRD MCTER/RANGE/FT'M 4,9/ 1/ 3. 4.9/ 4/ 3. 4,9/ 1/ 5. 5.0/ 1/ 5.
CJ SAHFLE MCTIER/RANGE/FEM 30.6/13/ 8. 13.87137 12, 14.4/13/ 13, 8.6713/ 4.
C3 EBCNGRD METER/RANGE/FIH 8,4/13/ 8. 9.5/437 % 8. 2/13/ 4. 6,4/13/ b,
CO2 SAMPLE METER/RANGE/FCT 34,9/ 3/ .38 22,72/ 3/ 37 30,3/ 3/ .30 21,47 3/ .35
C02 ECKGRD METER/RANGE/FCT 2,9/ 3/ .04 3.27 3/ .05 2.2/ 3/ .04 2.8/ 3/ .04
NOX SARELT HCTER/RANGE/TTM 21,97 2/ 22, 15.57 2/ 14, 19.1/ 27 19, 14.4/ 2/ 15,
NOX RCAGRD MCTCR/RANGL/FEM 1.8/ 2/ 2, 1.4/ 2/ L, 1.4/ 2/ 1, 21
DLLUTION FACTOR 22,80 35,24 26,53 33.482
' CONCCNTRATION PPM 7+ 3. 3. 2,
a CC CONCENTRATION I'0H 20, 4. 7. 2,
, €02 CONCENTRATION PCT +54 32 + 46 +30
%5 MOX COMCENTIATION PPH 20.1 14.1 18.0 17.7
HC  MAGS GRAMS 156 +34 +39 <20
CO MASS GRANS 3,17 1.08 1,16 5)
C02 MAS b GRAMS 1340.3 1365.0 1141.0 1293.7
NOX MASS GRAHS 5.74 7.00 5.1i8 6.78
PARTICULATC MASS CRAMS o2 23 «20 0.00
HC  GRAM3/NM .10 06 07 +05
€O  GRAMS/KM 55 17 20 .09
€02 GRAMS/KM 233.8 221.3 200.0 210.4
NOX GRAMS/K 1,01 2013 9 1.10
FUEL CONSUMPTION BY CB L/100KH 8,73 3.24 7.45 7.02
RUN TIME SECONDS 503, 867, 505. 867,
MCASURED DISTANCE KM 7 6,17 5.71 6.15
SCF» DRY 973 «975 974 +975
IFCy MET (DRY) +256 ( +7435) +970 ¢ .949)
SCr» WCT (DRY) 1,000 ¢ .574) 1,600 ( .975)
V6L (SCH) 380.1 367.7
SaM DLR (SCM) 70.39 70.33
KM (HEASURED) 11.90 11.85
FUEL CONSUMPTION L/100KM 8.47 7.64
COMPOSITE RESULTS 3--BAG (4--BAG)
TCST NUHLLCR 1B2F76 CARDON DIOXIDE G6/KM 216.1 { 214.8)
FAROMCTER HH MG 739.1 FUCL CONSUMPTION L/100KH 8.12 (¢ 6.00)
HUMIDITY G/KG 13.8 HYDROCARLONS (THC) G/KM 07 (  .06)
TEMFERATURE DEG € 25,0 CARUON MONOXIDE G/RM 28 (24
OXINCS OF NITROGEN G/KM 1,05 { 1.04)
PARTICULATES G/KM 039 ¢ 0.G00)



HFET  VEHICLE EMISSIONS REGULTS
PROJECT 11--4874-001

VEHICLE NOL1B
NA FIAT CAT DATE 4/21/81

EST NO. 102477 RUN 4

T TEST WEIGHT 1361, KG( 3000, LBS)
VEHICLE MODEL

ACTUAL ROAL LDAD 8.2 KW 11.0 ilF)
ENGINE 2.0 L(122, CII) L-4 [AG CART Hd. 1 DIESEL “H-469 -F
TRANSHISSION MS DYND NO. 2 DOOMETER 11581, KM( 7196, MILES)

CV5 NO, 3

DRY BULB TEWP. 25,6 DEG C(78.0 DLG F)
ABS. LUMILITY 11,2 GH/KG

BAROMETER 738,43 MM HG(29.08 IN 1IG)
RELATIVE HUMIDITY 33, PCT

NOX HUMIDITY CORRECTION FACTOR 1.02
BAG RESULTS

£E-D

TEST CYCLE HFET
ELOWER DIF & MM. H20(IN. H2D) . 70841 (27, U)
BLOWER INLTT © MM. H20(IN, H2D) 966,04 (22,7
RLOWCR INLETY TEMF. DEG. C(DEG. F) 38.9 (102 0)
BLOWER RCVOLUTIONS 21015,
TOT FLOW STh. CU. METRES(SCF) ”03 7 4 7193.)
HC SAHFLE MCTER/RANCLE/IMM - 7.5/11/ B,
L LCKORD METER/RANGE/TTM 5.6/ 1/ b,
CO GAMPLLC METER/RANGE/FPPH 6,1/13/ &
CO0  ECKGRE METER/RANGE/FPM 4.2/13/ 4,
C0O2 SAMMLE METER/RANGE/PCT 43,0/ 3/ 73
€02 LCKGRD METER/LRANGE/[CT 31/ 3/ Q3
NOX SAMPLE METER/RANGE/FFM 29.9/ 2/ 30,
HOX ECKGRD HETER/RANGE/FPM 1.0/ 2/ 1,
DILUTION FACTOR 17,86
{IC CONCONTRATION FPM 2,
C()  CONCENTRATION fT'H 2,
€02 CONCCNTRATIUN FCT +70
NOX CONCENTRATION FI'M 29,0
HC MASS GRAHS 26
C0 MASS GRAMS +43
€02 MASS GRAMS 2625.9
NOX HASS GRANS 11.48
MARTICULATE MAGS ORAMS -5
RUN TIME SECONDS 745,
OFCy WET (DRY), : 0944 ( .7283)
SCFy WET (DRY) "1.000 ¢ ,976)
VoL (GCHY 203.7
SAH BLR (SCM) 43,59
KH  (HEASURED) 16.19
TEST NUMELR, 1R2177.
BAROMETER MM HG 738.4°
HUMIDITY G/KG 11.2
TEMI'ERATURE » DEG C. 25.6
CARBON DIOXIDE, G/KH 162,2
FUEL CONSUHPTION, L/100KH 6,02
HYBROCAREONS G/RN +02
CAREQGN MONOXIDE, * G/KH +03
OXIDES OF NITRBGENs G/KM W71



N}CC VLUICLE EMISS10NG REGULTS
PROJECT 11--4874--001
TEST NO, 1B2N78 RUN 4 UEJICLC NQO. 1B TEST WEIGHT 1361, KG( 3000. LLG)
VEHICLE MOOEL NA FIAT CAT ATE 4/21

/04 ACTUAL ROAD LOAD _ 8.2 KW( 11,0 1if)

ENGINE 2,0 L(122, CID) L-4 RAO-cart Ho. Ui DIESEL  EM-4469-F

TRANSMISSION M5 DYHo NO. 2 2 ODOMETER 11597, KM( 7204, MILES)
VS NO,

EAROMETCR 730,38 MM HG(29.07 IN HO) DRY BULB TEMP. 27.2 DEG C(81.0 DCG F)

RELATIVE HUMIDITY 48. PCT ABS, NUMIDITY 11.3 CM/KG NOX WUMIDITY CORRECTION FACTOR 1,02
FAG RESULTS
TEGT CYCLE NYCC

SLOWER DIF F MM, H20C(IN. H20)

706,1 (27D
BLOWER INLET P MM, H20CIN. H20)

96444 (22.:3)

yE=-O

BLOWCR INLET TLMP. REG. C(DEG, F) 35,6 ( 926.0)
BLOWCR REVOLUTIONS 16446,
TO7 FLOW 5TD, €U, METRES(SCF) 160.4 ( S6644)
HC GAMILE MCTER/RANGE/PPN 6.0/11/ &,
lIC  BCKGRD MCTER/RANGE/PPM 6.2/ L/ 6
CO SAMPLL METER/RANGE/PPM 3.72/13/ 3.
CO  BCNGRD METER/RANGE/FFH 2.2/13/ 2.
CD2 SAMPLE METER/RANGE/FCT 16,2/ 3/ 27
€02 DBCRGRD METER/RANGE/FCT 3.2/ 3/ 05
NOX SAMPLE MCTER/RANGE/FPM 9:27 2/ 10,
HOX DCKORD METER/RANGE/PPH 1.2/ 2/ ’
DILUTION FACTOR 50,19
C  CONCENTRATION FM -0,
CO CONCLNTRATION FRM 1.
€02 CONCENTRATION FCT ' 22
NOX CONCENTRATION PFM 8.5
HC MASS GRANMS =01
CO MASS GRAMS 17
C02 HASS GRAMS $40.4
NOX MASS GRAMS 2,46
FARTICULATE MASS GRAMS W14
RUN TIME SECONDS 597,
DFCy WET (DIRY) +280 ( .9463)
SCFy WET (DRY) 1,000 ¢ .962)
VoL (5CM) 160,4
SaM ELR (SCH) 34,17
KM (HEASURED) 1.70
TEST NUHLER» 1B2N78
BARGHETER 1 HG 733.4
HUMIDITY, G/KG 11.3
TEMPCRATURE » DEG ( 27.2
CARDON DIOXIDEs G/KH 337.,7
FUEL CONSUMPTION, L/100KH 12,34
HYDROCAKTRONG, G/KH -.00
CARRON HONOXIDE, G/KH 09
OXIDES OF NITROGEN:. G/KM 1.40



85 KPH VEHICLLE CMISSIGNS RESULTS
FROJECT 11-4874-001

TEST NO, 182572 RUN 4 UCHICLE NO.1E

TEST WEIGHT 1361. KG( 3000, LES)
VEHICLE HODEL NA FIAT CAT DATE 4/21/81 ACTUAL ROAD LOAD 8.2 KW( 11.0 1if)
ENGINE 2.0 L(122, CIID L4 BAG CART NO. 1 DIESEL EN-469-F
TRANSMISSION M5 DYNO NO. 2 DDOMETER 11599 KH( 7209 HILLS)
CV3 NO. 3

RAROHETER 738,30 MM HG(29.07 IN HG)
RELATIVC HUMIDITY 45. PCT
BAG RESULTS

DRY BULB TEMP. 27.2 DLG C(81.0 BEG F)

ALS, NUMIDITY 10.5 GH/KG NOX HUMIDITY CORRECTION FACTOR .99

TEST CYCLE 85 K
ELONER DIF P MM, H20(IN, H20) 706,1 (27.8)
BLOWER INLLT P MM, H20(IN. H20) 566,44 (22,3)
DLONCR INLET TEMP, DEG. C(DEG. F) 39.4 (103,0)
ILOWER REVOLLTIONS 32944,

TOT FLOW STD. CU. METRES(SCF) 318,97 (11262.)
HC SAMPLE METER/RANGE/FFM 6:4/117 6,
€ BCKORD HETER/RANGE/FFN 5.8/ 1/ 6.
CO GAMFLE ME ER/RANGE/FFM 2,1/13/ 2.
CO  HCRGRD METER/RANGE/FFH 1.6/137/ 1,
02 SAMPLE ME1ER/KANGE/FCT 47.4/° 3/ .82
C02 KCKGKD METER/RANGE/FET 3.5/ 3/ .05
NOX SAMFLL METER/RANGE/FI M 33,1/ 2/ 33
NOX TCKGRE HETER/RANGE/FFH 87 27 1,
DILUTION FACTOR 16,28
HC  CONCCNTRATION PP 1,

o CO_ CONCENTRATION PH 1,

€02 CONCCNIRATION PCT 77

@ NOK CONCENTRATION PFH 32,3
HC MASS GRANS 17
CO  MASS GRAHS /19

02 MASS GRAMS 4477.,9
NDX MASS GRAMS 19,640
PARTICULATE HASS GRAMS 1,59
RUN TINE SCCONDS 1200,

DGy UET (DRY) 939 (.925)

SCFy WET (DRY) 1,000 { ,978)

VOL (5CM) ‘318,

SAN ELR (SCH) 68,80

KM (MCASURED) 28.34
TEST NUMECRy 162579

BAROMETER Y MM HG 733, 4
HUMIDITY, G/KG 10,5
TCHIERATURE y LEG C 27,2

CARLON DIOXILE» G/KM 158, 0
FUEL CONSUMPTIONs  L/100KM 5.87
HYDROCARLONS G/KH .01
CARLGN HONOXIDE . G/KH /01
DXIDES DF NITROGEN» G/KM 169



APPENDIX D

TEST RESULTS, ,
1981 OLDSMOBILE CUTLASS DIESEL
FUELS EM-329-F AND EM-469-F



SUMMARY QF REGULATED EMISSIONS FROM 1981 OLDSMOBILE CUTLASS
DIESEL VEHICLE USING EM-329-F BARSE FUEL

Test Code 2A1F01 2A1F05 2A1F09 2A1F13 2A1F38 2A1HO2 2A1HO06 2A1H10 2A1H14 2A1H39
Test Type 3=b FTP. 3~b FTP 3-b FTP 3-b FTP 3-b FTP HFET HFET HFET HFET HFET
Date (1981) 5/21 5/22 5/25 5/27 6/25 5/21 5/22 5/25 5/27 6/25
Run No. 1 2 3 4 5 1 2 3 4 5
HC, g/mi 0.19 0.19 0.14 0.19 0.23 0.13 0.14 0.13 0.13 0.14
Co, g/mi 1.01 1.06 1.05 1.08 1.05 0.69 0.68 0.69 0.71 0.71
NOx, g/mi 1.08 1.03 1.03 1.03 1.00 0.63 0.56 0.60 0.60 0.60
Part., g/mi 0.35 0.41 0.37 --a 0.40 0.21 0.22 0.21 --a 0.20
Fuel, mi/gal 22.1 22.3 22.4 21.7 21.4 31.6 32.1 31.5 32.4 30.2

7
Test Code 2A1N03 2A1NO7 2A1N11 2A1N15 2A1N40 2A1N42 2A1N43 2A1S04 221508 2A1S812 271816 2371541
Test Type NYCC NYCC NYCC NYCC NYCC NYCC NYCC 85 kph | 85 kph | 85 kph | 85 kph | 85 kph
Date (1981) 5/21 5/22 5/25 5/27 6/25 6/25 6/25 5/21 5/22 5/25 5/27 6/25
Run No. 1 2 3 4 5 6 7 1 2 3 4 5
HC, g/mi 0.51 0.45 0.45 0.42 0.42 0.45 0.47 il 0.11 0.14 0.13 0.13 0.13
0, g/mi 2.49 2.24 2.37 2.45 2.32 2.53 2.57 0.66 0.66 0.66 0.66 0.68
NOy, g/mi 2.51 2.28 2.25 2.35 2.28 2.25 2.33 0.60 0.58 0.58 0.61 0.56
Part., g/mi 0.56 0.59 0.59 --a 0.54 0.57 0.58 0.17 0.16 0.15 --a 0.15
Fuel, mi/gal 11.1 11.6 11.7 11.3 11.4 11.0 10.8 J 32.0 32.4 32.4 31.9 31.9

3particulate not sampled



£-d

2A1F01

SERTeND: yopRIFOL, RUN L
ENGINE S.7 L(350. CID) ch 53
TRANSNISSTON A3

RARCMETER 742.19 HM HG(29.22 IN HG}

BAG

RELATIVE HUMIDITY 53. PCT
G _RESULTS

BAG NUMBER
DESCRIPTION

BLOWER DIF P MM. H20(IN, H20)
BLOWER INLET P _MM. H20CIN. H20)
BLOWER INLET TEMP, DEG. C(DEG. F)
ELOWER REVOLUTIONS
TOT FLOW STD. CU. METRES(SCF)
HC SANPLE METER/RANGE/FPM
HC BCKGRD METER/RANGE/PPM
€0 SAMFLE METLR/RANGE/PPM
€0 ECKGRD METER/RANGE/PPN
C02 SAMPLE MCTER/RANGE/PCY
C0O2 BCKGRD METER/RANGE/PCY
NOX SAMFLE METER/RANGE/PFM
NOX BCKGRD NETER/RANGE/PFH
DILUTION FACTOR

HC CONCENTRATION PPN

CO CONCENTRATION PPM
€02 CUNCENTRATION PCT

NOX CONCENTRATION PPN

HC MHASS GRANS

€O MASS GRAMS
€02 HASS GRAHS

NOX MASS GRA

PARTICULRTE VQSS GRAMS

HC GRAMS/KM
CO GRAMS/KM
coz2 GRAHS/KH

NOX GRAMS/

FUEL CONSUHPTION BY €B L/100KH
RUN TIME SECONDS
HEASURCD DISTANCE KH

SCFy DRY

OFCy WET (DRY)

SCF» WET (DRY)

VoL (SCH)

SAM BLR (SCH)

KM _ (MEASUR

FUEL CDNSUMPTION L/100KM

COMPOSITE RESULTS

TEST NUMBER 2A1F0

BAROMETER M HG 742.2
HUMIDITY G/KG 10.7
TEMFERATURE DEG €  25.0

VEHICLE NO,.2A
DATE

DYNG NO.

DRY PULB TEMP. 25.0 DEG C(77.0 DCG F)

81
BAG CART NOD. 12/ Cvs NO. 3

ABS. HUMIDITY 10.7 GH/KG

1
COLD inRANSIENT
701.0 (27.8)
S§71.3 (22.9)
36,7 ( 98.0)
13062,
135.6 ( 4788.)
13.4/11/ 13,
5.2/ 1/
28,5713/ 28,

+938 (

2
STABILIZED

696.0 (27.4)
3949.0 (22.4)

1,000 ¢ .,978)

EST WEIGHT 1B14. KG{ 4000,

TES
ACTUAL ROAD LOAD
DIES

™Y
r~

EN-32%-F
ODOMETER A233. KM( 2630.

LBS)

2,6 KW( 11,5 HP)

HILES)

NOX HUMIDITY CORRECTION FACTOR 1.00

3
HOT TRANSIENT

698.5 (27.5)
971.3 (22.9)
3 96.0)

33.9 ( 93.0) .
23806, 13862,
234,1 ( 8244.,) 135.9 ( 4792.)
10.9/11/ . 13.9/11/ 14,
o2/ t/ . 5.2/ 1/ 8,
‘9.0/13/ 17, 26,1713/ 24,
2.,4/13/ 2. 1.9/13/ 2,
8.1/ 3/ 44 37.6/ 3/ .43
3.1/ 3/ .05 3.2/ 3/ .05
11.2/ 2/ 11, 13,0/ 2/ 13,
7/ 27 1. 7/ 2/ 1.
28.83 21.03
&, 9.
15, 22,
42 029
10.5 12,3
. +70
4,03 3.42
1783.2 145%9.2
4.7 3.20
1 30 1.19
+13 +12
«63 5%
287.4 253.2
W26 T
10.98 9.67
8467, - 505,
6.20 §.76
979 977
+942) P61 (
1,000 ¢
369.7
78.91
11,99
07
CARBON DIOXIDE G/KM

FUEL CONSUMPTION L/100KM
HYDROCARBONS (THC) G/KH
CAREON MONDXIDE G/KM
OXIDLS OF NITROGEN G/KM
PARTICULATES G/KN

4
STABILIZED
696.0 (27.4)
549.0 (22.4)
34,4 ( ?4.0)

23613,
233.9 ( 8259.)

11, 2/11/
4.7/ 1/
19.5/13/
1.72/13/
27.2/ 3/
3.0/ 3/
10.97 2/

8/ 2/
2%.85

+245)
+978)

(4-BAG)
( 276.0)
{ 10.53)
(¢ 13
(
{
(



y-a

TEST NO. 2A1H02  RUN VEHICLE NO.24a TEST WEIGHT 1814, KG( 4000. LBS)

VEHICLE MODEL 81 OLDS CUTLASS DATE 5/21/81 ACTUAL ROAD LOAD 8.6 KW( 11.5 P
ENGINE 5.7 L(350. CID) V-8 BAG CART NO., 1 DIESEL EN-329-F
TRANSHISSION A3 DYNQ NO. 2 ODOMETER 4257, KM( 2645. MILES)
CVs NO. 3
PAROMETER 741,43 MM HG(29.19 IN HG) BRY BULB TEMP, 24,7 DEG C(80.0 DEG F)
RELATIVE HUMIDITY 48, PCT ABS, HUMIDITY 10.7 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,00
BAG RESULTS
TEST CYCLE HFET
BLOWER DIF P MM, H20(IN. H20) 690.9 (22.2)
BLOWER INLET P MM, H20(IN. H20) 563,9 (22,2)
BLOWER INLET TEWP., DEG. C(DEG. F) 37.2 ( 99.0)
BLOWER REVOLUTIDNS 21011,
TOT FLOW STD. CU. METRES(SCF) 205.4 ( 7261.)
HC SAHPLE METER/RANGE/PPN 16,1711/ 16,
HC BCKGRD METER/RANGE/PPH 4,7/ 1/ 5,
CO SAMPLE METER/RANGE/PPN 33.8/13/ 1,
20 BCKGRD METER/RANGE/FEN 1.2713/ 1,
CD2 SAMPLE METER/RANGE/PCT 51,4/ 3/ .B9
€02 DBCKGRD METER/RANGE/PCT 3.t7 3/ .05
NOX SaMPLE METER/RANGE/PPM 16,77 2/ 17,
MOX BCKORD METER/RANGE/PPH o7 2/ L,
DILUTION FACTOR 14,91
HC CONCENTRATION PFM 12,
CO CONCENTRATION FPH 29,
£02 CONCENTRATION FCT 85
NOX CONGCENTRATION PPM 16,1
HC  MASS CR&HE 1.39
C0 MAS5S GRAMS : 6,99
C02 MABS GRAMS 3199.8
NOX MASS BRANS 6.34
FARTICULATE MASS GRAMS . 2.13
RUN TIME SECONDS 765,
DFCy WET (DRY) v233 ( 91D
SCFy WET (DRY) 1,000 ( ,978)
VoL (SCH) - 205946
SAM BLR (SCM) 43.80
KM (MEASURED) . o 16,42
TEST NUMBER: ) 241402
BAROMETER HM HG 741.4
HUMIDITY, 6/K6 10.7
TEMPERATURE y DEG C 26,7
CARDON DIDXILE, 5/KM . 194.8.
FUEL CONSUNPTION, L/100KM . 7.44
HYDROCARBONS G/KM .08
CARRGN MOMOXIDE» G/KM 43

OXINES OF NITROGENs G/KM W39



FRUJECT 035-4874-001

g-a

TEST NO. 2A1N03 i VEHICLE NO.2A TEST MEIGHT 1814, KG( 4000, LBS)
VEHICLE MODEL 81 DLDa CUTLASS DATE 5/21/81 ACTUAL RGAD LOAD 8.6 KW¢ 11,5 HP)
ENGINE 5.7 L(350., CID) V-8 BAG CART NO. 1 DIESEL EN-329 -
TRANSHISSION A3 DYND NO, - 2 ODOMETER 4273, KH( 2655, MILES)
CVS NO. 3
RAROMETER 741,43 MM H6(29.19 IN HG) BRY BULB TEMP, 24,7 DEG C(80.0 DEG F)
RELATIVE HUMIDITY 51. PCT ABS. KUMIDITY 11.4 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.02
BAG _RESULTS
TEST CYCLE NYCC
BLOWER DIF P MM, H20(IN, H20) 698,35 (27, i)
BLOWER INLET P MM, HIO0(IN. H20) 569, 0 (22
BLOWER INLET TEMP: DEG. C(DEG. F) 3
BLOWER REVDLUTIONS ?
TOT FLOW STD, CU. METRES(SCF) 161 56084)
HC SAMPLE HETER/RANGE/PPM 10.6/11/ 11,
HC LBCKGRD METER/RANGE/PFM 4,3/ 1/ 4,
CO SAMPLE METER/RANGE/PPM 18.3/13/ 17,
CO  BCKGRD METER/RANGE/FPFM 87137 1,
€02 SAMPLE METER/RANGE/PCT 24.9/ 3/ AL
€02 BCKGRD METER/RANGE/PCT 3.4/ 3/ .05
NOX SAMPLE METER/RANGE/PPM 9.9/ 2/ 10,
NOX BCKGRD METLR/RANGE/PPH b/ 2/ L.
DILUTION FACTOR 32,80
HC CORCENTRATION PEM b,
CO CONCENTRATIDN PPH 16,
C02 COMCENTRATION PCT 36
NOX CONCENTRATION FPH 9.3
HC MASS GRAMS +99
(0 MASS GRAMS 2,91
C02 MASS GPAHS 1048.1
NOX _MA SS RANS 2,94
FARTICULATE MASS GRANS 166
RUN TIME SECONDS 599
DFCy WET (DRY) +970 ( .954)
SCFy WET (DRY) 1.000 ¢ .980;
VoL (5CH) 161.1
SAM BLR (SCM) 34.44
Ki (HCASURED) 1.88
TEST NUMBER» 2A1N03
BAROMETER, M HG 741.4
HUMIDITY» G/KG 11.4
TEMPERATURE » DEG C 2647
CARBON DIOXIDE» G/KN 536.5
FUEL CONSUHPTIONy L/7100KHM 21.28
HYDROCARBONS » G/KN +32
CARDON MONOXIDE» G/KM 1.55

OXIDES OF NITROGEN, G/KH 1.56



TEST NO. 2A1504. RUN VEHICLE NO.2A TEST WEIGHT 1814, KG( 4000. LBS)

VEHICLE NODEL 8t OLDS CUTLA DATE 5/21/81 ACTUAL ROAD LDAD 8 6 KW( 11,5 HF)
ENGINE 5.7 L(350. CID) V-8 BAG CART NO. 1 DIESEL
TRANSHISSION A3 DYNQ NO. 2 ODOMETER 4274. hH( 2656, MILES)
Cvs NO. 3
BAROHMETER 741.43 HM HG(29.19 IN HG) DRY BULB TENP. 27.2 DEG C(81.0 DEG F)
RELATIVE HUMIDITY 45, PCT ABS. HUMIDITY 10.5 GM/KG NOX HUMIDITY CORRECTION FACTOR .99
BAG RESULTS
TEST CYCLE 85 K
BLOWER DIF P HH. H20(IN. H20) 696.0 (27.4)
BLOWER INLET P MM, H20(IN, H20) 563.9 (22,2)
BLOWER INLET TEHP. DEG, C{(DBEG, F) 34,7 ( 98.0)
BLUNFR REVOLUTIO 32921,
TOT FLOW STD. CU. HETRES(“CF) 321,9 (11345.)
HC CAHPLE METER/RANGE/PPH 18,1711/ 16,
HC BCKGRD METER/RANGE/FPM 5.8/ 1/ 6,
CO SAMPLE METER/RANGE/PPN 35.2/13/ 33,
CO BCKGRD METER/RANGE/FPH 6713/ 1,
C02 SAMPLE METER/RANGE/PCT 55.87 3/ .98
€02 BCKGRD METER/RANGE/PCT 3.3/ 3/ .05
NOX SAMPLE METER/RANGE/PPN 18.0/ 2/ 18.
NOGX BCKGRD HETER/RANGE/FPH B8/.2/ 1,
DILUTIDN FACTO 13,61
HC CONCENTPATION FPH 11,
€O CONCENTRATION PPM 31,
€02 CONCENTRATION PCY 93
NOX CONCENTRATION PFPM 17,3
HC MASS GRANS 1,99
CO MASS GRAMS 11.460
C02 MASS GRAMS 5498.7
NOX MASS GRANS 10.53
FARTICULATE HASS GRAHS 3,07
RUN TIME ECONDS 1200,
JFCs WET (LRY) 927 ¢ .913)
SCF» WET (DRY) 1,000 ( .976)
voL (5CH) 321.9
SaM BLR (SCH) 48.83
KM (MEASURED) 28.53
TEST NUMBER, 2A1504
BAROMETER» #M HG 741.4
HUMIDITY» G/KG 10.5
TEMPERATURE y DEG C 27.2
CARBON DIOXIDEr G/RH 192,27
FUEL CONSUHPTION. L/100KM 7.36
HYDROCARBONS G/KM +07
CARBON NMONOXIDE, G/KH 41

OYIDES OF NITROGEN» G/KM o 37
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TEST NO. 2A1F05 RUN 2 VENICLE ND.2A TEST WEIGHT 1814, KGB( 4000, LBS)

L-a

gggfﬁéﬁsﬂgnf%3soﬁIC?B?SVCgTLASS gﬁgECARTS/ZZI?I vs 3 ACTUét ROA@Hngg F 8.6 KWC 11.5 HP)
s . - A NO, 1_/ CVS NO.
TRANSHISSION A3 DYHNO NO. 2 ODOMETER 4308, KM( 2477, XILES)
BAROMETER 737.62 MM HG(29.04 IN HB) DRY BULB TEMP. 25.6 DEG C(78.0 DEG F)
gggk;ég&L¥gHIDITY 60. PCT ARG, HUMIDITY 12.8 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.07
<
BAG NUMBER 1 2 3 4
DESCRIPTIGN COLD TRANSIENT STABILIZED HOT TRANSIENT STAbLILIZED
BLOWER DIF P MM, H20(IN. H20) 698,35 (27.5) 698.5 (27,9) 690.9 (27.2) 693.4 (27.3)
DLOWER INLET P MM, H20(IN, H20) 569.0 (22.4) 56%.0 (22.4) S561.3 (22.1) 561.3 (22,.1)
BLOWER INLET TEMP. DEG. C(DEG. F) : 4.1 ( 97.0) 34.4 ( 94.0) 36.7 ¢ 98.0) 36.1 ( 97.0)
BLOWER REVOLUTIONS . 13045, 23635, 13846, 23820,
TOT FLOW STD. CU, METRES(SCF) 134.4 ¢ 4744.) 231,46 ( 8178.) 134.4 ( 4746.) 231.1 ( 8140.)
HC SAMPLE METER/RANGE/FPM 13.8/11/ 14, 10.1/11/ 10, 14,2/11/ 14. 11.2/11/ 11,
HC RCKGRD METER/RANGE/PPN 5.7 17 S, 5.1/ 1/ 5. 5.1/ 1/ 5 4.8/ 1/ 5.
CO  SANPLE METER/RANGE/PPM 30,5713/ 28, 20.4/13/ 19. 25.3/137 23, 17.9/13/ 16,
CO RCKGRD METER/RANGE/FPHN 2,313/ 2, 2,013/ 2. 1.1/13/ 1. 1.0/13/ 1.,
C02 SAHPLE METER/RANGE/PCT 42.5/ 3/ .72 28.8/ 3/ .47 38,0/ 3/ .64 27.5/ 3/ .45
€02 BCKNGRD METER/RANGE/PCT 3.5/ 3/ .08 3.6/ 3/ 04 3.17 3/ .05 2.87 3/ .04
NOX SAHPLE METER/RANGE/PPN 12,727 2/ 13. 10.¢/7 2/ 10. 12.17 2/ 12. 9.8/ 2/ 10.
NOX BCRGRD METER/RANGE/FFPM 2/ 27 1. o/ 27 1. 3/ 2/ 1 o3/ 2/ 0
DILUTION FACTOR 18,39 28.08 20.80 29.51
CONCENTRATION PPM 9. S P4 74
CO CONCENTRATION PPH 25, 14, 21, 13,
CO2 CONCENTRATION PCT W67 42 «60 41
NOX CONCENTRATION PPM 12.0 9.3 1146 2.9
HC MASS GRANS s 70 49 W72 .88
CO HASS CRAMS 3.94 4.41 3.34 4.02
CO” HASS GRAHS 1657,2 1785.7 1465.6 1734.7
NOX_MASS : 3.32 4,52 3.20 4,51
PARTICULATE HASS GRANS 2.07 . 1.43 1.31 1.58
HC  GRAMS/KM 12 11 12 +14
CO GRAMS/KM ’ 48 71 «98 «69
C02 GRAMS/KM 284.2 285.9 251.4 279.0
NOX GRAMS/KH 97 072 + 9 72
FUEL CONSUHFTION BY CB L/100KM 10.84 10,92 9.40 10.64
RUN TIME SECONDS 5035, : 848, 505, 868,
HEASURED DISTANCE KK 5.83 6:35 5.83 6,22
SCFy- DRY ' 974 974 975 1978
DECy WET (DRY) 10998 ( (239) 261 ( .242)
SCFy WET (DRY) 1.000 ¢ ,975) 1,000 ( ,974)
VoL (SCH) 3466.0 o 38545
SAM BLR (SCH) 77,11 ' 77.22
KM _ (MEASURED 12.08 ’ 12,05
FUEL CONJUHPTION L/7100KH 10.89 10.15
COMPOSITE RESULTS . 3-BAG (4-BABG)
TEST NUMBER 2A1F05 CARBON DIOXIDE G/KM 276.1 ( 274.0)
BAROHETER MM HG 737.6 FUEL CONSUMPTIGN L/100KH 10.55 { 10.47)
HUMIDITY G/KG 12.8 HYDROCARBONS (THC) G/KM .12  +13)
TEMPERATURE DEG C  25.6 CARDBON MONOXIDE G/KH -1 {  +63)
OXIDES OF NITROGEN G/RM 154 (  64)
PARTICULATES G/KN «253 U 4281)



8-a

ES1 NU. A1HOG - v LE NO,2A T1E JEIGHT 1814, KG( 4090, LBS)
Bl )
TRANSRISSTON A DYNO NO. = 2 ODGHETER 4332, KM( 2692, MILES)

CUS NO.
BAROMETER 737.62 MM HG(29.04 IN HG) DRY BULB TEMP, 25.6 DEG C(78.0 DEG F)
RELATIVE HUMIRITY 50. FCT ABS. HUMIDITY 10,5 GN/KG NOX HUMIDITY CORRECTION FACTOR 99
BAG _RESULTS

TEST CYCLE HFET

BLOWER DIF P MM, H20CIN. H20) 688.3 (27.1)

BLOWER INLET P MM« H20(IN., H20) 558.8 (22.0)

BLOWER INLET TEMP., DCG. C(DEG. F) 38.9 (102 0)

BLOWER REUOLUTIGNS 2099

TAQT FLOW STD. CU. METRES(SCF) 203, 3 7179 )

HC SAMPLE METER/RANGE/FPM l7o 174

HC BCKGRD METER/RANGE/PPM .0/ l/ S,

CO SANPLE METER/RANGE/PFH 34,1713/ 31,

CO BCKGRD METER/RANGE/PFM /137 1.

CD2 SAHPLE METER/RANGE/PCT 51.9/ 3/ .90

C02 BCKGKD METER/RANGE/FPCY 3.0/ 3/ 05

NOX SAMPLE HMETER/RANGE/PFPM 15.727 2/ 16,

NOX BCKGRD METER/RANGE/PFH A7 2/ 0,

DILUTION FACTOR 73

HC CONCENTRATION PPM 13,

CO_ CONCENTRATION PPH 30,

C02 CONCENTRATION FCT «86

NOX CONCENTRATION PPH 15,3

HC MASS GRAMS 1,51

CO_ MASS GRAMS 7.03

C02 MASS GRAHS 3205.3

NOX _MASS G 9.92

PAPTICULATE HASa GRANS 2,24

RUN TIME SECONDS 765,

DFCy WET (DRY) 1932 ( ,917)
SCFy WET (DRY) 1.000 _(_.976)
VOL (SCM) 203.3
§AM BLR (SCM) 43,18
KM (MEASURED) 16:70

TEST NUMBER» 2A1HO4

BAROMETLER» HM HG 737.6

HUMIDITY, G/KG 10.5

TEMFERATURE y BEG C 25,6

CARBON DIOXIDE, G/KH 191.9

FUEL CONSUMPTION» L/100KM 7,33

HYDROCARBONS s G/KM 09

CARBON MONOXIDEy G/KH +42

OXIDES OF NITROGEN» G/KH +35



6-a

241N07 vE . . )
l)EHICLE ronEL 61 oLDs cgrmss DRUECLE NO.28 EST WEIGHT 1814, KG( 4000, LES)

5.7 L(350. CID) V- BAG CARTS“%2/B% ACTUAt ROAD L3A 8.4 KM( 11.5 HP)
TRAN HISSIDN A3 DYND NO. 2 ODOGMETER 4350, hn( 2703, MILES
CVUS NO.
BAROMETER 737.62 MM HG(29.04 IN HG) DRY BULB TEMP, 25.6 DEG C(78.0 DEG F)
ggéA§é§§L¥g"IDITY 50. PCT ABS. HUMIDITY 10.5 GM/KG NOX HUMIDITY CORRECTION FACTOR .99
TEST CYCLE NYCC
BLOWER DIF P MM, H20(IN. H2D) 490.9 (272.2)
BLOKER INLET P MM, H20(IN. H20) S561.3 (22,1)
BLOMER INLET TEMP., DEG, C(DEG. F) 35,0 ( 95.,0)
BLOWER REVOLUTIONS 16478,
TOT FLOW STD. CU. METRES{SCF) 160.7 ( 5674 )
HC SANFLE METER/RANGE/PPH 10. 9/11/ 1.
HC BCKGRD METER/RANGE/FPH S ISVARY; s.
CO SAMPLE METER/RANGE/FPN 12.1/13/ 16,
€O DCNGRD MCTER/RANGE/PPY 71301,
702 SAMPLE METER/RANGE/PCT 25.0/ 3/ Al
£02 BCKGRD HETER/RANGE/PCT 3.47 3/ .06
NOX SAMPLE METER/RANGE/FFN 9.87 2/ 10,
NOX RCKXGRD METER/RANGE/FPM 27 27 1.
DILUTION FACTOR 32,67
HC  CONCENTRATIGN PPM &y
CO CONCENTRATION PPN 15,
€02 CONCENTRATION PCT +35
NOX CONCENTRATION PPN 9.1
HC MASS GRANMS 54
CD MASS GRAHS 2,72
£02 HASS GIAHS 1041.7
NDX MASS G 2,79
PARTICULATE ﬁASq GRANS V72
RUN TIME SECONDS 600,
DFCy» WET (DRY) 949 ( ,954)
SCFy WET (DRY) 1,000 ( ,980)
VoL (5CH) 160.7
SAM BLR (SCM) 34,27
KM (MEASURED) 1.97
TEST NUMBPER» 2A1N07
BARGHETER M4 HG 737,48
HUMIDITY, G/KG 10.5
TENPERATURE » DEG C 25.4
CARBON DIDXIDEs G/KN 530,1
FUEL CONSUMPTION, L/100KM 20,27
HYDROCARBONS » G/KM +28
CARBOM HONOXIDEy G/KH 1,39

OXIDES OF NITROGEN, G/KM 1.42



- . 3 S ELGH 1814. KG( 40040 LBS)
gﬁﬁicfﬁ NODEL 81 0LDS CUTLASS DATET" 89339 AEST WELGHT  1B1a. & ;

DA ACTUAL ROAD LOAD _ 8.6 KW( 11.5 HF)
NGINE S.7 L(350, CID) v-8 BAG CART NO. 1 DIESEL MW-329-
TRANSHISSION A3 gzgongo. . 2 ODOMETER 4352, KN( 2704, MILES)

BANQMETER 737.87 ¥M HO(29.05 IN HG) BRY BULB TEMP. 24.1 DEG C(79.0 DEG F)

T 01-0

RELATIVE HUNIDITY S0. PCY
BAG_RESULTS
TEST CYCLE

BLONER DIF P ¥M. H20(IN, H20)

ABS. HUMIDITY 11.0 GM/KG

85 K
685.8 (27,0)

BLOWER INLET P MM. H20(IN. H20) 558.8 (22,0)
BLOWER, INCET TEMP., DEG. C(DEG, F) 4 (103.0)
BLOUER ’REUOLUTIONS 32953,
TOT FLOW 5TD. CU. METRES(SCF) 318.6 (11251.)
HC SANPLE NETER/RANGE/PPH 17,4711/ 18,
HC BCKGRD METER/RANGE/FPM 4.2/ 17 A,
CO SANPLE METER/RANGE/PPMN 35.8/137 33,
€O BCNGRD METER/RAMGE/FPM 77137 1.
CO2 SANFLE METER/RANGE/PCT 55,3/ 3/ .97
€02 BCKGRD METER/RANGE/PCT .07 37,05
NOX SAMPLE METER/RANGE/PFM 17,17 2/ 17,
NOX RCKGRD METER/RANGE/FPM 77 2/ 1,
DILUTION FACTOR 13,74
HC CGNCENTRQTION PPN 14,
CO. CONCENTRATION PP ES)
E02 CONEENTRATION F .93
NOX CONCENTRATION PPM 16.5
'HE" NASS GRAMS 2,51
CO MASS GRAMS 11,45
€02 KASS GRAMS 5411,1

X MASS G 10,12
FAPTICULATE Hass oRaws _ 2.82
RUN TINE SECONDS 1200.

DFCy UET (DRY)
SCFy WET (DRY)
VOL (5CH)

«927 ( .912)
1,000 ¢ ,973)
31846

SAM BLR (SCH) 68.19

) K¥ (HEASURED) 28.90
TEST NUMBER» : 2A1508
BARNHETER, HH HG 737.9
HUISIDITYy ‘G/KG 11,0
TEXFERATURE BEG C 26,1
CARBON DIOXIDEs G/KH 18%.%
FUEL CONSUMFTION, L/100KNH 7.2
HYDROCARBONSy G/KHN. «09
CARPON HONOXIDE, G/KH 41

OXIDES OF NITROGENs G/KN

' 36

NOX HUMIDITY CORRECTION FACTOR 1.01



TEST NO. ZAIFO RUN
UEHICLE MODEL
ENGINE 5.7 L(350. CID) v-8
TRANSHISSION A3

BAROMETER 738.12 MM HG(29,06 IN HG)

RELATIVE HUMIDBITY 50, PCY
BAG RESULTS
EAG NUMBER
ESCRIPTION

BLOWER DIF P MM. H20(IN, H20)
BLOWER INLET P MM« H20(IN. H20)
BLOWER INLET TEMP. DEG. C(LEG. F)

ELOWER REVOLUTIONS

TOT FLOW STD, CU., METRES(SCF)

HC  SANFLE HETER/RANGE/FFPN

HC BCKGRD HETER/RANGE/PPM

CO SAHPLE METER/RANGE/FPM

CO BCNGRD METER/RANGE/PPM

C02 SAMFLE METER/RANGE/FCT

€02 RCNGRD METER/RANGE/PCT

NDX SANFLE METER/RANGE/PPM
X BCKGRD METER/RANGE/PPH

JILUTION FACTOR

"HC CONCENTRATION PPH

CO CONCENTRATION PEM

CO2 CONCENTRATION PCT

NOX CONCENTRATION FPN

HC MASS GRAHS

CO HMASS GRAMS

€02 MASS GRﬁHb

NOX #ASS ©

PARTICULATE HASS GRAMS

HC GRAMS/KHN
CO GRAMS/KM
€02 GRANS/KH
NOX GRAHG/KM

T1-a

FUEL CONSUNPTION BY CB L/100KM

RUN TIHE SECONDS
MEASURED DISTANCE KM
SCFy DRY

DFEsr WET (DRY)
SCFy WET (BRY)
voL (SCM)

SAM DLR (SCM)
Kt (HEASURED)

FUEL CONSUMPTION L/100KN

CONMPOSITE RESULTS
TEST NUMBER 241F09
BAROMETER HM HG 738.1
HUMIDITY G/NG 11.0
TEMFERATURE DEG C 2641

81 OLDS CUTLASS

FRUJEL I UD-4U/4-001
VEHICLE NO,.2

BATE

S/ 5/0
BAG CART NO. 1 / CVS NO. 3

DBYNO NO.

DRY BULB TEMP, 24,1 DEG C(79.0 DEG F)

2

ABS. HUMIDITY 11.0 GM/KG

1
COLD TRANSIENT
690.9 (27,

2)

55848 (22.0)
35,6 ( 94.0)

13879,
135.0 ( 4747.)
7:.2/12/ 14,

7.8/ 1/

30.0/13/
1.1/13/

3.4/ ¥
3.3/ 3/

12,97 2/
2/ 2/

17.98

977

8.
28,
1.
74
+ 03
13,

0.

958 (
1.000 ¢

2
STABILIZED

690,92 (27.2)
541.3 (22.1)

TEST UE&GHT 1814, KG( 4000,

LES)

ACTUAL PDAD LOQD 8.6 KW¢ 11,5 HP)
OUOMETER 4397. KM( 2732, HILES)

NOX HUHIDITY CORRECTION FACTOR 1.01

3
HOT TRANSIENT

690.9 (27.2)
561,33 (22.1)

4
STABILIZED

693.4 (27,3)
563.9 (22.2)°

33.2 ( 93.0) 35,6 ( 926.0) 33.9 ( 93.0)
23813, 13864, 23821,

232,3 ( 8202,) 134.9 ( 4742,) 232.3 ( 82034)
5.1/127 10, 13.9/117 14, 10.5711/ 11,
6.8/ 3/ . 6.8/ v/ 7. S.2/ 1/ S

17.9/13/ 16, 25.8/13/ 24. 18,1713/ 16,
1.0/13/ 1, +8/13/ 1.0/137 1

27.7/ 3/ A5 38.47 3/ .65 27.2/ 3/ .45
3.2/ 3/ .05 3.9/ 3/ .06 3.7/ 3/ .04

10,0/ 2/ 10, 12.9/ 2/ 13. 10,67 2/ 11,

202/ 0 8/ 2/ 1, W5/ 2/ 1.
27,29 20,56 29,
4, 74 .
15. 22, 15.
«41 9?2 +39
2.8 12.3 10.1
+49 +38 74
4,06 3.49 4,11
1733.4 1459.46 1644.2
4.40 '3 4.54
1.24 1.35 1.23
.08 +10 12
+69 +60 1)
279.8 252.1 248.4
! .
10.48 ?.63 10.25
848. S505. 848,
6420 5,79 4.20
+780 +778 +780
942} $61 ( «945)
+979) 1,000 € .979)
67.3 347.2
78.02 78.06
2, 1,
10.97 9.95
3-RaG (4-BAG)
CARBON RIOXIDE G/KM 275.3 ( 272.0)
FUCL CONSUMFTION L/100KNM 10.52 ( 10.3%)
HYDROCARBONS (THC) G/KM 09 ( «10)
CARBON MONOXIDE G/KM +63 (  +49)
OXIDES OF NITROGEN G6/KM 164 ( .44
FARTICULATES G/KN «231 ¢ 4230)



¢1-d

PROJECT 05-4674-001

TEST NO. 2A1H10  RUN VEHICLE NOD.2A TEST WEIGHT 1814, KG( 4000, LBS)
VEHICLE MODEL 81 0LDS CUTLR S DATE 5/25/81 ACTUAL ROAD LOAD _ B.46 KUt 11,5 HP)
ENGINE 5.7 L(350. CIL v-8 BAG CART ND. 1 DIESEL ~329-F
TRANSHISSION A3 DYNO NO. 2 ODOMETER 4421, KM( 2747. MILES)
CvS ND. 3
BAROMETER 737,36 MM HG(¢29,03 IN HG) DRY BULB TEMP., 26.1 DEG C(7%.0 DEC F)
RELATIVE HUMIDITY 44, PCT ARS. HUMIDITY 9.6 GH/KG NOX HUMIDITY CORRECTION FACTOR .94
BAG_RESULTS
TEST CYCLE HFET
BLONER DIF P MM, H20(IN. H20) 6°0,9 (27.2)
BLOWER INLET P MM. H20(IN. H20) . 55d.8 (22.0)
BLOWER INLET TEMP. DEG. C(DEG. F) . 37,2 ( 99.0)
BLOWER REVOLUTIONS 210463,
TaT FLOW STD. CU. METRES(SCF) 204.3 ( 72154)
HC SAMPLE METER/RANGE/PPM 16,9/1%/ 17,
HC  BCKGRD METER/RANGE/PPM 6,0/ 1/ b
CO SAHMPLE METER/RANGE/PPM ‘34.5/13/ 32,
€0 BCRGRD HETER/RANGE/FFM 1.0/13/ 1.
C02 SAMPLE HETER/RANGE/PCT 51,9/ 3/ .90
CG2 BCKGRD METER/RANGE/PCT 3.0/ 3/ 03
NOX SAMPLE METER/RANGE/PPM 16.7/ 2/ 17,
NOX BCKGRD HET[R/PANGE/fPM 87 .2/ 1y
DILUTION FAC 14.73
HC CGNCENTRM’IUN FPM 11,
CO CONCLNTRATION PFM 30,
C02 CONCENTRATION FCY 86
NOX CONCENTRATION PPM ’ 16.0
HC MASS GRAMS 1,33
CO HASS GRAMS 7.15
CO2 MASS GRAMS 3221,2
NOX_MASS GRAM 6.01
PAhTICULATE ﬁAJS GRAMS 2,16
RUN TIM SECONDS 767,
DFC; WET (DRY) T e932 ( W919)
SCFy WET (DRY) 1,000 ( ,977)
VoL (5CH) . ’ 204.,3
SAH BLR (SCH) v, 43,60
KM (MEASURED) 16.46
TEST NUMBERy 241H10
BAROHETERY MM HG 737.4
HUMIDITY, G/K6 9.6
TEXPERATURE DEG C - 26.1
CAREON DIOXIDEs G/KM 195,27
FUEL CONSUHMPTION, L/100KH 7.47
HYDROCARBONSy G/KH .08
CARBOM MONOXIUE, G/KH 43

OXIDES OF NITROGENs G/KM . «37



i

FROJECT 03746747001

TEGT NO. 2AIN11  RUN 3 VEHICLE NO,2A TEST WEIGHT 1814, KG( 4000. LES)
"VEHICLE MODEL 81 DLDS CUTLASS DATE 5/25/81 ACTUAL ROAD LDAD 8.6 KW( 11.5 HP)
ENGINE 5.7 L(350. CID) V-8 BAG. CART NO. 1 DIESEL E¥-329-

TRANSHISSION A3 DYNO NO. 2 ODOMETER 4437, KM( 2757. MILES)

CVs NG,

DRY BULB TEMP, 26,1 DEG C(79.0 DEGC F)
ABS. HUMIDITY 9.6 GM/KG

BARDMETER 737.11 MM HG(29,02 IN HG)

RELATIVE HUMIDITY 44, PCT NOX HUMIDITY CORRECTION FACTOR .96

£1-a

BAG RESULTS
TEST CYCLE

BLOWER UIF P MM, H20(IN. H20)
BLOWER INLET P MM. H20(IN. H20)
BLOWER INLET TEMP. DEG, C{DEG. F)

NYCC

690.9 (27.2)
558.8 (22,0)
33,0 { 95.0)

BLOWER REVOLUTIONS 16471,
TOT FLOW STD. CU, METRES(SCF) 160,3 ( 5462.)
HC  SAMPLE METER/RANGE/PPM 11.1/11/ 11,
HC BCKGRD METER/RANGE/PFM 9.5/ 1/ 6.
CO SAMPLE METER/RANGE/PFM 18.0/13/ 14,
CG_ DBCKORD METER/RANGE/FPM W9/137 1.
C02 SAMPLE HETER/RANGE/FPCT 24,67 37 A0
C02 BCKGRD METER/RANGE/FCT 3.7/ 3/
NOX SAMPLE METER/RANGL/PPH 2.9/ 2/ 10,
NOX BCKGRD METER/RANGE/FPN 872/ ’
DILUTION FACTGR 33,22
HC CONCENTRATIOM FPM b,
CO CONCENTRATION PPH 135,
€02 CONCENTRATION PCY « 33
NDX CONCENTRATION PPH 9.1
HC MASS GRAMS «54
CO MASS GRAMS 2,84
C02 HASS GRAMS 1014.6
NOX MASS GRANS 2,70
FARTICULATE MASS GRAMS W71
RUN TIHE SECONDS 600,

IFC» WET (DRY) 270 ( .936)

SCFs WET (DRY) 1,000 (_.982)

VoL (3CM) 160.3

SAM BLR (SCM) 34,25

KX (MEASURED) 1.93
TESY NUMEER» 2A1N11
BAROMETER» "M HG 7371
HUMIDITY» 6/KG 9.6
TEHFERATURE DEG € 26,1

CARBON DIOXIDE, G/KH 523.7

FUEL CONSUHPTION» 1.7100KN 20.10
HYDROCAREONSy G/KM +28
CARBON HONOXIDE» G/KM 1.47

OXIDES OF NITRDGENy G/KH

1.40



TEST NO. 201512  RUN UEHICLE NG . 2A

TEST WEIGHT 1814, KG( 4009. LBS)
VEHICLE MODEL__ 81 OLDS CUTLASS DATE 5/25/81 ACTUAL ROAD LOAD 8.6 KW( 11.5 HF)
ENGINE 5,7 L(350, CID) V-8 BAG CART NG, 1 DIESEL EM-329-F
TRANSMISSION A3 DYNO NO. 2 ODOMETER 4439, KM( 2758. MILES)
Cvs NO. 3
BAROMETER 736.85 MM HG(29.01 IN HG) DRY BULB TEMP. 26.1 DEG C(79.0 DEG F)
RELATIVE HUMIDITY 47. PCT ABS. HUMIDITY 10,3 GM/KG NOX HUMIDITY CORRECTION FACTOR .99
0 BAG RESULTS
TEST CYCLE 85 K
BLOWER DIF P MM, H20(IN. H20) 670.9 (27.2)
BLOWER INLET P MM. H20(IN. H20) 598.8 (22.0)
BLOWCR INLET TEMP. DEG. C(DEG. F) 40.4 (105.0)
BLOWER REVOLUTIONS 32965,
TOT FLOW STD., CU. METRES(SCF) J17,4 (11206.)
HC SAMPLE HEYER/RANGE/PPM 16.9/11/ 17,
HC BCKGRD MCTER/RANGE/FPM 5.5/ 1/ &,
CD SANPLE METER/RANGE/PPH 35.6/13/ 33,
CO  BCKGRD MCTER/RANGE/PPN $6/137 1,
€02 SAMPLE METER/RANGE/FCT Sée1/7 37 99
€02 BCKGRD METER/RANGE/FCT 3.87 3/ .06
NOX SAHPLE METER/RANGE/PPH ‘ 17.57 2/ 18,
NOX BCKGRD METER/RANGE/FPM A/ 2/ 0.
DILUTION FACTOR 13,53
CONCENTRATION PPM 12,
CO CONCERTRATION PFYM Jt,
C02 CONCENTRATION PCT +713
¥ NOX CONCENTRATION PP 17.1
= HC MHASG GRAMS 2.15
®  CO MASS GRAMS 11,57
C02 HASS GRAMS 9414.6
NOX MASS GRANS 10.26
PARTICULATE MASS GRAMS 4,40
RUN TIME SECONDS 1200,
DECy WET (DRY) 0926 ¢ 912)
SCFy WET (DRY) 1,000 ( .978)
vaL (SCH) 31744
SAM BLR (SCH) 68,38
KM (NEASURED) 28,49
TEST NUMBERs 2A1512
BAROMETER»y HM HG 736.9
HUMIDITYy G/KG 10.3
TEMPERATURE v BEG C 26,1
CARBON DIOXIDEr G/K4 190.1
FUEL CONSUMPTION, L/7100KM 7:26
HYDOROCARDONSy G/KM .08
CAREON MONDXIDEs G/KH +41

DXIDES OF NITROGEN» G/KM +36



TEST NO. 2A1F13 RUN 4
VEHICLE MODEL 81 OLDS CUTLASS
ENGINE 5.7 L(350. CID) V-8
TRANSHISSION A3

BAROMETER 737.87 MM HG(29,05 IN HG)
RELATIVE HUMIDITY 43. PCT
BAG RESULTS

EAG NUMBER

BESCRIPTION

BLOUER DIF P MM, H20(IN, H20)
BLOWER INLET P MM. H20(IN, H20)
BLOWER INLET TEMP. DEG. C(DEG., F)
BLOWER REVOLUTIONS

10T FLOY STD, CU. METRES(SCF)
HC SAMPLE METER/RANGE/FPM

HC BCKGRD HETER.RANGE/PFM

CO SAHFLE METER/RANGE/FFHM

€0 BCKGRD HETER/RANGE/PPM

C02 SANFLE HMETER/RANGE/PCT

€02 BCKGRD METER/RANGE/PCT

NOX SAMFLE METER/RANGE/IFM

NOX BLhGPD HETER/RANGE/PPH
DILUTION FACTOR

HC CDNCENTRATION PPN
CO CONCENTRATION FFM
£02 CONCENTRATION PCT
.NCX CONCENTRATION FFH
HC MASS GRANMS
€O #ASS GRANMS
C02 MASS .GRAMS
NOX tHnSS GRANMS

HC GRAMS/KM

CO GRAMS/KHM

€02 GRAMS/KM .
NOX GRAMS/KN

FUEL CONSUMPTION BY CB L/IOOKH

RUN TIME . SECONDS
HEASURED DISTANCE KH
SCFy DRY

OFCy WET (DRY)

SCFy WET (DRY)

VOL (5CH)

SAM ELR (SCH)

KM (MEASURED

FUEL CONS UNPTION L/lOOKH

COMPOSITE RESULTS
TEST NUMBER | 281F13
BAROHETER HM HG 737.9%
HUHIRITY G/KG6G  -10.8
TEMPERATURE DEG C  28.3

ST-a .

FTpP

VEHICLE EMISSIONS RESULTS
PROJECT 05-4874-001

VEHICLE NO.2A

DATE S5/27/681

BAG CART NO. 1 / CVUS NO., 3
DYND NO. 2

DRY BULB TENP, 28,3 DEG C(83.0 DEG F)
ABS. HUMIDITY 10.8 GM/KG

TEST WEIGHT 1814, KG( 4000. LES)
ACTUAL ROAD LOAD 8.6 KW( 11.5 HP)
DIESEL EN-329-F

ODOMETER 4480, KM( 2784. MILES)

NOX HUHMIBITY CORRECTION FACTOR 1.00

1 2 3 4
COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
696.0 (27.4) 690.9 (27.2) 698,5 (27.5) 690.9 (27.2)
563.,9 (22,2) 563.9 (22.2) 569.0 (22,4) 563.9 (22.2)
36,4 (97,00 35.6 ( 96.0) 36,1 (97.0) 35.6 ( 96.0)
13856, 23018, 13043, 23812,
134,2 ( 4737.) 230.8 ( 0150.) 134,2 ( 4737.) 230.8 ( 8149.)
20,7/11/7 21, 16,8711/ 17, 20,1711/ 20, 17.1/11/ 17.
11,97 17 12, 11,5/ 1/ 12, 11.5/ 1/ 12, 11,0/ 17
30.7/13/ 28, 19.9/13/ 18, 27,0713/ 25, 19.6/13/ 18.
1.8713/ 2, 1.8/13/ 2, 1.6713/ 1, 1,4/13/ 1.
43,77 3/ .75 29.0/ 3/ .48 37.97°3/ .64 27.77 3/ .45
3.2/ 3/ .05 2,87 3/ .04 3.1/ 3/ .05 3,5/ 3/ .05
13.7/ 2/ 14, 10.9/ 2/ 11, 12,37 2/ 12, 10.5/ 2/ 11,
6/ 20 1, YRR b7 37 1. S5 20 1
17,82 27,84 2°§ 3 29,24
24, 16, 23, 16,
\70 RY) .59 .40
13,1 10.3 11.7 10.0
.73 . 1 .86
4,05 4,34 3.55 4,31
1721.2 1845.1 1458,32 17031
. . 3.0 4,43
13 12 12 .14
V69 169 62 .70
29,4 295.0 253.,4 274.4
V73 \52 72
11,25 11,27 9.8 10.56
505, 848, 505, 848,
5,85 6,25 5,76 .16
979 - . .982 . 980 .982
957 ¢ .943) (961 ( .947)
1,000 ( .981) 1,000 ¢ .981)
345.0 344,9
77.81 77,80
12,10 11,92
11,26 10,14
3-BAG (4-BAG)
CARBON DIOXIDE 6/KM 283,5 ( 277.9)
FUEL CONSUKPTION  L/100KH 10,83 ( 10,42)
HYDROCARBONS (THC) G/KM 12 (a3
CARBON MONDXIDE G/Ki 67 ( .67)
OXIDES OF NITROGEN G/KM 64 (.68



9T1-a

TEST NO. 2Aa1H14 RUN

VEHICLE MODEL 81 OLDA CUTLQ4S

ENGINE 5.7 L(350, CID)
TRANSMISSION A3

FAROMETER 736.85 MM HG(29,01 IN HB)

Y-

RELATIVE HUMIDITY 44, PCT

BAG _RESULTS
TEST CYCLE

[*.QUER DIF P M4, H20(IN. H20)
BLOWER INLET P MM. H20(IN, H20)
BLOWER INLET TEMP, DEG. C(DBEG. F)

BLOWER REVOLUTIONS

14T FLOW STD. CU, HETRES(SCF}

HC SAMPLE MC1ER/RANGE/PPM
HC BCKGRD METER/RANGE/FPN
€0 SAMPLE METER/RANGE/PPM
CG  BCKGRD METER/RANGE/FPM
C02 SAMPLE NETER/RANGE/PCT

€02 BCKGRD METER/RANG

E/PCT

NOX SAMPLE METER/RANGE/PPHM

NOX BCKGRD HETER/RANG
DILUTION FACT
HC CONCENTRATION FPM
CO CONCENTRATION PPHM
€02 CONCENTRATION PCT
NOX CONCENTRATION FFH
HC MASS GRANS
CO HAS5 GRANS
€02 HASS GRAMS
NDX MASS-GRAHMS
RUN TINE
DFCy WET (DRY)
SCFy WET (DRY)
VoL (SCH)
SAM BLR (5CH)
KN (HEASURED)

TEST NUMBER»
BAROHETER»
HUMIDITY,
TENPERATURE y
CARBGN DIOXIDE»
FUEL CONSUHPTIGN»

HYTURQCARBONS
CARBON MONDXIDE»
OXIDES GF NITROGEN,

E/PPH

SECONDS

L/100KM

G/KM
6/KH
G/KH

PROJECT 03-4874-001

VEHICLE NO.2A TEST WEIGHT 1814, KG( 4000. LES)

DATE 5/27/81 ACTUAL ROAD LDAD 8.6 KW( 11,35 HP)

BAG CART ND., 1 DIESEL EM-329-F

DYNO NO. 2 ODOMETER 4505, KM( 2799. MILES)

Cvs NO. 3

DRY BULB TEMP, 20.9 DEG C(84.0 DEG F)

ABS. HUMILITY 11.3 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.02
HFET

690,9 (27.2)

11.3/ 1/ 11.
35.0/13/ 32,

1,
50.2/ 3/ .87
2,72/ 3/ .04
15,97 2/ 16,

+235 ( .921)
1.000 ¢ .978)
202.56

43,25
16.24

2A41H14
736.9
11.3
28.9
170.1
7.26

.08
.44
.37



LT-A

PROJECT 05-4874-001
TEST 0. 2AINIS RUN 4 VEHICLE ND.2A

2 TEST WEIGHT 1814. KG( 4000. LBS)
VEHICLE MQDEL U1 OLDS CUTLASS DATE  5/27/81 ACTUAL KOAD LOAD = 8.6 KW( 11.5 HP)
ENGINE 5.7 L (330, C1D) V-8 BAG CART ND, 1 DIECEL  EM-329-F
TRANSHISSION A3 DYNO NO. 2 ODOHETER 4521, KM( 2809, MILES)
CVS NO.
BAROMETER 736,85 MM HG(29.01 IN HG) URY BULB TEMP. 28.3 DEG C(83.0 DEG F)
RELATIVE MUMIDITY 40, PCT ABS. HUNIDITY 10.1 GM/KG NOX HUMIDITY CORRECTION FACTOR .98
BAG RESULTS
EST CYCLE NYCC
BLOWER DIF P HM. H20(IN. H20) 696,0 (27.4)
BLOWER INLET F NN« N20C(IN. H20) 563.9 (22.2)
BLOWER INLET TEMP. DEG. C(DEG. F) 34,1 (57,00
BLOVER REVOLUTIONS 16472,
TQT FLOW STD. CU. METRES(SCF) 189:2,{ 671+
‘HC' SANPLE METER/RANGE/PPN 9 14,
HC BCKGRD METER/RANGE/PPM 10,9/ 17 11,
CO SAMPLE METER/RANGE/PPM 18.47137 1°.
CO ECKGRD METCR/RANGE/FPM 1,0/13/ 1,
£02 SAMPLE METER/RANGE/PCT 24.87 3/ .40
C02 ECKGRI! METCR/RANGE/PCT 3.0/ 3/ .05
NOX SAMFLE METER/RANGE/PFH 10,0/ 27 10,
NOX BCKGRD METER/RANGE/FPM &7 2 1,
DILUTION FACTOR 2,89
HC CONCENTRATION FPM 5.
CO CONCENTRATION PPN 16.
£02 CONCENTRATION PCT .36
NOX CONCENTRATION PP 9.4
HC HASS GRANS V49
CO MASS GRAMS 2,91
€02 MASS GRAMS 1048, 1
NOX HASS GRAMS 2,81
RUN TIME SECONDS 600.
DFCy WET (DRY) 970 ( 4957)
SCFy WET (DRY) 1,000 ¢ ,983)
UOL (SCH) 159,2
SAM BLR (SCH) 33,53
KN (MEASURED) 1,92
TEST NUMBER» 281N15
BARONETER» HM HG 736,9
HUMIDITYy 6/KG 10,1
TEMPERATURE DEG C 28,3
" CARGON DIOXIDE» /KN 544,5
FUEL CONSUMPTIONs  L/100KM 20,90
HYDKOCARBONS » 6/KH 26
C#REDN MONOXIDEs G/KH 1,52

'0XIDES OF NITROGEN» G/KH 1,46



TEST NO. 241516 RUN 4 VEMICLE ND
VEHICLE MODEL 81 OLBSngTLASS DATE 5/27/81

ENGINE 5,7 L(350, CID 1] R a
TRANSHISSION A3 Do o, T h
CVS ND. 3

DRY BULB TEMP, 24.1 DEG C(79.0 DEG F)
ABS. HUMIDITY 12.5 GH/KG

TEST WEIGHT 1814, KG( 4000, LBS)
gcgggt ROAD LOAD & KW( 11.5 HP)

I EM~329~F
ODOHMETER 4522, KM( 2810. MILES)

BARGHETER 7346.40 MM HG(29.00 IN HG)
RELATIVE HUNIDITY 57, PCT

NOX HUMIDITY CORRECTION FACTOR 1.04
BAG RESULTS

.81~

TEST CYCLE 85 K
RLOWER DIF P MM. H20(IN. H20) 685.8 (27.0)
BLOWER INLET P MM. H20C(IN. H20) 558.8 (22.0)
BLOWER INLET TEMP. DEG. C(DEG. F) 38.9 (102.0)
BLOWER REVOLUTIONS 32940,
T0T FLOW STD., CU. METRES(SCF) 316.7 (11181.)
HC SAMPLE METER/RANGE/FPHM 22,1/117 22,
HC BCRGRD MCTER/RAMGE/FPM 10.97 1/ 11,
CO SAMPLE METER/RANGE/PPM 38,2/13/ 34,
CO BCKGRD HETER/RANGE/PPYH - 1.3/13/ 1.
CO2 SAMPLE METER/RANGE/PCT 56,2/ 3/ .99
C02 BCKGRD METER/RANGE/PCT 2.8/ 3/ .04
NOX SAMPLE METER/RANGE/FPM 17,67 2/ 18..
NOX RCKGRD METER/RANGE/FPM 1,072/ 1,
DILUTIDN FACTOR 13.49
CONCENTRATION PPN 12,
CD CONCENTRATION FPEM 32,
C02 CONCENTRATION PCT +93
NOX CONCENTRATION FPH 16.7
HC MASS GRAMS 2,20
CO HASS GRANS 11,67
C02 MASS GRANS 5497.9
NOX MASS GRAMS . 10.75
RUN TIHE SECONDS 1200,
DFCy WET (DRY) 2926 ( ,909)
SCFy WET (DRY) 1,060 ¢ 972}
VOL (SCM) 14,
SAM BLR (SCM) 47,60
KH (HEASURED) . 28,42
"TEST NUMBER, 2A1516
BAROMETER, MM HG 736.6
HUMIDITY G/KG 12.5
TEMPERATURE “DEG € 26,1
CAREON DIOXIDEs G/ 193.0
FUEL CONSUMPTION: L/100KN 7:37 -
HYDROCARBONSy G/KM U8
CARHON MONDXIDE, G/KM 141

OXIDES OF NITROGEN, G/KH +38



FTP VEHICLE EMISSIONS RESULTS
FROJECT 05-4374-001

TEST NO.  2A1F38 RUN 5 . VEHICLE NO.2A TEST WEIGHT 1814, KG( 4000, LBS)
VCHICLE MODEL 81 QLDS CUTLASS DATE 4/25/81 ACTUAL ROAD LOAD 8.6 KUW( 11.5 Uf)
ENGINE 5.7 L(350. CID) V-8 DAG CART nO. 1 / Cvs NO, 3 DIESCL EM-329--F
TRANSHISSION A3 DYND NO. ODOMETER 4978, KN( 3093. MILES)
BAROHETER 744,47 MM HG(29,31 IN HG) DRY BULD TEMP. 22.8 DBCG €(73.,0 DEG F)
RELATIVE HUMIBITY &5, PCT AES. HUMIDITY 11,6 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.03
EAG RESULTS
BAG NUNDER 1 2 3 4
DESCRIFTION ) COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZER
BLOWER DIF P MM. H20(IN., H20) 698,95 (27.5 706.1 (27.8) 704.1 (27.8) 706.1 (27,8
DLOWER IMLEY P MM, H20CIN, H20) 563.9 (22.2 571 5 (22 S) S566.4 (22,3) 571.5 (22.5)
BLOWER INLET TEMP, DEG, C(LEG, F) 35:8 ( 96,5 32,2 ¢ 90,0) 35.0 ( 95.0) 31,9 ( 89.%)
RLOVER REVOLUTIONS 13053, 23026, 13863, 23820,
TOT FLOW STI. CU. HETRES( 5CF) 135.2 ( 4775,) 234.1 ( 8”65 ) 135.5 ( 4784.) 234,2 ( 8269.)
HC  SAMPLE METER/RANGE/FPM 17,0/117 17, 12.5/11/ : 14.3/11/ 14. 11.0/11/ 11.
HC BCKGRD METER/RANGL/FPM 2.1/ 1/ 7. S.72/ 1/ 6. 5.7/ 1/ 5.0/ 1/ 3.
CO SAMILE METER/RANGE/PFM 32,2/13/ 30, 20,7/13/ 19, 26,1713/ 24. 19.5/13/7 18,
CO BCKGRD METER/RANGE/FPN 4,3/13/ 4. 3.2/13/ 3. 2,1/13/ 2.,1/13/ 24
CO2 SAMIFLE METER/RANGE/PCT 44,1/ 3/ 75 28,0/ 3/ .47 38.1/ 3/ .64 28,3/ 3/ .47
CO2 DCNGRD METLR/RANGE/PCY 3.4/ 3/ .05 3.1/ 3 05 3.0/ 3/ 05 3.0/ 3/ ,09
NOX SANMFLE MCTER/RANGE/ZFI'M 12.5/ 27/ 13, 9.8/ 2/ 10, 11,727 2/ 12, 2.6/ 2/ 10,
NOX BCKGRD METER/RANGL/FFM A/ 2/ 0. 857 27 1 W37 2/ 0 47 2/ 0,
DILUTION FACTOR 17,43 28.07 20,73 28,61
HC CONCLNTRATION PPN 10, 74 9 -0
o CO  CONCLCNTRATION FPM 23, 15, 21, 15,
1 CO2 CONCENTRATION PCT 71 43 60 42
' NOX CONCENTRATION FPM 12,1 9.3 11.4 9.2
HE  MASS CRANS 80 194 b9 .83
co HASS GlANS 3.94 4.12 3,36 4,20
C02 MASS GRAMS 17446.5 1836.6 1485.6 1805.7
NOX HASE GRAMS 3.23 4,30 3.05 4,2
FARTICULATE HASS GRAMS 2.21 1.30 .28 2
HC GRAMS/KM 14 o195 12 .13
CO GRAMG/KM +68 Y4 +59 » &8
C02 GRAMG/KH 303.0 296.9 256.8 293.2
NOX GRAMS/KM W54 49 +53 +69
FUEL CONSUMFTION BY CR L/1QO0KM 11.58 11.34 9.8% 11,20
RUN TIME SECONDS 304, 848, 5035, 848,
HEASURED DISTANCE KM S5.76 6.19 3.74 5.14
SCFy DRY 972 +975 0973 975
DFCy WET (DRY) 2957 ( .936) « 760 ( «740)
SCFy WET (DRY) 1,000 ¢ .974) 1,000 ( .974)
QL (SCH) 369.3 369.7
SaH BLR (SCH) 77.83 77. 88
KM (HMEASURED) 11.95 11,90
FUEL CONSUNMPTION L/100KM 11,435 10.57
COMPOSITE RESULTS 3-RAG (4-RAG)
TEST MUMRER 2A1F38 CAREON RIOXIDE G/KM 287.7 { 2B86.8)
BAROMETER H4 HG 744.5 FUEL CONSUMPTION L/100KM 10, 99 ( 10.93)
HIIHIDITY G/Kb 11.6 HYDROCARBONS (THC) G/KM ( 14
TENMFERATURE LEG € 22.8 CARRON MONOXIDE G/KM .65 ( +53)
OXINES OF NITROGEN G/KH W62 ( .67)
PARTICULATES 6/KM + 250 (. «246)



o0z-da

HFET  VLCHICLE EMISSIONS RESULTS
FROJECT 05-4874-001

TEST NO. VEHICLE NO.2A

241H3? RUN 5 TEST WEIGHT 1814. KG( 4000, LIS)

VCHICLE MODEL 81 OLDS CUTLASS DATE 6725701 ACTUAL ROAD LOAD _ 8.6 KW( 11,5 HM)

ENGINE 5.7 L(350., CIDV V-8 BAG CART NO. 1 DICSEL EX-329-F

TRANSHISSION A3 DYNO gU. 2 ODOMETER 5003, KM( 3109. MILES)
CVS NO. 3

RAROHETER 744,73 MM HO(292.32 IN HG) DRY BULD TEMF. 25,0 DEG C{(77,0 DEG F)
RELATIVE {WNKIDITY Sé. PCT

ALS, HUMIDITY 11,4 GH/KG
FAG_RESULTS

TEST CYClE HFET

ELOVER DIF P HH. H20(IN, H20)

BLOWER INLET P MM, H20(IN. H20)
RLOUCR INLEY TEMP. L[EG. C(DEG. F)

NOX HUMIDITY CORRECTION FACTOR 1.02

698.5 (27.5)
568,04 (22,3)
36,4 ( 97.5)

ELOWER REVOLUTIONS 21023,
TOT FLON STO. CU. METRES(SCF) 205,4 ( 7254.)
HC SrMPLE METCR/RANGE/FPH 16,4711/ 16,
HC UCNGRD METER/RANGE/PPM 5.0/ 1/ 5.
CO SANPLE METER/RANGE/PPM 35.2/7137 33,
€0 LCKGRD METCR/RANGE/FFM 1.5/13/ 1,
€02 SAMPLE METER/RANGE/FCY 53.2/ 3/ .93
€02 RCNGRD METER/RANGE/FCT 3.1/ 3/ .05
NOX SAMPLE METER/RANGE/FrM 15,37 2/ 15,
NOX LCKGRD METER/RANGE/FPH 17 270,
DILUTION FACTOR 14,35
HC  CONCENTRATION PEM 12,
CO CONCENTRATION PPH 30,
£02 CONCENTRATION PCT .88
NOX CONCENTRATION FFH 15.2
HC MASS GRAMS 1,39
€O MASS GRAMS 7.2
€02 MASS GRAMS 3328.8
NOX MASS GRAMS 6410
FARTICULATE HASS GRAMS 2,06
RUN TIME SECONDS 745,
LFCs WET (DRY) 0930 ( +713)
SCFy WET (IRY) 1,000 ( .973)
vaL (5CH) 205,4
SAH DLR (SCH) 43,83
KM (MEASURED) 16.35
TEST NUMLER» 241H39
LAROKETER "M HG 744.7
HUMTRITY, G/KG 11,4
TCHFERATORD » LG C 25,0
CAREON DIOXIDEy G/KN 203, £
FUEL COHSUMFTIGHs  L/100KM 7.78
HYDROCARIONS # G/KH ,09
CARLON MONOXIDE» G6/KM “44

OXIDCS OF NITRDGEN» G/KM v 37



12-a

TEST NG. 2A1IN40  RUN
VENICLE HODEL 81 OLuW

h)
CuLASS

ENGINE 5.7 L(350. CIL) V-8B

TRANSHISSION A3

RAROHETER 744.73 MM HG(29.32 IN HG)

RELATIVC HUMIDITY 59, PCT

BAG RESULTS
TEST CYCLE®

RLOUER DIF F MM. H20CIN. H20)
BLOWER INLET P MM. H20C(IN. H20)
RLOWER INLET TEHWP. DEG, C(DEG. F)

EBLOWER REVOLUTIONS

TOT FLGW.STh. CU. METRES(SCF)
HC SAMPLE METER/RANGE/PFHN
HC LCKORD METER/RANGE/FEM
€0 SAMPLE HETER/RANGE/PIM
CO  BCRGRD METER/RANGE/FFM
€02 SAHFLE METER/RANGE/FCT
CO2 BCNGRD METER/RANGE/FCT
NOX SAMPLE MLTER/RANGE/PEM
HNOX BCKGRD METER/RAMGE/FPH

BILUTION FACTOR

HC CONCENTRATION PPM
€0 CONCENTRATION FFH
C02? CONCENTRATION FCT

NOX CONCENTRATION PFM

lIC MAGS GRAMS
CO MASS GRAHS
C02 MASS GRAMS
NOX HASS GRAHS

’ARTICELATE HASS GRANMS

RUN TIHE
LECy WET (LIRY)
SCFy WET (DRY)
UBL (SCH)
SAM ELR (SCH)
-NM  (HEASURED)

TEST NUMDER,
BARGMETER
HURIDITY,
TERMERATURT »
CARLON RIDXIDE,
. FUEL CONSUMFTION,

" HYDROCARTIONS»
CAREON MONOXIDE,
OXIDES OF NITROGEM»

SECONDS

HHt HG
G/NG
DEG C
G/KkM
L7100KN

6/KM
G/KH
G/KM

NYCC  VCHICLE GCMISSIONS RESULTS
FROJECT 05~4874-001

VEHICLE NO.2A

DATE 6/25/81

BAG CART N3, 1

DYND NO. 2
N 3

BRY RULB YCMP. 23.9 BEG C(75.0 DEG F)
ABS. NUMIDITY 11.1 GM/KG

NYCC

7046.1 (27,8
571,95 (22.5)
33,6 ( 92,9)
16454,
161.3 ¢ 34%75.)
10,2711/ 10,
5.0/ 17 S,
18.0/137 1é..
1.4/137 Le
24.27 3/ ,3%
3.1/ 3/ .05
8.2/ 2/ Q4
W7 2/ O

600,
970 (95
1.000 ( ,977)

161,3

34,13
1.89

2AINSO
744.7
i1.1
23.9
542.0
20.72

26
1,44
1.42

TEST WEIGHT 1814, KG( 4000, LES)

ACTUAL ROAD LAAD
DIESEL £M-32

NOX HUMIDITY CORRECTION FACTOR

D 8.6 KWC 11,5 HM)
ODOMETCR 5020, KM( 3119, MILES)

1.01



85 Kl VEHICLE EMISSIONS RESULTS
FRGJECT 05-4074-001

TEST NO. 241541 RUN S VENICLE NO.24A

TEST WEIGHT 1814. KG( 4000. LE3)

VENICLE MODEL _ 81 OLDS CUTLASS DATE /25781 ACTUAL KOAD LOADN  B.6 KW( 11.5 1IF)
ENGINE §.7 L(350. CID) v-8 BAG CART NO. 1 DIESEL EH--329-F
TRANSMIGSION A3 DYNO NO. 2 ODOMCTER 5022, KM( 3121, HILES)

CvS NO. 3

BARGMETER 744,73 MM HG(29.32 IN HG) RRY BULD TEMP. 25,6 DEG C(78.0 DEG F)
RELATIVE HUMIDITY 53. PCT

ARS. IUMIDITY 11.1 GH/KG
BAG RESULTS
TEST CYCLE 85 K

BLOWER DIT P HM. H20(IN, H20) 698.5 (27.3)
BLOWER INLET P MM. H20CIN, H20) 546644 (2243)
RLOWER INLET TEMP. DEG., C(DEG. F) 372.5 ¢ 7.5
BLOWER REVOLUTIONS 32930,

TOT FLOW STD. CU. METRES(SCF) 321,2 (11343.)

NOX HUMIDITY CORRECTION FACTOR 1.01

HC  SANPLE METER/RANGLC/PFH 16,4/11/  1dn
HC EENGRD HMETER/RANGE/F'PM 4.4/ 1/ 5,
CD SANPLE METER/RANGE/FFM 36.7/13/ 34,
CQ RCKGRDO HETER/RANGE/PFM 1.4/13/ 1,
CO2 SAHPLE HETER/RANGE/PCY 55,6/ 3/ .98
C02 BCRGRN METER/RANGE/FCT 3.17 3/ 05
NOX SAMPLE MCTER/RANGE/FPM 16:47 2/ 1é.
NOX DCKGRTT METTR/KRANGE/FFHM 372 .
DILUTION FACTOR 13.44
HC  CONCENTRATION FEM 12,
¥  CO_ CONCENTRATION PI'H 32,
o~  CO2 CONCENTEATION PCT V93
™ NOX CONCENTRATION FPM 16,1
HC HASS GRAMS 2.26
CO HASS GRAMS 11.83
€02 HASS CRAMS 5481.8
NOX MASS GCRAMS 10.04
FARTICULATE MASS GRAMS 2,68
RUN TIME SECONDS 1200,
LDFCr WET (DRY) 1927 ( 911)
SCFy WET (DRY) 1,000 ( %74)
uaL (SCH) 321,2
SAM BLR (SCM) 468,97
KM (MEASURED) 28.37
TEST NUMELRy 241541
BAROMETER» M4 HG 744.7
HURIUITY, G/KG 114
TEMPERATURE Y LEG C 25.6
CAKLON DIOXIDE, G/RM 193.2
FUEL CONSUMFPTIGN» L/100KM 7.38
HYURDCARLONS G/KH 03
CARL:ON MONOXIDE, G/hH 042
OXIDCS OF NITROGEN, G/KH «33



£ec~a

TEST NG,

VEHICLE MODEL

2A1N42

RUN 6

81 OLDS CgTLA

ENGINE 9.7 L(350., CID) V

TRANSHIS

SION A3

RAROMETER 744.47 MM HG(29.31 IN HG)
RELATIVE HUKIDITY 55. PCT
RAG RESULTS

TEST CYCLE
BLOUER DIF P #M. H20(IN. 1120)

BLOWER INLET P HM. H20(IN. H20)
ELGWER INLET TEMP. DEG. C(DEG. F)

BLOVER REVOLUTIONS
TOT FLOW STD, CU, METRES(SCF)
HC GAMPLE NETER/RANGE/PTM
HC ECNGRD METER/RANGE/FFM
CO SAMPLE METER/RANGE/PFPM
€0 BCKGRD METER/RANGE/FPM
CO2 SAMPLE METER/RANGE/PCT
€02 KCKORD HETER/RANGE/PCT
NOX SAMFLE METER/RANGE/FPM
HOX BCKGRD METCER/RANGE/FFM
DILUTION FACTOR
HC CONCENTRATION PN
CO CONCENTRATION PIM
CO2 CONCEMTRATION FCT
NOX CONCENTRATION PFM
HC  MASS GRANMS
CO HASS GRAMS
€02 MAGS GRAMS
NOX MASS GRAMS
FARTICULATE MAGSS GRAMS
RUN TINME SECONDS
LOFCs, WET (DRY)
SCFy WET (IRY)
VoL (5CM)
SAM BLR (SCM)
KM (HEASURED)

TEST NUMLER,

RAROMETER» MM HOG
HUNMIDITY G/KG
TEMPERATURE » DEG C
CARKON DIOXIDE, G6/KM
FUEL CONSUMPTION, L7 100K
HYDROCAREBONS » G/KH
CARLRON MONOXIDE, G/KM

OXIDCS OF NITROGEN» G/KH

NYCC VEHICLLE EMISSIONS RESULTS

FROJECT 05-4874-001

VEHICLE NO.2A
DATE 6/25/81
EAG CART NO. 1
DYND NOD. 2
CVS Na.

DRY RULB TEMP, 23.9 DEG C(75.0 DEG F)

ARS. HUMIDITY 10.4 GM/NG
NYCC

708.1 (27.8)
571.5 (22.5)
33,9 { 93.0)
15471,
161.5 ( §703.)
10, 4/11/ 10,
5.0/ Y/ 5,
18.9/13/ 17,
1.3/13/ 1,
24,727 3/ 40
3.3/ 3/ .05
8.9/ ?.
I/ 27 0.

4
0970 ( .953)
1.000 ¢ .979)
181,95

34,34
1.88

2AIN42
744.5
10.4
23.9
557.3
21,31

«2B
1,57
1,40

TEST WCIGHT 1814, KG( 4000, LLS)
ACTUAL ROAD LDAD  B.& KW( 11.5 HP)
DIESEL Et-329-

ODOMETER 5050, hH( 3138, MILES)

NOX MUMIDITY CORRECTION FACTOR %9



NYCC  VEHICLE EMISSIONS RESULTS
FROJECT 05-4874--001
TEST NO.  2a1N43  RUN 7 VCHICLE NO.2A

VEHICLE MOTEL _ B1 QLIS CUTLASS RATE 25
ENGINE 5.7 L(350, CID) v ° EeaRTorD, )

TRANGMISSION A3

TEST MEIGHT 1814. KG( 4000. LES)
%%TU%L ROAD LDAD Be6 KUW( 11,5 HP)

9-F
ODOMETER 5053. KH{ 3140, MILES)
CVS N0,

DAROMETER 744,22 MM HG(29,30 IN HG) DRY BULD TEMP, 24,4 DEG C(76.0 DEG F)
RELATIVE HUMIDITY 55, FCT ABS, HUMIDITY 10,5 GM/KG
1AG_RES

TCST CYCLE NYCC

BLOWER DIF P MM. H20(IN. H20) 704641 (27.0)
ELOWER INLET P MM, HIDC(IN. H20) ) 571.9 (22,
BLOWER INLET TEMP, DEG. C(DEG, F) 33.3 ¢ 9
ELOWER REVOLUTIONS 1644

NOX HUMIDITY CORRECTION FACTOR 1.01

vz-a

TOT FLOW STh, CU. METRES(SCF)

181.3 ( 5697 }

HC  SAMFLE METER/RANGL/PPM 1€.2/11/ 10,
UHC  BCKGRDN METER/RANGE/FFM 4,57 1/ S,
CO0 SAMI'LE METER/RANGE/PFM 18.9/13/ 17,
CO BCNCRDT METCR/RANGE/MPM 1.2/13/ 1,

C02 SAMI'LE
C02 LOKGRD

METER/RANGE/FCT
HETER/RANGE/FCT

24,7/ 3/ .40
3.2 03

NOX SAMP'LLC HMETER/RANGE/PFM 8.9/ 2/ %,
NOX RCKGRD METER/RANGE/FFM W37 2/ 0,
DILUTION FACTOR 33.08
HC CONCENTRATION ['FM 4,
CO CONCENTRATION FFM 16.
C02 CONCENTRATION FCT +35
NOX CONCENTRATION FFM 8.6
tC HASG ORAMS 24
CO MASS GRAMS 2.95
CO2 MASS GRAMS 1046.2
NOX MASS GRAMS 2,47
FARTICULATE HAGS GRAMS 166
RUN TIME SECONDS . 599
OGFCy WET (DRY) : 970 ( .952)
SCFy WLT (DRY) 1.000 ( ,973)
VoL (SCH) ’ 161.3
SAM BLR (SCM) 34,29
KM (HEASURED) 1.64
TEST NUMLER» . 241N43
BARQMETCR, MM UG 744.2
HUBIDITY, 6/5G - 10.9
TEMFERATURE » DEG C 24.4
CARLION DIOXIDC, 569.7
FUEL CONSUNFTIONs L/IOOhH 21.78
HYLROCARDONS G/KM .29
CAREON NINOXIDE G/KM 1.60

OXILES OF NITRDSEN: -B/KM



cz-d

SUMMARY OF REGULATED :£MISSIONS FROM 1981 OLDSMOBILE CUTLASS
DIESEL VEHICLE USING EM-469~F FUEL

Test Code 2A2F18 2A2F22 2A2F26 2A2F30 2A2F34 2A2119 2A2H23 2A2H27 2A2H31
Test Type 3-b FTP 3-b FTP 3-b FTP 3-b FTP 3-b FTP HFET HFET HFET HFET

Date (1981) 6/4 6/5 6/19 6/22 6/23 6/4 6/5 6/19 6/22

Run No. 1 2 3 4 5 1 2 3 4

HC, g/mi 0.21 0.21 0.24 .19 0.21 0.16 0.14 0.16 0.18

CO, g/mi 1.14 1.09 1.05 1.17 1.11 0.74 0.72 0.69 0.74

NOy, g/mi 1.05 '1.08 1.01 1.01 1.09 0.58 0.63 0.60 0.61
Part., g/mi 0.42 0.46 0.46 0.43 0.43 0.20 0.21 0.20 0.21

Fuel, mi/qgdl 22.4 22,2 21.8 22,1 21.9 34.3 32.0 32.1 32.5

Test Code 2A2N20 I 2A2N24 2A2N28 2A2N32 2A2N35 2A2N36 “ 272821 2A2S525 2A2S529 272833
Test 1ype NYCC NYCC NYCC NYCC NYCC NYCC 85 kph 85 kph 85 koh 85 kph
Date (1981) 6/4 6/5 6/19 6/22 6/23 6/23 6/4 6/5 6/19 €/22
Run No. 1 2 3 4 5 6 1 2 3 4
HC, g/mi 0.53 0.47 0.51 0.48 0.58 0.56 0.14 0.14 0.13 0.11
CO, g/mi 2.46 2.41 2.37 2,61 2.56 2.67 0.77 0.71 0.66 0.66
NOx, g/mi 2.41 2.43 2,41 2.35 2.37 2.40 0.58 0.60 0.56 0.:58
Part., g/mi 0.73 0.70 0.59 0.68 0.62 0.61 0.14 0.15 0.13 0.14
Fuel, mi/gal 11.4 11.2 11.2 11.1 11.8 11.2 34.8 32,7 33.1 33.4




TEST NO. 2A2F18 RUN 1
UEHICLE MODEL 81 OLDS CUTLASS

NGINE 5.7 L{350, CID) v-8
TRANSHIJSIDN A3

BAROMETER 736,35 MM HG(28,99 IN HG)
RELATIVE HUMIDITY 57, PCY
BAG RESULTS

BAG NUMBER

DESCRIPTION

BLOWER DIF P MM, H20(IN, H20)
ELOUWER INLET P MM, H20(IN, H20)
BLOWER INWLET TEMP. DEG. C(DEG. F)
BLOWER REVOLUTIONS

TOT FLOW STD. CU. METRES(SCF)
HC  SAMPLE METER/RANGE/PPM
HC BCKGRD METER/RANGE/FPM
CO SAHFLE METER/RANGE/FPM
CO_ BCKGRD METER/RANGE/FPM
C02 SAMPLE METER/RANGE/PCT
C02 BCKGRD METER/RANGE/PCT
HOX SAMFLE METER/RANGE/FPM
NOX BCKGRD METER/RANGE/PPN
DILUTION FACTOR

HC CONCENTRATION PPM

CO CONCENTRATION FFM

CO2 CONCENTRATION PCY

NOX CONCENTRATION FFN

HC MASS GRAMS

CO MASS GRAMS

COQ HASS GRAMS

NOX HASS GRAMS

PARTICULATE MASS GRAMS

HC  GRAMS/KN
CO_ GRAMS/KM
© €02 GRAMS/KM
NOX GRAMS/KM
FUEL CONSUNPTION BY CB L/IOOKH

. 9z-a

RUN TIKE SECONDS
HEASURED DISTANCE KH
SCFr DRY '

DFCr WET (DIRY)

SCFy UET (DRY)

VoL (SCM)

SAN ELR (SCH)

KM (KEASURED)

FUEL CONSUMPTION L/100KM

COMPDSITE RESULTS ]
© TEST NUMBER 242F18
BAROMETER HM HG 734.3
HUHIDITY G/KG 12.5
TEHPERATURE DEG L 26.1

v rvesmme

W TS T WV

VEHICLE NO.2A

DATE 6/ 4/81

BAG CART NO, 1 / CVS NO, 3
DYNO NO, 2

DRY BULD TEMP, 24.1 DEG C(79.0 DEG F)

ABS. HUMIDITY 12.5 GM/KG

1
COLD TRANSIENT

690.9 (27.2)

2
STABILIZED
693.4 (27.3)

TEST WEIGHT 1814, KG( 4000. LBS)

ACTUAL ROAD LOAD
DIESEL EM-4

8.6 KW( 11.5 HP)

?-F
ODOMETER 4595, KM( 2855, MILES)

NDX HUMIDITY CORRECTION FACTOR 1,06

3
HOT TRANSIENT
690.9 (27.2)

561.3 (22.1) 563.9 (22.2) 561.3 (22.1)
( 925.0) 33.3 ( 92,0) 35,6 (_96.,0)
39, 23812, 13843,
134.2 ( 4738.) 211,5 ( 8176.) 134.1 ( 4736.)
12.4/11/ 12, 10.6/11/ 11, 14.6/11/ 15.
5.8/ 1/ b, 4,6/ 1/ 5, 4.6/ 1/ 5,
32,2/13/ 30, 20.,2/13/ 18, 27.7/13/ 25,
1,6/13/ 1, 1,5/13/ 1, 1.4/13/
42,7/ 3/ 73 20,87 3/ .47 37.2/ ¥/ .63
3.2/ 3/, .05 3.1/ 3/ .05 3.1/ 3/ .05
12,6/ 2/ 13, 10.1/ 2/ 10, 11.67 2/ 12,
WS/ 2/ ' W5/ 2/ ' 47 2/ 0,
18,30 8.2 21.27
7. b, 10,
27, 17, 23,
+68 43 +58
12,1 906 11,2
33 .82 79
4,28 4.48 3166
16750 1801,7 142¢.0
3,31 4, 3.06
1.94 1.8 1,36
09 +13 .14
+74 .+ 73 64
291.0 293.7 249.4
+38 Y4 oS54
10.86 10,96 9.31
505, 860, =035,
S3.76 6,13 "5.72
+975 977 976
) ;958 ( +940) 261 (
1.000 ( .976) 1.000 ¢
365.7
11.89
10.91
CARBON DIOXIDE G/KH

FUCL CONSUMPTION

L/100KM

HYDROCARBONS (THC) G/KM
CARBON MONOXIDE G/KM
OXIDES DF WITROGEN G/KM
PARTICULATES - G/Kh

4
STABILIZED

690.9 (27,2)
561.3 (22,1)
33,92 ( 93.0)

23814,
231.4 ( 8171,)
10.7/11/ 11.

4,5/ y/ 5.
19.5/13/ 18,
1,0/43/ 1,
27.5/ 3/ .45
3.1/ 3/ .05

10,07 2/ 10,
.45 / 0.

+244)
«977)
365,95
77.29
11.86

7.90

3-BAG (4-BAG)
280.9 { 276.8)
12,47 ( 10.33)
13 ( 13
71 ( .70)
o653 {  .65)
+2682 { 2340



: FROJECT 05--4874-001
TEST NO. 2A2H19 RUN VEHICLE NO.2A

. TEST WEIGHT 1814. KG( 4000, LBS
VEHICLE MODSL 81 OLDS CUTLASS DATE &/ 4/81 actuat aB n‘ 8.6 KW( 11.5 up)
ENGINE 5.7 L(350., CID) v-8 BAG CART HO. 1 DIESEL EH
TRANSMISSION A3 g&goNgo. 2 OLOMETER 4617. Kn( 28692+ MILES)
*
BAROMETER 734,09 MM 1G(28.98 IN HG) DRY BULB TEMP. 26.7 DEG C(80.0 DEG F)
RELATIVE HUMIDITY S1. PCT ABS. HUMIDITY 11,5 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,03
+ RAG RESULTS
TEST CYCLE HFET
HLOWER DIF P MM, H20(IN. H20) 690.9 (22,2}
BLOWER INLET P MM. H20C(IN. H20) 564,3 (22.1)
ELOWER INLET TEMP. DEG. C(DEG. F) 35.6 ( 96.0)
BLOWER REVOLUTIONS 21007,
TOT FLOW STD. CU, METRES(SCF) 203.3 ( 7178.)
HC SAMPLE NETER/RANGE/PPN 17.8/11/ 18.
HC BCKGRD METER/RANGE/FPM 4,6/ 1/
CO SAMPLE HMETER/RANGE/PPH 35.9/13/ 33.
€0 BCKGRD METER/RANGE/FPM W7/137
€02 SAMFLE METER/RANGE/PCT 48,8/ 3/ .94
€02 BCKGRD METER/RANGE/FCT 3.0/ 3/ 05
NDX SAHPLE METER/RANGE/PPM 15,07 2/ 15,
X BCKGRD METER/RANGE/rPM A/ 2/ 0.
DILUTIDN FACTOR 15,
: CONCENTRATION PPM 14,
co CONCENTRATION PPM 32,
o €02 CONCENTRATION PCT +80
4, NOX CONCENTRATION FPM 14,4
3 HC MASS GRAMS 1.59
€0 MASS GRAMS 7.47
€02 MASS GRAMS 2981,3
NOX MASS GRAMS 5.85
PARTICULATE MASS GRAMS 1.97
RUN TIME SECONDS 765,
DFCy WET (DRY) +937 ( .921)
SCFy WET (DRY) 1,000 { .976)
VCL (SCM) 203.3
SAM BLR (SCM) 42,90
KM (MEASURED) 16,24
TEST NUMBER: 242H19
LAROMETER MM HG 734.1
HUMIDITYs G/KG 11.5
TEMFERATURE » DEG C 26,7
CARBON DIOXIDEy G/KH 183.6
FUCL CONSUMPTION, L/100KM 6.86
HYDROCARBONS » G/KM .10
CARBON HONOXIDEr G/KM Y

OXIDES OF NITROGENs G/KM 36
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PRUJECT 05-4874-001

TEST N 2A2N20  RUN VEHICLE NO.24 TEST WEIGHT 1814, KG( 4000. LBS)
VEHICLE "MODEL 81 DLDS CUTLASS DATE &/ 4/81 ACTUAL ROAD LDAD _ 8.6 KW( 11,5 HP)
ENGINE 5.7 L(35Q. CID) v-8 BAG CART NO. 1 DIESEL EM-469-
TRANSNISSION A3 cvSD NO . ODONETER 4632, KM( 2879+ MILES)
BAROMETER 736.35 MM HG(28,99 IN HG) DRY BULB TEMP. 26.1 DEG C(79.0 DEG F)
gghﬁ;ég5L¥gHIDITY 54, PCY ABS. HUMIDITY 11.8 GM/KG NDX MUMIDITY CORRECTION FACTOR 1.04
A
TEST CYCLE NYCC
BLOWER DIF P ¥M, H20¢IN. H20) 890.9 (27.2)
BLOWER INLET P MM, H20(IN. H20) 561.3 {22.1)
BLOWER INLET TEHP. DEG. C(DEG. F) 33.3 ( 2.0
BLOWER REVOLUTIONS : 16478,
TOT FLOW STD. CU. METRES(SCF) 160.3 ( 56614)
HC SAMPLE METER/RANGE/PPN 11.2/11/ +
HC BCKGRD HETER/RANGE/FPM 4,6/ 1/ O,
CO SAMPLE METER/RANGE/PPH 18.1/13/ 16,
€O LCKGKU METCR/RANGE/FPH B8/137 1,
C02 SAMPLE BETER/RANGE/FCT 24,5/ 3/ .40
02 BCKORD METER/RANGE/PCT 2.9/ 3/ .04
NDX SAMPLE METER/RANGE/PPH 9.8/ 2/ 10,
X BCKGRD METER/RQNGE/PPH 2/ 2/ 1.
UILUTION FACTOR 33.36
CONCENTRATION [PM .
CO CONCENTRATION PPM 164
€02 CONCENTRATION FCT o 34
NOX CONCENTRATION PPM 8.9
HC MASS GRAMS +62
CO MASS5 GRAMS 2,90
€32 HASS GRANS 1044.46
NOX MASS GRAMS 2.84
FARTICULATE HASS GRAMS 86
RUN TIME SECONDS 400,
UFCy WET (DRY) +9270 ( .953)
SCFy WET (DRY) 1,000 ( 9799
VoL (5CH) 1603
SAM BLR (SCH) 33,83
KM (MCASURED) 1.09%
TEST NUMBERs 242020
BARDHETER MM HB 736.3
HUMIDITY, G/KG 11.8
TEMPERATURE » BEG C 26,1
CARBON DIOXIDE G/KM 932.7:
FUEL CONSURFTION, L/100KM 20445
HYDROCARBONS » G/KM 33
CAREON MONOXIDE, G/KM 1.53

OXIDES OF NITROGEMNs G/KM 1.50



PROJECT 05-4874-001

8T N 2A2521 VEHICLE N7.24 TEST WEIGHT 1814, KG( 4000. LES)
UEHICLE ‘HODEL 81 ULDJ CUTLASS ACTUAL ROAD LOAD 8.6 KW( £1.5 HP)
ENGINE 5,7 L(350, CID) V-8

D 1
BAG CART NO, 1 DIESEL EN-469-F
TRANSMISSION A3 DYND NO. 2 ODOMETER 4435, KH( 2880, MILES)

‘62—

S NQ.
BAROMETER 736,35 MM HG(28.99 IN HG) DRY BULB TCMP. 26.7 BEG C¢00.0 DEG F)
RELATIVE HUMIDITY S1, PCT ABS, HUMIDITY 11.5 GM/KG NDX HUMIDITY CORRECTION FACTOR 1.03
BAG RESULTS
TEST CYCLE 85 K
BLOWER DIF @ MM. H20(IN, H20) 690.9 (27.2)
BLOWER INLET P MM, H20(IN. H20) S561.3 (22.1)
BLOWER INLET TEMP. DEG. C(DEG, F) ' 37,2 ( 99.0)
BLOWER REVOLUTIONS 32943,
TOT FLOW STD, CU. METRES(SCF) 318.2 (11234,)
HC SAMPLE MLTER/RANGE/PPM 18,3/11/ 18,
HC  BCKORD HETER/RANGE/FFM 4.6/ 1/ 5,
CO SAHPLE METER/RANGE/PPM J40.7/137 38,
CO BCKORD METER/RANGLE/PPN 02/13/ 0,
C02 SAHPLE METER/RANGE/PCT 52,8/ 3/ .92
C02 BCKGRDI METER/RANGE/PCT 2.7/ 3/ .04
NDX SAMPLE METER/RANGL/PPM 16,7/ 2/ {7s
NOX RCKGRD METER/RANGE/TPM b/ 2/ L.
DILUTION FACTOR 14,44
HC CONCENTRATION PPM 14,
CO CONCENTRATION PFM 36,
C02 CONCENTRATION PCT .88
NOX CONCENTRATION FPM . 16.1
HC  HASS GRAMS 2,57
€D MASS GRAMS 13,50
C02 MASS GRAMS 5143,1
NOX MASS GRAMS 10,
PARTICULATE MASS GRAMS 2,42
RUN TIME . SECONDS 1200,
LIFCy WET (DRY) . o231 ( . 91¢4)
SCFy WE1 (DRY) 1.000 ( .975)
VoL (5CH) . 3:8.2
SAM BLR (SCH) - . 6735
KM (MEASURED) . 28.40
TEST NUMBER» . 2A2521
RAROMETER» M4 HG 736.3
HUHIDITY, G/KG 11.5
TEMFERATURE » DEG C - 2647 ¢
CARLON DIOXIDEy G/KM ig1.1
FUEL CONSUMPTION: L/100KH 6.76
HYDROCAREONS /KM +09
CARBON MONOXIDE, G/KH +48

OXIDES OF NITROGEN» G/KH «36



VEHICLE MODEL 81 OLBS CUTLASS
ENGINE 5.7 L(350. CID) v-8-
TRANGSMISSION A3

BAROMETER 736.35 NN 115(20.99 IN HB)
RELATIVC IMMIDITY 60, PCT
BAG_RESUL TR

BAG NMMRER

DESCRIFTION

BLOWER DIF P MM, H20(IN, H20)
BLOWER INLET P MM. H20(IN., H20)
BLOWER INLET TEMP. DEG. C(DEG. F)
BLOWER REVOLUTIONS

TOT FLOW STD. CU. METRES(SCF)
HC  SANPLE METER/RANGT /PPM
HC DCKGRD HETER/CANGE/PPM
CO SeMTLE METER/RANGE/FPN
C0 RCrrrD METER/RANGE/PFM
CO2 SAMFLE METER/RANCE/FCT
C02 BCKGRD METER/RANGC/PCT
HOX SAHILE METER/RANGE/FPN
NOX BCKGRD METER/RANGE/PPH
DILUTION FACTOR

HC CONCENTRATION PPM

€D CONCENTRATION PFM

CO2 CONCENTRATION PCT

HOX CONTUNTRATION FPM

HC HASS GRAMS

CO MASS GRAMS

CO2 MASS GRANS

NOX MASS GRAMS

PARTICULATE MASS GRAMS

HC GRAMS/KM
€O GRAHS/KM
C02 GRAMS/KM
NOX GRAMNS/KMH
FUEL CONSUMPTION BY CB L/100KM

oc-a

[fJUN TINE SECONDS
HEASUREDN DISTANCE KM
SCFs DRY

UFCy» WET (DRY)

SCFy WET (DRY)

VOL (5CH)

SAHM BLR (SCH)

KM (HEASURED)

FUEL CONSUMPTION L/100KHM

COMMOSITE RESULTS
TEST NUMBER 2A2F22
BARDMETER MM HG 736.3
HUHIDITY G/K6 12,8
TEMFERATURE DEG C  25.6

ATE 4/
At cartho’3t, cus no. 3
DYNG NO. 2

DRY BULR TEMP. 25.6 DEG C(78.0 DEG F°
ABS. HUMIDITY 12.8 OM/KG

IO WELILHI

AcCTUAL ROAD LOAB
DIESEL

1914, KG( 4500, LEBES)
8 & FU( 11.3 HP)

EH
ODOMETER 4u67. KN( 2900. MILES!

NOX HUMIDITY CORRECTION FACTOR 1.07

1
COLD TRANSIENT

693.4 (27.7)
541.3 (22.1)
34,4 ( 24.0)

2
STADILIZED

690.,9 (27,2)
561.3 (22.1)
33.3 ( 92.0)

3
HOT TRANSIENT

690.9 (27,2)
561.3 (22,1)
34.4 ( 94.0)

4
STABILIZED

690.9 (27,2)
561.3 (22.1)
33.3 ( 92.0)

13856, 236817, 13852, 2735720,
134.5 ( 4749.) 231,7 ( 8182,) 134,5 ( 4750.) 231.8 ( 8185.)
16,6711/ . 10.6/117 11, 14.3/11/ 14, 10.8/11/ .
3.1/ 1/ G 9.0/ 17 5. 5.0/ 1/ 5. 4.7/ 1/ 5.
33.5/13/ 31, 21.4/137 20, 27.5/13/ 23, 19.7/13/ 18,
4.0/13/ 4. 3.3713/ 3. 2.1/13/ 2 2,1/7137 2,
42,6/ 3/ .73 28,87 3/ 47 38,87 3/ .45 27,2/ 3/ .45
3.1/ 3/ 05 2.9/ 3/ .04 3.1/ 3/ .05 3.0/ 3/ .03
12,47 2/ 12, 10,5/ 2/ 11, 12.17 2/ 12, 10.77 2/ 11,
6/ 2/ 1 6/ 2/ 1. 47 2/ 0. 8/ 2/ 1,
18,33 28,0 20,44 27.0S
12, 64 10. &
27, 16, 23, 16,
48 143 .61 40
11.8 9.9 11.7 4
91 77 74 .83
4.16 4,35 3.55 4,22
1478.1 1830.8 1494.0 1705.0
3.07 4.72 3.24 4,72
2.29 1.61 1.50 1.24
+16 13 13 A3
72 +70 61 .68
289.9 295.7 258. 4 275.3
. 76 +56 76
10.82 11,04 9.65 10,28
909, 868, 905, 868,
5.79 6,19 S5.78 6,19
1974 976 +975 976
0937 ¢ 939) 261 ( .942)
1,000 ( ,975) 1,000 ¢ .976)
366.2 366.3
77.40 77.51
11,98 11.97
10,93 9.98
3-BAG (4-BAG)
CARBON DIOXIDE G/KH 204.3 ( 278.3)
FUEL CONSUMPTION L/100KM 10.61 ( 10.39)
HYDROCARBONS (THC) G/KM 13 ( ,14)
CARDON MOHOXIDE G/KM +68 (  .68)
OXIDES OF NITROGEN G/KM Y- { 67)
PARTICULATES G/KH +288 ( 271)



Te-a

HFET VEWICLE EMISSIDNS RESULTS
PROJECT 05--4874-001

VENICLE NO, ZA

TEST NO. 2A2H23  RUN
81 0OLDS CUTLASS DATE &/ 5/8

S G( 4000, LBS)
VERICLE MODEL TEST WEIGHT 1814. KG( 4000, L

ACTUAL ROAD LOAD 8.6 KU( 11.5 HP)
ENGINE 5.7 L(350. £ID) v-8 BAG CART NO, 1 DIESEL  CM-449-F
TRANSHISSION A3 gagoNg 'y 2 ODOMETER 4491, KM( 2915. MILES)

.

BAROMETER 736.60 MM HG(29.00 IN HG) DRY BULB TEWP. 26,7 DEG C(B0.0 DEG F)
RELATIVE HUMIDITY S4. PCT

ARS. HUMIDITY 12,3 GM/KG
BAG_RESULTS
TEST CYCLE HFET

BLOWER DIF P MM. H20(IN. H20) 690.9 (27.2)
BLOWER INLET P MM, H20(IN. H20) 561.3 (22.1)

NOX HUMIDITY CORRECTION FACTOR 1.06

BLOWER INLET TEMP., DEG. C(DEG. F) 36,7 ( 968.0)
BLOWCR REVOLUTIONS 21001,
TOT FLOW STD. €Y. METRES(SCF) 203,2 ( 7174,)
HC SAMPLE METER/RANGE/PPM 16.9/11/ 17,
HC BCKGRD METER/RANGE/[PM 5.2/ 1/ 5.
€0 SANFLE METER/RANGE/PPM 36.4/13/ 34,
CQ BCKGRD HETER/RANGE/FFM 1.5/13/ 1,
CO2 SANPLE METER/RANGE/PCT 52,3/ 3/
C02 BCKGRD METER/RANGE/PCT 2.7/ 3/ .04
NOX SAHPLE HETER/RANGE/FPM 16:5/ 2/ 17
NOX BCKGRD METER/RANGE/I'PM 07 2/ 1
DILUTION FACTOR 14,462
HC CONCENMTRATION PPN 12,
CO CORCENTRATION PPN 31,
C02 CONCENTKATICH PCT +87
NOX CONCENTRATION PPH 15.7
HC HMASS GRAMS 1,41
CO HASS GRAHS 7.40
C02 MASS GRAHS 3249.1
NOX MASS GRAMS 6.42
PARTICULATC HAS° GRAMS 2,14
RUN T ECONDS 765
DFCv WET (DRY) 4932 ( .919)
SCF» WET (DRY) 1,000 { .974)
VoL (SCH) 203.2
SAM BLR (SCM) 43,12
K4 (MEASUREL) 16,52
TEST NUMBERy 2A2H23
BAROMETLER, it HG 73646
HUMIDITYy G/KG 12,3
TEMPERATURE » DEG C 2647
CAREON DIDXIDE. G/KM 196,7
FUEL CONSUMPTIONy L/7100KM 7.34
HYDROCARBONS » G/KH 09
CARBON MONOXIDE» G/KM +45
OXIDES OF NITROGENs G/KH 39



PROJECT 05-4874-001

2e-a

T NO.  2A2N24 RUN 2 VEHICLE NO. 24 TEST WEIGHT 1814, KG( 4000, LEBS)
VEHICLE NODEL 31 0LDY CUTLASS &/ 5/81 ACTUAL ROAD LOAD _ 8,4 KW( 13.5 HF)
ENGINE 5.7 L(350. CID) v-8 BAG CART NO, 1 BIESEL  EM—449-
TRANSHISSION A3 DYND ND. 2 ODOMETER 4707, KM( 2925, MILES)

CVS NO. 3
BAROMETER 736,60 MM HG(29.00 IN HG) DRY BULB TEMP. 24.1 DEG C(79.0 DEG F)
RELATIVE HUMIDITY 54. PCT ABS, HUMIDITY 11.8 GM/KG NOX HUMIDITY CORKECTION FACTOR 1.04
BAG RESULTS

TEST CYCLE , NYCC

BLOUER DIF P MM. H20(IN, H20) 690.9 (27.2)

BLOWER INLET P MM, H2O(IN. H20) 541.3 (72.1)

BLOWER INLET TEMP. DEG. C(DEG. F) . 32.8 ( 91.0)

BLOWER REVOLUTIONS 144726,

TOT FLOW STO. CU. METRES(SCF) 160.7 ( 5674,)

HC SANPLE METER/RANGE/PPM 10,8711/ 11,

HC LCKGRD METER/RANGE/FPM 5.1/ 1/

CO SAMFLE METER/RANGE/FPM 18,4713/ 17,

CO BCKGRD METER/KANGE/FPM 1,47137 1,

C02 SANFLE METER/RANGE/PCT 24,87 3/ .40

€02 GCKGRD METER/RANGE/PCY 3,0/ 3/ .05

NOX SAMPLE METER/RANGE/FPM 9.2/ 2/ 10,

NOX BCKGRD METER/RANGE/PPH 87 2/ 1.

DILUTION FACTOR 32,94

HC CONCENTRATION PPM b

CO CONCENTRATION FPM 15,

€02 CONCENTRATION FCT .34

NDX CONCENTRATION PPN . 8.9

HC MASS GRAMS .54

CO MASS GRAMS 2,83

€02 HASS GnAHS 1058.0

NOX MASS GRA 2,64

FARTICULATE HASS GRAMS .82

RUN TINE SECONDS 600.

DFCs WET (URY) «970 ( ,953)
SCFy» WET (DRY) 1,000 ( .97%)
vaL (scM) X 140,7
SAH ELR (SCM) s -34.01
KM (MEASURED) .68

TEST NUMBERy 242N24

BARGMETER)» HH HG 73644

HUMIDITY, G/KG 11.8

TEMPERATURE DEG € ° 26,1 °

CAREGN DIOXIDEs G/KH 561464

FUEL CONSUMFTION, L/100KM 20,797

HYIIROCARDONS s G/KM .29

CARSON MOMNOXIDE, G/KM 1,50

OXIDES OF NITROGENy» G/KM 1,51



€e-a

85 KPH VEHICLE EMISSIONS RESULTS
PROJECT 05-4874-001

TEST NO.  2A2525 VEHICLE NO.2A TEST WEIGHT 1814, KG( 4000, LES)
VEHICLE MOPEL _ 81 OLDS CUTLASS DATE 6/ 5/81 ACTUAL ROAD LOAD 8.6 KW( 11,5 HP)
ENGINE 5.7 L(350, CID) v-8 BAG CART NO. 1 DIESEL 69-F
TRANSNISSION A3 DYND NO. 2 ODOMETER 4709. KM( 2926+ MILES)

Cvs N0, 3
BARGMETER 736,60 MM HG(29.,00 IN HG) DRY BULB TEMP, 24.7 DEG C(80.0 DEG F)
RELATIVE HUNIDITY 51. PCT ABS. HUMIDITY $1.5 GM/KG NDX HUMIDITY CORRECTION FACTOR 1,03
BAG_RESULYS

TEST CYCLE 85 K

RLOUER DIF P MM, H20(IN. H20) 690,9 (27,2)

BLOVER INLET P MH. H20CIN, H20) 961.3 (22,1)

BLOWER INLET TEMP, DEG. C(DEG. F) 38,3 (101.0)

BLOWER REVOLUTIONS 32963,

TOT FLOW STD, CU. METRES(SCF) 318.0 (11229,)

HC SAMPLE METER/RANGE/PPM 18,3711/ 18,

HC BCKGRD METLER/RANGE/PPM 5.4/ 1/ 5,

CO SAMPLE METLR/RANGE/PPN 39.3/713/ 37,

€O BCNGRD METER/RANGE/FPN 1.213/ 1,

C02 SAMFLE METER/RANGE/FPLY 56,3/ 3/ 99

€02 BCKGRDN METER/RANGE/PCT 3.3/ 3/ .03

NOX SAMPLE METER/RANGE/PPH 17,5/ 2/ 18,

NOX BCKGRD METER/RANGE/PFM /27 L

DILUTION FACTOR 13.47

HC CONCENTRATION PFM 13,

CO CONCENTRATION PFM 34,
C02 CONCENTRATIOM PCT 74
NDX CONCENTRATION PPH 16,7
HC MASS GRAMS 2.43
€0 MASS GRAMS 12,48
C02 MASS GRRHS 54%0.3
NOX HASS GRAM 42
PARTICULATE Nﬁ S GRAMS 2,43
RUN TIME SECONDS 1201,
DBECe WET (DRY) «926 ¢ .9210)
SCFy WET (DRY) 1.000 ( .974)
VOL (SCH) 318.0
SaH BLR (5CH) 47,352
KM (MEASURED) 28.51
TEST NUMBERs 2A2525
BAROMETERy HM HG 7366
HUMIDITY, G/KG 11,5
TEMFERATURE, BEG C 26.7
CARBON DIOXIDEs G/KM 192.6

FUCL CONSUMPTION L/100KM 7.19

HYDRDCARBONS G/KM 02

CARBON MONOXIDE, G/KH +44

DXIDES OF NITROGENs G/KHM +37



IEST NUs 2R2F26 RUN VEHICLE NO 2h TEST WEIGHT 1814, KG( 4000, LES)

ye-a

VEHICLE MODEL 81 OLDS CUTLAaS DATE ACTUAL ROAD LOAD 8.6 KWC 11.5 HIF)
ENGINE 5.7 L(350, CID) V-8 BAG CART ND. l / CvsS NO. 3 DIESEL EM-469-F
TRANSHISSION A3 OYNO NO. 2 ODOMETER 4754, KH( 2955, HILES)
BARDMETER 741.93 MM HG(29.21 IN HG) DRY BULB TCMP., 23.3 DEG C(74.0 DEG F)
ggghgéggL¥gHIDITY §8. PCT ABS. HUMIBITY 10,7 GH/KG NOX HUMIDITY CORRECTION FACTOR 1,00
2
RAG NUMBER 1 2 3 4
DESCRIFTICON COLD TRANSIENTY STABILIZED HOT TRANSIENT STABILIZED
BLOWER DIF P HMN. H20(IN., H20) 703,46 (22.7) 708,72 (27.9) 708,7 (272.%) 711.2 (28.€)
RLOWER INLET P #M. H20CIN, H20) 563.9 (22.2) 569.0 (22.4) 589.0 (22.4) §76.6 (22.7)
BLOWER INLET TEWP. DEG. C(DEG., F) 35.0 ( 95.0) ( 99 0) 35.0 ¢ 95.0) 3242 ( 20.0)
RLOWER REVOLUTIONS 13831, 2 13839, 23819.
TOT FLOW STD, CU. METRES(SCF) 135.4 { 478%2.) °34 7 ( B“Oé.) 135.5 ( 4783,) 234,23 ( B274.)
HC  SANPLE METLR/RANGE/PEM 14.2/11/7 14, l. 11/ 11, 14.8/11/ 15, 12.6/11/7 13,
HC RCKGRD METER/RANGE/PFN 6.1/ 1/ 4, 4,37 1/ 4, 4.3/ t7 4. 5.5/ 1/ .
CO SAMPLE METER/RANGE/I'FM 32,2/137 30, 20.,6/13/ 19. 22.6/13/ 25, 19.3/13/ 18,
€O BCKGRD HETER/RANGE/PFM 4.9/13/ A, 4.0/13/ 4. 2,72/13/ 2. 2.1/13/ 2,
€02 SAMFLE METER/RANGE/['CT 43.4/ 3/ .79 28.87 3/ .47 39,37 3/ .64 28,4/ 3/ .47
C02 BCKGRD METER/RANGE/PCT 3.1/ 3/ .05 3.3/ 3/ .05 3.2/ 3/ .05 3.3/ 3/ .03
NOX SAMPLE METER/RANGE/PPM 12,7/ 2/ 13, 10,17 2/ 10, 12,47 2/ 12, 10,67 2/ 11,
NOX BCKGRLY METER/RANGE/PFM W2/ 2/ 0 3,2/ 0. 5/ .2/ 1, 5/ 2/ 1,
DILUTION FACTOR 17.88 . 20,04 28.50
HC CONCENTRATION PFM 10, 7, 1. 7
CO COMNCENTRATION FFM 23, 15, 22, 15.
C02 CONCENTRATION PCT » 70 +43 162 142
NOX CONCENTRATION FFH 12.5 9.8 11.9 10.1
HE MASS GRAMS +82 99 04 99
CO MASS GRAMS 3.96 4,05 3,51 4,17
€02 MASS GRAMS 1739.1 1828.,4 1533.2 1795.2
PARTICULATE MASS GRAHS 2,06 1.80 1,30 1,46
HC GRAMS/KM 14 16 o185 16
CO GRAMS/KHM 69 e b6 «61 b7
C02 GRAHS/KM Joi.1 293.8 263.4 288,7
NOX GRAMS/KH + 36 W71 053 73
FUEL CONSUMFTION BY CB L/100KH 11.24 11.04 9.92 10.78
RUN TIHE SECONDS 505, 848, 504, 848,
HMEASURED DISTANCE KM 5.78 6,18 S5.77 4,22
SCFs DRY 9?74 977 +975 977
OFCy WET (DRY) «957 ( .939) +959 ( +941)
SCFy UET (DRY) 1,000 ( .976) 1.000 ( ,976)
VoL (5CH) ggoég gg?ig
SAH RLR (5CH) ' .
KM (MEASURED) 11,96 11.99
FUEL CONSUMFTION L/100KM 11.14 10.36
COMPOSITE RESULTS 3-BAG (4-BRAG)
TEST HUMBER 2042F26 CARBON DIOXILE G/KN 288,6 ( 286.9)
BARDMETER MM HG  741.9 FUEL CONSUMP/iON  L/100KM 10,77  ( 10.70)
HUMIDITY G/KG 10.7 gg?gggﬂ?ggg;lggHC) g;ﬁg .ég g .lg)
“ERATURE i C 23.3 ¢ q - * +63)
TEMFERATURE  DEG OXIRES OF NITRDGEN G/KH +63 ( ' 64)
PARTICULATES G/Ki «287 ¢ 2700



- varaukl CAADDAUND KESULTS
PROJECT 05-4874-001

se-a

EST NO. _ 242H27 VEHICLE NO.2 TEST WEIGHT 1814, KG( 4000, LES)
vcur L€ HODEL 81 oLDS cuTLASS DAt 87i57a1 ACTUAL ROAD LOAD _ 8.6 KUC 1.5 P>
ENGINE 5.7 L(350, CIL) v-8 BAG CART NO. 1 DIESEL  EM-449-F
TRANSKISSION A3 DYND NO. 2 ODOMETER 4760, KM( 2970, MILES)
CUS NO. 3
FARGMETER 741,93 MM HG(29.21 IN HG) DRY BULD TEMP, 24.4 DEG C(76,0 DEG F) .
RELATIVE HUMIDITY S6. PCT ABS, HUMIDITY 10.9 GM/KG NDX MUMIDITY CORRECTION FACTOR 1.01
BAG RESULTS
TEST CYCLE : HFET
ELOWER DIF P tit, HRO(IN, H20) 7036 (27,7)
BLOWER INLET P MM, H20(IN. H20) - 571,5 (22.5)
ELOWER INLET TEMP, DEG. C(DEG., F) - 37.2 (99,0
BLOWER RCVOLUTIONS 20796,
TOT FLOW STD, CUs HETRES(SCF) 2047 ( 7227,)
HC SAMFLE METER/RANGE/PPM TNV T
HC DCKGRD METER/RANGE/FFM 5.3/1/ 5.
CO SAMFLE METER/RANGE/PPM 34,4713/ 32,
€0 LCKGRL METER/RANGE/FPM 1.3/137 "1,
£02 SANPLE METER/RANGE/PCT 52,2/ 3/
€02 ECKGRD METER/RANGE/FCT 3.4/ 3/ .05
NOX SAMPLE METER/RANGE/PPM 15.9/ 2/ 16,
NOX KCKGRD HE TER/RANGE/PFH 5/ 2/ 1.
DILUTION FACT 14,65
He  LONCENTRATION FPM 13,
CO- CONCENTRATION PPN 30.
CO2 CONCENTRATION PCT . .84
NOX CONCENTRATION PFM 15,4
HC HASS GRAMS 1,58
CD  MASS GRAMS 7,09
C02 MASS GRAMS 3227.0
NOX MASS GRAMS 5.08
PARTICULATE HASS GRAMS 2,03
RUN TIHE SECONDS 765,
DFCs WET (DRY) 932 ( 4915)
SCFy WET (DRY) , 1,000 ¢ ,97%)
VOL (SCH) S 204,7 .
SAM BLR (SCN) . 43,40
KH (MEASGRED) 16,43
TEST NUMEER, 242127
BAROMETER » HM HG 741.9
HUMILITYy G/KE . 10,9
TENPLRATURE s DEG C 24.4
CARUON DIDXIEEy G/KH 196,4
FUEL CONSUMFTION:  L/100KM 7,33
HYDROCARBONS » /KN /10
CAREQN MONOXIDEy G/KM /43

* OXIDES OF MITROGENs G/KH' 37
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1eST NO. 2A2N28 RUN 3 VEHICLE NO.2A TEST WEIGHT 1814. KG( 4000. LEBS)
VEHICLE MODEL 81 OLDS CUTLASS DATE 6/19/81 ACTUAL ROAD LOAD 8.6 KW( 11.5 HP)
ENGINE 5.7 L(350. CID) v-8 EAG CART NGO, 1 DIESEL EN-469-F
TRANSMISSION A3 &Y’gﬂ ND, 2 ODOMETER 4796, KM( 2980. MILES)
] [}
BAROMETER 741.48 MM HG(29.20 IN HG) DRY BULB TEWP, 23.9 DEG C(75.0 DEG F)
gg&ﬂ;égﬁL¥gHIDlTY 55. PCT ABS. HUMIBITY 10.5 GN/KG NOX HUMIDITY CORRECTION FACTOR .99
I 21
TEST CYCLE NYCC
BLOWER DIF P MM. H20(IN. H20) 703.6 (22.7)
BLOWER INLEY P MH. H20(IN, H20) 971.5 (22,5)
BLOWER IMLET TEMP. DEG. C(DEG. F) 33.9 ¢ 93.0)
BLOWER REVOLUTIONS 16470,
TAT [FLOY STD, CU. METRES(SCF) 161,4 ( §5701,)
HC SAMPLE METER/RANGE/PPH 10.8/11/ 11,
HC BCKGRD METER/RANGE/FPM 4.5/ 1/ 5.
CO SAMPLE METER/RANGE/PPM 12.7/13/ 1é.
CO0 RCKGRD METER/RANGE/FPPM 1,1/13/ 1.,
€02 SAMPLE METER/RANGE/PCT 24,7/ 3/ 40
.02 BCNGRD METER/RANGE/PCT 3.1/ 3/ .05
NOX GAMPLE NETER/RANGE/PPM %6/ 2/ 10,
NOX DCKGRD HETER/RANGE/FPM A4/ 2/ 0,
DILUTION FACTOR 0
HC CONCENTRATIQN FEM &
CO COHCENTRATION PPM 135,
G02 CONCENTRATION FCT » 34
NOX CONCENTRATION FFM 7.2
HC MASS GRAHS + 460
CD MASS GRAMS 2,727
€02 HASS GRAMS 1033.3
NO. MASS GRAMS 2.82
FARTICULATE HASS GRAMS 1467
RUN TINE - SECONDS 600,
LFECs WET (DRY) +270 ¢ +753)
SCFy WET (DRY) 1 1,000 ¢ 49792
VoL (SCH) 161.4
SAM HLR (SCHM) 34.28
KW (HMCASURED) 1.68
TEST NUNRCR» 2A2N28
BAROMETER» HH HG 741.7
HUMIDITY, G/KG 10.5
TERFERATURE DEG C 23,9
CARBON DIOXIGEY G/KM 561.3
FUEL CONSUMFTIGN, L/100KH 20,97
HYDROCARRONS G/KHM +32
CARDBON MONDXIDEr G/KM 1.47

OXIDES OF NITROGENyr G/KM 1,50



Le~d

TEST NO. 24 VEHICLE NQ.2A TEST WEIGHT 1814. KG( 4000, LBS)
VEHICLE "MODEL mc%?svcgunss PA 5 i1:5

TE &/19/81 ACTUAL ROAD LDAD 8.6 KW( 11.5 HP)
ENGINE 5.7 L(33 BAG CART NO, 1 DIESEL EM-4469-F
TRANSHIBSTON A3 DYND ND. 2 ODOHETER 4799, KM( 2902, MILES)
Vs NO. 3
RAROMETER 741.48 MM HG(29.20 IN HG) DRY BULD TCHP. 25.0 DEG C(77.0 DEG F)
RELATIVE HUMIDITY 53, PCT ABS. HUMIDITY 10,7 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.00
1y
TEST CYCLE 85 K
BLONER DIF P MM. H20(IN, H20) 701,0 (27.4)
BLOWER INLET P 1M, HI0(IN. H20) 563.9 (32.2)
BLONER INLET TCHP. DER., C{DEG. F) 30.9 (102.0)
ELONER REVOLUTIONS 32085,
TOT FLOW 5T0. CU. METRES(SCF) 319,73 (11273.)
HC SAMPLE MECTER/RANGE/PPM 16,9711/
HC [LCKGRD HCTCR/RANGE/FPN 5.0/ 1/ 5.
CO SAMPLE METER/RANGE/PPM 35.5/13/ 33,
€0 BCKGRD MCTCR/RANGE/IPM 7137 1.
€02 SAMPLE METER/RANGE/PCT 55.5/ 3/ .97
£02 BCKGRD METER/RANGE/PCT 3,37 37 .05
NOX SAMFLE NETER/RANGE/PFN 16,67 2/ 17+
NOX LCKGRD METER/RANGE/FPH 5/ 27 1.
DILUTION FACTOR 13769
HC  CONCENTRATION FPM 12,
CO  CONCENTRATION FFN 3.
C02 CONCENTRATION PCT ,63
NOX CONCENTRATION FPH 16,1
HC MASS GRAMS 2.27
G HASE GRANS 11.56
€02 HASS GRAMS 54115
NOX MAS3 GRAMS 9,82
PARTICULATE HASS GRAMS 2.35
RUN TIHE SECONDS 1196,
FCy WET (DRY) V927 ¢ 4911)
SCFy WET (DRY) 1:000 ¢ .974)
oL (S5CH) 319.3
SAH BLR (SCN) 47495
KM (HEASURED) 28.43
TEST NUNEER» 242529
BAROMETER MM HG 741,7
HUMIDITY) 6/KG 1047
TEMFERATURE » DEG C 25.0
CAREON NIOXIDE, G/KN 190, 4
UEL CONSUMPTIONs  L/100KM 7:10
HYDIROCAREONS y 6/KH .08
CARDON MONOXIDEy  G/KM ‘Al

OXIDES OF NITROGENy» G/KM +35



VEILLLE U ZH TEST WEIGHT 1814, KG( 4000.

" g8g-a

VCHICLE MODEL 81 OLDS CUTLASS DATE 4722781 ACTUAL ROAD LOR n & KW¢ 11:5 HP)
ENGINE 5.7 L(I50. CID) V-8 BAG CART NO, 1 /7 CVS NO, 3 DIESEL EM--46
TRANSMISSION A3 DYNQ NO. 2 ODOMETER 4854, KH( 30146, HILES)
RAROMETER 739.45 MM HB(29.12 IN HG) DRY BULE TEMP. 23.9 DEG C(75.0 DEG F)
RELATIVE WIMIDITY 59, PCT ADS, HUMIDITY 11,2 GH/KG NOX HUMIDITY CORRECTION FACTGR 1.02
J
BAG NUMBER 1 2 3 4
DESCRIFTION COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
BLOVER DIF P MM. H20CIN. H20) 98,5 (27,5) 706.1 (27.8) 98,5 (27,5) 206.1 (27.8)
BLOWER INLET P M. H20(IN. H20) 563.9 (22.2) 571.5 (22,5) 563.9 (22.2) 571.5 (22.5)
BLONER INLET TENP. DEG. C(DEG, F) 35,3 ( 95.5) 31,7 ( 89,0) 35.6 ( 96.0) 31,9 ( 89.5)
DLOWER REYOLUTIONS 13857 23635, 13853, 23836.
70T FLOW STD. CU. METRES(SCF) 135,0 ( 4768.) 233,8 ( 6255.) 134:9 { 4745.) 33,7 ( 8251.)
HE SAMPLE METER/RANGE/PPN : 1737711/ 1g; 12,3711/ 14, 9.0711/7 19, 5.17117 15,
HC DCKGRD NETER/RANGE/PPH 7.97 1/ 10,07 17 10. 10.0/ 1/ 10, 7.27°17 7.
CO SAMPLE METCR/RANGE/FPM a3 21,6713/ 20, 29,1713/ 27, 20,7713/ 19,
€O BCNGRD METER/RANGE/PPM 2,9/137 3. 2.67137 2, 1.8/13/ 2. 1.5/137 1,
€02 SANPLE METER/RANGE/PCT 43,5/ 37 .74 2847 3/ .47 38,07 3/ .44 28.37°37 .47
C0? BCKGRE MLTER/RANGE/PCT 3,47 3/ .05 3.0/ 3/ .05 2.9/ 3/ .04 3.1/ 3/ .05
NOX SAMPLE HCTCR/RANGE/FFHN 12,5/ 2/ 13, 9.7/ 2/ 10, 12,17 2/ 12, 10,37 2/ 10,
NOX DCRGRD HETER/RANGE/PFH 727 0. 72/ 0. 47 27 0. 47 27 0.
DILUTION FACT 17.91 76,47 20077 \
He L ORCENTRATION FPH 10, 5, 10, 8.
€0 CONCENTRATION PPM 20, 17, 24, 17.
€02 CONCENTRATION FCT V69 W42 240 ,42
NOX CONCENTRATION PPM 12,4 9.6 11,7 .
HC. MASS GRANS .80 63 74 1,09
€O MASS GRAMS . 4.43 4,41 3,83 4,44
02 MASS GRANS 1715.7 1810,5 1478.5 1795.6
HAX HASE CRAMS 324 4.3% 3,07 .50
PARTICULATE HASS GRAMS 2,23 1.45 1,34 1,24
HC  GRAHS/KN 14 10 13 .18
CO  GRAMS/XM \77 V75 67 76
02 GRAMS/KM 298.9 294.8 258.2 293,2
NDX GRANS/KM .57 1 .54 74
FUEL CONSUMFTION BY CB L/100KM 11.14 11,00 9.64 10.95
RUN TINE SECONDS - 505, 868 505. 849.
HEASURED DISTANCE KM 5,74 6,14 5,73 6,12
SCFy DRY 074 V977 V975 977
DFCy WET (DRY) 957 ( .939) 960 ( .942)
SCFr WET (DRY) 1,000 ¢ ,976) 1,000 { .978)
UoR BLR L e " SR 5 35545
SAM EL . .
KM (HEASURED 11,89 11:85
L CGRaURPTION L/100KH 11,08 10,32
COMFOSITE RESULTS 3-BAG (4-BAG)
. TEST NUMBER 2A2F30 CAREON DIOXIDE G/KN 285,5 ( 285.1)
BOROMETER MM HG. 739+4 FUEL CONSUMPTION  L/100KM 10,46 ( 10.84)
i T R«
MFER ( : 23,9 . ! ) ¢ ¢
TEHFERATURE  DEG C ‘ S OF NITROGEN G/KM 15 S B Y {
PARTICULATES 6/KMN 267 ( ,258)



TEST NO.  2A2H31  RUN VEHICLE ND,2A TEST WEIBHT 1B14. KG( 4000, LES)
umrcus MODEL 81 OLDS cun.ass DATE 6722781 ACTUAL RDAD LO D 8.6 KU( 11.5 HP)
ENGINE 5.7 L(350. CID) v-8 BAG CART ND. 1

F
TRANSHIBSION A3 2 ODGRETER 4678 KM( 3031, KILES)
4 SN, 3
PAROMETER 739,65 MM HG(29.12 IN HG) DRY BULB TEMP. 24.4 DEG C(76.0 DEG F)

RELATIVE HUMIDITY 59, PCT ARG, RUMIDITY 11,7 GM/KG
RAG RCSULTS

TEST CYCLE HFET

BLOWER DIF P HM. H20CIN. H20) 698,35 (

BLONER INLET P MM. H20(IN, H20) 551.3

BLOWER INLET TEMP. DEG. C(DEG. F)

BLOWER REVOLUTIDNS

70T FLOU STD. CU, METRES(SCF) 20

HC SAMPLE METER/RANGE/PFM 21

HC RCKGRD METER/RANGE/PPi 6

L0 SANPLE METER/RANGE/PPH 3?
1
J
5

NOX HUMIDITY CORRECTION FACTOR 1,03
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CO  RCAGRD NETER/RANGE/PPM
€02 SANPLE METER/RANGE/PCT S
€02 BCKORD METER/RANGE/FCT
NOX SAMPLE METER/RANGE/PPN 1
NGX BCR&RD H[T%R/RANGE/PPN
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RILUTIO
HC  CONCENTRATION PPH
CO CONCENTRATION PFM
C02 CONCENTRATIONM PCT
NOX CONCENTRRTION PPN
HC HAS J GRANS
CG HASS GRAMS

02 HASS GRAH
NOX HASS
FARTIFULATE NA § GrRAHS
RUN TIHE SECONDS

DFCy MET (ORY)

o

6£—a
Cne « Gle = o« CAPIN~

o
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O~ PICNSINI= (N«
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V933 ( ,915)
SCFy WET (DRY) 1.000 ( ,973)
UOL (5CM) 204,
SAM BLR (5CHM) 43,30
KM  (HEASURED) 14,39
TEST NUMDER» 2A2H31
RONTRITY s R s
HUNID .
TEHPERATURE » LEG C 24.4
CARBON DIDXIDE, 6/KH 193,9
FUEL COMSUMFTION,  L/100KM 7.24
HYDROCARLONS » G6/KM W1
CARDON HONGXIDE S G/KM vy

DXIDES OF NITROGENs G/KH .38
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PRDJECT 05 4874-001
ST NO. 2A2N32

VEWICLE NO. 24 TEGT WEIGHT 1814, KG( 4000, LES)
UEHTCLE HOLEL - 51 oroy cutLass paTe 4132701 ACTUAL ROAD L0 bab & 001155
ENGINE S.7 L (350, CID) v-8 BAG CART N0, 1 L e T
TRANSHISSION A3 DYNG NO. 2 ODGHETER 4874 KH( 3041. MILES)
R 3
BARGHETER 739.65 M #G(29.12 IN HE) DRY BULDB TEMP, 23.9 DEG C(75.0 DEG F)
ﬁEEA;IU5L¥UHIDITY 55, PCT ABS. HUMIDITY 10.5 GM/KG NOX HUMIDITY CORRECTION FACTOR  ,99
\
TEST CYCLE NYCC
BLOWER DIF P MM, H20CIN. H20) 698.5 (27.5)
RLOWER INLET P MM. H20(IN, H20) : 563.9 (22,2}
BLOWCR INLET TEMP, UEG. C(DEG. F) - 33.9 ( 93.0)
BLOWER REVOLUTIONS 16448,
TOT FLOW STD. CU, METRCS(SCF) 160,46 ( S472,
HC SANPLE METER/RANGL/PPM 11.9/11/7 12,
HC EBCKGRD METER/KANGE/FPM 807 17 b
£O SAMPLE METER/RANGE/PPM 19.6/13/ 18,
CG  GCKGRD METER/RANGE/FPM 1.2/13/ 1,
£02 SAMPLE METER/RANGE/PCT 25.2/ 3/ .41
€02 DBCKORL METER/RANGE/PCT 3.2/ 3/ 05
NOX SAMFLE METER/RANGE/PPH 9.47 2/ 9,
NOX ECKGRD METER/RANGE/FPM A7 2/ 0,
DILUTION FACTOR 32,37
HC  CONCEMTRATION ‘FPH I
CO CONCENTRATION PPH 16,
£02 CONGENTRATION PCT . .36
NDX CONCENTRATION PFH ,
HE  HASS GRAMS +564
CO_ MASS GRANS 3,06
CO2 HASS ORAMS 1049.4
NOX MASS GRAMS 2,
PARTICULATE HASS GRAMS .80
RUN TIHE SECONDS . 599,
DFCe WET (DRY) : 969 ( 1952)
SCFy WET (DRY) . 1,000 ¢ 970
UOL (5CH) S 160.6 .
SAM BLR (SCH) . 34,02
KH  (MEASURED) 1.88
TEST NUMBERs . 242N32
BAROMETER HM HG 739.4
HUMIDITYy G/KC , 10,5 :
TEHPERATURE » UEG C 23,9
CARBON DIOXIDEy B/KH 547.4
FUEL CONSUMPTION»  L/100KM 21,20
HYDT:OCARDONS /KM V30
CARBON HONOXIDEs G/KM 1,62

OXIDES OF NITROGENs -G/KM 1,44



85 KPH VEHICLE rMISSIONS RESULTS
PROJECT 05-4874-001

TEST NO. 242533 RUN 4 VEHICLE NO.2A TEST WEIGHT 1814, KG6( 4000, LBS)

VENICLE MODEL 81 OLDS CUTLASS DATE. 6/22/81 ACTUAL ROAD LOAD  B.6 KW( 11.5 HP)

ENGINE §.7 L(350, CID) v-8 BAG CART NO. 1 DIESEL CH-469-F

TRANSMISSION A3 DEﬁD NO. 2 ODOMETER 4897, KM( 3043, MILES)
CVS NO. ’

BARGHETER 739,45 MM HI6(29.12 IN HG) DRY BULB TEMP. 25.0 DEG €(77.0 DEG F)
RELATIVE HUMIDITY 53. PCT

ABS, HUNMIIITY 10.7 GM/KG
BAG RESULTS
TEST CYCLE 85 K
BLOWER DIF P MM. H20(IN, H20) 690,92 (27.2)

BLOWER INLET P MM, H20(IN. H20) 558.8 (22.0)
BLOWER INLET TEMP. DEG. C(DEG. F) 37.2 ( 99.0)

NOX HUMIDITY CORRECTION FACTOR 1,00

1v-a

BLOWER REVOLUTIONS

TOT FLOW STD, CU, METRES(SCF)
HC SAMPLE METER/RANGE/FPN
HC LCKNGRD MCTER/RANGE/FPPM
£O SAMPLE METER/RANGE/PPN
CO  BCRGRD METER/RANGE/FFM
C02 SAMPLE METER/RANGE/PCT

32944,
320.3 (11310.)
16,5711/ 16,

5.2/ v/ b
35.2/13/ 33,
13/

1,
54,6/ 3/ .96

€02 BCKORD MEVER/RANGE/PCT 3.0/ 3/ .05
NDX SAMPLE METER/RANGE/FPM 172,07 2/ 17,
NOX BCKORD HMETER/RANGE/FPN S/ 2/ 1,
DJLUTION FACTOR 13,94
HC COMCENTRATION FPM 11,
CO- CONCENTRATION PFM 31,
€02 CONCENTRATION PRCY o921
NOX CONCENTRATION FPH 16,5
HC MASS GRAMS 2.07
€O HASS GRAMS 11.61
C02 MASS GRAMS 9337,0
NOX MASS GRANS 10.13
PARTICULATE MASS GRAMS 2,52
RUN TIME SECONDS 1200,
RECy \ET (LRY) +928 ¢ ,212)
SCFy WET (DRY) 1,000 ¢ ,974)
VoL (5CH) 320,3
SAM BLR (SCM) 67,88
KM (MEASURED) 28,39
TEST NUMBER, 202533
BAROHETER MM HG 739.4
HUMIDITYy G/KG 10.7
TEMFCRATURE y DEG C 23,0
CARBON DIOXIDE, G/KH 180.8
FUEL COMSUMPTIOH, L/100KM 7.04
HYDROCARBONS G/KM +07
CARBON MONOXIDE, G/KH 41

OXIDES OF NITROGENr G/KM

+36



TEST NO. 2A2F34  RUN

VEHICLE MODEL 81 OLRS CUTLASS
ENGINE §.7 L(350, CIIN v-8
TRANSHMISSION A3

EBAROMETER 742,19 MM HG(’?.QZ IN HG)
RELATIVE HU%IUITY 59. F
BAG_RESULTS

BAG NUMBER

LEGCRIPTION

BLOWER DIF P MM. H20(IN, H20)

BLOWER INLET P MM, H20CIN, H20)

BLOWER INLET TEMP. DEG., C(DEG., F)

BLOWER REVOLUTIONS

TOT FLOW STD. CU. METRES(SCF)

HC SAMFPLE METER/RANGE/FPM

HC  BCNGRD MCTER/RANGE/PEN

CO SAMPLE HCTER/RANGLC/FPM

CO HCKGRD METER/RANGE/FPFM

C02 SAHIMLE MCTER/RANGE/FCY

CO2 BCKGRD METER/RANGE/FCT
NOX SAMFLE METER/RANGE/F{N
NOX LCKGRD METER/RANGE/FPM
PBILUTION FACTOR

HC CONCENTRATION PPM

CO CONCENTRATION FPM

CN2 CONCENTRATION PCY

HOX CONCENTRATION PN

HC  MASS GRAMS

CO MASS GRAHS

€02 HASS GRAMS

HOX MASS GRAMS

PARTICULATE MASS GRAMS

HC GRAHS/KM
CO  GRAMS/KH
C02 GRAHS/KM
HOX GRAMS/KM
FUEL CONSUMPTION BY CB L/100KM

¢v-a

RUN TIME SECONDS
HEASURED LOISTANCE K
SCFy LRY

UFCy WET (DRY)

SCF» WET (DRY)

VoL (SCH)

SAM EBLE (SCH)

KH  (MEASURED)

FUEL CONSUMFTION L/100KH

COMPOSITE RESULTS

TEST NUMBER 242F34
BARDMETER MM 116G 742.2
HUMIDITY G/KG 11,2

TEMFERATURE DEG € 23.9

)

PROJECT 05-3874-001

VEHICLE NO.2A
6/23/81

DATE

(LY VIR §- ]

BAG CART NO. 1 / Cvs NO. 3

DYNO NO.

DRY DULB TEMP, 23.9 DEG C(75.0 DEG F)
ARG, HUMIDITY 11.2

1
COLD TRANSIENT

703.6 (27,
571.5 (22

7)
')

35,0 ¢ 95 0)

13858
13Jl i 470
1 /

)
\4“
74
30,

24
74
+04
14,

1,

GM/KG

2
STABILIZED

704.1

(27.8)

§71.5 (22.9)

958 ( .940)
1,000 ( .778)

TEST WEIGHT 1614. KG( 4000. LES)
ACTUAL ROAD LDAD  B.4 KW( 11.5 HM
DIESCL EM-4697-F

ODOHETER 4925, KM( 3080. MILES)

HOX HUMIDITY CORRCCTION FACTOR 1.01
3 4
HOT TRANSIENT STARILIZED

703.6 (27.7) 708.7 (27.9)
$5469.0 (22,4) 574.0 (22.6)

32,2 ( 90.0) 35,6 ( 96.0) 32,8 ( 91,0)
23019, 13853, 23611,
234,3 ¢ 8271.) 135.4 ( 4780.) 233.8 ( 82564)
1147117 12, 14.2/117 15, 11.3/11/ 11,
5.7/ 1/ b, 5.2/ 1/ &, 5.0/ 1/ 5.
19.9/13/ 18. 26,4713/ 24, 18.5/13/ 17.
1,9/13/ 2, 2/137 1. 07137 1.
28,2/ 3/ .44 38,77 3/ 5 28,07 3/ .44
2,5/ 3/ .04 3.2/ 3/ .05 3.0/ 3/ .05
10,9/ 2/ 11, 12,87 2/ 13, 10,7/ 2/ 11,
5/ 27 1, 6/ 2/ 14 4/ 2/ 0.
20,7 20,38 20,95
b 9. .
14, 23, 16.
.43 3 L42
10,4 12,2 10.3
.83 72
4,34 3,40 4,26
1830,6 1504.5 1780,2
4.74 3.2 3,
1,41 1.40 1.28
.13 13 .14
71 .63 69
2973 262,3 289.3
77 .56 .76
11.10 9.79 10,80
868. 505, 848,
b.16 5.74 6,15
977 .975 977
960 ( .942)
1,000 ( ,978)
49,8 369.2
78,25 78,27
11,92 11.89
11.14 10,31
3-BAG (4-TAG)
CAREON DIOXIDE G/KN 288.2 ( 285.8)
FUEL CONSUMPTION  L/100KM  10.76 ( 10.67)
HYDROCAREQNS (THC)  G/KM 13 ¢ .13)
CARRON HONDXILE G/KH 69 ( 69)
OXIDES OF NITROGEN G/KM .68 (  .68)
PARTICULATES G/KM 0269 ( 4264)



NYCC  VEHICLE FMISSIONS REEULTS
FROJECT 05-4074-001

TEGT NOD. 2A2N35

5 VEHICLE NO.2 TEST WEIGHT 1814. KG( 4000, LES)
ggg;gkcsugnf%ssoelcghg CuTLass SQECCART6§DS/B§ ACTUAL ROAD LOAD _ 818 KUC 115 4iP)
TRANSHISSION A3 DY "2 OLERETCR G049° KM( 3075, MILES)

N '
CVS NO.
BARQHCTCR 742.70 MM HG(29.24 IN HG) DRY EULD TUMP, 24.4 DEG £(76.,0 DEG F)
RELATIVE HUMIDITY 54, PCT ABS. HUMIDITY 10.9 GM/KG
BAG RESULTS

EST CYCLE NYCC

BLOWER DIF P MM. H20(IN. 1H20) 708.7 (22,9}

ELOWER INLET P MM. H20(IN. H20) 571,95 (22,5)

BLOWER INLET TEHP. DEG. C(DEG, ) 33,3 ¢ 92,0)
BLOWER REVOLUTIDNS 16441,

10T FLOW STD. CU. HETRES(SCF) 141.4 ( 559%.)

NOX HUMIDITY CORRECTION FACTOR 1.01

£y~

HC SAMPLE METER/RANGE/FFM

12,5711/ 12,

HC DBCKGRD METCR/RANGE/FPH 5.0/ 1/ S
CO SANFLE METER/RANGC/PPM 19,6713/ 18,
CO  LCNGRD METER/RANGE/FFH 1,0713/ 1,
CD2 SAMFLE METER/RAMGE/PCT 24,4/ 3/ .40
C02 KCKGRD METER/RANGE/PCT 3.1/ 3/ .05
NOX SANFLE HETER/RANGE/PPY 9.6/ 2/ 10,
NORTI HETER/RANGE/FiH WA/ 2/ 0,
BILUTION FACTOR 33,49
HC CONCCMTRATION PPHM a.
CO CONCENTRATION PFY 17,
€02 CONCENTRATION FCT V35
NOX CONCENTRATION PFN 9.2
HC  MASS GRAMS V71
CO: HASS GRAMS 3,10
C02 HASS GRAHS 1037.6
NOX NASS CRAMS . 2.86
PARTICULATE MASS GRAMS .75
RUN TIME SECONDS 599,
IFCs WET (LRY) . 970 ( ,953)
SCFy WET (IRY) 1,000 ¢ .978)
UL (SCM) 161,
SAR KR (SCH) 34,20
KN (HEASURED) 1.95
TEST NUMEER» 282N35
PARDMETER) HM HB 742,7
HUMIDITY, G/KG 10,9
TEMFERATURE L6 € 24.4
CAREON DIOXIDE, C/RN 532,7
FUEL CONSUMFTIONy L. 100KH 19,92
HYDROCARTONS » 6/KH V36
CAREON MOMOXIDEy G/KHM 1,59
OXIDES OF NITROGEN» G/KM 1,47



i VERIALLE (ATADDLIUND REDULID

FROJECT 0S-4874-001

ST NG. 2A2N36  RUN 6 VEHICLE NO.2A
gggICLC MODEL 81 OLDS CUTLASS DATE b/23/81

TEST WEIGHT 1814, KG( 4000, LES)
INE 5.7 L(350, CIIN V-8

ACTUAL ROAD LOAD 8.6 KW( 11.5 /)

BAG "CART ND. 1 DIESEL M-469-
TRANSMISSION A3 0 NO. 2 ODOMETER 4950, KM( 3076+ MILES)
CVS NO, Z
BAKOHETER 742,95 MM HG(29.25 IN HG) ObRY BULD TCHMP, 24.4 DCG C(75.0 DEC F)
ggéﬁgég5L¥gHIDITY 53+ PCT ABS. HUMIDITY 10.9 GH/KG NOX HUMIDITY CORRECTION FACTOR 1.01
AL}
TEST CYCLE NYCC

BLOWER DIF P HM. H20(IN. H20)
BLOWER INLET P MM, H20(IN, H20)
BLOWER INLET TEMP. DPEG. C(BEG. F)
BLOWER REVOLUTIONS

708.7 (27.9)
571.5 (22.5)

yy-J

16434,
TOT FLOW STB, CU. METRES(SCF) 161,68 ( 370¢.)
HC  SAHFPLE METLCR/RANGE/FPM 11.6/11/ 12,
HC RCAGRDY METER/RANGE/FFN 4.8/ 1/ &,
CO SANFLE METER/RANGE/FPN 19.2/13/ 17,
CO ERCKORT METER/RANGE/FFM 8713/ v
€02 SAMPLE METER/RANGE/PCT 24.7/ 3/ 40
C02 BCKGRD METER/RANGE/FPCT 3.3/ 3/ .05
NOX SAMPLE HMETER/RANGE/PPM 9.3/ 2/ 9.
HOX REKGRDI METER/RANGE/FPM 47 2/ 0,
DILUTION FACTOR 3.
HC CONCENTRATION PFM 7.
CO CORCENTRATION PFM 16,
C0O2 CONCENTSATION FCT « 39
NOX CONCENTRATION PFH 8.9
HC MASS GRAMS 164
CO MASS GRAMS 3.07
C02 MASS GRAMS 1045.5
NOX MASS GRAMS 2.77
FARTICULATE HASS GRAMS 70
RUN TIME SECONDS 599,
LFCy WET (DRY) 970 ( (952)
SCFy WET (DRY) 1,000 ( 970
VOL (SCH) 161,46
SAM LLR (SCH) 34,22
KM (MEASURED) 1.85
TEST NUMBERs 2A2N34
BARCMETER Y it HG 743.0
HUMIDITY, G/KG 10,9
TEMFERATURE » DEG C 24,4
CAREBON DIOXIDE, G/KM 963.8
FUEL CONSUMFTIGN, L/7100KM 21,07
HYDRDCARLONS » (i/KM 35
CARDBON HONOXIDE, G/KM 1.66

OXIDES OF NITROGENs G/KH

1,49



APPENCIX E

TEST RESULTS,

FIAT TURBOCHARGED DIESEL
WITHOUT APTERTREATMENT

FUELS EM-329-F AND EM-469-F



SUMMARY OF REGULATED EMISSIONS FROM FIAT TURBOCHARGED DIESEL
RESEARCH VEHICLE, EM~329-F BASE FUEL, NO CATALYST

-

Test Code 3A1FOl | 3A1FO5 [3AlF09 |3alFl3 || 3A1HO2 | 3A1HO6 | 3A1H10|3alH14
Test Type 3-b FTP | 3-b FTP|3~b FTP|3~b FTP || HFET HFET | YFET | HFET
pate (1981) 6/26 6/29 7/2 7/6 6/26 6/29 1/2 1/6 -
Run No. 1 2 3 4 1 2 3 4
HC, g/mi 0.40 0.37 0.40 0.37 0.11 0.10 0.11 | 0.10
Co, g/mi 1.37 1.32 1.29 1.40 0.47 0.47 0.43 | 0.43
No_ g/mi 1.98 2.09 2.04 2.04 1.27 1.22 1.32 | 1.27
Part., g/mi 0.24 0.28 0.26 0.27 0.12 0.12 0.13 | 0.14
Fuel, mi/gal | 23.0 22.2 23.2 22.5 36.6 37.1 36.5 [36.0
Test Code 3AINO3 | 3A1NO7 |3ALN11 |3AIN15 || 3A1S04 | 3a1S08 | 3A1512|3AlS16
Test Tyve NYCC NyYcc NYCC NYCC 85 kph | 85 kph | 85 kph{85 kph
Date (1981) 6/26 6/29 7/2 7/6 6/26 6/29 7/2 7/6
Run No. 1 2. 3 4 1 2 3 4
HC, g/mi 1.06 1.08 1.11 0.97 0.08 0.05 0.08 | 0.08
Co, g/mi 3.17 3.22 3.01 2.91 0.40 0.39 {.0.37 | 0.39
NO_, g/mi 2.74 2.65 2.77 2.75 1.27 1.30 1.32 | 1.30
Part., g/mi 0.39 0.47 0.40 0.37 0.11 0.11 0.11 { 0.12
Fuel, mi/gal | 14.5 14.7 14.3 14.6 37.2 38.0 37.3 |36.5




FTP VEMICLE [MISSIONS RCSULTS
FROJECT 05-4874-001

TEST NO.  3A1FO1  RUN 1 VEHICLE NO,3A TEST WEIGHT 1361, KBC 3000, LBS)
VEHTCLE MODEL TC FIAT DATE ~ 6/26/01 ACTUAL ROAD LOAD _ 8.2 KW( 11,0 HP)
ENGINE 2,0 L(122, CID) L-4 BAG CART Niw 1 / CVUS ND. 3 DIESEL 329-F
TRANSHISSION M3 DYNO NO. 2 ODGHETER 7659, KM( 4759, HMILES
BAROHETER 745,24 MM 1G(29,34 IN HG) DRY BULB TIMP, 23,9 DEG C(75,0 DEG F)
RELATIVE HUMIDITY 59, PCT ALS, HUMIDITY 11.1 GH/KG NOX HUMIDITY CORRECTION FACTOR 1.0%
BAG_RESULTS
FAG NUNEER 1 2 3 4
DESCRIPTTON COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
BLOMER DIF I MM. H20(IN, H20) 698.5 (27.5) 70641 (27.8) 703.6 (27.7) 698.5 (27,5)
ELONCR INLET P MM, H20(IN, H20) 566,14 (22,3) 571.5 (22,5) 571.5 (22,5) 571.3 (22.5)
BLOWER INLET TEMP, DEG, C(DEG. F). 36,1 ( 92,0 35,6 ( 96.0) 37,2 ( 99.0) 36,1 (,97.0)
BLOWER RCVOLUTIONS 13853, 23821, 13855,
TOT FLOM STD, CU. METRES(SCF) 135,08 ( 4796.) 233.6 ( 8250,) 135.6 ( 4786.) 2334 ( b241.)
HC  SAMPLE HETER/RANGE/PPM 20,8/11/ 29, 16.9/11/ 17, 16,0711/ 18, Toranis 17,
HC BCKGRT METER/RANGE/PPM 5.9/ 1/ 4. 4.8/ 1/ S, 4.8/ 1/ S, 4.7/ 1/ 5.
CO  SAMFLE MCTLR/RANGE/PEM 35.2/13/ 33, 25.8/13/ 24, 24,5713/ 22, 26,0713/ 24,
CU_ BCRGRD METER/RANGE/PPH @/13/ 1, 19/13/ 1, 10713/ 913/ 1,
02 SAMFLE METCR/RANGE/PCT 38,4/ 3/ .05 27,3/ 3/ .45 10.1/'3 5 27,17 3/ .44
C03 BCKGRD MCTCR/RANGE/PCT 2.8/ 3/ 04 2.8/ 3/ .04 2.9/ 3/ ,04 2.6/ 3/ .04
0X SAMFLE METCR/RANGE/PFN 25,5/ 2/ 264 18,37 2/ 18, 23,57 2/ 24, 17,97 2/ 18,
NDX BCKGRD METER/RANGE/PPM 472/ 0, A/ 2/ 0 W2/ L WS/ 2/ 1.
DILUTION FACTOR 20,49 29,66 23,30 29.89
w  HC CONCENTRATION PPM 23. 12, 11, 12,
CO_ CONCENTRATION FFH 31, 22, 21, 22,
w  C02 CONCONTRATION PCT +61 A1 153 (41
NOX CONCENTRATION [FH 25.1 17.9 23.0 17.4
HC  MASS GRAMS 1.02 1,45 .89 1,41
CO_ HASS GRAMS 4.87 6,04 3.32 §.08
CO2 MASS ERANS 1510.4 1738.7 1307,7 1734.4
NOX HASS GRAHS 6161 .11 6,05 7,87
PARTICULATC HASS GRAMS 99 95 72 92
HC  GRAMS/KM V32 V27 16 '26
CO_ GRANG/KM .06 .99 .59 1.00
€02 GRAMS/KHM 265,4 286,5 230,9 265.2
NOX GRAMS/NM 1.17 1,34 1,07 1.29
FUEL CONSUMPTION BY CB L/100KHM 10.22 10,90 8.63 10,93
RUN TIHE SECONDS 505, 848, 505, 868,
MEASURED DISTANCE KM 5.47 8,07 5,66 6,08
SCF+ DRY «§73 977 974 977
DFCy MET (LRY) V961 ( ,943) 263 ( ,945)
SCFs WET (IRY) 1,000 ¢ 4976) 1,000 ( ,977)
VGL (SCH) 369.5 368,9
SAH LLK (SCH) 78.43 78,38
KN (HEASIRED) 11,74 11,75
FUEL CONSUMFTION L/100KM 10,61 9,92
COMPOSITE RESULTS 3-BAG- (4-LAG)
TEST NUMELR 3A1F01 CARRON DMIOXIDE G/KM  267,0  ( 266:8)
EAROHETER | MM HG 745,23 FUEL CONSUMPTION ~ L/100KM 10,23 ¢ 10.22
HUMIDITY  G/RG 111 HYLOROCAREONS (THC) G/KH /25 ( .25)
TEMFERATURE LEG C 23,9 CAREON MONOXIDE  G/KM ' ¢ BA)
OXIDES OF NITROGEN G6/KM 1,23 ( 1,21)
PARTICULATES 6/KN 1152 ¢ .151)



HFET  VCHICLE EMISSIONS RESULTS
FROJECY 05-4874-001

TEST NO. JA1H02 RUN 1 VEHICLE NO,3A TEST WEIGHT 1361. KG{ 2000, LLS)

VECHICLE MODEL TC FIAT DATE 6726781 ACTUAL ROAD LOAD 8.2 KW( 11,0 i)

ENGINE 2.0 L(122, CIIN L-4 BAG CART NO. 1t DIESEL EN-329-F

TRANSHISSION M5 DYNQ NO. 2 ODOMETER 7680. KM( 4772. MILES)
CVS ND. 2

BARQHMETER 744,47 MM HG(29.31 IN HG) LRY BULB TCMP. 25.0 DEG C(77.0 DEG F)

RELATIVE HUHIDITY S2, PCT AES. HUMIDITY 10.6 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,00
BAG RESULTS

TEST CYCLE HFET

BLOWER DIF P MM. H20(IN. H20) 498.5 (27.5)

BLOWER INLET P MM. H20(IN. H20) 566.4 (22,3)

BLOWER INLET TEMP. DEG. C(DEG. F) 37, 8 (100.0)

BLONER REVOLUTIONS

TOT FLOW 57D, CU. METRES(SCF)

HC  SANPLE METER/RANGE/PPH
HC BCKGRD METER/RANGE/FPH
CO SAMPLE BETER/RANGE/FPM
CO LCNGRD RETER/RANGE/PEN
C02 SAHPLE NETER/RANGE/PCT
CO02 RCKGRD METER/RANGE/FCT
NOX SANFLE NETER/RANGE/PFPM
NOX RCKGRD METLR/RANGE/FPMH
DILUTION FACTOR

HC COMCENTRATION PFM

CO CONCENTRATION FFH

C02 CONCONTRATION PCT

NOX CONCENTRATION FPN

HC MASS GRANS

CO MASS GRAMS

€02 MASS ORAHS

NOX MASS GRAMS

PARTICULATE MAGS GRAMS

RUN TIME SECONDS

OFCy WET (DRY)
SCF» WET (DRY)
VoL (S5CH)

SAM BLR (SCH)
KM (HEASUREID

TEST NUMEER,

RARGHETER MM HG
HUKIDITY, G/KG
TEMPERATURE DEG C
CAREON DIOXIBEy G/K

FUEL CONSUMFTIONy L/lOOKH
HYDROCAREONS G/KM
CARLON MONOGXIDE, G/KM

OXIDES OF NITROGEN» G/KH

21009,

°05 5 ( 7256.)
13.7/11/ 14,
4.9/ 1/ 5.
22.8/13/ 21,
1.0/13/ 1.
44.4/ 3/ 74
2.6/ 3/ .04
33.17 2/ 33,
S22

+943 ( 927}
1.000 ¢ 978}
203,35

43,83
16,16

3ailio2
744.5
10.6
25,0

168.3
$.42



NYCC  VEHICLE EMISSIONS RESULTS
FROJLCT 05-4874-001
TEST NO. 3AINO3 RUN 1 VCHICLE NO.3A TEST WEIGHT 1341. KG¢ 3000. LBS)
VERICLE MODEL TC FIAT DATE 6/26/81 ALTUAL ROAD LOAR 8.2 KW( 11.0 HP)
ENGINE 2,0 L(122, Z1D) L-4

RAD CART NO. 1 DI SEL EM-329-F
TRANSHISSION NS BYND NO. 3 2 ODOMETCR 7696. KM( 4782. MILLS)
CVS NG,

BAR OHE ER 744.22 MM HG(29.30 IN HEX DRY BULB TEMP. 24.4 DEG C(74.0 DEG F)
RELATIVE HUMIDITY §2. PCT

AGS. HUMIDITY 10.2 GM/KG
RAG RESULTS .
TLST CYCLE . NYEC

BLOHER DIF P Md. H20C(IN. H20)
BLONER INLET P HN. H2O(IN. H20)

RLOWER INLET TEHP, DEG. C(DEG. F)
RLOWLR REVOLUTIONS

TOT FLOW STD. CU. HETRES(SCF)
HC  SANPLE NLCTER/RANGE/PFN

NOX HUMIDITY CORRECTION FACTOR .98

498.5 (27.3)
571.5 (22.9)
33 9 23.00
16439,

161 6 ( 57084}
17.6/11/ 18,

HC BCKGRD METCR/RANGE/PFM 4.5/ 1/ 5.
€0 SANPLE METER/RANGE/PMM 22,8/13/ 21,
CO RCKGRD METCR/RANGE/FFM 1.0/713/ %,
CO2 SAMPLE METER/RANGE/PCT 19.2/ 3/ .21
€02 RCNGRD METER/RANGE/FCT 2,9/ 3/ .04
NOX SAMPLE METER/RANGE/FPH 10.9/ 2/ 11,
NOX HCKGRD h[TER/RANG[/fPH WO/ 2/ 1
DILUTION FACTO 42.97

o HE COHCENTRATIUW FEM 13,
CO  CONCENTRATION PPM 0,

v CO2 CONCENTRATION FCY W26
NOX CONCENTRATION FFN 10.4
HC MASS GRAMS 1.23
CD MASS GRAMS 3.468
CG2 MASS CRAMS ’ 783.3
NOX MASS GRAMS 3.16
FARTICULATE HASS GRAMS - ° ' +43
RUN TIME SECONDS ?e

DFCy WET (DRY)

59 :
v977 ¢ 4250)
SCFy WET (DRY)

1,000 ( .980)

VOL (SCH) 161.4
SaM BLR (SCM) 34.27
KM (MEASURELD) . 1.86 .
TEST NUMBERy JAINO3
BARGHETERY H4 HG 744.2
HUMIDITY, G/KG 10,2
TEHPERATURE » DEG.C 24.4
CARRON DIOXIDE» G/hM 420,2
FUEL CONSUMPTION» L/100KM 16.17
HYDROCAREONS » G/KM ebé
CARDBGON MONOXIDES G/KM 1.97
OXIDES OF NITROGENs G/KM 1.70
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85 KPH VEHMICLE_CMISSIONS RESULTS
FROJECT 05-4874--001

TEST NO. JA1S04 RUN 1t VEHICLE NO.3A

. TEST MEIGHT 1361, KG( 3000, LES)
VEHICLE. MODEL TC FIAT - DATE _ 6/26/81 ACTUAL ROAD LOAD _ 8.2 KW( 11,0 HP)
ENGINE 2.0 L(122, CID) L-4 BAG CART NO. 1 DIESCL  EM-329-F
TRANSMISSION M5 DYND NO, 2 ODOMETER 7697, KM( 4763, MILES)
VS NO.
FAROMETER 744,22 MM HG(29.30 .IN HG) DRY RULB TEMP. 26.7 DEG £(80.0 DEG F)
RELATIVE LIUNIDITY 48, PCT ARS. HUMIDITY 10.6 GH/KG NOX HUMIDITY CORRECTION FACTOR 1.00
BAG RESULTS
TFST CYCLE 85 K
ELOWER DIF P MM, H20(IN. H20) 706.1 (27.8)
BLOWER INLET P MM. H20CIN. H20) 57646 (22,7)
BLOWEP INLET TEMF. DEG. C(DEG. F) 36,7 { 98.0)
BLOWER REVOLUTICNS 32930,
TOT FLOW STR. CU. METRES(SCF) 321,9 (11347.)
HC SAMPLE METER/RANGE/FPH 11,3711/ 11,
HC DBCKGRD METER/RANGE/FFM 4.2/°17 4,
CO SAMFLE MLTER/RANGE/PFM 22,6713/ 21,
€O ECKGRD METCR/RANGE/PPM 1,.2/13/ 1,
CO2 SAMPLE METER/RANGE/PCT 48.5/ 3/ €4
€02 BCKOREL METER/RANGE/PCT 2.7/ 3/ .04
NOX SAMPLE. MCTER/RANGE/PPH 37.27 2/ 37,
NOX LCKGRD' METCR/RANGE/PPM S5/ 2/ 1.
DILUTION FACTOR 15.93
HC  CONCCNTRATION FPM 7.
CO CONGENTRATION PPN 19,
C02 CONCECNTRATION PCT .00
NOX CONCENTRATION PFM 36,7
HC HASS GRAMS 1.36
CO MASD CRANG 7.11
02 MASS GRAMS 4712.5
NDX MASS GRAMS 22,56
FARTICULATE MASS GRAMS 1,99
RUN TIME SECONDS 1200,
LFCy WET (DRY) 937 ( .923)
SCFy WET (DRY) 1,000 ( ,977)
voL (5CH) 321,9
SAM BLR (SCM) 68,53
KM (HEASURELD) 28.41
TEST PUNEER» 341504
EAKOHETER » KM HG 7442
HUMIDITYs G/KG 1044
TEMPERATURE y LEG C 26,7
CAREON DIOXIDE, G/KH 165.9
FUEL CONSUHPTION:  L/100KM 6.33
HYDROCAREONS y G/KN .05
CARDON MONOXIDE, 6/KH '25

OXIDES OF NITROGENs G/KM 79



TEST ND. 3A1F0S RUN 2
VCHICLE MODREL TC FIAT
ENGINE 2,0 L(122, cID) L~4
TRANSHMISSION MS

FRAROMETER 743.46 MM HG(29.27 IN HG)
RELATIVE HUMIDITY 53. PCT
BAG RESULTS

BAG NUMBER

DESCRIPTION

ELOWER DIF P MM. H20(IN., H20)
LLOWER INLET P MM, H20(IN, H20)
BLOWER INLET TEMP. DEC. C(DEG. F)
BLOMER REVOLUTIONS

TOT FLOW STR. CU. MCETRES{SCF)
HC  SAMPLE METER/RANGE/PEM
HC  BCRGRD METER/RANGE/PTM
CO  SAMPLE METCR/RANGE/FFM
CO  RCKNGRD METER/RANGE/PPM
CO2 SAMFLE METCR/RANGE/PCT
€02 BCNGRD METER/RANBE/PCT
NOX SAMFLE MNETCR/RANGE/I'FM
NDX BCKGRD METER/RANGE/PrM
DILUTION FACTOR

HC CONCENTRATION PFH

CO  CONCENTRATION [PM

CO2 COMCENTRATION PCY

NOX CONCENTRATION FFM

HC MASS GRANS

CO MASS ORAMS

C02 MASS GRAMS

HOX MASS GRAMS

PARTICULATE MASS CRAMS

HC  GRAMS/KM
CO  GRAMG/KHM
C02 GRAMS/KM
NBX GRAMS/KM
FUEL CONSUMPTION BY CB L/100KM

L~d

RUN TIM SECONDS
ﬂfﬁqUR[D DISTANCE KM
SCFy DRY

LFCy WET (DIRY)

SCFy WET (DRY)

VoL (SCH)

SAM ELR (5CH)

KM (MEASURED)

FUEL CONSUMI'TION L/100KN

COMFOSITE RESULTS
TEST NUMBER JALFO05
FAROHETER HHM UG 743.5
HUMIDITY G/KE 11.1
TEMPERATURE DEG € 2546

-----

FAODAUND RLESULLYS

PROJECT 05 ~4874--001

VEHICLE NO. 3A
DATE &/29

BAG CART NO. 1 / Cvs NO. 3

BYNO NO.

DRY DULR TCMP. 25.46 DEG C(78.0 BLG F)

ABS, HUMIDITY 11.1 GM/KG

1
COLD TRANSIENT

703,46 €27.7)

571.9 (22.5)

32:2 ( 29.0)
1303

134.9 ( 4764 )
18.72/11/
4,2/ 1/
23,113/

«9/13/

957 (
1.000 (

2
STABILIZED

498.5 (22.9)

366.4 (22.,3)

36,2 ( 98.0)
23037

232,7 ( 8“16 )

TEST WEIGHT 1341. KG( 3000. LBS)
ACTUAL KOAD L0AR 8,2 KW( 11.0 HF)
DIESEL EW-329--F

CROMETER 7736+ KHM( 4807. HILES)
NOX HUMIDITY CORRECTION FACTOR 1.0%

3 4
HOT TRANSIENT STARILIZED

701.0 (27.4) 698.5 (27.5)

571,35 (22.5) 571.5 (22.5)

36,7 ¢ 98.0) 36,7 ¢ 98.0)
Jo4s 23020,

1 .
135.1 ( 4770.) 232.4 ( B204.)

16 711/ 17, 16,8711/ 17, 16.5/11/ 17,
NYRVERN Y 4.4/ 1/ 4, 4.0/ 1/ 4.
272.7/137 25, 25,8713/ 23, 26,6713/ 24,
14713/ 't 1.2/13/ 1, 1.0713/ 1.
22,7/ 3/ 45 34.3/ 3/ .57 27.2/ 3/ A5
2.9/ 3/ .04 3.0/ 3/ ,05 3.0/ 3/ .05
18.77 27 19, 24,0/ 2/ 24, 17.57 27 i&,
4/ 2/ 0. 202 Tt 8/ 3/ %,
29,19 23,23 29,77
12, 13, 13,
240 ] 230
W41 .53 V40
18,3 23,3 1647
1,62 .90 1,70
6,45 3.42 6.19
1755, 4 1308, 4 1709.3
8,27 il 7.54
1.06 W02 .93
V27 17 .28
1,05 60 1,01
206.7 229,4 279.7
1,35 1,07 1,23
10,99 8,77 10,73
848, 504, 868,
§012 ,70 611
979 V978 §79
V941) 943 ( ,944)
+§78) 1,000 ( ,976)
387,86 357.5
77.80 77.75
11.83 11,81
11,44 9.78
3-BAG (4-DAG)
CARRON DIOXIDE B6/KN 276.4 { 274.3)
FUEL CONSUMPTION  L/100KM  10.58 ( 10.50)
HYDROCARRONS (THC)  G/KM 2 (.23)
CARRON MONOXIDE G/KM .82 (.81
OXIDES OF NITROGEN G/KM 1,30 ( 1.27)
PARTICULATES 6/KN 176 { .170)



HFET VEHICLE EMISSIONS RESULTS
PROQJECT 05--4874-001
TEST ND.  3A1H06 RUN 2 VEHICLE NO.3A TEST WEIBHT 13461, K6 3000, LDS)
fVICLF HODEL TIC FIAT DATE 6/29/81 ACTUAL ROAD LOAD 8,2 KW( 11.0 HP)
NGINE 2,0 L(122, CID) L-4 BAG CART NO, 1 DIESEL ~ EM-329-F
TRANSHISSION M3 DYNO NO. 2 ODOMETER 7799, KM( 4821, MILES)
cvs No, 3
BAROHETER 742,95 MM HG(29.25 IN HB) DRY BULB TCMP., 25,6 DEG C(78,0 DEG F)
RELATIVE HUMIDITY 50. PCT ABS. HUMIDITY 10.4 GM/KG NOX HUMIDITY CORRECTION FACTOR .99
BAG RESULTS
TEST CYCLE HFET
BLOWER DIF P MH. H20(IN. H20) . 703. 6 (27.7)
BLOWER INLET P MM. H20(IN, H2Q) : 571.5 (22.5)
BLOWER INLET TEWP, DEG. C(DCG. F) 37o¢ 99.0)
BLOWER REVDLUTIONS 8.
TOT FLOW 5T, CU. METRES(SCF) 204 0 ( 7232,)
HC  SAMPLE METER/RANGE/PPM 12.3/11/ .
HC LCRGRD METCR/RANGE/FPM 4.0/ 4,
CO SAMPLE METER/RANGE/PRM 23, 1/13/ 21,
CO ERCRGRD METER/RANGE/FPM 1.1/13/ 1,
€02 SAMFLE METLR/RANGL/PCT 44,6/ 3/ 76
C02 BCKORD METER/RANGE/FCT 3.4/ 3/ .05
NOX SAMPLE METER/RANGE/FI'M 32,5/ 27 33,
NOX RCKGRT METCR/RANGE/FEYM b7 27 L,
DILUTION FACTOR . 17.44
HC CONCENTRATION PPM 2.
CD CONCENTRATION PFM . 20,
€02 CONCENTRATION PCT 72
. NDX CONCENTRATION PPM 31,9
HC  MASS GRAMS 1.01
CO #MASS GRAMS 4,63
€02 MASS GRAMS 2702,7
NOX MASS GRaMS ) 12,39
FARTICULATE MASS GRAMS 1,20
RUN TIME SECONDS 766,
OFCy -WET (DRY) . +943 ( .9268)
. SCFy WET (DRY) . . 1,000 ¢ .977)
YOL (SCH) . 204.8
SaM BLR (SCH) 43,31
K¥  (HEASURED) 16,27
TEST NUMEBER, . ZA1H06
BAROHEVERy MM HG 743.0
HUMIDITY, G/KG 10.4
TEHFERATURS;IIE DE?K& ?2361
CAREBON DIOXIDEy .
FUEL CONSUMPTION, L/100KH 6,34,
HYDROCARDONS G/KM 06
‘CARRON MONOXITE, G/KM 29

DXIDES OF NITROGENs B/KM 126



TEST NO. - 3AINO7 FRUN 2
VEMICLE MOREL iC F1at

ENGINE 2.0 L(122, CID) L-4

TRANSMISSION NS

BAROMETER 742,95 MM HG(29.25 IN #5)
RCLATIVE HJMIRITY 350. PCT
BAG RESULTS

TEST CYCLE

BLOMER DIF P MM. M20CIN, H20)
BLOUER INLET P MM, H20’IN. MH20)
BLOWER INLET TCMP, DEG. C(DEG, F)
BLONER REVOLUTIONS
70T FLOW STD, CU, METRES(SCF)
HC SAHPL[ METER/RANGE/FPY
HC BCKGRD METER/RANGE/FFM
CO SANPLE METER/RANGE/FTH
CO RCKGRD MCTER/RANGE/FFM
C02 SAMPLE METER/RANGE/PCT
co2 BChGRD ﬁET[ﬁ/FANGE/PLT
NOX SAMPLE METER/RANGL/PFM
NOX BCRURU METLR/RANGE/PPN
DILUTION FACTOR
HC CONCENTRATICN PFM
C0 CONCENTRATION PEM
© {02 CONCENTRATION FCT
NOX CONCENTRATION PPM
HC ﬁASa GRANS
CO MASS GRANS
C02 MAGS GRAMS
NDX MASS C..ArS
FARTICULATE MASS GRAMS
RUN TIME SECONDS
RECy WET (DRY)
SCTy WET (DIRY)
VOL /SCM)
S4M LLR (SCM)
KM (MEASURED)

TEST NUMBER:

RBAROMETERy M HG
HUMILITY, G/KG
TEMFERATURE Y DEG €
CARBON DIOXIDE» 6/tM
FUEL CONSUMPTION, L/100KM
HYDROCAREQNS G/KM
CARLONH HONOXIDO, G/KM

OXIDES OF NITROUGEN» G/nM

Nycc

VEHICLE NO.3A
DATE 6/29/81
BAG CART NGO, 1
DRYNO NO. 2
CV53 NO, 3

DRY BULR TEMFP. 25,6 DEG C(78.0 DEG F:
AES. HUNMIDITY 10.4 GM/KG

NYCC

498,35 (27.5)
571.5 (22.5)
35.0 ( 95.,0)
16442,
161.,0 ( 58854)
17 3/11/ 17,

4,
”3 4/13/ 21,
1,013/ 1,
19.0/ 3/ .30
2.2/ 3/ .04
10,7/ 2/ 11,
6/ 2/ 4

743.0

VEMICLE CMISSIONS TESULTS
FROJECT 05-4874-001

TEST WCIGHT 1341, KGC 3000, LES)
ACTUAL RDAD LOAD 8.2 KW( 11.0 NF)
DICSE H--329-F

DDONETEP 777 KM( 4830, MILLS)

NOX HUMIDITY CORRECTION FACTOR .99



oT~-4

A3 KFH VEHICLE [MISSIONS RESULTS
PROJCT 05-4874-~001
TEST NO.  3A1508 RUN 2 VEHICLE NO,3A TEST WEIGHT 1361 KG( 3000, LBS)
VELTCLE MOUEL TC_FIAT DATE _6/47/01 ACTUAL ROAD LOAD ' 8.2 KU( i1:0°11P)
ENGINE 2,0 L(122, CID) L-4 BAG CART Nb. 1 DIESEL  EM-329-
TRANSHISSION M5 BYND NO. 2 DLGHETER T976- KM( 4832. MILES)
£VS NO,
BAROMETER 742,70 MM HG(29.24 IN HG) DRY BULD TCMP, 2641 DEG C(79.0 DEC F)
RELATIVE HUNIDITY 47, FCT ABS. HUMILITY 10,2 GH/KG NOX HUMIDITY CORRECTION FACTOR .98
FAG RESULTS
TEST CYCLE 85 K
DLOUER DIF P M4, H20(IN, H20) 703.6 (27.7)
BLOWER INLET P MM, H20(IN, H20) 571,5 (22.5)
DLOUER INLET TENP. LEG. CPEG. F) 38.3 (101.0)
RLOWER REVOLUTIONS 32692,
TOT FLOW STD. CU. METRES(SCF) 318,2 (11235,)
HC SAMPLE METER/RANGE/PPM 8,8/11/ 9.
HC ECKGRD METER/RANGE/FFM 4.0/ 17 4,
CO  SAMFLE METER/RANGEL/PFH 22:5/13/ 21,
€8 BCKGRE METER/RANGE/FPM 1.3/137 1.
£02 SAMPLE METER/RANGE/PCT 48.3/ 3/ €3
€02 ECKGRI HETCR/RANGE /FCT 2,9/ 3/ .04
NOX GAMPLE METER/RANGE/FPM 6017 27 39,
NOX RCKGRE METER/RANGE/FFM ‘47 27 0.
DILUTION FACTOR 16,00
HC CONCENTRATION PEM 5,
CO  CONCENTRATION FEN 19,
C02 CONCENTRATION FCT .79
NOX CONCENTRATION FFM 38,7
HC MASS ORAMS 193
CO  MASS GRAMS 6,98
£02 MASS GRANS 4418.8
NOX MASS GRAMS 23,16
FARTICULATE MASS GRAMS 1,96
RUN TIHE SECONDS 1200,
DFCs WET (DRY) 938 ( ,923)
SCFy WET (IRY) 1:000 ( ,977)
VOL (SCH) 318.2
saM LR (5CH) 37,94
KM (HCASURED) 28,44
TEST NUMEER, 341508
EAROMETER s MM HG 742,7
HUMILITY) G/KG 10.2
TERRGON THoxTnE,  GUKN 26504
CAKBON LIOXILE, - .
FUEL CONSUNFTIONs  L/100KM 6.19
HYDROCAREONS » G/KM .03
CARBON MOMDXIDEs  G/KM .2

OXIDES OF NITROGEN: G/KM 81



TEST NO+ 3AIFO® RUN 3
VEHICLE MODEL 1C FIAT

ENGINE 2,0 L(122, CI
TRANONIGS TON na- C1D? L-4

BAROMETER 740.46 MM HG(29.,14 IN HG)
rELATIvc HUMIDITY 66, PCT
BAG RESULTS

BAG NUMBER

DESCRIFTION

RLOWER DIF P MM, H20(IN, H20)
BLOWER INLET P MM. H20(IN, H20)
BLOWER INLET TEMP, DEG. C(DEG. F)
BLDNFR REVOLUTIONS
T01 FLOW STh. CU. METRES(SCF)
HC  SAMPLE. METER/RANGE/PPM
HC BCKGRD METER/RANGE/FFM
CO SAMPLE METER/RANOE/FPN
€0 ECKGRD' METER/RANGE/PPM
C02 SAMPLE METER/RANGE/PCT
C0O2 BCKGRD METER/RANGE/PCT
NOX SAMFLE METER/RANGE/PFM
NOX BCKGRDN METER/RANGE/PPM
DILUTION FACTOR
HC CONCENTRATION PPH
CO_ CONCENTRATION PEM

. CO2 CONCENTRATION PCT
NOX CONCENTRATION FFM
HC MASS GRAMS
€O HASS ORAMS
C02 HASS GRAMS
NOX MASS GRAMS
PARTICULATE MASS GRAMS

HC .GRAMS/KHM

CO_ GRAMS/KM

C02 GRAMS/KM

NOX GRAMS/KM .

FUEL CONSUMPTION BY CB L/100KM

RUN TIME SECONDS
HEASUKED DISTANCE KM
SCFy DRY

DFCy» WET (DRY)

SCFy WET (LRY)

gL (SCH)

AN ELR (SCH)

KM (HEASURED)

FUEL CONSUMPTION L/100KM

COMPOSITE KESULTS
TEST NUMBLR 3ALF09
BAROMETER MM HG 740.7
HUMIDITY G/K6 12.7
TEMFERATURE DEG € 23.9

1T-4a -

FTP

1
COLD TRANSIENT

VEHICLE LCMISSIONS RESULTS
PROJECT €5-4874-00i

VENICLE NO 3A
DATE

BAG CART ND. 1 / Cvs NO. 3
DYNO Ni.

DRY BULB TEMP., 23.9 DEG C(75.0 DEG F)
ABS, HUMIDITY 12,7 GM/KG

2
STABILIZED

701,0 (27.6)
571.5 (22.9)
37.8 (100.0)

70140 (27.6)
971.5 (22.5)
37.8 (100.,0)

3
HOT TRANSIENT

701.0 (27.6)
5715 (22.9)
38.% (102.0)

TEST WEIGHT 13461, KG( 3000, LBE)
ACTHAL ROAD LOAD _ 8.2 KW( 11.0 HF)

H-329-
g%ﬁHCTCR 5824. KM( 4861, MILES)
NOX HUMIDITY CORRECTION FACTOR 1.07

4
STABILIZED

698,35 (27.3)
971,35 (22.5)
37,8 (100.0)

13863 23801, 13842, 23796,
135.0 ( 4768. 231.8 ( B184.) 134.5 ( 4748,) 231.8 ( 8184.)
28,0711/ 28 16.0/11/ 17. 17.4/11/ 17, 17.0/11/ 17,

5.4/ 1/ 5. 4.4/ 1/ 4.3/ 1/ 4. 4.3/ 1/ 4.
36.6/13/ 34, 2606/13/ 24. 25.0/13/ 23, 25,3/13/ 23.
3.1/13/ 3. 2,9/13/ 3.2/13/ 3. 2.,8/13/ 3.
38.5/ 3/ .65 22.77 3/ .45 34.4/ 3/ .58 27.5/ 3/ 45
2.8/ 3/ .04 2.6/ 3/ .04 3.2/ 3/ 03 3.0/ 3/ .05
26:0/ 2/ 24, 18.3/ 2/ 18, 23.57 2/ 24, 18.0/ 2/ 18.
W3/.2/ 0, 372/ 0, 5/ 2/ 1 6/ 2/ 1.
20.43 29,20 - 23.01 29.43
23, 13, 13, 13,
30, 21, 19, 20,
61 +42 <93 +41
25.7 18.0 23.0 17.4
1,78 1.68 1.03 1.71
4,74 S5.71 3,04 .46
1504.0 1747.8 1308,7 1727,3
7.10 8.53 6433 8.25
1.27 «93 726 86
+31 +27 +18 +28
.83 v 93 ' 33 .88
262.5 286.8 22647 278.9
1.24 1.38 10 1.33
10.07 10,99 67 10.69
503, 847, 503, 848,
9.74 6:16 9:77 6.19
973 +9274 +973 974

960 ( 940) -
1,000 { .974) '

V963 ( ,942)
1,000 ( .974)

366.9 66,3
77.94 7:.82
11,90 11.%7
3-BAG (4-BAG)
CARBON DIOXIDE G/KN 265.2 ( 262.9)
FUEL CONSUMPTION L/100KM 10.16 ( 10.07)
HYDROCARBONS (THC) G/KH +23 (  28)
CARBON MONOXIDE G/KM +80 « .78)
OXIDES OF NITROGEN G/KM 1.27 ( 1,28)
FARTICULATES G/KM +161 ( 157}



e veniLle LALSSIUNS KESULTS
' PROJECT 05-40874-001

VEHICLE NO.3A
DATE 7/ 2/B1
BAG CART NOY, 1
DYNO NO. @ 2
CVS NO. 3

TEST NO. JALHLIO RUN 3
VEHICLE MODEL C FIAT
ENGINE 2.0 L(122, CID) L-4
TRANSNISSION H5

TEST WEIGHT 1361, KG( 3000, LES)
ACTUAL ROAD LOAD 8.2 KW( 11.0 HP)

SE H-329-F
DXEiETer 58422 KR 4875, MILES)
BAROMETER 740,16 MM HG(29.14 IN HG) DRY BULB TEMP. 25,6 DEG C(78.0 DEO F)
RELATIVE HUMIDITY 7. PCT AES. HUNIDITY 11,5 GM/KG
BAG RCSULTS

TEST CYCLE HFET

BLOMER DIF P MM, H20CIN, H20)

BLOWER INLET P MM: H20(IN. H20)
BLOWER INLET TEMP, L[EG. C(DEG, F)

NOX HUMIDITY CORRECTION FACTOR 1,04

701.,0 (27.6)
571,5 (22.5)
37,8 (100.0)

¢T-3

BLOWER REVOLUTIONS 21007,
TAT FLOW STD. CU, METRES(SCF) 204,2 ( 7210,)
HL  SAMPLE MLTER/RANGE/PPM 13.2711/ 14,
HC BCKGRD METER/RANGE/FIH 4.2/ 1/ 4,
C0  SAMPLE HETER/RANGE/PPM 24,6713/ 22,
CO  ECKGRD METER/RANGL/FPM 3.5713/ 3,
€02 SANPLE METER/RANGE/PCY 46,07 3/ .79
£02 BCKGRD METER/RANGE/FCT 3.47 3/ .03
NOX SAMPLE METER/RaNGE/PPH 33.4/ 2/ 33,
NOX BCKGRD METER/RANGE/FPM 47 2/ 0,
DILUTION FACTOR 14.87
HC CONCENTRATION FFM 10.
CO CONCEMTRATION PFM 19,
C02 CONCEMTRATION PCT 74
NOX CONCENTRATION PPN 33.0
HC MASS GRAMS 1.14
CO  HASS GRAMS 4,47
C02 MASS GRAHS 2772.0
NOX_MASS GRAHMS 13.44
PAPTICULATE HASS GRAHS 1,30
RUN TIMc SECONDS 768,
DFCy WET (DRY) 241 ( .924)
SCFy WET (DRY) 1.000 ( .974)
VoL (SCH) 204,2
SaM BLR (SUM) 43 24
KM (HEASURED) 16,41
TEST NUMBER» JALH10
BAROHETER» HH HG 740,2
HUMIDITY G/KG6 ’
TEﬁPERATUREv DEG € 25.6
CARBON DIOXIDEy G/KM 168.9
FUEL CONSUMPTION: L/100KH 46,44
HYDRDCARBONS » G/KM 107
CARBON MONOXIDE G/K W27

OXIDES OF NITROGENr G6/KM

02



TEST NO. 3AINI1  RUN
VEHICLE MODEL

3

TC FIAT

ENGINE 2,0 L(122, CID) L-4
TRANSHISSION M3

BAROHETER 740,146 MM HG(29.14 IN HG)

RELATIVE HUMIDITY 50, PCT
BAG _RESULTS

e1-4

TEST CYCLE

ELOWER DIF P MM. H20(IN. H20)

BLOWER INLET P MM. H20(IN., H20)
BLOWER INLET TeMP., DEG. C(DEG, F)

BLOWER REVOLUTIONS
T0T FLOY

STh. CU. METRES(SCF)
HC SAMPLE METER/RANGE/PFPM
HC  RCKGRD HETER/RANGE/PPH
CO SAMPLE METER/RANGE/PPM
CO BCKRGRD METER/RANCE/FPN
CO2 SAMPLE METER/RANGE/PCT
C02 BCKGRD HETER/RANGE/FCT
NDX SAMPLE METER/RANGE/FPN
NOX BCKGRD METER/RANGE/FPY

DILUTION FACTUR
HC

CONCENTRATION PPN

CO_ CONCENTRATION PPM

C02 CONCENTRATION FCT
NOX CONCENTRATION FPM

HC MASS GRAMS
€0 MASS GRANS
€02 MASS GRAMS
NDX HASS GRAMS

PARTICULATE MASS GRANMS

RUN TIME

DFCy WET (DRY)
SCFy WET (DRY)
oL (5CH)

SAM BLR (SCH)
KM (HECASURED)

TEST NUMDER,
BAROMETER
HUMIDITY,
TEMPERATURE»
CARDON DIOXIDEs
FUEL CONSUMFPTION,

HYDROCARDONS »
CAREON MONOXIDEs
OXIDES OF NITROGEN»

SECONDS

G/KM
L/100KM
G/KH

G/KM
G/KH

NYCC VEHICLE EMISSIONS RESULTS
PROJECT 05-4874--001

VEHICLE NO.3A

DATE 7/ 2/81
BAG CART NO. 1
DYNO 2

0.

CVS NO. 3

DRY BULB TCMP, 26.1 DEG C(79.0 DEG F)
ABS. HUMIDITY 11.0 GH/KG

NYCC

706.1 (27.8)
576,64 (22.7)
35.0 ( 95.0)

3A1NEY
740.2
11.0
2641
4267
16.41

69
1,87
1,72

TEST WEIGHT 1341. KG( 3000, LBS)
ACTUAL ROAD LOAD 8.2 KW( 11.0 HP)
DIESEL EN-329-F

OLOMETER 7861, KM¢ 4834, NILES)

NDX HUMIDITY CORRECTION FACTOR 1.01



we vy veaLLE ENISYLIUNS RESULTS
FROJECT 05-4874-001

TEST NO.  3A1512 RUN 3 VEHICLE NO.3A TEST WEIGHT 1361, KOC 3000, LBS)
Vﬁg}géE Hgﬂf%12 'c{g)FfAI DAgE 7/ 2/61 ggcugt ROAEHLgAg . 8.2 KWC 11.0 HP)
TRANSMI?éION §3§0§ﬁgt NO. % DDOﬁETER 7863, KM( 4086, HILES)

9 t

BAROHETER 740,16 MM HG(29,14 IN HG) DY BULD TLMP. 25,6 DEG C(78.,0 DEC F)
RELATIVE HUMIDITY 83, PCT

ARBS. HUWIDITY 11.2 GH/KG
BAG RESULTS
TEST CYCLE ’ 85 K

BLGWER DIF P MM. H20(IN. H20)
BLOWER INLET P MM. H20(IN. H20) . 571.5 (22.5)
BLOMER INLET TEMP, DEG, C(DEG., F) 37.8 (100,0)
BLOWEI REUOLUTIDN 32899,

TOT FLOW STD. CU. HETRES(SCF) 319.7 (11290.)
HC  SANPLE METER/RANGE/PPH 11,4711/ 11
HC  BCKGRD HCTER/RANGE/PFM

NOX HUMIDITY CORRECTION FACTOR 1,02

701.0 (272.6)

p1-3

CD SAMPLE HETER/RANGE/PPH
CQ BCKGRD METER/RANGE/PFM
C0O2 SAMPLE METER/RANGE/FCT
C02 BCKGRD METER/RANGE/PCT
NOX SAMPLE METER/RANGE/PPM

X BCKGRD HETER/RANGE/PFN

< 4.0/ 1/
23.7/13/
3.6/13/
49.3/ 3/
3.5/ ¥
38.1/7 2/
o/ 2/

22

N
«03
38,

1.

NO

DILUTION FACTOR

HC CONCENTRATIOM FPM
-C0  CONCENTRATION PPN
€02 CONCENTRATION FCT
NOX CONCENTRATION FPM
HC MASS GRAMS

co MRSS GRAMS

€02 HASS GRANS

NOX MASS GRAMS

RUN TIME
DECy WET ¢(IRY)
SCFy WET (DRY)
VaL (5CH)

RH" (RBastkED)

TEST NUMEER,

PARTICULATE HASS’ORAMg

ECONDS

BAROHETER MM HG
HUMIDITY G/KG .
TEMPERATURE » DEG C
CARBON DIOXIDEy G/KH
FUEL CONSUNMPTION, L/71G0KH
HYDROCARBONS » G/KM
CARBON MONOXIDE» G/KH

OXIDES OF NITROGEMN, - G/KM

15,
8
18,
+80
37.6
1.41
6,68
4703.4
23,39
1.95

1200,
+936 ( +920)
14000 (_,975)

3A1512
740.2,
11,2
25.4
165.5
6:31

.05
v23
.82



FTP VENICLE EMISSIONS RCSULTS
PROJCCT 05-4874-001

ST-3

TEST NO. JAIF13 RUN 4 VEHICLE NO.3A TEST WCIGHT 1361, KG( 3000, LES)
Uﬁg{géf "gn{%lﬂﬂ {g)FEAI DAEE T7 6/01 v Agggét ROAg"ngg . 8.2 KW¢ 11.0 U
24 2. ¢ BAG CART ND. 1 / €VS ND. 3 DILSE - M- -
TRANSHISSION M DYNO NO. 2 DLOMETCR 7902, KM( 4910. MILES)
EAROHETER 737,14 dM HG(29.10 IN HG) DRY BULDR TEMFM, 24.4 DEG C(76.0 BEG F)
RELATIVE HUMIDITY 59, PCT ADS, HUMIDITY 11.7 GM/KG NOX HUMIDITY CORRIECTION FACTOR 1,03
BAG RESULTS
BAG NUMBCR i 2 3 4
DESCRIFTION COLD TRANSILNT STARILIZED HOT TRANSILCNT STARILIZED
BLOWER DIF P MM. H20CIN., H20) 693.4 (27.3) 676.0 (27.4) 93,4 (27.3) 696.0 (27.4)
BELOWER INLET P MM. P20CIN, H20) 566 4 (22,3 562.0 (22.4) 56644 (22.3) 547.0 (22,4)
RLOWER INLET TEMP, BEG. C(DEG. F) 7.5 ( 922 35.8 ( 96.0) 372 € 99.0) 3647 ¢ 98.0)
BLOWER REVOLUTIJNS 13851, 23808 13062, 23708,
TOT FLow STDO. CU. METRES(SCF) 134.,7 ( 4754.) 23241 « 8194.) 134,8 ( 4760.) 231.5 ( B1744)
HC SAMPLE METER/RANGE/FRM ”B 4711/ 29, 16.4/11/7 16, 17.0/11/ 17, 16,9711/ 17.
HC  BCRGRD METER/RANGE/FFN VAR VAR 5.9/ 1/ 6. 597 17 6., 4,9/ 1/ 5,
CO  SAMFPLE MCTER/RANGE/FFM 43 0/13/ 40, 29.0/13/ 27, 26,2713/ 24, 26.2/13/ 24,
CO  BCKOGRD METER/RANOGE/FPM 4.0/13/ 4. 3.7/137 3, 3.0/137 3. 2.7/13/ 2,
€02 SANFLE MCYT™ /RANGE/FCTY 40,7/ 3/ 0% 28.77 3/ .47 34.9/7 3/ .58 28,07 3/ .44
€02 RCKORTI METER/RANGE/FCY 3.37 3/ .05 3.0/ 3 .03 3.1/ 3/ 05 367 3/ 04
NOX SAMPLE HETER/RANGE/FPM 22.77 2/ 28, 18.9/ 2/ 19. 24,97 2/ 24, 172.8/ 2/ 18,
NOX BCWNGRTt RETER/RANGL/FFH br 2/ 1 A7 2/ 0 3/ 2/ 1, W47 2/ 0,
DILUTION FACTOR 12,21 28,10 22.79 206.87
HC CONCONTRATION ['PM 22, 11, 12, 12.
CO_ CONCENTRATION ©I'M 34, 23, 21, 21,
CO2 CONCENTRATION PCT 144 +43 54 +41
NOX CONCENTRATION FFM 27,1 18.5 23.5 17.4
HC MASS GRAMS 1.75 1.49 21 1,42
co HAJS GRAMS 5.57 6.14 3.25 5.65
€o02 H SS GRAMS 1585.,3 1819.7 132%.3 1724,35
NOX MASS GRAMS 7.22 8.49 6,27 7.97
FQRTICULATE HASS GRAMS 1.23 1.02 W76 76
HC GRAMS/KM + 30 24 16 26
CD  GRAMS/KM 97 99 +37 72
C02 GRAMS/KM 275.3 293.1 232,46 281.4
NOX GRAHG/KH 1.25 1.37 1.10 1.30
FUCL CONSUHFTION BY CP L/100KM 10.56 11.23 8.89 10.79
RUN TIME SECONDS 505, 848, 303, 847,
MEASURED' IIISTANCE KM S.72¢ o2 5.72 6,12
SCFy DORY 974 777 975 977
UFCy WET (DRY) +938 ( +940) 2462 ( .944)
S5CFy WET (DRY) 1.000 ¢ .976) 1.000 ¢ 3?26%
VoL (SCH) 3466.8 4
SAM ELR (SCH) 77.54 77.48
KM (HCASUREDD) 11.97 11.84
FUEL CONSUMFTION L/100KM 10,91 ?2.87
MFOSITE KESULTS 3-BAG (4-PAG)
O ST NUNBER 3A1F13 CAREON DIOXIDE 6/KM 272.9° € 269.4)
RAROMETER M HG 73941 FUCL CONSUMPTION L/100KM 10.45 ( 10,32)
Mok g gm0 E
"MFERATURE DEG € 24.4 \ G/R . 85
TEHPERAT OXIDES OF NITROGEN G/KM 1.27 ( «23)
FARTICULATES G/KM 186 ¢ .164)



..... LA uUned RLE UL D

FROJECT 05-3374-001

TEST NO. 3A1H14 RUN 4 VEHICLE ND.3A

TEST WEIGHT 1361. KG( 3000, LES)
VEHICLE MOREL TC FIAT DATE 7/ 4781 ACTUAL ROAD LOAD 8.2 KWC( 11.0 tU
ENGINE 2,0 L(122, CID) L-4 BAG CART ND. 1 BIESEL EN~229-F
TRANSHISSION M3 &\;goNge. 2 ODOHETER 7926, KM( 4925, MILES)

“? +

HAROMETER 738.89 MM HG(29.09 IN HG)
RELATIVE HUMIDITY $3. PCT
RAG_RCSULTS

DRY BULR TEMP., 25.6 DEG C(7@.0 DEG F)

ABG. HUMIDITY 11.2 GH/KG NOX HUMIDITY CORRECTION FACTOR 1,02

91-4

TCST GYCLE
BLOWER DIF P MM. H20(IN. H20)

ELOWER INLET P MM, H20(IN, H20)
ELOWER IMLET TEWP, DEG. C(DEG. F)

BLOWER REVOLUTIONS
TOT FLOW ST, CU. METRES(SCF)
HC SAMPLE METER/RANGE/PPH
HC LCKGRD METER/RANGE/PPNM
CO SAMFLE MPTER/RANGE/PPH
CO  BCKOGRD MEVER/RANGE/PEN
C0D2 SAMPLE METER/RANGL/PCT
C02 TCNGRD MOTER/RANGE/FCY
NOX SAMILE METER/RANGE/I'T'M
NOX RCKORDN METER/RANGE/FFM
DILUTION FACTOR
HC CONCECNTRATION PPM
CD CONCENTRATION FP'M
CO2 CONCENTRATION PCT
NOX CONCENTRATION FPM
HiC MAGS GRAMS
CO MASS GRAMS
€02 MASS GRAMS
NOX MASS GRAMS
PARTICULATE MASS GRAMS
RUN TINE SECONDS
LFCy WET (DRY)
SCry WET (DRY)

HFET

698.5 (27.5)
563.9 (22.2)
37,
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voL (scM) 204.3
SaH BLR (SCH) 43, 30
KM (HEASURED) 16,25
TEST NUMEER» JA1H14
EARDMETER » M N6 738, 9
HUMIDTITY, 6/K6 11.2
TEMFERATURE » DEG C 25,4
CARDON DIOXIDE, G/KM 171.2
FUEL CONSUMPTIONy L/100RH 6,33
HYDROCARDONS v G/KN 06
CARGON MONOXIDE, G/KM 27

OXITES OF NITROGENs G/KM

79



NYCC VICLE TMISSIONS RESULTS
FROJECT 05-4874-001

TEST NO.  3AINIS RUN 4 VEHICLE NO.3A

TEST WEIGHT 1361 KG( 3000, LE3)
VENICLE MODEL

ENGINE 2,0 L(122 ng)F{AZ ggEECAPT7§)6/ﬂi gg{get RDAEHngg F 0.2 KUt 11.0 1

. L £ fLetay 1} - N NG - .

TRANSHISSION M5 DYNO Na. ' 2 ODDEETER 7942, KM({ 4935. MILLS)
CVS NO. 3

BAROMETER 739,14 HM HG(29.10 IN HG)

DRY DBULD TEMP. 24.4 DEG C(76.0 DEG F)
RELATIVE HUNIRITY Sé. PCT

ABS., HUMIDITY 11.0 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.01

L1~

BAG_RESULTS
TEST CYCLE

BLOWER DIF P MM, H20C(IN, H20)
BLOWER INLET P MM, H20(IN, H2D)
BLOWER INLET TEMP. DBEG, C(DEG. F)
BLOWER REVOLUTIONS

TOT FLOW §TD. CU, METRES(SCF)

HC  SAMFLE HETLR/RANGE/FPN

NYCC

70100 (2706’
571.5 (22,5
J4.4 ( 94,0
14420,
160.4 ( S58634)
17.1/7117 17,

HC  GCKGRT METER/RANGE/'PM 4.4/ 1/ 5.
CO  GAHPLE METER/RANGE/FFM 22.6/137 21,
CO RCKGRI HMETER/RANGE/PEM 1.5/13/ -,
C02 SAMFLL METER/RANGE/FCT 20.47 3/ 33
€02 BCKGRD METER/RANGE/PCT 3.9/ 3/ 05
NOX SANFLE HMETER/RANGE/FPPN 11,27 2/ 11,
NOX LCRKGRD METER/KRANGE/FFM WO/ 2 .
DILUTION FACTOR 40,34
HC- CONCENTRATION PPM 13,
CQ CONCENTRATION PPH 19,
C02 CONCENTRATION PLT o2
NOX CONCENTRATION PFPM 10.7
HC | HASS GRAMS 1.18
CO MASS GRAMS 3.51
€02 HASS GRAMS 810.8
NOX MASS GLRAHS 3,31
FARTICULATE MASS GRAMS ] +43
RUN TIME SECONDS 999,
LDFCy» WET (DRY) | : 975 ( 950)
SCFy WET (DRY) . 14000 € .979)
VoL (SCM) 160,
SaM LLR (SCM) 33.86
KM (HEASURELD) 1.94
TEST NUMEER: JAINIS
BAROMETERY MM 16 737.1
HUMIDETY G/KG 11,0
TEMPERATURE» DEG C 24,4
CARDON DIOXTRE: G/KM 410.4
FUCL CONSUMFTION, L/100KM 15.08
. HYDROCARGONS» G/NH . «60
- CAREON MONOY.IDE» G/Rdl 1.91
OXIDES OF N1TROGEN» G/KM- 1.21



8T1-d

TEST NO. 3A1514 _RU 4 VEHICLE NO.3A TEST WEIGHT 1351, KG( 3000, 1 15)
VENICLE MODCL TC I-NIAT DATE 2/ 6/01 ACTUAL ROAD LOAD 8.2 KW( 11.0 HM
ENGINE 2.0 L(122, CID) -4

G v DIESCL EN-327-F
TRANSHISSION M5 g?ﬁocﬁgf.Nn 5 DDDﬁETER 7744, KM( 4936, MILLS)
CV3 NOw 3

BARGMETER 737,37 MM _HG(292.11 IN NG) GRY BULB TCMP, 25.4 DEQ C(78.0 DEG F)
REiATIUE HUMIDITY 33. PCT AﬁS. HUHIDITY 11.2 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.02
BAG_RESULTS

TEST CYCLE 8s K

BLOWCR DIF P MM, H20CIN, H20) 698.5 (27,5

BLOWER INLET P MM. H20(IN, H20) 564.4 (22,3)

BLOWCR INLET TEMP. DEG. C(REG. F) 42.8 (109 0}

RLOWER REVOLUTIONS

TQT FLOY STB. CuU. METRES(SCF)

HC  SAMPLE METER/RANGC/FFPM

HC  DRCKORD METLR/RANGE/FPFM

CO SAMPLE MLETER/RANGE/FI'M

CO RCKNGRD METER/RANGE/I'PM

CO2 SANPLE METER/RANGE/fCTY

€02 BCNGRL METCR/RANGE/D'CY

NOX SANFLE METER/RANGE/FPM

NOX LCRGRD METER/RANGE/PEM

DILUTION FACTOR

HC  CONCENTRATION FPM

CO_ CONCENTRATION PPH

CQ2 CONCENTRATION 'CT

NOX CONCENTRATIDN FFM

HC MASS ORAMS

€O  HASS GRAMS

(02 MASS GRAMS

NOX MASS GRAMS

FARTICULATE MASS GRAMS

RUN TIME SECONDS 12
LFCy WET (DRY) « 234
SCFy WLT (DRY) 1,000 (
voL (SCH) 316.3
SaM DBLE (SCM) 67475
KM (MCASURED) 28,39

TEST NUMELRy 3A1516
BAROHETER MM HG 739.4
HUMIDITY, G/KG o2
TEHFERATURE LEG C 25.6
CARLON DIOXIDEr G6/RM 148.8
FUCL CONSUMFTIONs L/100KM b.44

HYDROCARLRONS v G/KH +05
CAREON MONOXILE, G/hM 24
(OXIDES OF NITROGENs G6/KH 81

3¢9
6,3 (11140)
1/ 13,
/G
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SUMMARY OF REGULATED EMISSIONS FROM FIAT TURBOCHARGED DIESEL
RESEARCH VEHICLE, EM-469~F FUEL, NO CATALYST

Test Code 3A2F20 3A2F24 |3A2Fr28 3A2H21 | 3A2H25 | 3A2H29
Test Type 3-b FTP | 3-b FTP{3-b FTP HFET HFET HFET
Date (1981) 7/9 7/10 7/13 7/9 7/10 7/13
Run No. 1 2 3 1 2 3
HC, g/mi 0.51 0.50 0.42 0.11 0.13 0.11
COo, g/mi 1.58 1.59 1.58 0.50 0.51 0.48
Nox, g/mi 2.00 2.06 2.01 1.27 1.27 1.30
Part., g/mi 0.30 0.35 -—a 0.13 0.13 -—a
Fuel, mi/gal 23.3 22.7 23.1 37.5 35.9 37.5
Test Code 3A2N22 3A2N26 |3A2N30 3A25823 ] 3a2827 | 3a2s31
Test Type NYCC NYCC NYCC 85 kph | 85 kph | 85 kph
Date (1981) 7/9 7/10 7/13 7/9 7/10 7/13
Run No. 1 2 3 1l 2 3
HC, g/mi 1.29 1.26 1.24 0.10 0.10 0.10
Co, g/mi 3.64 3.51 3.27 0.40 0.47 0.42
NOx, g/mi 2.82 2.70 2.70 1.21 1l.16 1.29
Part, g/mi 0.49 0.55 --a 0.11 0.11 --a
Fuel, mi/gal 14.4 14.9 14.8 38.0 37.0 37.6

aparticulate not sampled

E-19



TEST NO.  3A2F20 RUN_ 1
ENDINE 2 ok €122, coiby a0y
TRANBHISS TOR 2= ) L4

BARDMETER 746,51 MM HG(29.39 IN HB)
RELATIVE HUMIDITY 53, PCT
BAG RESULTS

BAG NUMBER

DESCRIPTION

ELOWER DIF P MN. H20(IN. H20)
BLOWER INLET P MMs» H20C(IN, H20)
BLOWER INLET TEMP. DEG. C(DEG. F)
BLOVER REVODLUTIONS

TOT FLOW STD, CU. METRES(SCF)
HC SAMPLE MCTER/RANGE/PFM
HC  BCKGRY METER/RANGE/PPN
CO SAMPLE METER/RANGE/PPN
C0 DCKGRD METER/RANGE/PPM
C02 SAMPLE METER/RANGE/PCT
€02 BCKGRD METER/RANGE/PCT
NOX SAMPLE METER/RANGE/PFM
NOX BCKGRD METER/RANGE/FFM
DILUTION FACTOR

tIC. CONCENTRATION PPN

€O CONCENTRATION PPH

C0O2 CONCENTRATION PCT

NDX CONCENTRATION PPM

HC MASC GRAMS

COD - MASS GRAMS

CO’ HASS GRAMS

NOX MASS GRAHS

PARTICULATE MASS GRAMS

HC GRARS/KH
CO- GRAMS/KN
co2 GRAHS/hH

0z-a

NOX GRAMS/K

FUEL CDNSUHPTION BY CB L/100KN
RUN TINME SECONDS
MEASURED DISTANCE KM .
SCF» DRY

DFCy NET (DRY)

SCFy WLT (DRY)

VoL (6CH)

SAM BLR (SCH)

KM _ (MEASURED)

FUEL CONSUMPTION L/100KM

COMPOSITE RESULTS

TEST NUMBER JA2F20
BAROQMETER dH HG  746.9
HUMIDITY G/KG 10.8

TEMPERATURE LEG C  24.4

FTP

VFHBGEE T HEST B BT TS
VEHICLE ND.3A
DATE 79

/81
BAG CART NO, 1 CVS NO
DN NaT . 2/ S ND. 3

DRY BULR TENP,
ABS. HUMIDITY 10.8 GM/KG

24,4 DEG C(76.,0 DEG F)

TEST WEIGHT 1341. KG( 3000, LBS
ACTUAL ROAD LOAD 8.2 KW( 11.0 HP)

BiGRETer Bt so01. mies)

NOX HUMIDITY CORRECTION FACTOR 1.0Q

1 2 3 4
COLD TRANSIEHNT STABILIZED HOT TRANSIENT STABILIZED
698.5 (27.5) 701.0 (27.6) 701,0 (27.6) 698.5 (27.,35)
571.5 (22.95) 571,95 (22,5) 571,95 (22,3) §71.5 (22,5)
37,2 ( 99.0) 37.8 (100.0) 37,2 ¢ 99.0) 37.2 ( 99,0)
13045, 23010, 13846, 23806,
136.3 ( 4812,) 234,2 ( 8270)) 136,3 ( 4812.) 234.3 ( 8273.)
36047117 3b. 21.6/117 22, 19.3/11/ 19, 19.2/11/ 19.
8.8/ 4/ 7 5.8/ 1/ 4, 4.9/ 1/ . 4,9/ 1/ 5.
47.9/13/ 45, 33.,5/13/ 31, 30,4712/ 28. 30.0/13/ 28,
S.9/137 5, 95.3/13/ 5. 4.0/13/ 4. 3.6713/ 3.
40.4/ 3/ 6% 22,97 3/ .46 35.17 3/ .59 272.5/7 3/ 45
2/ 3/ .08 2.9/ 3/ .04 3.6/ 3/ .06 3.9/ 3/ .05
28,0/ 2/ 28, 18.8/ 2/ 19, 23.5/ 2/ 24, 18.77 2/ 1
272/ 0, A/ 2/ 0, o2/ 2/ 0, A7 2/ .
19,33 28.91 22,63 29,39
30. 16, S, 14,
39, 24, 24, 24,
164 142 +33 +40
27.8 18,4 23.3 18.3
2,37 2,13 1.15 1,93
6414 6:97 3.77 6,48
1593.7 1782,2 1334,2 1714.0
7.28 8.28 6.10 8:24
1.57 1.04 +87 .
41 o35 20 W31
1,07 1.12 +68 1.04
277.1 2848.7 232 276.3
1.27 1.33 1. 1.33
10,40 10.75 _B.68 10.34
9035, 848, 505, 848,
5.75 . 6,22 9.73 «20
4976 978 977 +978
959 ( 4942) +262 ( .945)
1.000 ¢ .927) 1.000 (.,977)
370.5 370.6
79.05 78.96
11.97 11.95
+38 9435
3-BAB (4~BAG)
CARRON DIOXIDE G/KH 249.8 ( 286.7)
FUEL CONSUHPTION L/100KH 10.11 ( 2.99)
HYDROCARBDNS (THC) G/KM 32 { Jn
CARRON MONOXIDE G/XM .98 (  +98)
OXIBES OF NITROGEN Gth 1,234 { 1.24)
PARTICULATES G/KH +183 ¢ 18D



-HFET VEHICLE EMISSIONS RESULTS
FPROJECT 05-4874--001

T.ESI NO. JA2H21 RUN 1 VENICLE NO.3A TEST WEIGHT 1341. KG( 3000. LBS)
VEHICLE MODEL TC FIAT DATE ?/ 9/81 ACTUAL ROAD LOA D 8.2 K¢ 11.0 HP)
ENGINE 2.0 L(122, CID) L-4 . BAG CART NOD.- 1 DIESEL EM469-F

TRANSMISSION HS DYNG NO 2 ODOMETER 8071, KM( S015., MILES)

CVS NO.

RAROHMETER 746,25 MM HG(29.38 IN HG) DRY BULB TEMP, 25,0 BEG C(77.0 DEG F)
RELATIVE HJHIBITY 52. PCT

q
BAG RESULT ABS, HUKIDITY 10.6 GM/KG
TEST CYCLE HFET
BLOMER DIF P MM, H20(IN, {20) 490.5 (27.5)

BLOWCR INLET P MM, -H20CIN. 1H20) 571.5 (22,5)
BLOWER INLET TEMP, DEG. C(DEG. F)

NOX HUMIDITY CORRECTION FACTOR 1.00

TZ-4

BLOWER REVOLUTIONS
TOT FLOW STD. CU. METRES(SCF)
HC SAMPLE METER/RANGE/FFM

38,3 (101.0)
20994

0994,
205.7 ( 7265.)
13.9/11/ 14,

HC  BCKGRD METER/RANGE/PPH 4.5/ v/ S,
€O SANFLE METER/RANGE/PFN 25,2713/ 24,
CO  RCKGRD METER/RANGE/FPN 2.9/13/ 2.
€02 SAHPLE METER/RANGE/PCT 45.17 3/ 77
€02 BCRGRD METER/RANGE/PCT 3.3/ 3/ .05
NDX SAMPLE METER/RANGE/PFH 33.17 27 33
NOX BCKGRD METER/RANGE/FPN A/ 2/ 0O
DILUTION FACTOR 17.24

HC  CONCENTRATION PPM 10Q.

€1 CONCENTRATION PPN 21,

CO2 CONCENTRATIOM PCT +73

NOX CONCENTRATION PPM 32.7

HC MASS GRAMS 1.13

CO MASS GRAMS 4,95

€02 MASS GRAMS 2734.0

NDX MASS GRAHS 12.83
PARTICULATE HASS GRAMS 1.31

RUN TINE SECONDS 745,

RFC» WET (DRY)
SCF» WET (DRY)
VoL (SCH)

+942 { 926}
1.080 (_.978)

3.

SAH BLR (GCH) 43.82

KH (HECASURED) 16.23

TEST NUMBER, 3AZH21
BAROMETERy HN HG 744.3
HUNIDITY, 6/K6 10,6
TEMPERATURE y DEG € 25.0
CARBON DIOXILE» G/KM 168,39
FUEL CONSUHMFTION» L/100KN 6,28
HYGROCARGONS » G/KM 07
CARLON MONOXIDE, G/KH J

OXIDES OF NITROGENs G/KM

+



ze-d

TEGT NO« A2N22 RUN 1
VEHICLE HOUEL TC FIAT
ENGINE 2.0 L(122. CID) L~4
TRANSMISSION M

BAROMETCR 744.00 HN_HG(29.37 IN HG)
RELATIUE HUMIDITY 52, PCY
BAG RESULTS

TEST CYCLE

BLOWER DIF P HM. H20(IN. H20)

BLOWER INLET P MM, H20(IN., H20)

BLOWER INLET TCHP, BEO. C(DEG. I)

BLOWER REVOLUTIONS

10T FLOW STD., CU. HETRES(SCF)

HC SAMPLE HMETER/RANGE/FPM

HC BCKGRD METER/RANGE/PPN

CO SAMPLE METER/RANGE/FPM

CO DBCKORD METER/RANGE/PPM

C02 SAMPLE METER/RANGE/PCY

C02 BCKCGRD METER/RANGL/PCT

NOX SAMPLE MCTER/RANGE/PPM
NOX BCKGRD METER/RANGE/FPHM

DILUTION FACTOR

HC CONCCMTRATION FPFM

CO CONCENTRATION FFM

C02 CONCENTRATION PCT

ND), ,CONCENTRATION PPM

HC "MASS GRAMS

CO  MASS GRAMS

C02 HASS GRANS

RAMS
PAPTIPULATC MASS GRAMS
RUN TIME

DFCy UET (DRY)
SCFy WET (DRY)
VOL (SCH)

SAM BLR (SCH)
KM (MEASURED)

TEST NUMBER,

ECONDS-

BAROMETERs HM HG
HUKIDITY, G/KG
TEHFERATURE » DEG C

CARBON DIOXIDE» G6/KH
FUEL CONSUMPTIGN» L/100KM

" HYDROCAREGNS » G/KM
CARBON HONOXIDEy - G/KM-
OXIDES OF NITROGEN» G/KM

NYCE

FROJECT 05--4874--001

VENICLE ND.3A

DATE 7/ 9/81
BAG CART ND. 1
DYNG NO. 2
CVS NO.

DRY BULB TLEMP, 24.4 DEG C(76.0 DCG F)

ABS, HUMIDITY 10.1 GM/KG
NYCC

706,1 (27,8)
574,0 (22,4}
35,0 {95.0)

4423
141.7 ( 5200, )
20,5/ 2.4
4, )
27
2
20
13

11/
7
1/1
2/1
1

N DD
NN

L]
+
L
L
.
L]

599.
276 € 4959)
1,000 (¢ _.980)
1 1%7

1.84

JAZN22
746.0
10.1
24.4
433,27
16.33
+80

2,24
1.73

VEHICLE EMISSIONS RESULTS

TEST WEIGHT 1361+ KG{ 2000, LES)

ACTUAL ROAD LOAD 8.2 KW( 11,0 HP)
ICSEL CH-469-F

OUOHCTER 8085, KMC¢ 5024, HILES)

NOX HUMIBITY CORRECTION FACTOR ¢



gc-d

85 KPH VEHICIEL FEMISSIONS RESULTS
PROLECT - 05-4874-001

TEST NO.  3A2523 RUN 1 VEHICLE NO.3A TEST UCIGHT 1341, KG( 3000, LES)
VYEHICLE MODEL C FIA 7/ 9/81 ACTUAL ROAD LOAD _ 8.2 KW( 11.0 HP)
ENGINE 2.0 L (122, CID) L- 4 BAO CART NO. 1 DIEGEL EN-449-F
TRANSHISSION M5 DYNG NO. 2 ODOMETER 8087, KM( 5025, MILES)
CVsS NO. 3
BAROMETER 744,00 MM HG(29.37 IN HB) DRY BULB TEMP. 25,6 DEG C(78.0 DEG F)
RELATIVE HUMIDITY 50. pPCT ABS, HUMIDITY 10.4 GM/KG NOX HUMIDITY CORRLCTION FACTOR .92
BAG RESULTS
TEST CYCLE 85 K
BLOVER DIF P MM. H20(IN. H20) 706.1 (27.8)
BLOWER INLET P _MH, H20(IN. H20) 5726.6 (22.7)
BLOWER INLET TEMP. DEG. C(DEG, F) 38.9 (102 0)
BLOWER REVDLUTIONS 32908
TOT FLON STD. CU. HETRES(SCF) 321 S (1135
HC SAMPLE METER/RANGE/PPM 2.8/11/ 13.
HC DBCKGRD METER/RANGE/I'PH 4.5/ 1/. 5,
CO SAMPLE MLCTER/RANGE/PPM 22.,7/13/ 21,
CO DBCKGRD METER/RANGE/PPM /137 1,
C02 SAMPLE METER/RANGL/FCT 48,87 3/ .04
€02 BCKGRD METER/RANGE/FCT 3.0/ 3/ .05
NDX SAMPLE METER/RANGE/PPH 35.2/7 2/ 35.
NOX DBCKORD METER/RANGE/PPH 2/ 2/ 0.
DILUTIGN FACTOR 15.01
HC CONCEMNTRATION PP 2.
CD CONCENTRATION PPH 19,
€02 CONCENTRATION FCT .80
NOX CONCENTRATION FFPM 35,0
HC HASS GRAMS 1.5%
€O  MASS GRAMS 7.22
C02 HASS GRAMS 4715.1
NOX MASS CRAMS 21.29
PARTICULATE HASS GRAMS 2,08
RUN TINE SECONDS 1200,
BDFCy WET (DRY) «937 ¢ .922)
SCFy» WET (DRY) 1.000 ¢ .9706)
VoL (SCM) 321,95
SAM BLR (SCH) 68445
KM (MEASURED) 28,37
TEST NUMBER, 342521
BARQHETER HM HG 746.0
HUMIDITY G/KG 10.4
TEHPERATURE DEG C 2545
CARBON DIDXIDEs 6/KH 166,2
FUEL CONSUHFTION L/100KNH 6.19
HYDRDCARBONS » G/KM +06
CARBON MONOXIDE, G/KM +23

OXIDES OF NITRDGEN» G/KH e73



TEST ND. 3A2F24 RUN 2

B, 0 . CISFie]
. CID)

TRANSHISSION MS L 4

BAROGMETER 745,74 MM HG(Z?.J& IN H
RCLATIVE HUMIDITY &40, PCT 6
BAG RESULTS

DIAG NUMBER

DESCRIPTION

BLOWER DIF i MM. H20(IN. H20)
ELOWER INLET P MM. H20(IN. H20)
BLOWER INLET TEHMP. DEG. C(DEG. F)
LLOWER REVOLUTIONS

TOT FLOW STD. CU. METRES(SCF)
HC SAMPLE METER/RANGE/PPM
HC LRCKGRD METER/RANGE/FPM
CO SAMPLE HETER/RANGE/FFYM
CO0 DBCKOGRD NETER/RANGE/FEM
C02 SAMPLE BLTER/RANGE/PCY
CO2 BCKGRD METER/RANGE/[CT
NDX SAMPLE HETER/RANGE/FPM
NOX BCKGRO HETER/RANGE/[PN
DILUTION FACTOR

HE COHCEMTRATION PPN

CO CONCENTRATION PPM

C02 CONCENTRATIGN FCT

NOX CONCENTRATION PPM

HC MASS GRANMS

CO MASS GRAMS

CD2 MASS GRAMS

NOX HASS GRANS

PARTICULATE MASS GRAMS

HC GRAMS/KM
C0 GRAMS/KM
C02 GRAMS/KH
NOX GRAHS/KH
FUEL CONSUMPTION BY CB L/100KM

ye-d

RUN TINE SECONDS
HEASURED DISTANCE KH
SCFy DRY

LFCy WET (DRY)

SCFy WET (DRY)

VOL (SCH)

SAM BLR (SCH)

KM (MEASURED)

FUEL CONSUHPTION L/100KM

COMPOSITE RESULTS
TEST NUMBER
BARDMETER HH HG  74%.7
HUMIDITY G/KG 12,1
TEHPERATURE DEG € 25.0

3JA2r 24

FrpP

VEHBSERF9RERIAS BT TS

VENICLE NO.3A

DATE 7/10/81

BAG CART NO, 1 / CVs ND. 3
DYND }NO.

ﬂRt puLe TENP. 25, OGE ﬁ €(77.0 DEG F)

TEST UWE

ACTUAL ROAD LOAD

DIESEL
ODOMETEL

IGHTY

1341+ KG( 3000. LB
8.2 KW( 11.0

HP)

~469-
R %q21. Kﬁ( 50446. NMILES)

BS. HOMIDITY 12, NOX HUMIBITY CORRECTIOM FACTOR 1.05
1 2 3 4
COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
658.5 (27.5) 701.0 (27,6) £98.5 (27.5) 701.0 (27.6)
571.5 (22.5) 574,0 (22.6) 571.5 (22,5) 574.0 (22.6)
37.8 (100.0) 37,8 (100.0) 32.2 ( 99.0) 37.8 (100.0)
13852, 3819, 13849, 23807,
135.8 ¢ 4794.) 233.4 ( 8241,) 135.8 ( 4796 ) 233.3 ( 8237.)
35.4/11/ 35, L‘.1/11/ 22, 20,6711/ 2 ] 19.7/117 20,
8.5/ 1/ 9, 442 6y 4.2/ 1/ 5.5/ 1/ 6.
48.8/13/ 46, 34.1/13/ 31, 31.6/13/ 29. 31.5/13/ 29,
4,371/ 8 5.8/1Y S, 4.7/13/ 4, 4,0/13/ 4,
40.9/ 3/ 42 29,1/ 3/ .48 Jb.1/7 3/ W61 20,3/ 3/ .47
3.6/ 3/ .06 3.3 ,05 W57 3/ 405 3.4/ 3/ .04
28.0/ 2/ 28, 18,8/ 2/ 19, 23,57 2/ 5 17,87 2/ 18,
&7 2/ 1, W67 2/ 1 N VY S/ 2 1,
19.08 27,63 21,94 28.49
27, 16, 15, 14,
39 268, 24, 23,
164 43 +55 241
27.4 18,2 23.2 17.3
2.14 2,17 1.15 1,94
6,17 6,87 3,83 6,73
1596.4 1841,4 1379.2 1760,7
746 8.52 6,31 a2.0%
1,05 1,48 87 1.05
W37 35 20 W31
1.07 1.13 166 1,08
276.2 297.9 238.1 283.1
1.29 1,38 1,09 1,30
10.36 11,17 8.90 10,61
505, 848, 509, 848,
5.78 6,18 979 6.22
1274 976 +975 4976
958 ( ,929) 961 ( ,943)
1,000 ( .974) 1,060 ( .9724)
349.2 3491
78.57 78.33
11,96 12.01
10.78 2.79
3-BAG (4--BAG)
CARBON DIOXIDE G/KH 276.9 ( 272,8)
FUEL CONSUMPTION L/100KM 10.38 ( 10. 21)
HYDROCARBONS (THC) G/KM « 31 { +30)
CARBIN MONOXIDE G/KH . ( +22)
OXIDES OF NITROGEN G/KH 1.28 ( 1,24)
PARTICULATES G/KN 219 ( .189



HFET  VEMICLE CMISSIONS RESULTS
PROJECT 05-4874--001

se-d

TEST NO. 3A2H25 RUN 2 VEHICLE NOD.3A TEST WEIGHT 1361. KG6( 3000, LBS)
VEHICLE MGDEL TC FIAT DATE 7/10/861 ACTUAL ROAD LOAD o 2 KW( 11,0 HP)
ENGINE 2,0 L(122, CID) L-4 BAG CART NO. 1 DIESE EN-469
TRANSMISSION M5 DYNG NO. 2 ononarcn 8143, KH( 5040, MILES)
_ CVS NO, 3
BAROMETER 745.49 MM HG(29.35 IN HB) BRY BULB TEMP. 25.0 DEG C(77.0 DEC F)
ggéh{égELHgHIDITY 5&. PCT ) ARS. HUNIDITY 11.3 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,02
S{ CYCLE ) HFET
BLOWER DIF P MM. H20(IN. H20) 701,0 (27.4)
BLOWER INLET P MM. H20CIN, H2D) 574.0 (22,6)
BLOWER INLCT TEMP. DEG. C{(DEG, F) 37.8 (100,0)
ELOWER REVOLUTIONS 20994,
TOT FLOW STB, CU. HETRES(SCF) 205.5 ( 7258.)
HC SAMPLE METER/RANGE/PPM 15.6/11/7 16,
I BCKGRD METER/RAMGE/PFM 5.0/ /- 5,
CO SANPLE METER/RANGE/PFPM 27,3713/ 25,
CO BCKORD METER/RANGE/FPM 3,2/13/ 3,
C02 SAMPLE METER/RANGE/PCT 46 2/ 3/ .79
£02 BCKGRD METER/RANGE/PCT 5/ 3/ .05-
NOX SANPLE HETER/RANGE/PPM 31 9/ 2/ 32,
NOX BCKGRD METER/RANGE/PPM . NYETIEEE
DILUTICN FACTOR .
HC CONCENTRATION PPN 11,
CO CONCENTRATION PPM 22,
C02° CONCENTRATION PCT 74
NOX CONCENTRATION PPN 31.3
HC MASS GRAMS 1,29
CO MASS GRANS . 5,15
CO2 MASS GRAMS 2799.4
HOX MASS GRAMS . 12.58
PARTICULATE MASS GRAMS . . 1,23
RUN TIME SECONDS 245,
OFCs WET (DRY) ~ «940 ( ,923)
SCFr WET (DRY) : 1,000 ( ,975)
yoL (5CH) 205,5
SAM GLR (5CH) 43,45
KM (HEASURED) : 15.92
TEST NUMBER» JA2H25
BAROMETER MM HG 745.9
HUMIDITY, G/KG 11,23
TEHFERATURE DEG C 25,0
. CARBON DIOXIDEs G/KN 175.9
-FUEL CONSUMPTIONs L7/100KM . 6456
HYDROCARBONS s G/KN .08
CARDBON HONOXIDEy G/KM 32

OXIDES OF NITROGEN» G/KM 79



NYCC VEHICLE CHMISSIONS RESULTS
PROJECT 05-4874--001

TEST NO. 3A2N26 RUN 2 VEHICLE NO.JA

TEST MEIGHT 13461. KG( 3000. LES)

VEHICLE MODEL AT . DATE = 7/10/81 ACTUAL ROAD LOAD 8.2 KW( 11,0 HP)
ENGINE 2.0 L(122. CID) L 4 BAG CART NO. 1 SEL EN-447-F
TRANSHISSION M5 DYNO NO. 2 DDDHCTER 8159, KM( 5070, MILES)

CVs NO. 3

BARGHETER 745.47 MM HG(29,35 IN HG) DRY BULB TCMP. 23.9 DEG C(75.0 DEG F)
RELATIVE HUMIDITY 55. PCT

AES. HUMIDITY 10.4 GM/KG
DAG_RESULTS
TEST CYCLE NYCC

NOX HUMIDITY CORRECTION FACTOR .99

9z-3

BLOWER DIF P Md. H20C(IN. H20)
BLUUER INLET P MM, 120CIN. 1H20)

INLET TCHP. BCEGs C(DEG, )
BLDUER REVOLUTIDNS

TOT FLOW STD, CU. METRES(SCF)
HC  SAMPLE METER/RANGE/PPM
HC BCKGRD HETER/RANGE/PPM
CO SAMPLE METER/RANGL/FPH

620,35 (27.5)
521.5 (22,5)
35.0 § 9540)
18439,

161.3 ( 5702.)
20,2711/ 22.

4,9/ 1/
22,6/13/ 25,

CO DBCKGRD METER/RANGE/PPH 2,8/13/ 3.
£02 SANPLE METER/RANGE/PCY 20,5/ 3/ .32
€02 BCKGRD METER/RANGE/PCT 3.9/ 3/ .06
NOX SAMFLE HETER/RANGE/FPM 11,0/ 2/ 11,
NOX BCXGRD METER/RANGE/FPM S 270 1.
DILUTION FACTOR 40,04
HC CONCENTRATION FFM 14,
CO CONCENTRATION PFM 22,
£02 CONCENTRATION PCY +27
NOX CONCENTRATION PPM 10.5
HC MASS GRAMS 1.49
CO MASS GRAMS 4,12
€02 HMASS GRAMS 803.9
NOX MASS GRANS 3.21
PARTICULATE MASS GRAMS 46
RUN TIME SECONDS 579,
DFCy WET (BRY) 275 ( .9508)
SCFy WET (DRY) 1.000 ¢ 979}
VoL (5CH) 141.5
SAM ELR (SCH) 34.24
KM (HEASURED) 1,92
TEST NUMBERy 3A2N26
BAROHETER» MM HG 745.95
HUMIDITY, G/KG 10.4
TENPERATURE » DEG C 23.9
CAREON DIOXIDEy G/KM 419.1
FUEL CONSUMPTIGN» L/7100KH 15,78
HYDROCAREDNS G/KH »78
CARBON HONOXIDE, G/KH 2,108

OXIDES OF NITROGEN» G/KM

1.48



LZ-4

85 KPH VEHICLE CHMISSIGNS RCSULTS
PROJECT 05-4874--001

TEST NO.  JA2527 PUN 2 VEHICLE NO.3A TEST WEIGHT 1361, KG( 3000, LDS)
VENICLE MOBEL 1C F DATE 7/10/81 ACTUAL ROAD LOAD _ B.2 KW( 11.0 HP)
ENGINE 2,0 L(122, CID) L BAG CART NO. 1 DIESEL EH-469-F
TRANSHISSION M5 EEND 50. 2 ODOMETER 0161, KM( 5071, MILES)

S NO.

DRY DBULB TEMP. 25,0 DEG C(77.0 DEG F)
ARS. HUMIDITY 11.3 GH/KG

BARGHETER 745.49 MM HG(22.3S IN HG)
RELATIVE HUMIDITY Sé. PCT

NOX HUMIDITY CORRECTION FACTOR 1.02
BAG RESULTS

EST CYCLE 85 K
BLOWER DIF P MM. H20(IN. H20) 706.1 (27.8)
BLOWER INLET P MM. H20(IN. H20) 579.1 (“2 8)
RLOWER INLET TEMP. REG., C(DEG. F) 37 901 0.0)

BLOWER REVOLUTIONS

TOT FLOW STD. CU. METRES(SCF} 322,0 (11369 )

HC SAHPLE METER/RANGE/FPM 13.3/11/ J.

HC  BCKGRD HETER/RANGE/MPH 4.9/ 1/

CO SAMPLE HETER/RANGE/FPH 272.0/13/ 25.

€0 BCKORD HETER/RANGE/FPM 2.6/13/
50.4/ 3/ .87

€02 SAMFLE METER/RANGE/PCT
€02 RCKGRD HMETER/RANGE/ICY 3.8/ 3/

NOX SAMPLE METER/RANGE./PPH 33,3 X 3u.
NOX BCKGRD METER/RAMGE/FPH 2/ 2/ 1,
DILUTION FACTOR 15.25
HC CONCENTRATION PPM P
CO CONCENTRATION FPM 22,
C02 CONCENTRATION PCT 82
NOX CONCENTRATION PPM 32.4
HC HMASS GRAHS 1.63
CO MASS GRAMS 8.14
€02 MASS GRAHS 43346.0
NOX MASS GRAMS 20.53
PAPTICULATE HAS GRAMS 1.94
RUN TIH SECONDS 1200,
DFC: UET (DRY) +234 . .218)
SCrs WET (DRY) 1,000 ¢ .%74)
YOL (5CH) 322,0
SAM BLR {5CH) 60,44
KH  (MCASURED) 28,38
EST NUMBER» 342527
BARGHETER UM HG 745.5
HUKIDITYy G/KG 11,3
TEHMPERATURE» BEG C 25.0
CARBON DIOXIDE: G/KY 170.4
FUEL CONSUMFTIAONS L/100KM 6.35
HYDROCARBONS » 5/7KM 06
CARDBON MONOXIDE, G/KM 029
OXIDES OF NITROGENr G/KM W72



TEST NO. A2F 28 RUN 3

UCHICLE NODEL ) FIAT
ENGINE 2.0 L(122, »ID) t-4

TRANQHISSIDN HS

BAROMETER 742.19 MM HG(29.22 IN HG)
RELATIVE HUMIRITY 46. PCT
BAG RESULTS

PAG NUMBER

DESCRIPTION

BLOWER DIF P MM, H20(IN. H20)
BLOWER INLET P MM. H20(IN, H20)
ELOWER INLET T[HP. DEG. C(DEG. F)
ELOWER REUDLUTI
TOT FLOW STD. CU. HETRES(SCF)
HC SAMPLE HETER/RANGE/PFN
HC RCKGRD METER/RANGE/FPM
CO0 SAMFLE METER/RANGE/FPM
CO BCKGRDIN METER/RANGE/PPM
C02 SAMPLE METER/RANGE/PCT
C02 DBCRGRD METER/RANGE/PCT
NOX SAMPLE METER/RANGE/IFM
NOX BCKRGRD HETER/RANGE/FPM
DILUTION FACTOR

HC CONCENTRATION PPM-
CO  CUNCENTRATION PPM
CO2 CONCENTRATION PCT
CONCENTRATION PFM
HL  HASS GRANS

CO_ HASS GRAMS

CO2 MASS GRAMS

NDX MASS GRANS

HC GRAMS/KM
CO  GRAMS/KM
C02 GRAMS/KM

82-3
]
>

NOX GRAMS/KH

FUEL CONSUMPTION DY CB L/lOOKH
RUN TIME SECONDS
HEASURED DISTANCE KM

SCry DRY

DFCsy WET (DRY)

SCFr WET (DRY)

VoL (SCH)

SAM BLR (3CH)

KM (MEASUREL)

FUEL CONSUMFTION L/100KM

COMPOSITE RESULTS S
TEST NUMBER 3A2F28
BARQKTTLR HH HG ™ 742.2
HUMIDITY G/KG 9.3
TEMFERATURE DEG € .253.0

FTP

1
COLD TRANSICNT

VEWICLE EMISSIDNS RESULTS
FROJECT 05-4874-001
VEHICLE NO.3JA
DATE . 7/13/81
BAG CARY NO. 1 / €US NO. 3
DYNO NO.

DRY BULB TEHP. 25.0 DCG C(77 0 DEG F)
ABS. HUMIDITY 9.3 GM/KG

2
STABILIZED

698.5 (27.5)
S5646.4 (22.3)

698.5 (27.3)
S543.9 (22,2)

TEST WEIGHT 1361, KG( 3000, LES)
ACTUAL ROAD, LOAD ' 8.2 KNG 11.0 HP)

DIESEL EN-469-F

ODD§ETER 8191. KM( 5090, MILES)

NOX HUMIDITY CORRECTION FACTOR .95
4

STABILIZED

703.6 (27.7)
§$71.5 (22.5)

3
HAT TRANSICNT

703.6 (22.7)
571.5 (22.5)

37i2 (999.0) 372§ 5599.0) 37igeé200.0) 35538{09600)
49, '
135.1 ( 4770.) 232,4 ( 82034) 135,0 ( 47565.) 32.6 ( 8214,)
30.2/1t/ 30, 17.8/11/ 18, 20.9/11/ 21, 1.,1/11/ 21,
4.4/ 1/ 4, 6.6/ 1/ 7 6.6/ 1/ 7, 8.2/ 1/ 9.
45.7/13/ 43, 30.3/13/ 28, 28,8713/ 24, 28.9/13/ 27.
1.5713/ 1. 2.4/13/ 2, 3.4/1%/ 3. 3.0/13/ 3,
40,4/ 3/ 69 28,47 3/ .47 34.5/ 3/ .58 27,9/ 3/ .46
3,2/ 3/ .05 2,9/ 5/ 04 3,0/ 3/ .05 2,9/ 3/ 04
28.6/ 2/ 29. 20,17 2/ 20, 28,7/ 2/ 274 20,0/ 2/ 20,
27 1 $S/ 2/ 4, 1.4/ 2/ 1 1,67 2/ 2,
19,35 28,40 23.03 20,93
26, 11, 15, i3,
40, 23, 23, 23,
164 +42 53 +42
27.9 1946 25.4 18.5
.53 4180 3,59 .32
60 [} » .
1579.8 1805.6 1316.3 1770.0
6.89 8,32 6425 7,84
+36 029 20 +28
1.11 1,10 63 1,03
276.5 292.9 230.6 287.4
1,21 1,35 1,10 1.27
10.37 10.97 B.62 10.77
509.. 848, 503, 868,
5,74 617 5.71 6,146
979 981 780 +981
1959 ( 4943) 962 ( .948)
1.000 ¢ .%280) 1,000 { ,981)
6745 367,48
78,26 78424
88 1.86
10,68 9.74
3-BAG (4-RAG)
CARBON DIOXIDE 6/KH 272.4 { 270.8)
FUEL CONSUMPTION L/100KHM 10,20 ( 10.14)
HYDROCARBONS (THC) G /KN 26 ( .27)
CARION MONDXI G/KkM 98 (.93
OXIDES OF NITRUGEN G/KiM 1,23 ¢ 1,23)



HFET VEHICLE EMISSIONS RESULTS
PROJECT 05-4874-001

TEST NO. SA2H2? RUN 3 VEHICLE ND,3A
VEHICLE MODEL TC FIAT DATE 7/13/81

GINE 2.0 L(l?-. CID) L-4 BAG CART NO. 1
TRANSHISSION DYNO NO. 2
CVSs NO.

DRY BULD TEMP. 25.6 DEG C(78,0 DEG F)
RELATIVC HUMIDITY 44. PCT ABS. HUMIDITY 9.7 GH/KG
BAG RESULTS

TEST CYCLE HFET

BLOWER DIF P MM, H20(IN., H20) 698,5 (27.5)
BLOWER INLi . P MM, H20(IN. H20) 571.5 (22.5)
BLOWER INLET TEMP. DEG. C(DEG. F). 37.8 (100.0)
BLOVER REVOLUTIONS 21008,

TOT FLG 204,3 ( 7214,)

TEST WEIGHT 1361. KG( 3000. LBS)
ACTUAL ROAD LOAD 8.2 KW( 11,0 .KHP)

DIESEL  EM-469-F
ODGMETER 8222, KM{( 5109, MILES)

BARCGMCTER 741,48 MM HG(29.20 'IN HG)
NOX HUMIDITY CORRECTION FACTOR .97

62-3

2
or W 8TD. CU. METRES(SCF)

HC  EANPLE METER/RANGE/FPM 18.72/11/ 19,
HC  BCRGRD METER/RANGE/PFHM 9.0/ 1/ %
CO SAMPLE METER/RANGE/FTM 25,0/13/ 23.
CO BCKGRDN METER/RANGE/PPM 1.9/13/
C02 SAMPLE METER/RANGE/PCT 45.2/ 3/ .7B
C02 BCKGRDN METER/RANGE/PCT 3.2/ 3/ +03
NOX SAMPLE METER/RANGE/FPM 35.7/ 2/ 36,
NOX BCKGRD METER/RANGE/TFPM 1.0/ 2/ 1.
DILUTION FACTOR 17.19
HC CONCENTRATION FPM 10.
CO CONCENTRATION PPN 21,
C02 CONCENTRATION FCT o7
NOX CONCENTRATION PFM 34.8
HGC MASS GRAMS o2
CO_ MASS CRANS 4,90
€02 MASS GRAMS 2727,5
NOX MASS GRAMS 13.16
RUN TIHE SECONDS 766,

BFC» WET (DRY) +942 ( .928)

SCFy WET (DRY) 1.000 (_.,978)

VoL (SCH) 204,

SAM BLR (SCHM) 43.42

KM (MEASURED) 16.21
TEST NUMBER, 3A2H29
BAROMETERy MM HG 741.7
HUMIDITY» G/KG 9.7
TEMPERATURE» DEG C 25.6

CARBON DIOXIDE» G/KH 168,2

FUEL CONSUMPTION L/100KM 627
HYLROCARBONS, G/KH 07
CARRON HKONDXIDE, G/KH + 30

OXIDES OF NITRDGENy G/KH «81



NYCC VEHICLE EMISSIONS RESULTS
FPROJECT 05-4874--001

TEST NO. 3JA2N30 RUN 3

VEHICLE NOD.3A TEST WEIGHT 13461, KG( 3000, LES)

é’,’i}‘f,‘}gﬂ"g"f%m ey ot DATE __7/13/81 ACTUAL ROAD LOAD _ 8.2 Ku( 11.0 tP)

] -0 . - . o ve)

TRANSHISSION M5 BYRo-No, M0 4 ODOMETER 8237, KH( 5118, HILES)
CVS NO.

RAROMETER 741,40 MM HG(29,20 IN HG) DRY BULB TCMP. 25.6 DEG C(78.0 DEG F)

RELATIVE HUNIDITY 43. PCT ABS. HUMIDITY 2.0

GH/KG NOX HUMIDITY CORRECTION FACTOR .95
BAG_RESULTS '

TEST CYCLE NYCC

BLOWER BIF P MM, H20(IN., H20) 708.7 (272.9)
BLOWER INLET P MM. H20CIN. #20) 571,5 (22,5)
BLOWER INLET TEMP. DEG. C(DEG, F) 35.6 ( 96.0)

BLOWER REVOLUTIDNS 16439,

TOT FLOW STD. CU. METRES(SCF) 160.3 ( 5661.)
HC SAMPLE METER/RANGE/IFM 24.3/117 24,

HC DBCKORD METER/RANGE/PPM 8.8/ 1/ 9.

(0 SAHPLE HCTER/RANGE/FPM 24.4/137 22,

CO. RCKRORD METER/KRANGL/PPM 1.4/13/ 1,

CG2 SAMPLE METER/RANGE/FCT 19.2/ 3/ 32

€02 BCKGRD HETLR/RANGE/FCT 2,9/ 3/ 04

%8X SAHPLE METER/RANGE/PPM 12,0/ 2/ 12,

0g-d

X BRCKGRD METER/RANGE/PPM 1.17. 2/ 1.
DILUTION FACTOR 41,72
HC CONCENTRATION FPM 14,
CO  CONCENTRATION PPN 21,
C02 CONCENTRATION PCT 27
NOX CONCENTRATION FPM 10.9
HC MASS GRAMS 1.45
€0 MASS GRAMS 3.85
€02 MASS GRAMS 802.1
NOX MASS GRAMS 3.18
RUN TIME SECONDS 599,
DFECy WET (DRY) 0976 ( 4962)
ScFy WET (DRY) 1,000 ( .983)
VoL (SCH) 160.3
SAM ELR (SCN) 33.97
KM (MEASURED) 1.89
TEST NUMRERy JAZN30
BAROMETER, HH HG 741.7
HUMIBITY, G/KG 2.0
TEKPERATURE » LEG € 2546
CARBON DIOXIDEy G/KM 423.4
FUEL CONSUHFTION, L/100KM 15,93
HYDROCARBONS» G/KH +?27
CARDON MONOXIDE, G/KH 2.03
OXIDES OF NITROGEN» G/KH 168 -



85 KPH VEHICLE EMISSIONS RESULTS
FROJECT 05-4874-001

TEST NO. 3A2831 RUN 3 VEHICLE NO.3A TEST WEIGHT 1341. KG( 3000, LBS)

vcuu:Lc'ngnl.t:l(_l cJC FIaT DATE 7/13/81 ACTUAL KOAD LOAD 8.2 KW( 11.0 HP)
E 2, 22, - PAG CART NO, 1 G “N-469-F

TRANSMISSION M b¥no No, "ot b ODOMETER 8239, KM( 5119. MILES)

CVS NO,
BAROMETER 741,43 MM HG(29.19 IN HG) DRY BULR TEMP. 27.2 DEG C(El 0 DEG F)
ggéAgé25L¥UHIDITY 42, PCY ARG, HUMIDITY 9.7 GM/KG
\J

TEST CYCLE _ . 85 K

BLOWER DIF P MM, H20(IN. H20) 703.6 (27.7)
BLOWER INLET P MM. H20(IN. H20) 571.5 (22,5)
BLOWER INLET TEMP. BEG. C(DEG. F) 3a.3 (101.0)
BLOWER REVOLUTIONS 32931,

TOT FLOYW STD. CU. HETRES(SCF) 319.5 (11283.)
HC SANPLE METER/RANGE/PFM 14. 8/11/ 15.
HC  BCRGRD METER/RANGE/FPM 6.4/ 1/ &,
CG SAMPLE METER/RANGE/PPN 23.3/13/ 21,
C0 BCKGRD METER/RANGE/PFPM «2/337 1.
CQ2 SAHPLE HMETER/RANGE/FCT 49.7/7 3/ .84
C02 DBCKGRD METER/RANGE/PCT 3.3/ 3/ .05
NOX SAMFLE METER/RANGE/PPH 39.2/ 2/ 39,
NOX BCKGRI' HETER/RANGE/FPN W97 2/ L

NDX HUMIDITY CORRECTION FACTOR  ,%7

DILUTION FACTOR 13.49
HC CONCCNTRATION PPM . 9.

- CO_ CONCENTRATION PPH 20,
D C02 CONCENTRATION PCT .81
w  NOX CONCENTRATION FPM 38.4
= HC MABS GRAMS 1.63

CO_ MASS GRAHMS 7,46
C32 MASS-GRAMS 4782.4
NOX MASS GRAMS 22,71
RUN TIHE SECONDS 1200,
DFCy WET (DRY) . v935 ( 0923)
SCFy WET (DRY) . . 1,000 ( .978)
VoL (SCH) . 319.5
"SAM EBLR (S5CH) 67,93
KM (MEASURED) . 28.37
TLST NUMBERs 3A2531 .
BAROMETER, MM HG 741.4
HUMIDITY» G/KG 2.7
. TEMPERATURE» DEG C 27.2
CARBON . DIOXIDE, 6/KM 162.9
FUEL CONSUHPTION» L/100KM 6,26
HYDROCARRONS G/KH 06
CARBON HMONOXIDE, G/KM. v26
OXIDES OF NITROGENr G/KH .80



APPENDIX F

TEST RESULTS,
FIAT TURBOCHARGED DIESEL
WITH CATALYTIC TRAP
FUELS EM-329-F AND EM-469-F



SUMMARY OF REGULATED EMISSIONS FROM FIAT TURBOCHARGED DIESEL
RESEARCH VERICLE WITH UNDERFLOOR CATALYTIC TRAP,

EM=-329-F BASE FUEL

Test Code 3BLlFOl | 3B1FOS || 3B1HO2 | 3B1HO6 {| 3B1MO3 | 3B1NO7 || 3B1S04| 3B1S08
Test Type 3-b FTP | 3~b FTP|| HFET HFET NYCC NYCC 85 kph | 85 kph
Date (1981) 9/17 9/18 9/17 9/18 9/17 9/18 9/17 9/18
Run No. 1l 2 1 2 1 2 1l 2

HC, g/mi 0.13 0.11 0.02 0.03 0.19 0.19 0.00 0.00
CO, g/mi 0.43 0.43 0.08 0.08 0.66 C.61 0.05 0.05
NO,, g/mi 1.88 1.85 1.16 1.14 2.53 2.72 1l.14 1.21
Part., g/mi 0.10 0.0% 0.05 0.06 0.16 0.13 0.05 0.06
Fuel, mi/gal | 23.5 23.2 37.6 38.1 14.5 14.8 38.4 38.1




TEST NO.
VEHICLE MQOD
ENGINE 2.0 L(122. CID) L-4
TRANSMISSION M5

3BJF01 RUN

BAROMETER 743.20 MM HG(29,26 IN HB)

RELATIVC HUMIDITY 36. PCT
BAG RESULTS

RAG NUMBER

DESCRIFTION

BLOUER DIF P MN. H20(IN. H20)
BLBUER INL[T P MM, H20(IN, H20)
INLET CMPé DEG., C(DEG, F)

BLOJ[R REVOLY

TOT FLOW STD. CU. METRES(SCF)

HC BAMPLE METER/RANGC/FFN
HC RCKGRD HMCTCR/RANGE/PFM
CQ  SANPLE HETER/RANGE/PPN
CO BCKGRD HETER/RANGE/PPM
€02 SANPLE HETER/RANGC/PCT
C0O2 BCRGRY METER/RANGE/PCT
NOX SAMPLE HETER/RANGE/PPN
NOX BCKGRD METER/RANGE/PPM
DILUTION FACTOR .
my HC CONCENTRATION PP
+  CQ "CONCENTRATION FFM
w  £02 CONCENTRATION PCT
NOX CONCENTRATION FI'M
*HC  MASS GRANS
C0  MASS CRAMS
€02 MASS ORAMS
NOX_MASS GRAHS
PARTICULATE MASS GRANS

HC GRAMG/KM
CO GRAMS/KHM
€02 GRAMS/KM
NOX BGRAMS/KH

FUEL GDN“UHPTION BY CB L/100KN
RUN T SECUONDS

HEASURED DISTANCE KM
SCF» DRY
DFCr WET (DRY)
"'SGFy WET (DRY)
“UpL (SCH)
SAM ELR (SCM)
KH_ (HTASURED)

FUEL CONSUMPTION L/100KH

COMPOSITE RESULTS
TEST NUHBER -
BARDMETER _
HUMIDITY b/KG 7
TEMFERATURE DEG € 25,

1C FIAT u-cat

FTP

VEHICLE EMI

ION
PFROJECT 05-4874-0

UEHICLE NO 3B

ATE 9/
BAG CART NO.
DYNO NO.

DRY BULB TEMP, 25,0 DEG C(77.0 DEG F)

ABS. HUMIDITY

1
COLD TRANSIENT

708,7 (27.9)
568147 (22.9)

SS

S RESULTS
o1

17/81
1 / €vs ND. 3

7.3 GH/KB

2
STABILIZED

711.2 (28,0)
504.2 (23.0)

TEST WEIGHT 1341. KG! 2000. LBS)
8.2 KUW( 11.0 HP)

ACTUAL ROAD LOAD
DIESEL EH-329-F
ODOMETER 8497. KM( 5280. MILES)

NOX MUMIBITY CORRECTION FACTOR
4
STABILIZED

708.7 (27.9)
5681.7 (22.9)

k
HOT TRANSIENT

708.7 (27.9)
58147 (22.,9)

35,0 { 95.0) 34, ,0) 35,1 ( 97,00 38,1 { 97.0)
13e80" 53085, gét, 537997
138,1 ( 4006.) 234,0 { 0261,) 135.9 ( 4797.) 233.3 ( 8237,)
15.2/11/ 18 6.5/11/ 7 6.6/11/ 7. 5.8/11/ &
& | AR} 3.4/ 17 4. 3.6/ 17 4,
284 o YRR 837137 7. 5.97137 s,
57457 8137 1, 2.3/13/ 2, 1,243/ 2,
39,17 o/ 6b 27,47 3/ .45 33,77 3/ .56 27,17 3/ .44
3.5/ 3/ ,05 3.2/ 3/ 405 3.2/ 3/ ,05 2.9/ 3/ ,04
29.07 27 29, 19.87 37 50, 23.37 27 4. 18:97 27 1
a7 20 1, 3727 0. .37 2/ o, 3/ 2/
20.16 29,49 23,78 30,08
12, 3, 3, 2,
20, 5, 5, 3,
,61 .41 ,52 .40
28,5 19.5 24,0 18,4
.95 .37 .25 .31
3.11 1,35 1.02
1520.1 1738,1 1281.5 1714.5
5,47 7.04 5,60 7,44
47 37 . .32
17 .06 .04 .05
.54 22 15 16
264,3 282,6 222,5 2761
1,14 1,27 V97 1.20
10,10 10,74 8.47 10.51
505, 868, 505. 868,
5,75 ‘ 6,15 5.76 6.21
,982 .984 ,903 .984
960 ¢ ,949) - 964 ( ,952)
1,000 ¢ .933) 1,000 ¢ .984)
370.1 3491
78,98 79,01
1, 11.97
10.44 9.53
3-BAG (4-BAG)
CARBON DIOXIDE G/KM 262.3 ( 260.4)
FUEL CONSUMPTION  L/100KM 9,99 { "9,92)
HYDROCARBONS (THC) 6/KM .08 ( .07
CARBON MONOXIDE B/KM V27 (.25
OXIDES OF NITRDGEN G/KM 1,17 ( 1,15
PARTICULATES /KN 1062 ¢ ,059)



HFET VEHICLE EMISSIONS RES ULTS
' PROJECT 05~4874-001

TEST NO.  3R1HO2  RUN VEHICLE NO.3B TEST WEIGHT 1341. KGC( 3000, LES)
VEHICLE MODEL TC rmr U-CAT DATE . 9/17/81 ACTUAL ROAD LOAD 8.2 KW¢ 11.0 HP)
ENGINE 2,0 L(122, cm) -4 PAG CART NO. DIESEL EN-329-F
TRANSHISSION M5 DYRD NO. 2 OLOMETER 0521, KM{ 5295, MILES).
CVS NO.
BAROMETER 750,04 MM HG(29.53 IN HG) DRY BULDR TEMP., 25.6 DEG C(78,0 DEG F)
RELATIVE HUMIDITY 30. PCT ATS, HUMIDITY 6.3 GM/KG NOX HUMIDITY CORRECTION FACTOR 87
BAG RESULTS
TESY CYCLE HFETY
BLOWER DIF P MM, H20(IN. H20Q) 706.1 (27.8)
BLOWER INLET P MM. H20CIN. H20) 379.1 (22.8)
RLOWER INLET TEMP, BEG. CC(DEG. F) 37.8 (100.0)
RLOWER REVDLUTIONS 21009,
T0T FLOW STD. CU. METRES(SCF) 207.5 ( 7325.)
HC SAMPILE NETER/RANGE/FRY 5.3/117 5.
HC RCKGRD METER/RANGE/FPM 3.5/ y/ 4
C0 SAMPLE METER/FANGE/FFM 2.3713/ 5.
CQ BCKGRD METER/RANGE/FPM 1.3/13/ 1,
€02 SAHMPLE METER/RANGE/PCT 43,87 3/ 75
C02 BCKGRD MCTCER/RANGE/LCT 3.0/ 3 05
NOX SAMPLE METCR/RANGE/PPM 34.07 27 la,
NOX BCKGRD METER/RANGE/FPM 27 2/ N
DILUTION FACTOR 17.87
HC CONCENTRATION PPN 2,
CO CONCENTRATION FPH 4,
C02 CONCENTRATION PCT 71
NOX CONCENTRATION PPN 33.8
HC MASS CGRAMS 24
CO MASS GRAMS 86
C02 hASS GRANS 2679.7
NOX HASS GRAMS 11.71
PAPTICULATE HASS GRAHS 54
RUN TIME SECONDS 766,

nrey WET (DRY)
SCF» WET (BRY)

+244 ( ,935)
1,000 ¢ .982)

vaL ¢o0H) 207.5
SAN EL R (T6M) 44,41

KM (MEASURCTD 14,31

TEST NUMDER» IB1HO2
BARGHETER? HM G 750.1
HUMIDTITY 6/KG 6e3
renpgnnrunz. ngghc 22363
] \ N
rOECONREREIE, LGNt 25
HYDROCARDONS, G/KM .0t
CARBON MOMNOXIDE, 6/KM V05
OXIDES OF NITROGEN» G/KM .72



NYCC  VEHICLE EMISSIONS RESULTS
PROJECT 05-4874-001

TEST NQ. 3BINO3 RUN VEHICLE NO.3DB TEST WEIGHT 1361. KG( 3000, LES)

A LUt I 4 sl Ront g 02 UG L0 )
TRANSMISSION M5 DYND NOD. 2 ODOMETER 85 38, KH( 5304, MILES)
CVs N0, 3
BARGHETER 749,55 MM HG(29.51 IN HG) BRY BULD TLMP, 25,0 DEG €(77.0 DEG F)
EE%A££!5L¥gHIDITY 30. PCT ABS, HUWIDITY 5.9 GM/KG NOX HUMIDITY CORRECTION FACTOR  .Bb
=)
TEST CYCLE . Nycc
BLOUWER DIF P MM, H20(IN. H20) 711.2 (20,0)
BLOWER IKLET P MM. H20(IN. H20) 964.2 (23.0)
BLOWER INLET TEMP. BEG. C(DEG. F) 35.0 ( 95.0)
BLOWER REVOLUTIONS 16497,
JOT FLOW §TB., CU. METRES(SCF) © 183.3 ( §5767.)
HC  SAMPLE METER/RANGE/PPN 9.9/11/ &b,
HC EKCRGRD METER/RANGE/IPH 3.6/ 1/ 4,
€0 SAMPLE METER/RANGE/PPM 5.5/13/ 5.
CQ BCKGRD HMETER/RANGE/PPH W13/ 1,
CO2 SANMPLE METER/RANGE/PCT 12.5/ 3/ 31
€02 BCKGRD METER/RANGE/FCT 2.8/ 3/ 04
NOX SAMPLE METER/RANGE/PPH 11,47 2/ 11,
NOX BCKGRD METER/RANGE/FPM W37 2/ Oy
DILUTION FACTOR . 42,64
wg HC CONCENTRATION PPN 24
CO_-CONCENTRATION PPH 4,
U1 C02 CONCENTRATIAMN PCT : +27
- NOX CONCENTRATION PPH 11.1.
HC ~ MASS GRAHS +23
CO MASS GRAMS +78
€02 MASS GPAHS 8i1.4
NOX hASS GRA ’ 3.00
PARTICULATE HA _GRAHS +19
. RUN TIME . SECUNDS 601,
D€y WET (DRY) +977 (°4967)
SCFy WET (DRY) 1,000 ¢ ,988)
VoL (5CH) 163.3
SAM BLR (SCH) 34.80
K (HEASURED) 1.91
TEST NUMBERs : 3B1INO3
BARGHETERs HM HG 749.4
! & .
WY, B 3
CARBON DIOXIECs 425,1
FUEL CONSUMFTION, L/lOOKH 16,20
HYDROCARELONS » G/KM Ce12
CARDGN MONOXIDL» ‘G/KH 41

OXIDES OF NITROGEN» G/KH- 1.57



8SKPH  VEHICLE EMISSIONS i\E“ULTS
DJECT 05-4874-00

VEHICLE N0.3B
TC FIAT U-CAT DATE 9/17/81

TEST NO. 3BIS04 RUN 1

TEST WEIGHT 1361. KG( 3000, LDS)
VECHICLE MODEL

ACTUAL ROAD LOAD 8.2 KU( 11.C HF)

ENGINE 2,0 L(122, CID) L-4 BAG CART MO, 1 DIESEL EM-329-F
TRANSHISSION M5 gzgongﬂg ' 2 ODOMETER 8538, KM( 5305, MILES)
14

BAROMETER 749,30 MM HG(29.50 IN HG)
RELATIVE HUMIDITY 33. PCTY
BAG RESULYS

DRY BULB TEMP. 25,0 DEG €(77.0 DEG F)

BS. HUKIDBITY 6.5 GM/KG NOX HUMIDITY CORRECTION FACTOR .08

TEST CYCLE 85KpP
BLOWER DIF P MM, H20(IN. H20) 708,27 (27.9)
BLOLER INLET P MM. H20(IN. H20) 581.7 (22.9)

BLOWER IMLET TEWP. DEG. C(DES.

BLOVER REVOLUTIONS

TOT FLOY STD. CU. METRES(SCF)

F)

38,3 (101.,0)
329635,

324,9 (1147240
4,1/11/

HC SAMFLE METER/RANGE/PPM 4,
HC BCKGRD METER/RANGE/PPM 3.8/ 17 4,
CO SAMPLE METER/RANGE/FFM 5.4/13/ 5,
€O BCKGRD NETCR/RANGE/FPM 2.9/137 3.
C02 SAMPLE METER/RANGE/PCT 47.07 3/ .61
C02 DBCKGRD HETEP/RAHFE/FCT 2.6/ 1/ .04
NOX SAMFLE METER/RANGE/PPN 37.5/7 2/ 18,
NOX BCKGRD HETER/RANGE/PPM W37 2/ 0,
DILUTION FACTOR 16,53

wy HC  CONCENTRATION PPM 0,
€0 CONCENTRATION PPH 2,

o (D2 COMNCENTRATION PCT 77
NOX CONCENTRATION PFH 37.2
HC MASS GRAMS 09
€O MASS GRAMS 94
C02 MASS GRAMS 45762
NOX MASS GRAMS 20,33
PARTICULATE MASS GRAMS 95

RUN TIME SECONDS 1201,
DFCy WET (URY) 1940 ( ,930)
SCFy WET (DRY) 1,000 ( .982)
YBL (SCM) 324.9
SAH DLR (SCH) 49,90
KM (MEASLRED) 28045
TEST NUMBER»s 31 504
BARGMETER HM HG 749,3
HUMIDITY 6/KG 4.5
TENFERATURE » DEG C 25,0
CARDBON DIOXIDE, G/KH 160,9
FUEL CONSUMPTION, L7100KM 6012
HYDROCARBONS ¢ G/KM .00
CAREQN HOMOXIDE, G/KM «03
OXIDES OF NITROLENs G/bM 71



FTP VEHICLE CHISSIONS RESULTS
PROJECT 05-4874-001
TEST NO. 3BIFOS RUN 2 usmcu-: ND. n TEST WEIGHT 1361. KG( 3000, LES)
VEHICLE MODEL TC Fmr U-CAT ATE 9/ ACTUAL ROAD LOAD 8.2 KW( 11.9 HP)
ENGINE 2,0 L(122, CID) L BAB CART NU. 1 / cVs Ko, 3 CH-329-
TRANSMISSION NS DYND NO. DDOHETER 0571. KM( S326. HILLS)
DARQHETER 753.07 MM HG(29.48 IN HG) DRY BULD TEMP. 24.4 DEG C(?746.0 TEG F)
gEEA;EgSL¥gMIDITY 38, PCT ADBS. HUMIDITY 7.3 GH/KG NOX HUMIDITY CORRECTION FACTOR 90
AL R+
BAG NUMBER 1 2 3 4
DESCRIPTION COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED
BLOVER DIF P MM. M20(IN, H20) 708.7 (27,9 . 711,2 (28.0) 711,2 (28.0) 708,7 (27,9)
BLOUER INLET P MM. H20CIN, 420) 581.7 (22.9) 5804.2 (23,0) 984.2 (23.0) 581.7 (22.9)
ELOWER INLET TEMP. DEG. C(DEG. F) 35.0 ( 95,0) 35,0 ( 95.0) 361 ( 97.0) 36.7 ( 98.0)
BLOWER REVOLUTIONS 2 . 13451, 23808,
TOT FLOW S5TD. CU. METRES(SCF) 138.0 ( 487“. 237.1 ( 8372,) 137.6 ( 4858.) 236.4 ( BI46.)
HC SAMPLE METER/RANGE/PFM 13.72/1%/ 4. 6.3/11/ 6. &.7/48/ 7. b X/117 b
HE BCKGRD METER/RANGE/FPM 4.4/ 1/ 4, 3.4/ y/ 4, 3.4/ 1/ 3 3.4/ 1/ kB
C3  SAMPLE METER/RANGE/FPM 28,0713/ 24, 11.4/13/ 10, 9.72/13/ 9 7.6/13/ f
-C80  BCKGRD METER/RANGE/PFM © 76713/ 7. 6,0/13/ 8. 3.2/13/ . 2,6/713/ 2.
C02 SAMPLE METER/RANGE/ECT 387/ 3/ 45 27.17 3/ A4 34,37 3/ .57 26,9/ 3/ .44
C02 BCKGRD METER/RANGE/PCT 3.2/ 3/ .03 2:727 3/ 04 3.4/ 3/ .05 3.3/ 3/ .05
NOX SAMFLE HETER/RANGE/FFM 272.46/7 2/ 28, 19.17 27 19, 24,9/ 2/ 25. 16.727 2/ 19.
X BCKGRD METER/RANGE/PPM W/ 2/ 1, W5/ 2/ 1. W7/ 2/ 1. 7/ 2/ 1.
DILUTION FACTOR 20,38 30,035 23432 30,31
m HC CONCENTRATION PPH 10. k 3. 3,
I\ CO CONCEMTRATION PFM 19, S b, '
~' €02 CONCENTRATION PCT 161 40 +92 132
NOX CONCENTRATION PPM 2741 18,6 24,2 ig,0
HC MASS GRAMS o 76 3 +28 38
CO MASS GRANS 3.11 1,36 «93 1,23
€02 HASS GRANMS 1533,4 17556 1317.7 16%96.0
NOX MASS GRAMS f . 5.74 7:33
PAPTICULATE HASS ORANS W4 %1 02 31
HC GRAMS/KNM 13 06 +05 06
C0 GRAMG/KM +94 22 14 20
€02 CRAMS/KM 1286.9 285.9 229.7 274.0
NOX GRAMS/KM 1.12 1.24 1.00 .18
FUEL CONSUMPTION BY CB L/100KM 10.19 10.87 8.74 10.43
RUN TINM SECONDS 509, 868. 505, 848,
HCASURED BISTANCE KM 5.74 4,15 9.74 6419
SCFy D + 982 204 + 282 1984
UFC, MET (DBRY) 781 ( ,94%) P83 ( .992)
SCFs WET (LRY) 1,000 ( ,982) 1,000 ( ,983)
VOL (5CH) 3759.1 373.9
SaM BLR (SCH) 79.77 79.67
KM - (MEASURED) 11,69 11.93
FUEL CONSUMPTION L/100KH 10.55 9.62
COMFPOSITE RESULTS J--BAG (4-RAG)
TEST NUMBLR 3IBIFOS CARBON DIOXIBE - G/KM 246.3 { 263.0)
BAROMETER MM HG 753.9 FUEL CONSUMPTION L/100KN 10,15 { 10.02)
HUMIDITY G6/KG 7.3 HYDROCARRONS (THC) G6/KM ' ( 07)
TEMFERATURE DEG C  24.4 CARDON HONOXILE G/KH V27 ( 27
OXIDES OF NITROCEN G/KRNM 1.15 ( 1.13)
PARTICULATES G6/KM +059 ( .057)



HFET VEHICLE EMISSIONS RESULTS
PROJECT 054874 001

TEST NO. 3B1HO& RUN 2 VEHICLE NO.2 TEST WEIGHT 13461, KG( 3000, LBS)
VEHICLE MODEL TC FIAT U-CAT DATE 9/18/81 ACTUAL RDAD LOAD 8,2 KW¢ 11,0 HP)
ENGINE 2.0 L(122, CID) L-4 BAG CART ND, 1 DIESEL 29-F
TRANSHMISSION M3 gEgONNO‘ ODOMETER 8594. KM( 5340, HILES)

S NO.

BARDMETER 753.87 HM HG(22.48 IN HG)
RELATIVE HUHIDITY 36. PCT
BAG_RESULTS

ORY BULB TCMP, 25,0 DEG C(77.0 DEG F)

ABS. HUMIDITY 7.1 GH/KG NOX HUMIDITY CORRECTION FACTOR  .E?

TEST CYCLE . HFET
BLOWER DIF P MM. H20(IN, H20) 208.7 (27.9)
BLOWER INLET P MM, H20(IN, H20) 581.7 (22.9)
RLOWER INLET TEMP. DEG. C(DEG. F) 7.2 ( 99.0)
BLOWER PEUOLUTIONJ 2 098,
70T FLOW S7D. CU. METRES(SCF) T 20049 7094.)
HC SAHPLE METER/RANGE/PPH 5.3/11/ 5.
HC BCKGRO METCR/RANGE/FPN 3. ; ) VAN
€D SAHPLE METER/RANGC/PPH 5.72/13/ &,
CO BCKORD HETER/RAMNGE/FFM 1.7/13/ 2,
£02 SAMPLE METER/RANGE/PCT 45,0/ 2/ .7
C02 RCKGRDIX METER/RANGE/PCT 2,9/ 3/ .04
NOX SAMPLE METER/RANGE/PPH 34,9/ 2/ 35,
{OX RCKGRD METER/RANGE/FEM W/ 20 1,
'DILUTION FACTOR 7.34
ng HC CONCCNTRATION PPN 2,
. CO CONCENTRATION FPH 4,
© €02 CONCENTRATION PCT 73
NOX COHCENTRATION FFM . 34.2
HC HASS GRAMS +23
€D . HASS GRAMS iz
€02 HASS GRAMS 2684.1
NOX MASS GRAMS ' 11.76
PARTICULATE HASS GRAMS ’ .58
RUN TIHE . SECONDS 765
OFC, HET (DRY) . 242 ¢ /93
SCFy WET (DRY) 1,000 ¢ .981)
VOL. (SCM) . 200,9
GAM ELR (SCM) 44,20
KM (HEASURED) 16454
TEST NUMRER» : 3B1HO4
BARCHETER» M4 HG 753.9
HUMIDITY, G/KG- 7.1
TEMFERATURE DEG C 25,0
CARBON DIOXIDEy G/KM 162.3
FUCL CONSUMPTIGM» L/100KH 6417
HYDROCARBONS » G/KH 02
CARBGN MONOXIDE, G/7KH )
OXIDES GF NITROGENr G/KM 71



NYCC VEHICLE EMISSIONC RESULTS
FROJECT 05-4874--001

TEST NO. 3B1NO7  RUN VEHICLE NO,3D TEST WCIGHT 13461, KG( 3000, LES)
VEHICLE MODCL TC FIATY U CAT DATE 9/18/81 ACTUAL KOAD LOAD 8.2 KW( 11.0 HP)
ENGINE 2,0 L(122, CID) L-4 BAG CART NO. 1 DICSEL EW-329-F
TRANSHISSION M5 DYNO NO. 2 ODCHETER 8610, KM( 5350, HILES)
CVS KD, 3
BARONETER 753.87 MM HG(29.48 IN HG) DRY DBULDB TCMP. 23.9 DEG C(75.0 DEG F)
ggéAFEgELHUMIDITY 48, PCT ARS, HUMIDITY 8.9 CH/KG NOX HUMIDITY CORRCCTION FACTOR .94
\ d
TEST CYCLE Nycc
BLOWER DIF P MM: H20(IN, H20) 711.2 (28.0)
BLOWER INLET £ MH. H20(IN, H20) 504.2 (22.0)
BLOWER INLET TEMP. DEG. C(DEG. F) 33 3 (92,0}
BLOWER REVOLUTIONS
TaT FLOW STR. CU. METRES(SCF) 164 3¢ 5001 )
HC SAMPLE METER/RANGE/PPM 5.6/11/ &,
HC BCKGRD MCTER/RANGE/FFM 3.2/ 1/ 3,
CO SAHPLE METER/RANGE/FFM 5.4713/ 5.
CO  BCKGRD HETER/RANGE/PPM 1.1/13/ 1,
C02 SAMFLE METER/RANGE/PCT 12,6/ 3/ .31
€02 BCKORD METER/RANGE/FCT J.1/7 3/ .05
NOX SAMPLE METER/RANGE/PTM 11,5/ 27 12,
NOX BCKGRD METLCR/RANGE/FFHM S/ 27 1.
DILUTION FACTOR 42,42
HC COMCENTRATIOMN FPM 2
CO CONCENTRATION PFH 4,
C02 CONCEMTRATION FCT 27
NOX CDNCENTRATION PPN 11.0
HE  MASS ORAMS v23
MY HASS GRANS 73
€02 HASS GRAMS 807.7
NDX MASS GRAHMS 3.26
PARTICULATE MASS GRAMS W16
RUN TIME SECONDS 598,
DFCy WET (DRY) 976 ¢ ,961)
SCFy» WET (DRY) 1,000 ( .982)
VoL (SCH) 164,3
SAM BLR (SCH) 35.18
K4 (MEASURED) 1,93
TEST NUMBER» 3B1NO7
BARGHETER» KM HG 733.9
HUMIDITY, G/KG 8.9
TEMPERATURE, DEG C 21.9
CARBON DIOXIDE, G/KM 417.,4
FUCL CONSUMPTIOM, L/100KNM 15,90
HYDROCARBONS » G/KM W12
CARDOM MONOXIDCy G/KH 38

OXIDES OF KNITROGEN» G/KM 1,69



TEST NQ. 3B1508
VEHICLE HODEL

RUN
TC FIAT U Cat-

ENGINE 2,0 L(122, CID) L-4

TRANSHISSION H3

RAROHMETER 753,34 MM HO(29.86 IN HB)

RELATIVE HUMIDITY 38. PCT

BAG RESULTS
TEST CYCLE

BLOWER DIF P MM, M20(IN, H20)

BLOUWER INLET P MM, H20(IN., H20)
BLOWER INLET TEMP, DEG. C(BEG. F)

BLOWER REVDLUTIONS
TOT FLOW STD. CU. MCTRES(SCF)

85 KFH VEHICLE EMISSIONS RESULTS

ROJECT 05-4874--001

VEHICLE NO.3B
DATE ?/18/81
EAG CART NO, 1
DYNO NOD. 2
CVS NO. 3

DRY BULB TEMP, 24.4 DFG C(76.0 DEG F)
ABRS, HUMIDITY 7.4 GM/KG

85 K

oT-d

HC
HC
Co
ca

SAMPLE METER/RANGE/PPH
ECKGRD HETER/RANGE/FEM
SANPLE AETER/RANGE/PFH
BEKGRD HETER/RANGE/MFM
SAHPLE METER/RKANGE/FCT
BCXGRD METER/RANGE/ICT
SAMPLL METER/RANGE/I['FM

NOX BLKGRD HETER/RANGE/FT'M

708.7 (2749)
501.7 (22.9)
37.8 (100,0)

329235,
327,0 (11546..)
4,0/11/ 4,
3.9/ 1 .
3.5/13/ .
8/13/ 1,
47.17 3/ .01
2.9/ 3/ .04
3%.

DILUTIDN FACTOR
CONCENTRATION PI'M

CD CONCENTRATION PFM

C02 CONCENTRATION PCT

NOX CONCENTRATION FPH

HC MASS GRANS

CO  MASS GRAMS

€02 MASS GRAMS

NOX HASS GRAMS

PARTICULATE MASS GRAMS
RU ]

N TIME
DFCy WET (DRY)
SCFy WET (DRY)
VoL (5CH)
SAM BLR (SCM)
K¥ (MEASURED)

TEST NUMBER»

ECONDS

EAROHETER, HM HG
HUMIDITYy G/KG
TEHFERATURES DEG C
CARBON DIOXIDE, 6/KH
FUEL CONSUMFTION» L/7100KH
HYDROCARBONS » G/KM
CARBON MOMNOXIDE, G/KH
OXIDES OF NITROGENs G/KH

.939 ( .728)

3B1508
753.4
744
24.4
162,2
6,17

100
03
W75

TEST WEIGHT 1361. KGC¢ 3000, LBS)

ACTUAL ROAD L04D 8.2 KUW( 11.0 HF)

DIESEL M-

329-F
ODOMETER 8612, KM( 5351. MILES)

NOX HUMIDITY CORRECTION FACTOR

.70



SUMMARY OF REGULATED EMISSICNS FROM FIAT TURBOCHARGED DIESEL
RESEARCH VEHICLE WITH UNDERFLOOR CATALYTIC TRAP,

EM=-469-F FUEL

Test Code 332}':‘35 3B2F39 || 3B2H36 | 3B2H40 || 3B2N37 | 3B2N4l |} 3B2S38 | 3B2S42
Test Type 3-b FTP | 3=b FTP HFET HFET NYCC NYCC 85 kph | 85 kph
pate (1981) 9/23 9/24 9/23 9/24 9/23 9/24 9/23 9/24
Run No. 1 2 1 2 1 2 1l 2

HC, g/mi 0.18 0.12 0.03 0.03 0.31 0.29 '0.0»0 0.02
Cco, g/mi 0.43 0.43 0.08 0.08 0.76 0.68 |[° 0.05 0.05
NO, , g/mi 2.06 2.11 1.35 1.32 2,98 2.85 1.37 1.32
Pert., g/mi 0.09 0.09 0.07 0.06 0.16 0.18 0.08 0.08
Fuel, mi/gal | 23.8 23.5 36.8 36.9 14.8 14.8 38.1 38.3




c1-4

TEST NOD. 3B2F35
VEHICLE MODEL
ENGINE 2.0 L(122, CID) L-4
TRANSMISGION M5

BARDHETER 743.97 HN HG(29.29 IN HG)
RELATIUE HUMIDITY 59, FCT
BAG RCSULTS

. _RUN T -
TC FIAT U-CAT

BAG NUMBER
DESCRIFTION

BLOWER DIF P MM, H20(IN. H20)
BLOWER INLET P MM. H20CIN. H20)
BLOWER INLET TEHP. DEG. C(DEG., F)
BLOUEP REVOLUTIONS

TOT FLOW §TD., €U, METRES(SCF)
HC SAMPLE METER/RANGE/FFM
HC  BCKGRD METER/RANGE/PT'M
CO SAHPLE METER/RANGE/PPH
CO BCRGRD METER/RANGE/PFM
€02 SAMFLE MCTER/RANGE/FCT
C02 BCKGRD METER/RANGE/FCT
NOX SAMPLE METER/FANGE/FI'M
NOX REKGRDY MCTER/RANGE/FPH
DILUTION FACTOR
HC CONCENTRATION PPM
CO  CONCENTRATION PRM
CO2 CONCENTRATION FCT
NOX CONCENTRATION FPM
HC MASS GRAMS
CO_ MASS GRaMS
€02 HASS GRAMS
NOX MASS GRAMS
FARTICULATE MAGS GRAMS

tiC  GRAMS/KM
CO  GRAMS/KH
€02 GRAMS/KH

NDX GRAMS/KH

FUEL CONSUMFTION BY €B L/100KHM
RUN TIME SCCONDS
HMEASURED DISTANCE KM

SCF» DRY

OFCy WET (DRY)

SCFy WET (DRY)

VOL (SCH)

SAM LLR (GCH)

KM (MCASURED)

FUEL CONSUMPTIDN L/100KM

COMPOSITE RESULTS

TEST NUMBER IB2F35
BAROMETER MM HG 744.0
HUMIDITY G/KG - 11.6
TEMPERATURE DEG C° 24.4

TP VEHICLE FMISSIONS RESULTS
FROJECT 05--4874-001

VEHICLE ND.3IB

DATE

2/23/81

BAG CART ND. 1 / CVS ND. 3
DYN 2

0 NO.
DRY BULR

TCHP.

ABS. HUNIDITY 11.6 GM/KG

1 2
COLD TRANSIENT STABILIZED
693.4 (27,3) 698.5 (27.5)
5464 (22,3) 571.5 (22,5)
3611 ( 97,0) 32, % g £9,0)
135.900 247974 21304 oﬂ4o )
26,5/11/ 2 10.3/11/ 10,
8.1/ 1/ 6.5/ 1/ 7,
30,1713/ 35. 14,2713/ 13,
11.77137 i1, 9.7713/ 9.
40,0/ 3/ .8 208,87 3/ .47
3,5/ 3/ .05 3.3/ 3/ .05
28,3/ 2/ 26, 19.7/ 2/ 20,
07 27 1. a7 27 70,
19,60 28.12
19, 4,
24, 4,
63 .43
27,5 19,3
1,40 .54
1,84 1,14
155%,2 1018, 4
7,37 8,08
.43 1
25 .07
6 .18
28,2 291,8
1,27 1.43
10,03 10.84
504, 848,
5,81 6,23
,975 977
959 ( ,940)
1.000 ( .974)
349,2
78,24
12,05
10,46

24.4 DEG C(76.0 DEG F)

TEST WEIGHT
ACTUAL ROAD LOAD

DIESEL EN-469
ODOMETER 89951,

1361, KG( 3000,

1.BS)

8.2 KW¢ 11.0 HF)

-F
KHM( 5562. MILES)

NOX HUMIDITY CORRECTION FACTOR 1.03

3
HOT TRANSIENT

693,4 (27.3)
56644 (22.3)
37.2 ( 99.0)

1304
135:6 (
10.2/11/

6.5/ 1/
12,2/13/
4.3713/

CARBON DIOXIDE
FUEL CONSUKFTION
HYDROCAPBDN%I(THC)

CARRON MO

OXIDES OF NITROGEN
PARTICULATES

4.
4789 )

7
11,
6,
¢33
+05
23,

0.

4
STABILIZED

698.5 (27.5)
571.5 (22,3
38,3 (101.0)

23792,
232,5 ( B211,)
9.0/11/ 9.

6.1/ 1/
10.1/13/
S5.6/13/
28.2/ 3/
3.6/ 3/
19.9/ 2/
N-74

2

«963 ( +943)

1.000 (

G/7KM

.76)
8,2
12'55
.21

3-BAD
265.3
?.08

V44

b4
9.
5

05
20,

(4-DAG)



HFET VEHICI.E EMISSIONS RESULTS
PROJECT 05-4874--001

T NO.  3B2H3& _RUN 1 EST WEIGHT 13561. KGt 3000, LBS)
gﬁg}g&ﬁ "gnf%lz C}g)FEAI u cat EEE%CLETND 053701 égEuEL roan LOA B e 8.2 KW( 11,0 RP)
24 2, - CART NO. 1 ESE H-469~
TRANSMISSION M5 DYNO NO, N 2 ODOMETER 0974. KM( 5576, MILES)
CVsS NO. 3
BAROHETER 744,22 MM HG(29.30 IN HG) DRY BULB_ TEHP, 25,0 DEG C(?77.,0 DEG F)
ggbngégﬁLgunrnxrv 52. PCT ARS. MHUMIDITY 10.6 GH/KG NOX HUMIDITY CORRECTION FACTOR 1.00
d
TEST CYCLE HFET
RLOVER DIF P MM. H20(IN, H20) 690,5 (27.5)
BLOWER INLET £ MM, H20CIN, H20) 571.5 (22,5)
BLOWER IMLET TEMF, DEG. C(DEG, F) 37,8 (100.0)
BLOWER REVOLUTIONS 21008,
TOT FLOW STD. CU. METRES(SCF) 205.5 ( 7259.)
HC  SAMPLE METER/RANGE/PPM B.,9/187 9,
MC  BCKGRD METER/RANGE/PPM 457 v/ 7,
€0 SAMPLE METLR/RANGE/FFN 7047137 7.
€0 DBCRGRD METER/RANGE/FPHM 3.3/13/ 3,
£O2 SAMPLE METER/RANGE/PCT 47,0/ 3/ .81
€02 BCKGRI' METER/RANGE/PCT 3.0/ 3/ .06
NOX SAMPLE METER/RANGE/['PM 35.4/ 2/ Zb,
NOX DCKGRD METER/RANGE/PPM WS/ 2/ 1,
DILUTION FACTOR 16,52
HC CONCENTRATION PFM 2,
CO_ CONCENTRATION PPH 4,
T €02 CONCENTRATION PCT +73
—  NOX CONCENTRATION PPH 3541
“  HC MASS GRAM3 33
CN_ MASS CRAMS .09
£02 HASS orans 28395
NOX MASS GRAMS 13,77
FAPTICULATE HASS GRAMS 68
RUN TIME SECONDS 765,
IFCs WET (DRY) 4939 ( ,924)
SCFy WET (DRY) 1,000 ¢ ,976)
VOL (5Cei) 205.5
SAM BLR (SCH) 43.52
KM (MEASURED) 16.4
TEST NUMBER, 3p2134
EXCHANGE PACKAGC/MEMORY DBUMP OGN FILE ZZZDUNP.
BARDMETER» HH HG 7442
HUMIDITY, G/KG 106
TEMPERATURE » DEG £ 25.0
CARBON DIOXIDE, w@y 172,3
FUEL CONSUMPTIONs L/100KH 6.40
HYDROCARDONS ¢ G/KH <02
CARDON MONOXILDE, G/KM 105

OXIDES OF NITRDGENs G/KH 04



T NO. JR2N37 RUN 1
UCHICLE NODEL TC FIAT U CAT
NGINE 2.0 L(122, CID) L-4
TPAHSHISSION M5

BAROMETER 743.97 HM 116(29.29 IN HB)
RELATIVE HUMIDITY §2. PCT
BAG_RESULTS

vI-d

TEST CYCLE

BLOWER DIF P MM, H20(IN. H20)
BLOWER INLET £ MM, H20(IN. H20)
DBLOWER INLET TCMP., DEG. C(DEG. F)
LLOWER REVOLUTIONS
TGT FLOW STD. CU. METRES(SCF)
HC SAMPLE METER/RANGE/FPPM
HC  BCKGRD HETER/RANGE/FPM
CD SAMPLE HETER/RANGE/[EH
(0O BCKGRD METCR/RANGL/FFM
C02 SAMPLE METER/RANGE/PCT
C02 BCKGRD METER/RANGE/FCT
NDX GAMPLE METER/RANGE/PPM
NOX BONCRD METER/RANGE/FPH
DILUTION FACTOR
HE - CONCENTRATION PPM
CO CONCENTRATION PPH
C02 CONCEMTRATION FCT
NOX COMCENTRATION PFPM
HC .MASS GRAMS
CO HASS GRAMS
C02 HASS GRAMS
NOX MASS GRAMS
PARTICULATE HASS GRANS
RUN TIHE SECONDS
OFCy WET (DRY) . .
SCFy UET (DRY)
VoL (SCH
SAH LLR (JFM)
KM (MEASURED)

TEST NUMLDER,

BAROMETER, MH HG
HUMILITY, G/KG
TEMPERATURE DEG C

CARDON DIOXIDE, G/KM
FUEL CONSUMPTIONs L/100KM

-HYDROCAREONSG G/7KM
CARDBON MONOXIUCS 6/KM
OXIDES OF NITROGENs G/KM

NYCC VEHICLE EMISSIONS RESULTS
FROJECT 05-4874-001

o . TEST WEIGHT 1341, KG( 3000, LDS)

gﬁ#éCLE g?zggex gcrggt Roagnngg 8,2 KW( 11,0 HP)
IE ~469~F
g?ﬁocﬁgt NDs 5 ODOHETER 6988, KM( 5585, MILES)
CVS NO. 3
DRY BULB TCMF. 25.0 DEG C(77.0 DEC F) s
ABS. HUMIDITY 10.4 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.00 &,
NYEC

703.6 (27,7)
976,46 (22.7)
35,6 ¢ 926,00

146379,
160,7 ( 5474.)
b.4/11/ 9,
b/ 1/ b
7:.3/13/ 7,
1.8/13/ 2.
20,2/ 3/ .33
3.17 3/ .03
12,1/ 2/ 12,

03/ 2/ 1.
41,03
4,
S,
+28
11.4
+36
N
820.0
3.56
117
97,

S5
976 ( ,959)
1.000 (_.980)
160.7

34,13
1.92

3B2N37
744.0
10.46
25.0
426.4
15.88

19
A7
1,85



—— e ™MD INEDUL S

F‘RDJECT 05 4874 001

TEST ‘NQ. _ 3B2S VEHICLE NO,3B TEST WEIGHT 1361. KG¢( 3000. LBS)
UEgICLE HgDEIZIZ:S C}B FEAI U—CAT BAEECL-IET?ZUB/O}. A%EU%IE PDAIEI LD 8.2 KW¢ 11.0 M
E 2, . ) .
TRANSHISSION M5 BYNO NOD. 2 ODOKETER 8990. KH( 5586+ MILES)
CVS NO. 3

BARGHETER 743,97 MM HG(29.29 IN HG)
RELATIVE HUNMIDITY 52, PCT
BAG_RESULTS

BRY BULDB TEMP. 25.0 DEG C(77.0 DEG F)

ABRS. HUMIDITY 10.6 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,00

TEST CYCLE 85 K
RLOWER DIF P MM. M20C(IN. H20) 698,35 (27,3)
BLOWER INLET P MM. H20C(IN, H20) 571.5 (22,9)

RLOWER INLET TEMP. DEG. C(DCG. F) 38 3 (101.0)

ST-d

BLOWER REVOLUTIONS
TOT FLOW STD, CU, MET

RES(SCF)

2158 (;1357.)
b

HC  SAMPLE HETER/RANGE/PPH 5.9/117
HC DRCKCGRD METER/RANGE/PFM 5.87 1/ &,
CD SAMPLE HMETER/RANGE/PPN 4.0/13/ 4.
CO  BCRGRR HETER/RANGE/FEM 1.2/13/ 1.
C02 SAMI'LE METER/RANGE/PCT 49.1/ 3/ .65
C02 GCKGRD HETER/RANGE/PCT 3.4/ 3/ .03
NOX SAMPLE METER/RANGE/FFM 3%.27 2/ 40.
NOX BCKGRD METER/RANGE/FPM W/ 2/ '
DILUTION FACTOR 15,75
HC CONCENTRATION PPH 1.
CO_ CONGENTRATION PPH 24
CO2 CONCENTRATION PCT + 80
NOX CONCENTRATIDN FFH 39.2
HC HASS ORAMS «09
co HASS GRANS 93
€02 MASS CPAHS 4712.1
NDX MASS GRANS 24,08
PAPTICULATC HAGS GRAMS 1.34
RUN TIHE SECONDS 1200,
DFC: WET (DRY) +237 ( ,921)
SCFr WET (DRY) 1,000 ¢ .975)
VgL (SCH) 321.6
SAM BLR (5CK) 48,31
KM (HCASURED) '
TEST NUMBER. 3B2638
BARGMETER» Hi HG 744.0
HUMIDITY, G6/K6 10.6
TEXFERATURE y DEG C 23,0
CARRON DRIOXIDEy G/KM 166,1
FUEL CONSUNFTION, L/7100KH 6,17
HYDROCARBONS » G/KH +00
CARELON MOMOXIDE, G/KM +03
OXILES OF NITROGENs /KM 05



TEST NO.

3LB2r3e

VEHICLE MODEL

RUN 2
TC FIAT U-CAT

ENGINE 2 0 L(122, CID) L4
TRANSHISSION MS

BARDHETER 745,24 MM HG(29.34 IN HG)

RELATIVE MUMIDITY 59, PCT

DBAG RESUL

15

RAG NUMRER
LESCRIPTION

BLOWER DIF P MM. H20(IN. H20)
ELOWER INLET F MM, H20(IN. H20)
BLOWER INLET TEMP. DEG., C(DEG. F)
BLOWER R[VOLUTI ONS

TOT FLOW STD. CU. METRES(SCF)
HC SANFLE METER/RANGE/PFN
HC  RCKGRD METER/RANGE/FPN
CO SAHMPLE METER/RANGE/PPM
CO DRCKGRD METER/RANGE/FFM
C02 SANPLE METER/RANGE/PCY
C02 RCKGRD METER/RANGE/PCT
NOX SAMPLE METER/RANGE/FI'M
NDX BCRGRD METER/RANGE/FPH
DILUTION FACTGR

HE CONCENTRATION FPPM

CQ CONCENTRATION PPN

€02 CONCENTRATION PCT

NOX CONCENTRATION PFM

HE MASS GRAMS

CO MASS GRAMS

C02 HASS GRANS

HOX_MASS CRAMS

PARTICULATE HAGS GRANS

HC GRANS/KM

CO GRAMS/KHM

€02 BPAHS/hH

NOX GRAM

FUEL CDNJUHPTIDN BY CB L/100KM

RUN TINE SECONDS
HEASURCB DISTANCE KM

SCFy DRY
DFCy WET (DRY)
SCFy WET (DRY)
VOL (SCH)
SAM DLR (SCH)
KH (MEASURED)
FUCL CONSUMPTION L/3100KM

COMFOSITE RESULTS
TEST NUMBER
BAROMETER
HUMIDITY
TEMPERATURE

91~d

3IB2F39
MM HG 745.2
G/KG 11.4
DEG C 24.4

FTP

VEHICLE EMISS

IONS RESULTS

FROJECT 05-4074-001

VEHICLE NO.3ZB
DATE 9/24/81
BAG CART NOD.
DYNO NO.

12/ Cvs NO. 32

TEST UWEIGHT

1361,

DRY RULE TENF. 24.4 DEG C(76,0 DLG F)

ACTUAL ROAD LQAD
RIESEL
ODOMETER

KG( 2000, LDS)
8.2 KW¢ 11,0 UP)

CH-469-F
9022, KM( 5606, MILES)

ARG, HUMIDITY 1

1
COLD TRANSIENT

723,92 (28,5)

1.6 GH/KG

2
STABILIZED
723.9 (28.,3)

HOX HUMIDITY CORRECTION FACTOR

1.03

3
HOT TRANSIENT
723.9 (28.,3)

384. 2 (23.,0) 584.2 (23.0) 504.2 (23.0)
36,1 ( 97.0) 36.4 ¢ 9740) 36,7 { 98.0)
13847, 23786, 13963
13u.7 ( 4792.) 233,1 ( B232,) 136.6 ( 4823,)
24.2/117 24, 1.1/11/ 11, 10.5/11/ 11,
'DURTANT 6,67 3/ 7, 6,6/ 1/ 7,
30.4/13/ 28, 8.2/13/ 7. 8.0/13/ 7.
4,2/13/ 4. 3.5/13/ . 1.72/13/ 2.
39.9/ 3/ .48 208,67 3/ .47 35.0/ ¥/ .59
3.4/ 3/ .05 3.7 3/ .06 3.0/ 3/ .06
272.4/ 2/ 2B, 19.8/ 2/ 20. 24,47 2/ 24,
47 2/ 0. 3/ 2/ 02/ 1
19.68 28,335 22,81
18, Se 4,
24, 4, b
163 142 +53
27.2 19.3 23.8
1.44 +63 «33
3,72 1.14 .89
1556.5 1782.2 1325.4
7.27 8. 6.41
42 ' +28
25 +10 )
+64 19 W19
269.7 289.2 228,2
1,26 1.44 1.10
10.09 10.76 8.49
505, 868, 509,
5.77 418 5,81
+ 275 877 375
959 ( .941) 962 (
1.000 € .976) 1.000 ¢
340,08
768,39
v 11,93
10.44
CARBON DIOXIDE 6/KN
FUCEL CONSUMPTION L/100KHN
HYDROCARBONS (THC) G/KM
CARDON MONOXIDE G/KM
OXIDES OF NITROGEN G/RH
PARTICULATES G/KM

4
STABILIZED

723,92 (28.5)
504.2 (23.0)
37.8 (100 0)

8199 }
9.
b,
S
1.
4o
06

a7 2/ 19,
.bé 1.

+$44)
«978)
368.0
70,21
11.98

?.4%

3-RAG
268.3
?.99
+12
127
1.3
+057

(4-DAG)



FROJECT OF -48374--001
TEST NO. 3D2H4O RUN 2 VEHICLLE NO.3D TEST WEIGHT 1361. KG( 2000. LBS)

L1-~-4

UEE%SEEQHO L an C{S)FEAT U--CAT ggEECARTqﬁg4/B: ACTUAL POAD LOAD B 2 KWC 11.0 §P)
TRANSHISSION 45 ? DYNG 'NO. 2 OLGHETER 5045, KHC 5620, MILES)
CVS ND. 3
PAROMETER 745,49 MM NG(29.35 IN HG) DRY PULB TEMP., 25.0 DEG C(77.0 LEO F)
RCLATIVE HUMIRITY S2, PCT ARS. HUMIDITY 10.6 GM/KG NOX HUMIDITY CORRECTION FACTOR 1,00
BAG_RESULTS
TEST CYCLE HFET
LLOWER LIF P HM, H20(IN. H20) 718.8 (28.3)
BLOUER INLET P MM, H20CIN. H20) 584.2 (23,0)
BLOWER INLET TEMP, BEG., C(DES., F) 37,2 (_99.0)
BLOWER REVOLUTIONS 0967,
10T FLOW STD. CU. HETRES(SCF) 20540 ¢ 92420)
HC SAMPLE HETER/RANGE/FFM 730117 7.
IIC DBCKGRD METER/RANGE/PFPM 5.1/ 1/ S,
CQ SAMPLE METER/RANGE/FFM 4.6/137 4,
€O RCKGRD HETCR/RANGE/PEM 97137 1,
CC2 SANFLE METER/RANGE/PCT 46.27 3/ 79
€02 BCKGRDR HETER/RANGE/FCT 3.1/ 3/ .05
NOX SANPLE METER/RANGE/PPHN 35.2/ 2/ 35,
HOX BCKGRD METER/RANGE/FTM 27 21 "1
DILUTION FACTOR 16,85
HC  CONCCNTRATION FFM 3
CO_ CONCERTRATION FFM 3,
€02 CONCENTRATION PCT 73
NOX CONCENTRATION PPM 34,5
HC  MASS GRAMS 3
€D, MASS GRAMS 79
€02 HASS GRANS 2015.2
NOX MASS GRAMS 13,51
FARTICULATC MASS GRAMS 165
RUN TIME SECONDS 765
LFCsy WET (DRY) V941 € ,925)
SCFy WET (DRY) 1,000 ¢ +976)
UL (5CM) 205, 1
SAM BLR (SCM) 43,48
KN (NEASURED) 14,40
TEST NUMBCR» 321140
BARDMETER MM HG 745.5
HUMIDITY, G/KG 10.4
TEMFERATURE » LEG C 25,0
CARLON DIOXIDE, G/KM 171.7
FUEL CONSUMPTIONs  L/100KM 4,38
HYDROCARKONS 6/KM .02
CAREON MONOXIDE, G/KM .05

OXIDCS OF NITROGENy G/KH a2



NYCC VEHICLE EMISSIONS RESULTS
PROJECT 05-4871-001

81-4d

TEST NO. 3D2N41 RUN 2 VCHICLE ND.3R TEST WEIGHT 1341. KG( 3000. LBS)
e S BT i) sclal"RoaD, B30 8.3 Wiy
-~ 8 — = [ - b - = el
TRANSMIS SION gYNocﬂg. 2 ODOMETER 9061, KM({ S4630, MILLS)
C J . 3
FAROMCTER 745.49 MM KG(29.35 IN HG) DRY DULB TEMP, 25.0 DEG C(77.0 BEG F)
RCLATIVE HUMIDITY 52. PCT AES. HUMIDITY 10.6 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.00
LAG RESULTS .
EST CYELE NYCC
BLOMER DIF P MM. M20CIN. H20) 723.9 (28.5)
BLOMER INLET P MM, H2D(IN. H20) 584,2 (23,0)
BLOMER INUET TEMP. DEG. C(DEG, F) 35:4 ( 96.,0)
BLOUER KEVOLUTIONS 16376,
TOT FLOW STD,- CUs METRES(SCF) 16046 ( 5872,
HC SAMPLE METER/RANGE/PFM 8.5/11/ 9,
HE ggxgnn hgtﬁﬂ;ﬁgﬁgﬁ;ﬁpn 3.9;115 g.
A FTER/RANGE . }e .
€0 FOUCKE HETER/RARGEZERR iy 1
£02 SANPLE METER/RANGE/FGT 20,07 37 .32
€02 RCKGRD METER/RANGE/PCT 3.0/ 3/ .08
NOX SAMTLE HETCR/ANGE /TN 11,67 2/ 12,
{0X BCNGRD METER/RANGE/PPM Y
DILUTION FACTOR 41,49
HC  CONCENTRATION PPM 3,
CO CONCENTRATION PRH 4,
€32 CONCENTRATION (CT .28
NOX CONCENTRATION PRH 11,0
HE MASS GRAMS .35
CO MASS GRAMS .81
€02 MASS GRAMS 014.1
NOX MASS GRAMS 3,37
FARTICULATE MASS GRAMS .21
KUN TIME SECONDS 508,
IFCe WET (DRY) V978 ¢ ,959)
SCFs WET (DRY) 1,000 ( ,980)
YOL (SCH) 160, 6
SAN LLR (SCH) 34,07
KM (MEASURED) 1.90
TEST NUMBER» IR2N41
BAROMETER s MM HG 745.5
HURIDITY» G6/K6 . 10.4
TEMPERATURE » DEG C 25,0
CAREON DIOXIDE, G/KN 427,4
FUCL CONSUMPTIOM,  L/100KM 15,92
HYDROCARLONS » G6/KN ,18
CARLON MOGNGXIDE» G/bM a2

OXIDES OF NITROGEN» G/KK 1.77



6T-4

8SKPH VEHICLE EMISGIONS RESULTS
FROJECT 05-4874--001

TEST NO. JB2742  RUN VEHICLE NO.3B TEST WEIGHT 1341, KGC( 3000, LEG)

L HODEL a, cIC,FIAT u-cat DATE 9734701 ACTUAL ROADLDAD _ 8.2 KU( 1.0 W)
- ] . "‘ < . oes . o
TRANSHISSION M5 N HAE OLOHETER 9062, KM( 5631, MILES)
cvs MO, 3
BAROHETER 745,24 HH NHG(29.34 IN HG) kY BULDB TEMP. 25.6 DEG C(78.0 DEG F)
RELATIVE FUMIDITY 50, PCT ABS. HUMIDITY 10.4 GH/KG NOX HUHIDITY CORRCCTION FACTOR .99
BAG KESULTS .
TEST CYCLE £5KP
BLOUER BIF P MM, H20(IN, H20) 718.8 (28.3)
BLOWER INLET F MM, H20(IN, H20) . 5£4.2 (23.0)
LLOWER INLET TEHP. LEG, C(LEG. F) 37.8 (100,0)
BLOUER REVOLUTIONS 32098,
TOT FLOW STG. CU. METRES(SCF) 32123 (113464)
HC GSAMPLE METER/RANGE/PFM 5.67117 6
HIC LCKGRD METER/KANGE/FFM © 4.9/ 1/ 5.
CO SAMFLE METER/RAMNGE/FPN 2,713/ 2.
€0 DCKGRD METER/RAMGE/FPH ‘47137 b
CO2 SARPLE KETER/RANBE/FCT 40,9/ 3/ .85
€02 LCKGRD METER/KANGE/FCT 3.3/ 3/ .05
NOX SAMPLE METER/RANGE/FPHM 38,5/ 2/ 39,
NOX TCKGRD METER/RANGE/FPH Va7 27 e
DILUTION FACTOR 15,63
HC CONCENTRATION FPM 1,
€0 CONCENTRATION PPM _ 2,
€02 CONCCNTRATION PCT .80
NOX CONCENTRATION FPM 30.1
HC HASS GRAMS "9
CO MASS GRAMS \76
€02 MASS GRANS 46983
NOX - MASS GRAMS 23,18
PARTICULATE HASS GRAMS 1.34
RUN TIME SECONDS 1200,
FCs WET (DRY) ) 937 {922
SCFs WET (IRY)- 1,000 (_.976)
VAL (5CH) . , 321.3
SAH DLR (SCH) 58,06
KM (HEASURED) 28.37
TEST NUMBER, 3D2642
BAROMETER MM HG 745.2.
HUNIDITY 6/KG - : 10,4
TEMFERATURE » DEG C 25.6
CAKEON DTOXIDE, B/KH- 165,64
FUEL COMSUMPTION,  L/100KM 6,15
HYDROCARLONS » G/KM \01
CAREON HONOXIDE» . G/KM .03

OXI1DES OF NITROGENs G/RM o eB2



APPENDIX G

TEST RESULTS,
INDIVIDUAL HYDROCARBONS
OBTAINED ON
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM-329-F AND EM-469-F



TABLE G-1. INDIVIDUAL HC RESULTS FOR NATURALLY=-ASPIRATED
FIAT DIESEL, NO AFTERTREATMENT, EM-329-F BASE FUEL

Test Code No. 1A329F 1A329H {] LA329N 1A3298
Test Type Cold FTP Hot FTP I HFET NYCC 85 kph
Run No. 4 5 4 S “ 5 S 6
Date (1981) 17261 1730 1/26 | 1/30)| 1/26 1/26 1/30
Measurement: _
Methane, mg/km 7.5] 7.0 6.4 0.8Iff 2.8 3s. )l ]
Ethylene, mg/km 37. [34. 34. |33. 14. A8, 8.6
Ethane, mg/km 1] 0.491 0 0.09§ O 0 0
Acetylene, mg/km 5.71 5.5 4.7 1 4.1 1.2 14. 1.3
Propane, mg/km 4.910 2.610 0.82 0 0
Propylene, mg/km 11. 9.8 12. 9.5 0.86 29, 2.1
Benzene, mg/km 3.81 3.6 3.0 0 0.80 11, 0.66
"Total"” IHC, mg/km 70. l60. le63. las. [l 20. 157. |} 13,
FID "Total HC", mg/kmb e T - - -
:toluene was analyzed for, but not found
data not acceptable
TABLE G-2. INDIVIDUAL HC RESULTS FOR NATURALLY-ASPIRATED
FIAT DIESEL, NO AFTERTREATMENT, EM-469~F FUEL
Test Code 1A2F25 | 1A2F29 | 1A2F25 | 1A2F29]) 1A2H26 [J1A2N27 L 1A2S528
Test Type C~FTP | C-FTP | H-FTP| H-FTP|| HFET NYCC || 85 kph
Run No. 1 2 1 2 1 1 1
Date (1981) 2/16 2/18 2/16 2/18 2/16 2/16 2/16
Measurement :
Methane, mg/km 18. 1l. 16. 6.5 5.9 43, 6.6
Ethylene, mg/km 40, 41. 37. 38. 13. 75. 0
Ethane, mg/km 1.5 0.54 1.5 0 0.61 3.4 0.27
Acetylene, mg/km 7.7 7.9 6.2 5.9 2.2 12. 0
Propane, mg/km 2.9 0 0 0 0 0 0
Propylene, mg/km 13. 12. 12. 11. 3.8 20. 0
Benzene, mg/km 3.0 4.5 1.8 1.4 1.1 0 Q
“Total” IHC, mg/km> 86. 77. 75. 63. 27. 153. 6.8
FID "Total HC", mg/km| 417. | 380. 361. a16. |[{140. 700. I 130.

a
Toluene was analyzed for, but not found

G-2



i’,

TABLE G~3. INDIVIDUAL HC RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL
WITH CATALYTIC TRAP, EM~329-F BASE FUEL ) s
Test Code 1B1F46 1B1F54 1B1F46 1B1F54 1B1H47 1B1HSS 1B1N48 1BINS6 1B1S49 1B1S57
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC 85 kph}l 85 kph
Run No. 1 3 1 3 1 3 1 3 1 3
bate (1981) 1/6 4/9 4/6 4/9 4/6 4/9 4/6 4/9 4/6 4/9
Measurement : .
Methane, mg/km 13: 11, 9.4 8.7 3.7 3.4 33. 22, 2.3 1.8
Ethylene, mg/km 18. 4.9 10. 9.0 2,2 1.6 9.6 7.5 o (4]
Ethane, mg/km 1.4 2.3 2.4 0.78 0.71 0.78 5.4 4.3 0 0.56
Fropylene, mg/km 2.2 0 0 0 0 (1] 0 0 0 0
Benzene, mg/km 1.2 0.54 0.51 0 0 0 0 0 o 0
“Total” IHC, mg/km® 37. 19. 22. 18. 6.6 5.8 48, 34. 2.3 2.4
FID “Total HC", mg/km 50. 62. 29. 44. 10. 10. 40, 20, 4, 10.
aAcetylene, propane, and toluene were analyzed for, but not found
TABLE G-4. INDIVIDUAL HC RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL
WITH CATALYTIC TRAP, EM-469-F FUEL
Test Code 1B2F64 1B2F68 | ' 1B2F64 1B2F68 1B2H6S 1B2H69 1B2N66 1B2N706 1B2s67] 1B2S71
Test Type C-FTP C~FTP H-FTP H-FTP HFET HFET NYCC NYCC 85 xhp} 85 khp
Run No. 1 2 1l 2 1 2 1 2 1 .2
Date (1981} 4/15 4/16 4/15 4/16 4/15 4/16 4/15 4/16 4/15 4/16
Measurement:
Methane, mg/km 6.5 8.5 6.4 8.2 2.5 2.3 22, 22, 1.1 0.73
Ethylene, mg/km 18. 18. 12, 15. 2.7 4.3 - 14. 16. 0. 0
Ethane, mg/km 0.78 2.2 0.77 0.78 o 0.88 0 o o 0
Acetylene, mg/km 1.4 0 0 0 0 1] ] 0 0 0
Propane, mg/km 0 2.3 0 7.2, o 3.8 0 14, 0 0.34
“Total" IHC, mg/km® 27, 31. "19. 31. 5.2 11, 36. 52. 1.1 1.1
. 4 e
FID "Total HC”, mg/km 53. 53, ‘49, 49, 20, 20, 30, 50. --b -

aPropylene, benzene, and toluene

less than 5 mg/km

were analyzed fof, but not found



TABLE G-5. INDIVIDUAL HC RESULTS FOR 1981 OLDSMOBILE CUTLASS
DIESEL WITH EM-329-F BASE FUEL

Test Code 2A1FO0l | 2a1F05 | 2A1F01 | 2A1F05 2A1HO2 |1 2A1NO3 [12A1504
Test Type C-FTP |[C-FTP | H-FTP | H-PTP HFET NYCC ||85 kph
Run No. 1 2 1 2 1 1 1
Date (1981) 5/21 5/22 5/21 5/22 5/21 5/21 5/21
" Measurement :
Methane, mg/km 2.2 0.61 0.96 0.52 0.27 o 0.14
Ethylene, mg/km 13. 15. 14. 14. 9.8 31.1 8.8
Ethane, mg/km 0.25 0.05 0 0 0.19 o] 0.11
Acetylene, mg/km 3.0 1.5 1.2 1.2 1.7 0 1.8
Propane, mg/km 0 0 0.57 0 0 0 0
Propylene, mg/km 4.9 3.2 2.7 6.4 4.1 7.5 3.8
Benzene, mg/km 1.5 0.49 0 0 0.88 0 1.3
"Total® IHC, mg/km® | 25. 21. 19. 22, 17. 9. 16.
FID "Total HC", mg/km|121. 114. 137. 131. 80. 320. 70.
*roluene was analyzed for, but not found
TABLE G~6. INDIVIDUAL HC RESUL'I‘S FOR 1981 OLDSMOBILE CUTLASS
DIESEL WITH EM-~469~F FUEL
Test Code 2A2F26 | 2A2F30 | 2A2F26 | 2A2F30 2A2H27 |12A2N28}] 2A2529
Test Type C-FTP C-FTP H=-FTP H=-FTP HFET NYCC 85 kph
Run No. 3 4 3 4 3 3 3
Date (1981) 6,719 6/22 6/19 6/22 6/19 6/19 6/19
Measurement:
Methane, mg/km 1.4 1.7 0.28 0.76 0 0 0
Ethylene, mg/km 18. 18. l6. 17. 11. 37. 9.0
Ethane, mg/km 1.9 0.58 1.5 0 0.54 0 0
Acetylene, "mg/km 3.5 | 1.3 0 1.2 1.8 0 1.6 ;
Propylene, mg/km o 3.3 o] o} 3.0 0 2.8
Benzene, mg/km 0 1.3 0 0 0 0 0
"Total" IHC,mg/km> | 25. 26. 1. 19. 16. 37. || 1s3.
FID "Total HC", mg/km|151. 117. 156. 159. 100. 320. 1 80.

a
Propane and toluene were analyzed for, but not found

G-4



TABLE G-7. INDIVIDUAL HC RESULTS FOR TURBOCHARGED FIAT DIESEL,
NO AFTERTREATMENT, EM-329-F BASE FUEL

Test Code No. 3A1F09 | 3A1F13 | 3AlF09 | 3AlFl3 3A1H1O0|(l 3AalN1l{ 3al1sl2
Test Type C-FTP | C-FTP | H-FTP | H-FTP HFET NYCC || 85 kph
Run No, 3 4 3 4 3 3 3
Date (1981) 7/2 7/6 7/2 7/6 7/2 /2 7/2
Measurement:
Methane, mg/km 7.8 15. 3.1 1.8 1.2 14. 0.49
Ethylene, mg/km 29. 35. 21. 22, 6.1 64. 4.2
Ethane, mq/km 1.4 1.2 0.24 0.07 0.03 0.63 0.03
Acetylene, mg/km 6.3 7.8 3,7 4.0 1.3 10. 0
Propane, mg/km o} 1.1 0 0 0 0 0
Propylene, mg/km 9.9 12. 6.2 9.6 1.5 23. o]
Benzene, mg/km 2.2 5.5 o] o] 0 8.4 0
"Total” IHC, mg/km> | S7. 78. 34. 37. 10.  li120. 4.7
FID "Total HC",mg/km| 287. 266. 237. 217. 70. 690. 50,
atoluene analyzed for, but not found
TABLE G=-8, INDIVIDUAL HC RESULTS FOR TURBOCHARGED FIAT DIESEL,
NO AFTERTREATMENT, EM=-469-F FUEL
Test Code No. 3A2F20 | 322F24 | 3A2F20 | 3A2Fr24 3A2H21|] 3A2N22 |t 3A2S823
Test Type C-FTP | C-FTP | H-FTP | H-FTP HFET NyYcc || 85 xph
Run No. 1 2 1 2 1 1 1
Date (1981) 7/9 7/10 7/9 7/10 7/9 7/9 7/9
Measurement: a
Methane, mg/km 16. 13. - 1.9 0.11 7.2 (o}
Ethylene, mg/km 36. 37. == 25. 5.3 61l. 4.6
Ethane, mg/km 2.1 1.2 - 0.45 0 0 o]
Acetylene, mg/km 5.9 8.2 - 5.5 0 0 (o
Propane, mg/km o 0.56 - 0 (o} 0 (o}
Propylene, mg/km 5.2 16. == 13. 0 0] 0
Benzene, mg/km 3.7 5.4 - 1.0 o} 0 0
Toluene, mg/km Cc 1.0 - 0 0 o] 0
"Total™ IHC, mg/km 69. 82. - 47 5.4 68. 4.6
FID "Total d4C", mg/km| 375. 359. 263. 263. 70. 800. 50.

adata not acceptable

G-5



TABLE G-9.

DIESEL WITH CATALYTIC TRAP, EM-329-F FUEL

INDIVIDUAL HC RESULTS FOR TURBOCHARGED FIAT

fest Code 3B1FOl | 3BLFOS | 3B1FO1 | 3B1FOS || 3B1HO2 || 3B1NO3 {| 3B1504
Test Type C-FTP | C-FTP | H~-FTP | H~-FTP| HFET NYcc || 85 kph
aum No. 1 2 1 2 1 1 1
Date (1981) 9/17 9/18 9/17 9/18 9/17 9/17 || -9/17
Measurement:
Methane, mg/km 7.1 5.8 2.1 0 0.50 9.9 0.29
Ethylene, mg/km 17. 16. 8.8 7.8 1.9 23. 0.67
Ethane, mg/km 0.78( 1.8 0 0.39 0 3.2 0
Acetylene, mg/km 2.0 2.4 0 0 0 0 0
Propylene, mg/km 2.9 2.8 0 0 0 0 -0
Benzene, mg/km 1.9 1.4 0 ) 0 0 0
"otal® IHC,. mg/km2| 32. 30. 11. 8.2 2.4 || 36. 0.96
FID "Total HC", mg/km 107. 30. 46, 56. 10. 120. =P
:Propane and toluene were analyzed for, but not f_ou:id-
less than 5 mg/km

TABLE G-10. INDIVIDUGAL HC RESULTS FOR TURBOCHARGED FIAT

DIESEL WITH CATALYTIC TRAP, £M-469-F FUEL

Test Code 3B2F35 | 3B2F59 | 3B2F35 | 382F39 || 3B2H36 3B2N37|| 3B2538
Test Type C-FTP | C-FTP | H-FTP | H-FTP| HFET NYcc |l 85 kph
Rm "No. 1 2 1 2 1 1 1
Date (1981) 9/23 | 9/24 9/23 9/24 || 9/23 9/23 9/23
Measurement s
Yethane, mg/km 10. 12. 1.9 2.3 0 2.6 0
Ethylene, =mg/km 2z. 23, 8.3 9.1 1.5 23, o]
Ethane, mg/km 1.0 1.2 0.06 0.44 0 0.62 0
Acetylene, mg/km | 3.3 3.4 0 {0 0 ) 0
Propane, mg/km 0 0.6 0 o] 11.8 55, 4.3
Propylene, mg/km 4.8 4.3 0 0 o} o} 0
Benzene, mg/km 3.2 2.9 0 0 0, 0 0
"Iotal" IHC, mg/km | 44. | 47. |1o0. 12. 13. | .81, 4.3
FID *Total HC", mg/km{ 159. |165.  |6i. 71. 20. {1190, -p

a
b'lbluene analyzad for, but not found

Less than 5 mg/km



APPENDIX H

TEST RESULTS,
ALDEHYDES AND KETONES
OBTAINED ON
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM-329-F AND EM-469-F



TABLE H-1.
DIESEL,

NO AFTERTREATMENT,

ALDEHYDE RESULTS FOR NATURALLY-ASPIRATED FIAT
EM-329-F BASE FUEL

Test Code No. 1A329F 1A329H m 1A329N 1a329s
Test Type Cold FTP Hot FTP HFET NYCC 85 kph
Run No. 4 5 4 5 3 " 6 5 6
Date (1981) 1/26 | 1/30 {1/26 | 1/30 }|1/26 1 30§1/26 | 1/30f1 1/26 | 1/30
Formaldehyde, mg/km 0 1l6. 0 }13. 1.8 6.9 0 26. o0 3.0
Acetaldehyde, mg/km 0 6.7 0 6.4 2.5 3.6{147. 7.9t 1.6 2.5
Acetone, @ mg/km o 0 0 3.4 o o} 0 0 o 3.3
Isobutyraldehyde, mg/km 1] 0 0 0 o 1] 18. 0 o] o -
Methylethylketone, mg/km 0 0 (4] 0.2 0 0" C (v} 0 0
*Total™P aldehydes, mg/km] O |} 23,. 0 }23. 4.3 “47. 34. ‘1.6 | 8.8
aincludes propanal and acrolein
does not include isobutyraldehyde
TABLE H-2. ALDEHYDE RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL,
NO AFTERTREATMENT, EM-469-F FUEL
Test Code No. 1a2F25°| 1A2F29 1A2F33| 1A2F25[1A2F29] 1A2F 33} 1A2H26{ 1A2H30[ 1A2N27 1 1A2K31 1 1A2528|1A2532
Test Type C-FTP C~FTP |C-FTP |H-FTP [H--FTP |H-FTP HFET HFET NYCC NYCC 3185 kph|85 kph
Run No. 1 2 3 1 2 3 1 2 1 2 1 2
Date (1981) 2/16 2/18 3/11 2/16 2/18 3/11 2/16 2/18 || 2/16 | 2/18 2/16 2/18
Formaldehyde, mg/km 6.9 8.6 |18, 7.2 {10, 1.2 2,1 20, 17.5§ 2.8 1.3
Acetaldehyde, mg/km 0 0.7 3.9 0 1.1 0 (1] 3.3 7.2§ 0.23 (4]
Acetone,? mg/km 0 0 ] 0 0 0 0 0 0 2.3 o
Isobutyraldehyde, mg/km 4.7 17. 7.6 0 26, 20, 20, 220, 165, 0 7.4
"Total"P aldehydes, mg/km 6.9 9.3 | 22. 7.2 |11, u 1.2 2.1 23. 25, 5.3 1.3

3includes propanal and acrolein
does not include isobutyraldehyde
Ctest voided due to sampling pump failure



£~

TABLE H-3.

ALDEHYDE RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL
WITH CATALYTIC TRAP, EM~329-F BASE FUEL

1B1F46

Test Code No, 1B1F54 1B1lF46 1B1F54 1B1H47] 1B1HS5S 1BIN48 lBlN56 1B1549 1B1S57
Test Type C~-FTP C-~-FTP H-FTP H~-FTP HFET HFET NYCC NYCC 85 kph 85 kph
Run No. 1 ’ 3 1 3 1l 3 1 3 1 3
Date (1981) 4/6 4/9 4/6 4/9 4/6 4/9 4/6 4/9 4/6 4/9
Formaldehyde, mg/km 0.90 2.5 . 0.10 1.4 0 0 0 ] 0 4]
Isobutyrdldehyde, mg/km 0’ 1.9 7.9 1.6 0 2.7 72, 59. 1.3 0.24
"rolal™? aldehydes, mg/km 0.90 2.5 0.10 1.4 0o ) ) o 0 0
%4oes not include iscbutyraldehyde

TABLE H-4. ALDEHYDE RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL

WITH CATALYTIC TRAP, EM-469-F FUEL

Test Code No. .|1B2F64 1B2F68 1B2F64 1B2HG8 1B2H65] 1B2H69 1B2N66 § 1B2N70 1B2S67 1B2571
Test Type ’ N C-FTP C-FTP H-FTP ‘H-FTP} HFET HFET NYCC NYCC 85 kph 85 -kph
Run No. 1 2 1 2 1 2 1 C2 1 2
Date (1981) 4/15 4/16 4/15 4/16 4/15 4/16 4/15 4/16 4/15 4/16:
Formaldehyde, mg/km 2.9 2.0 2.0 | :o.78 0 1.5 0 0 0 0
Isobutyraldehyde, mg/km 1.4 0 8.5 1.2 15. 0 32, " 65. 2.3 3.6
"Potal"? aldehydes, mg/km 2.9 2.0 2.0 0.78 0 1.5 0 0 0 0

“30es not include isobutyraldehyde



TABLE H-5,

WITH EM-329-F BASE FUEL

ALDEHYDE RESULTS FOR 1981 OLDSHOBILE CUTLASS DIESEL

Test Code No. 2A1F01 | 2A1F0S [ 2A1F0l | 2A1FO5 J 2A1HO2 | 2A1HO6 2a1N03 | 2a18071] 2a1s04 | 2a1s08
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC 85 kph | 85 kph
Run No. 1 2 1 2 1 2 1 2 1 2
Date (1981) 5/21 5/22 5/21 5/22 5/21 5/22 5/21 5/22 5/21 5/22
Formaldehyde, mg/km 2.0 0 2.5 0. 0 0 0 0 0 0
Isobutyraldehyde,
mg/km 20. 7.4 9.8 13. 8.1 20. 90. 164. 5.1 18.
"Total" Aldehydes,
mg/kmd 2.0 0 2.5 0 0 0 0 Q (v} 0
%dces not include isobutyraldehyde
TABLE H-6. ALDEHYDE RESULTS FOR 1981 OLDSMOBILE CUTALSS DIESEL
WITH EM-469-F FUEL
Test Code No. 2A2F26 | 2A2F30 | 2A2F26 | 2A2F30 ” 2A2H27 | 2A2H31 || 2A2N28 | 2A2N32 | 2A2529 | 2A2533
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC 35 kph | 85 kph
Run No. 3 4 3 4 3 4 3 4 3 4
Date (1981) 6/19 6/22 6/19 6/22 6/19 6/22 6/19 6/22 6/19 6/22
Formaldehyde, mg/km 0 2.2 0 0 0 0 0 0 0 0
Isobutyraldehyde,
mg/km [V 0 0 5.4 0 4.2 36. 0 0 0
"Total" Aldehydes,
mg/km? 0 2.2 0 0 0 0 o 0 0 o

%does not include isobutyraldehyde



TABLE H-7. ALDEHYDE RESULTS FOR TURBOCHARGED FIAT DIESEL,
NO AFTERTREATMENT, EM-329-F BASE FUEL
Test Code No. JA1FO9 | 3A1F13 | 3AIF0D |3Aa1F13) 3A1H1O0 |3AlH14 § 3AIN1]1 | 3AIN1S § 3A1S12 | 3AlS16
Test Type C-FTP C-FTP H-FTP H-FTP HEFET HFET NYCC NYCC 85 kph |85 kph
Run No. 3 4 3 4 3 4 3 4 3 4
Date (1981) /2 7/6 7/2 7/6 7/2 7/6 1/2 /6 1/2 7/6
Formaldehyde, mg/km 1.1 3.2 1.3 2.2 0 1.1 ] 11.5 0 0.62
Acetaldehyde, mg/km 0 3.9 0 4.3 1.6 0 o 0 2,1 0.44
Acetone @, mg/km 0 5.5 0 8.4 0 0 o 0 0 i.o
Methylethylketone, mg/km [4) 0 5.0 0 0 0 0 (0] 0 0
"Total“aaldehydes, mg/km 1.1 13. 6.3 15, “ 1.6 1.1 0 12, 2.1 4.1
#jncludes propanal and acrolein
TABLE H-8. AILDEHYDE RESULTS FOR TURBOCHARGED FIAT DIESEL,
NO AFTERTREATMENT, EM-469-F FUEL

Test Code No. 3A2F20 | 3A2F24 | 3A2F20 | 3A2F24|| 3A2H21 | 3r2H25§ 3A2N22 | 3A2N26 || 3A2S23 | 3A2S27

Test Type C-FTP C-FTP H-FTP | H-FTP HFET HFET NYCC RYCC 8% kph } 85 kph

Run No. 1 2 1 2 1 2 ‘ 1 2 1 2

Date (1981) 7/9 7/10 7/9 i/10 7/9 7710 7/9 7/10 i 7/ 7/10

Formaldehyde, mg/km 4.3 6.3 9. 1.5 0.19 0 17.9 0 I 0 (]

Isobutyraldehyde, mg/km 0 9.0 (¢} 0 0 0 (+] 0 0 0

Benzaldehyde, mg/km 0 (o] 2. 4] 3.4 0 6.4 C 4] 4]

"Total" 2 aldehydes, mg/km 4.3 6.3 9.0 1.5 II 0.19 0 18. 0 :“ 0 0

34ces not include isobutyraldehyde and benzaldehyde



TABLE H~9. ALDEHYDE RESULTS FOR TURBOCHARGED FIAT DIESEL sS¢
WITH CATALYTIC TRAP, E!M-329~F FUEL

Test Code 3B1FOl | 3B1FOS| 3B1FO01 | 3B1FO05 || 3B1HO2 | 3B1HO6]|3B1NO3 ] 3B1NO7 }| 3B1S04 | 3B1S0O8
Test Type C-FTP C~FTP H-FTP H-FTP HFET HFET NYCC NYCC 85 kph |85 kph
Run No. 1 2 1 2 1 2 1 2 1 2
Date (1981) 9/17 9/18 9/17 9/18 9/17 9/18 9/17 9/18 9/17 9/18
Formaldehyde, mg/km 0] 0 0] 0] 1] (0] 6.8 0 (4] 0
Methylethylketone, mg/km i - 0O 0 0 0 0 0 33, 0 0 0
Benzaldehyde, mg/km 0 1.5 1.5 0 0 1.2 7.5 10.8 0.89 0.62
"Total" @ aldehydes, .

ng/km 0 0 0 0 0 0 40 0 0 0
%3oes not include benzaldehyde

TABRLE H-10. ALDEHYDE RESULTS FOR TURBOCHARGED FIAT DIESEL
WITH CATALYTIC TRAP, FM-469-F FUEL

‘Test Code 3B2F235 | 3B2F39 | 3B2F35 | 3B2F39 ||3B2H36 382H40‘ 3B2N37 | 3B2N41 || 3B2S38 | 3B2542
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC 65 kph | 85 kph
Run No. 1 2 1 2 1 2 1 2 1 2
Date (1981) .9/23 9/24 9/23 9/24 9/23 9/24 9/23 9/24 9/23 9/24
Formaldehyde, mg/km 0 1.1 0 0 ‘ i 0 0 (o 0 0 0
Isobutyraldehyde, mg/km 0 24, o 4.9 8.3 0. 0 210, 9.9 o
Moethylethylketone, mg/km 0 0 0 0 0 0.97 |I 25. 0 0 1.4
Benzaldehyde, mg/km o o] o- . 0 0 1.2 0 0 1] 0.33
“Total"aalduhydcs, wg/km 0 1.1 0 0 0 0.97ﬁi25. 0 (4] 1.4

84oes not include isobutyraldehyde and benzaldehyde



SOUTHWEST RESEARCH INSTITUTE

POST OFFICE ORAWER 28510 * 6220CU..EBRA ROAD SAN ANTONIO, TEXAS 78284 (512) 684.511

May 13, 1981

Mr. Frank M. Black

Mobile Source Emissions Research Branch
Environmental Protection Agency

Mail Drop 46 FTP

Research Triangle Park, N.C. 27711

Dear Frank:

Please find two sample vials, Samples A and B, eanclosed. These are the
two NYCC samples discussed in our phone conversations which supposedly con-
tain large amounts of isocbutyraldehyde — DNPH derivative. I hope that these
samples are suitable for the HPLC and mass spectral coafirmational analyses
that we discussed in our phone conversation.

These samples were run using our GC system and found to contain 0.38 (A)
and 0.33 (B) mg of isobutyraldehyde - DNPH derivative. Other aldehydes
derivatives found in the initial analyses included formaldehyde (~0.07 mg)
and acetaldehyde (<0.01 mg). The two samples were taken to dryness in a
vacuum oven (70°C, 27 inches of mercury vacuum). To determine if the drying
procedure altered the sample integrity, sample A was rerun on the GC system.
T™wo (2) ml of toluene was added to the sample, followed by a routine analysis.
The second analysis gave <0.01 mg formaldehyde-DNPH derivative and 0.39 mg
isobutyraldehyde derivative, indicating a loss of formaldehyde derivative
and essentially no change for the iscobutyraldehyde derivative. After
analysis, the sample was returned to dryness using the above conditions.

Both samples contain 0.1 mg of anthracene as an internal stardard.

1f I can provide you with any cther information, please czll me at
512-684-5111 ext. 2977.

Sincerely,
Lawrence R. Smith

Senior Research Scientist
Departmert of Emissions Research

H-7

SAN ANTONIO, HOUSTON, TEXAS, AND WASHINGTON, D C




APPENDIX I

TEST RESULTS,
PHENOLS
OBTAINED ON
FIAT N.A., FIAT T.C., AND 1981 OLDEMOBILE CUTLASS DIESELS
FUELS EM-329~F AND EM-469-F



NO AFTERTREATMENT, EM-329-F BASE FUEL

PHENOL RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL,

aGroup Five includes p-ethylphenol/ 2~isopropylphenol/ 2,3-xylenol/
3,5-xylenol/ 2,4,6-trimethylphenol

Test Code No. JA329F 1A329F 1A329F 1A329P
Test Type C-FTP |C-FTP { C~FTP | C-FTP|| H~FTP | H-FTP | H-FTP | H~FTP
Run No. 4 5 4 5 4 5 4 5
Filtered No No Yas Yes No No Yes Yes
Date (1981) 1/26 1/30 1726} 1/300 1/26 ) 1/30} 1/26] 1/30
" Phenol, mg/km o o} 0 o} 0 0 0 0
Salicylaldehyde, mg/km 0 0 0 0 0 0 0 0
m-, p-cresol, mg/km 0 0.47 | 0.32 0 o] 3.1 0 3.1
Group Five,2 mg/km 0.75 | 2.2 0.39} 1.2 1.5 1.1 0.63| 0.53
2-n-propylphenol, mg/km 0 0.49 o} o o} 0.12 0
2,3,5-trimethylphenol,
mg/km 0 0 0 0 0 0.29 0.22 0
2,3,5,6-tetramethylphencl,
mg/km 2.5 9.0 7.7 | 14. 5.8 5.7 4.1 1.3
"Potal" Phencls, mg/km 3.2 12. 8.4 15. 7.3 10. 5.C 4.9
Test Code No. 1A329H 1A329N 1a329Ss
' Test Type HFET NYCC 85 kph
Run No. 5
‘Filtered No Yes No Yes No Yes
Date (1981} 1/26 1/26 1/26| 1/26 1/26 1/26
Phenol, mg/km 0 0 0 0 0 0
Saligylaldehyde, mg/km 0.31 0 0 0 0 0
m-, p-cresol, mg/km 1.0 0 7.9 0 0 0
Group Five,2 mg/km 1.3 0.52]] 21. 5.4 0.82 1 0.12
2-n-propy¥lphenol, mg/km 0.74 0 2.4 (o} 0 (o}
2,3,5,~trimethylphenol, ’
mg/kn 0 C.11(| 3.4 0 0.20 0
2,3,5,6~tetramethylphenocl,
mg/km 2.5 2.3 || 28. 58. 1.6 1.9
"Total" Phenols, mg/km 5.8 2.9 |63, 63. 2.6 2.0



TABLE I-—-2. PHENOL RESULTS FOR NATURALLY-ASPIRATED FIAT DIESEL,

NO AFTERTREATMENT,

EM-469—-F FUEL

Test Code No. 1A2F25 | 1A2F29 | 1A2F25| 1A2F29]| 1AZF25 | 1A2F29 |1A2F25 | 1A2F29
Test Type C-FTP| C-FTP | C-FTP| C-FTP|| H-FTP | H-FTP | H~FTP | H-FTP
Run No. 1 2 1 2 1 2 1 2
Filtered No No Yes Yes No No Yes Yes
Date (1981) 2/16 2/18 2/16 2/18 2/16 2/18 2/16 2/18
Phenol, mg/km 0 (v} (0] o 0 (1] 0 (o}
Salicylaldehyde, mg/km 0 0 0 0 (¢} 0 0 0
m-,p-cresol, mg/km 0 0 0 0 0 0 0 0
Group Five,2 mg/km 0 5.7 1.4 11. 1.5 0 0 6.6
2-n-propylphenol, mg/km 0 0o 0 0 0 0 0 0
2,3,5-trimethylphenol,

ma/km 0 0 0.30} 13. 0.45 8.7 0 Y
2,3,5,6-tetramethylphenol,

mg/km 3.2 7.4 10. 14, 14. 9.4 2.0 8.6
"Total"™ Phenols, mg/km 3.2 13. 12, 38, 16. 18, 2.0 15.
Test Code No. 1A2H26 | 1A2H30 | 1A2H26 | 1A2H30}| 1A2N27 | 1A2N31 [1A2N27 | 1A2N31{] 1A2S528 | 1A2S32 | 1A2528 | 1Aa2532
Test Type HFET HFET HFET HFET NYCC NYCC NYCC NYCC 85 kph | 85 kph { 85 kph | 85 kph
Run No, 1 2 1 2 1 2 1 2 1 2 1 2
Filtered No No Yes Yes No No Yes Yes No No Yes Yes
pate (1981) 2/16 2/18 2/16 2/18 2/16 2/18 2/16 2/18 2/16 2/18 2/16 2/18
vhenol, mg/km 0 0 0] (o] 0 (o] 0 0 0 0 0 0
Salicylaldehyde, mg/km 0 0 0 0 0 0 0 0 0 0 0.40 0
m=-,p~cresol, mg/km 0 0 0 0 0 0 12. 0 0 0 0.27 0
Group Five,2 mg/km 0.69 4.1 0 ] 9.5 4] 10. 0 0.25 ] 0.77 2.9
2-n-propylphenol, mg/km o 0 0 0 0 0 1.8 0 o 0 0.35 o
2,3,5-trimethylphenol, _

mg/km 0.83 5.0 0 6.3 5.0 0 0 0 0.12 0 0.15 3.5
2,3,5,6~tetramethylphenol,

mg/km 5.2 5.3 5.9 6.7 62. 52. S5. 57. 2,2 3.0 7.4 3.8
"Total" rhenols, mg/km 6.7 14. 5.9 13, 76. 52. 79. 57. 2.6 3.0 9.3 10.

aGroup Five includes p-ethylphenol/ 2-isopropylphenol, 2,3-xylenol/ 3,5-xylenol/ 2,4,6~trimethylphenol

!



TABLE I-3. PHENOL (FILTERED) RESULTS FOR NATURALLY-ASPIRATED FIAT
DIESEL, WITH CATALYTIC TRAP, EM-329-F BASE FUEL

rest Code No. 1B1F46 | 1B1F54 1B1F46 | 1BlF54 1B1H47 1BlHSS .
Test Type C-FTP C=-FTP H-FTP H=~FTP HFET HFET
Run No. 1 3 1 3 1 3
pate (1981) 4/6 4/9 4/6 4/9 4/6 4/9
Phenol, mg/km 0 0 0 0 0 0
salicylaldehyde, mg/km 0 0 0 0 0 0

n-, p~cresol, mg/km 0 0 0 0. 0 0
Group Five,2 mg/km 0 0 0 0 0 0
2-n-propylphenol, mg/km 0 0 0 0 0.05 0
2,3,5~trimethylphenol, mg/km 0 0 o] 0 0 0
2,3,5,6~tetramethylphenol, mg/km 12, 1.3 19. 3.1 0.68 0.75
"Total® Phenols, mg/km l2. 1.3 19, 3.1 0.73 0.75
Test Code No. 1B1N48 1B1NS6 1B1S49 1B1S57

Test Type NYCC NYCC 85kph 85 kph

Run No. 1 3 1 3

Date (1981) 4/6 4/9 4/6 4/9

Phenol, mg/km 0 0 ) 0

Salicylaldehyde, mg/km 0 (] 0 0

o=,p-cresol, mg/km 0 0 0 0

Group Five,2 mg/km 0 0 0 0

2n-propylrhenol, mg/km 0 0 0 0

2,3,5-trimethylphenol, mg/km 0 0 o - o]
2,3,5,6~tetramethylphenol, mg/km | 22. 27. 17. 12,

"Total™ Phenols, mg/km 22. 27. 17. 12.

— .

. .
Group Five includes p~ethylphenol/ 2-isopropylphenol/ 2,3-xylenol/ 3,5-xylenol/

2,4,6=trimgthylphenol.



TABLE I-4. PHENOL (FILTERED) RESULTS FOR NATURALLY=-ASPIRATED FIAT

DIESEL, WITH CATALYTIC TRAP, EM-469-F

Test Code No. 1B2F64d 1B2r68 1B2F64 | 1B2F68 |{ 1B2H65 | 1B2H69
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET
Run No. 1 2 1 2 1 2
pate (1981) 4/15 4/16 4/15 4/16 4/15 4/16
Phenol, mg/km 0 0 o] 0 0 o
Salicylaldehyde, mg/km 0 0 ] 0 0 (o}

m-, p-cresol, mg/km 0 0 0 0 0 (o}
Group Five,® mg/km 0 0 0 0 0 0
2-n-propylphencl, mg/km 0 0 0 0 0 0
2,3,5-trimethylphenol, mg/km 0 1.8 0 0.20 0 0
2,3,5,6-tetramethylphenol, mg/km | 74. 8.9 0.91 2.7 0.68 2.5
"fotal" Phenols, mg/km 74. 11. 0.91 2.9 0.68 2.5
Test Code No. 1B2N66 | 1B2N70 |}1B2S67 | 1B2S71

Test Type NYCC NYCC 85 kph 85kph

.Run No, 1 2 1 2

Date (1981) 4/15 4/16 4/15 4/16

Phenol, mg/km 0 0 0 0

Salicylaldehyde, mg/km 0 0 0 0

=, p=cresol, mg/km 0 o] 0 o]

Group Five,3 mg/km 0 0 0 0.59

‘2-n-propylphenol, mg/km 0 0 0 o}

2,3,5-trimethylphenol, mg/xm 0 0 0 0
2,3,5,6~tetramethylphenol, mg/km | 7.1 7.9 0.30 3.7

"Total' Phenols, mg/km 7.1 7.9 0.30 4.3

a .
Group Five includes p-ethylphenol/ 2-isopropylphenol/ 2,3-xylenol/ 3,5-xylenocl/

2,4,6~trimethylphenol.



9-1

TABLE X-5.

PHENO., (FILTERED) RESULTS FOR 1981 OLDSMOBILE CUTLASS
DIESEL WITH EM-329-F BASE FUEL

Test Code No. 2A1F01 | 2A1F05| 2A1F01 | 2A1F0S ] 2A1HO2 { 2A1HO6[] 2A1NO3 | 2A1NO7 {} 2A1S04 | 2A1S08
Test Type C-FTP | C-FTP | H-F1P | H-FTP HEET HFET NYCC NYcC || 85 kph | 85 kph
Run No. 1 2 1l 2 1 2 1 2 1 2
Date (1981) 5/21 5/22 5/21 5/22 5/21 5/22 5/21 5/22 5/21 5/22
Phenol, mg/km 0 0 0 0 0 0 0 0 0 o
Salicylaldehyde, mg/km 0.45 (4] 0 0 Q.17 0 o 0 G 0
m-,p-cresol, mg/km (] (v} 0 0 0 (0] (V] (V] 0 0
Group Five,® mg/km 0] 0 0] 4] ¢] 1] (o] 0 o] 0
2-n-propylphenocl, mg/km 0.09 0 (o} 0 0 0 0 0 0 (v}
2,3,5-trimethylphenocl, mg/km 0 0 0 -0 0 0 0 0 0 0.
2,3,5,6-tetramethylphenol, mg/km | 13. 0.46 13. 6.4 I0.10 0.10_ {j40. 8.4 “0.88 0.55
"Total" Phenols, mg/km 13.5 0.46 13. 6.4 10.27 0.10 40. 8.4 IIO.BB 0.55

aGroup Five includes p-ethylphenol/2-isopropylphenol/2,3-xylenol/3,5~xylenol/2,4,6-trimethylphenol



TABLE I-6.

PHENOL (FILTERED) RESULTS FOR 1981 OLDSMOBILE CUTLASS
DIESEL WITH EM-469-F FUEL

2A2F26

Test Code No. 202F26 | 2A2F30 2A2F30 |{ 2A2H27 | 2A2H31 [|2A2N28 2A2N32112A2829 2p2S33
Test Type C~FTP C~-FTP H-FTP H-FTP HFET HFET NYCC NYCC 85 kph |85 kph
Run No. 3 4 3 4 3 4 3 4 3 4
Date (1981) 6/19 6/22 6/19 6/22 6/19 6/22 6/19 6/22 6/19 6,22
Phenol, mg/km 0 0.29 0 0 0 (o] (0] 0 0 0
Salicylaldehyde, mg/km 2.3 0 0 o 0 0 0 0 0 0
m-,p-¢cresol, mg/km 0 0 0 0 0 0 0 4] 0 0
Group Five,2 mg/km 0 0 -0 0 0 0 0 0 (o] 0
2-n-propylphenol, mg/km 1.2 0.13 0 0 0 0 (o) 0 0 0
2,3,5-trimethylphenol, mg/km 0 0 0 0 2.0 o 6.4 0 0.33 0
2,3,5,6-tetramethylphenol, mg/km 4.9 4.3 3.7 20. 15, 4.8 61. 63. 1.1 1.5
"Total" Phenols, mg/km 8.4 4.7 3.7 20. 17. 4.8 67. 63. 1.4 1.5

aGroup Five includes p—ethylphenol/?—isopropylphénol/ 2,3—,xylenol/3,5—xylenol/2,4,6-t_rimethy1phen01
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TABLE I-7. PHENOL (FILTERED) RESULTS FOR TUROBCHARGED FIAT DIESEL,
EM—~329-F BASE FUEL

NO AFTERTREATMENT,

Test Code No. 3A1F09 |3A1F13| 3AlF09| 3A1F131} 3A1H10 | 3A1H14]| 3ALN11 | 3A1N1S 3Aal1s12 | 3Alsl6
Test Type C-FTP C-FTP H-FTP H~-FTP HFET HFET NYCC NYCC 85 kph | 85 kph
Run No. 3 4 3 4 3 4b 3 4 3 4qb
Datae (1981) /2 1/6 1/2 1/6 /2 7/6 1/2 7/6 /2 7/6
Phenol, mg/km 0 0 0 0 (o} - 0 0 0 -
Salicylaldehyde, mg/km 7.8 0 36. 0 0 - 0 (o] 0 -
m-,p-cresol, mg/km 0 0 0 0 0 - 0 0 0 -—
Group Fived, mg/km 0 0.43 0.61 0 0 . - 3.6 0 (o) -
2-n-propylphenol, mg/km 1.0 [¢] 2.1 0 0.16 - 1.4 0 0 -
2,3,5-trimethylphenol, mg/km 0 0 1.6 0.18 0 - 6.7 0 0 -
2,3,5,6-tetramethylphenol, mg/km{ 0.35 24. '20. 7.0 0 - 42, 43, 0 -
"Total" Phenols, mg/km 9.2 24, 60, 7.2 0.16 - 54. 43. (o] -

aGroup five includes p-ethylphenol/2-isopropylphenol/
b2,3-xy1enol/3,5-—xylenol/2,4,6—trimethylphenol

sample contaminated.



TABLE I-8. PHENOL (FILTERED) RESULTS FOR TURBOCHARGED FIAT DIESEL,

NO AFTERTREATMENT, EM-469-F FUEL

Test Code No. 3A2F20 }3Aa2F24 {3A2F20 | 3A2F24 || 3A2H21 | 3A2H25 || 3A2H22 [ 3A2N26 || 3A2523 | 3A2S27
Test Type C-FTP C~-FTP H-FTP H-FTP HFET HFET NYCC ’ NYCC 85 kph; 85 kph
Run No. 1 2 1P 2, 1 2 1 2 1 2
Date (1981) /9 7/10 7/9 7/10 7/9 7/10 7/9 7/10 7/9 7/10
Phenol, mg/km o] 22, — 0 0 0 (4] 0 0 o]
Salicylaldehyde, mg/km 0 0 - 0 0 4] 0 0 0 o
n-,p-cresol, mg/km 0 ] - 0 0 0 Q 0 0 o]
Group Five?, mg/km 0 0 - 0 1.0 1.1 0 12, 0 1.2
2-n-propylphenol, mg/km 0 0 - (o] 0 o] 0 0 v] 0]
2,3,5~-trimethylphenol, mg/km 0 0 - 0.15 0.55 0.31 (v} 0 0 0
2,3,5,6-tetramethylphenol, mg/km| 6.4 0 - 4.7 4.5 7.0 47. 58. 2.6 2.2
“Total" Phenols, mg/km 6.4 22. - 4.9 6.1 8.4 47. 70. 2.6 3.4

aGroup five includes p-ethylphenol/z-isopropylbhenol/
2,3-xylenol/3,5-xylenol/2,4,6~-trimethylphenol

sample contaminated’
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TABLE I-9, PHENOL (FILTERED) RESULTS FOR TURBOCHARGED FIAT DIESEL,
WITH UNDERFLOOR CATALYTIC T ,

EM-329-F BASE FUEL

Test Code No. 3B1FO1 |3B1FO05 | 3B1FO1 | 3B1FO5 || 3B1HO2 | 3B1HO6 || 3BINO3 | 5B1NO7 || 3B1S04 | 3B1S08
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC 85 kph | 85 kph
Run No. 1 2 1 2 1 2 1 2 1 2
Date (1981) 9/17 9/18 ]9/17 9/18 9/17 9/18 9/17 9/18 9/17 | 9/18
Phenol, mg.- km o] 0 1] 0] - o] - 0 - 0
Salicylaldehyde, mg/km 0 6.0 0 1.7 - 0.70 - 0 - 1.3
11-,p-cresol, mg/km 0 o "0 C - 0 - 0 - 0.14
Group Five?, mg/km 0 0.50 | 0 2.0 -- 1.4 - 0 - 0.72
2-n-propylphenol, mg/km o] 1.6 0 0 -~ 0 - 0 -- 0.07
2,3,5-trimethylphenol, mg/km 0 0.90 | 0.26 0 - 0.36 - 0 - 0
2,3,5,6-tetramethylphenol, mg/km 0 2,2 2,1 7.1 - 21. -- 0 - 5.6
' "Total" Phenols, mg/km ] 11. 2.4 11. - 23, - 0 - 7.8

aGroup five includes p-ethylphenol/2-isopropylphenol/

b

2,3-xylenol/3,5~-xylenol/2,4,6-trimethylphenocl
. Samples lost through -sampling difficulty
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TABLE I-10. PIIENOL.(FILTEREDj RESULTS FOR TURBOCHARGED FIAT DIESEL,

WITH UNDERFLOOR CATALYTIC TRAP, EM-469-F FUEL

Test Code No. 3B2F35 | 3B2F39( 3B2F35| 3B2F39|| 3B2H36 | 3B2H40]] 3B2N37 | 3B2N41 (| 3B2S38 | 3B2542
Test Type C-FTP |[C-FTP | H-FTP | H-FTP HFET HFET NYCC NYCC || 85 kph | 85 kph
Run No. 1 2 1 2 .1 2 1 2 1 2
Date (1981) 9/23 9/24 9/23 9/24 8/23 9/24 9/23 9/24 9/23 9/24
Phenol, mg/km 0 (¢} 3.6 0 0 0 0 0 0 0
Salicylaldehyde, mg/km 0.36 0 0.29 0 (o] 0 0 o 0 0
m-,p~cresol, mg/km 0 0 0] 0 0 0 0 0 0 0
Group Five2 , mg/km 1.4 3.3 (o} 0 0.52 0.63 5.6 1.7 0.82 0.86
2-n-propylphenol, mg/km 0 0 0.79 0 o 0 0 0 0 0
2,3,5-trimethylphenol, mg/km 0 0.21 0.57 0 0 0.19 0 4] 0] 0
2,3,5,6-tetramethylphenol, mg/km|23, 7.9 14. 7.6 6.7 4.0 28, 38, 2.3 4.7
"Total" Phenols, mg/km 25, 11. 19, 7.6 7.2 4.8 34, 40, 3.1 5.6

aGroup five includes p-ethylphenol/2-isopropylphenol/
2,3-xylenol/3,5-xylencl/2,4,6-trimethylphenol



APPENDIX J

TEST RESULTS,
PARAFFIN PEAKS
OBTAINED ON
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM-329-F AND EM-469-F



FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS, FUEL EM-329-F

TABLE J-1. PARAFFIN PEAKS OF TRAP-COLLECTED GASEOUS HYDROCARBONS FROM

Carhon
Number

Percent of Peak Area

Fuel
EM-329-F

Fiat N.A.

I Fiat N.A./Trap

Fiat I.C.

Fiat T.C./Trap

Cutlass

4-bag |

FTP |NYCC|85 kphl| FTP

4-bag

NYCC

4-bag 4-bag
85 kph|l| FTP |NYCC |85 kphl| FTP

NYCC

85 kph

4-bag
FTP

NYCC

85 kph

8
9
10
11
12
13
14
15
16
17
18
19
‘20
21
22
23
24

14.
34.

15,

. 18. 14.

42.

16.

3.5

70.

14.

1.5

17.

11.

53.

23.

6.6

22.

Carbon
Number
fotal

39.

27. |34, | 29, L33.

80.

58.

a2, i 20. [i3o.

74,

26.

81.

52.




TABLE J-2. PARAFFIN .PEAKS OF TRAP-COLLECTED GAS™OUS HYDRLCARBONS FROM
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESEL, FUZL EM-469-F

Percent of Peak Area

Fiat N.A. Fiat N.A./Trap Fiat T.C. Fiat T.C./Trap Cutlass

Carbon| Fuel }{4-bag 4-bag 4-bag 4~bag 4-bag]
Number{EM~329~F|] FTP |NYCC[BS kphll FTP [NYCC|85 xphiff FTP |NYCC |85 kphil FTP [NYCC|85 kph|] FTP |NYCC|85 kph

8 0.05 6.6
9 0.2
10 0.7 . 16. 5.5 29. 11. 12, 6.7 10. 15,
1.9
3.9

11 10. 7.
2

12
13
14
15

5.0 16. 4.5
5.6
16 6.2
6.2
4.8

- W
.
(S ")

17
18
19
20 2.3 1.7 1.2 1.6 J1i1l. 2.9 [65.
21
22
23
24 0.2 1.0 0.8
Carbon
Number

Total 37. 29. 43. 38. 45. 100 36. ‘f{52. 7. 34. 7.6 |48. 28. 17. 86. 20.

Ho
.
[« 0%

N

.5 12, 100 7.0 5.9 19, 38. 18. 2.3




APPENDIX K

TEST RESULTS,
ORGANIC SULFIDES
OBTAINED ON
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM-329-F AND EM-469-F



TABLE K-1.
FIAT FIESEL, NO AFTERTREATMENT, EM-329-F BASE FUEL

ORGANIC SULFIDE RESULTS FOR NATURALLY=-ASPIRATED

Test Code No. 1A329F 1A329H 1A329N 1A329s
Test lype Cold FTP|Hot FTP|Comb. TP HFET NYCC 854 kph
Run No. 4 4 S S 6 5 6 6
Date (1981) 1/26 1/26 1/30 1/26 | 1/30 1/26 1/30 1/30
oS, mg/km 9.8 |1li. 7.0 12, | 8.2 }| 200, |64. 5.5
(CH3) 28, mg/km 4.6 5.2 9.8 4.9] 6.4 30. 9.5 1.1
(C2Hs) 25, mg/km 0.06 0 0 0,03 o 0 0 0
(CH3) 2S5, mg/km 0 0 0 0.03f olff o 0 0

TABLE K-2.

FIAT DIESEL, NO AFTERTREATMENT, EM-469~F FUEL

ORGANIC SULFIDE RESULTS FOR NATURALLY~-ASPYIRATED

Test Code No.

1A2F25 | 1A2F29 | 1A2F2S

1a2r291| 1A2H26 | 1A2R30 || 1A2N27 } 1a2N31]
Test Type C-FTP C~-FTP H-FTP H-FTP HFET HFET NYCC NYCC
Run No. 1 2 1 2 1 2 1l 2
Date (1981) 2/16 2/18 2/16 2/18 2/16 2/18 2/16 2/18
CO0s, mg/km 1s6. 12, 15. 20. 5.8 6.4 140. 100.
(CH3)2_S, mg/km 2.2 2.5 4.3 4.0 4.3 1.3 12, 8.8
{C,H.).S, mg/km 0 0 o} 0 0 0 0 0

2°5%2

(cH,) ,8,, mg/km o 0 0 0 0 0 0 0




TABLE K-3.

ORGANIC SULFIDE RESULTS FOR NATURALL{-ASPIRATED

FIAT DIESEL, WITH CATALYTIC TRAP, EM=-329-F BASE FUEL

Test Code No. |1B1F46 | 1B1FS8| 1BLF46 | 1B1F58 |f 1B1H47 | 1B1HSO | 1B1N48 | 1BI1NGO
Test Type C-FTP | C-FTP | H-FTP | H-FTP || HFET | HFET || Nvcc | nvce
Run No. 1 4 1 4 1 4 1 4
Date (1981) 4/6 | 4/10 4/6 | 4/10 4/6 | 4/10 4/6 | 4/10
cos, mg/km 37, | 13. 28. | 17. 1.5 8.7 206. | e64.
(CH3)2S, mg/km | 9.0 | 1s. 7.9 | 10. 2.9 3.8 39. |35,
(C2Hs) oS, mg/km| O 0.40 0 0.03 || 0 0 0 0.15
(CH3) 2S5, mg/km| © 0 0 0 0 0 0 0
TABLE X-4. ORGANIC SULFIDE RESULTS FOR NATURALLY-ASPIRATED

FIAT DIESEL, WITH CATALYTIC TRAP, EM-469-F FUEL

Test Code No. 1B2F64 1B2F64 iB2re6s5 1B2F66
Test Type C-FTP H-FTP HFET NYCC
Run No. 1 1 1 1
Date (1981) 4/15 4/15 4/15 4/15
COS, mg/km l6. 16. 8.5 61.
(CH3) 2S, mg/km 1l. 3.3 5.0 32,
(CzHg) 7S, mg/km 0 0 Q o]
(CH3) 5S5, mg/km 0 0 0 0

K-3



TABLE. K-S,

ORGANIC SULFIDE RESULTS FOR 1981 OLDSMOBILE CU’fLASS
DIESEL WITH EIN-329-F BASE FUEL

Test Code No. 2A1F05 | 2a1F09 | 2a1F05 | 2A1F09 2A1HO6 | 2a1H10 2A1NO7 | 2A1N11
Test Type C-FTP | C-FTP | H-ETP | H-FTP HFET HFET Nyce NYCC
Run No. 2 3 2 3 2 3 2° 3
pate (1981) 5/22 5/25 5/22 5/25 5/22 5/25 5/2 5/25
00S, mg/Xm 3s. 38. - 30. 22. 16. - 140.
(cH,) S, mg/km 10. 5.1 - 4.4 9.5 1.8 - 23.
(C,8.) .S, mg/km 0 - - 0
(Cﬂa)zsz, mg/lm 0 bt - 0
a
Sample lost
TABLE .K-6. ORGANIC SULFIDE RESULTS FOR 1981 OLDSMOBILE CUTLASS
DIESEL WITH EM-469-F FUEL
Test' Code No. 2A2F26 | 2A2F30 | 2A2F26 | 2A2F30 2A2H27 1 2A2H31 2a2N28 | 2A2N32
Test Type c-FTP | C-FTP | H-FTP | H-FTP . HFET HFET NYCC NYCC
Run No. 3 4 3 4 3 4 3 4
Date (1981) 6/19 6/22 6/19 6/22 6/19 6/22 6/19 6/22
S, mg/km 35. 107. 38. 57. 23. - 153. 186.
(<:H3)Zs, mg/km 3.8 17. 4.2 12. 3.6 - 19. . 33,
- 0 )

(czus) oS+ mg/km 0 0 0

r - 0 0
(CH3) 5S,+ mg/km 0 0 0 0

4
Sample lost




TABLE K-7. ORGANIC SULFIDE RESULTS FOR TURBOCHARGED FIAT
DIESEL, NO AFTERTREATMENT, EM-329-F BASE FUEL

Test Code No. 3A1F09 | 3A1F13 | 3A1F09 | 3A1F13 |{3A1H10 | 3A1H14 || 3AINL1Ll { 3A1N1S
Test Type C-FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC
Run No. 3 4 3 4 3 4 3 4
Date (1981) 7/2 7/6 7/2 7/6 7/2 7/6 7/2 7/6
C0s, mg/km 32, 21. 28, 26. 20. 15. 145. ‘107.
(CH3)2S, mg/km 5.9 5.8 5.2 6.4 4.3 4.8 34. 35.
(CZHS)ZS' mg/km 0 0 0 0 0 0 0 0
TABLE K-8. ORGANIC SULFIDE RESULTS FOR TURBOCHARGED FIAT
DIESEL, NO AFTERTREATMENT, EM-469-F FUEL

Test Code No. 3A2F20 | 3A2F24 | 3A2F20 | 3A2F24 {I3A2H21 }3A2H25 || 3A2NZ22 | 3A2N26
Test Type C~-FTP C-FTP H~FTP H=-FTP HFET HFET NYCC NYCC
Run No. 1l 2 1l 2 1 2 1 2
Date (1981) 7/9 7/10 7/9 7/10 7/9 7/10 7/9 7/10
C0S, mg/km 27. 2.9 26. 20. 17. 3.5 118. 75.
(CH3) »S, mg/km 5.0 4.1 3.4 5.9 2.8 2.0 15. 14,
(CéHs)zs, mg/km 0 0 0 0 0 0 0 0
(CH3)252, mg/km 0 0 0 (o] 0 0 0 0




TABLE K-9. ORGANIC SULFIDE RESULYS FOR TURBOCHARGED FIAT DIESEL
WITH UNDERFLOOR CATALYTIC TRAP, EM-329-F FUEL

Test Code No. 3B1FOL | 3B1FOS | 3B1FOLl | 3B1FOS || 3B1HO2 | 3B1HO6 || 3B1NO3 | 3BINO7
Test Type C-FTP C-FTP H-FTP H=-FTP HFET HFET NYCC NYCC
Run No. 1 2 1 2 1 2 1 2
Date (1981) 9/17 9/18 9/17 9/18 9/17 9/18 9/17 9/18
CoSs, mg/km 20, 8.3 -2 |21, 13. 9.6 113.. 94.
(CH3)2S, mg/km 0.51 2.2 -— 2.1 3.0 1.1 26, 26.
(C2Hs) 28, mg/km o] o] - o] o] 0 N 0
(CH3) 252, mg/km 0 0 - 0 0 0 0 o}
élSamp].e lost during analysis

TABLE K-10. ORGANIC SULFIDE RESULTS FOR TURBOCHARGED FIAT DIESEL

WITH UNDERFLOOR CATALYTIC TRAP, EM-463-F FUEL

Test Code No. 3B2F35| 3B2F39| 3B2F35| 3B2F39| 3B2H36| 3B2H40 |{ 3B2N37 | 3B2N4l
Test Type C~FTP C-FTP H-FTP H-FTP HFET HFET NYCC NYCC
Run No. 1l 2 1 2 1 2 1 2
Date (1981) 9/23 9/24 9/23 9/24 9/23 9/24 9/23 9/24
C0S, mg/km 34, 35. 24, 19. i8. 15. 164, 137.
(CH3) 25, mg/km 0.15 8.3 0.23 3.1 1.0 2.6 12. 43,
(CoH5) 2S, mg/km o} 0 0 0 0 0 0 0
(CH3) 2S2, mg/km o} o} o o} 0 0 0 0

K~-6



APPENDIX L

FORMAL REPORTS
FOR
ANALYSIS OF N-NITROSAM1NES
OBTAINED ON
FIAT N.A,, FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM-329-F. AND EM-469-F



= Thermo
WE Electron

CORPORATION

Analytical Services Laboratory

101 First Avenue Telex; 92-3323
Waltham, Massachusetts 02154 Cable: TEECORP
(617) 890-8700

December 9, 1981

D. Montalvo

Southwest Research Institute
P.O. Box 28510

6220 Culebra Road

San Antonio, Texas 78284

Dear Mr. Montalvo:

In response to your recent inquiry regarding the analysis of
Thermosorb Air Samplers by TEA Analyzer, I have outlined the conditions
under which the analyses were performed. Should you desire further
information, please do nct hesitate to contact me.

Sincerely,
W€ e
Wing :!’.z{u 7
Manager, Analytical Services
WCY/sdg
Enclosure



SAMPLE PREPARATION:

Thermosorbs were eluted with a sclution of 25% methanol in
dichloromethane. 1l.8ml of the eluant were collected and aliquots were
analysed by GC-TEA or HPLC-TEA, whichever is applicable.

A. SAMPLE ANALYSIS

Chramatographs

Column:

Column Temperature:

Attenuation:
Integrator:

Amount Injected:

B. SAMPLE ANALYSIS

Column:
Solvent:

Flow Rate:

Detector:

Attenuaticre:

Amount Injected:

Hewlett Packard 5710A Gas Chramatograph and
7671A Autamtic Sampler

1/4" x 6' Glass 10% Carbowax + 0.5% KOH on
Chramosorb WHP 800/100 mesh

130°C - 170°C at 4°C/min., 2 minute hold
at 170°C

He @ 20 cc/min.

TEA™ Model 543 Analyzer (Thermo Electron
Corporation, Analytical Instruments, Waltham,
MA  02254)

x 1

Spectra Physics SP 4000

4.5 ul

High Performance Liquid Chramatograph

10 ym 4.6 x 250 mm Lichrosorb Si60

7% acetone, 93% isococtane

2.0 ml/min.

0.2 inch/min.

TEA™ Model 502 Analyzer (Analytical
Instruments, Thermo Electron Corporation,
Waltham, MA 02254)

x 8

20 pl



w2 Thermo
VE Electron

CORPORATION

Analytical Services Laboratory
125 Second Avenue Telex: 92-3473
Waltham, Massachusetts 02154 Cable: TEECORP
(617) 890-8700
FORMAL REPORT OF ANALYSIS
FOR
N-NITROSO COMPOUNDS
Prepared for: Southwest Research Institute
P.0. Box 28510
6220 Culebra Road
San Antonio, TX 78284
Attn: Karl Springer
Date: May 18, 1981
R -
eport No. 5510-2700
Notebook Page: A-1020-57
Approved by: ”/// L%(///

Laboratoty Superv sor//
I~4 -



SUMMARY OF- RESULTS Thermosorbs

(ustomer Sample NDMA! woeAl nppal wpBal wep1ipl NpYR!  NMoORl

Number _ng ng ng ng ng ng ng
17692 -2 - - - - - -
17700 = - - - - - -
17701 = - - - - - -
17703 - - - - - - -

1. ¥N-nitroso compounds in nanograms per thermosorb cartridge.

2. N.D.: none detected.

Lower limit of detection: LLD 10 ng per cartridge for NDMA
10 ng per cartridge for NDEA, NDPA, NPIP, NPYR, NMOR
10 ng per cartridge for NDBA

3. Trace: less than 3 x LLD
.Date of Analysis: 4/29/81, 5/12/81
Method of Analysis: HPLC-TEA

Analyst: Pat Stebbins

conpos ET!EE Analytical Services Laboratory
L-5
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CORPORATION

NDMA -
NDEA -
NDPA -
NDBA -
NPIP -
NPYR -
NMOR =
NDElA
NDPlA -
NDiPlA-
NN’N -
NDCHA
NMA -
NDPhA
NPhBA
NMBA -~
NMDoA
NMAA -~
NDAA

PPt -~
ppm -~
ppb -
N.D.

ABBREVIATIONS:

N-nitrosodimethylamine
N-nitrosodiethylamine
N-nitrosodipropylamine
N-nitrosodibutylamine
N-nitrosopiperidine
N-nitrosopyrrolidine
N-nitrosomorpholine
N-nitrosodiethanolamine
N-nitrosodipropanolamine
N-nitrosodiisopropanolamine
N-nitrosonornicotine
N-nitrosodicyclohexylamine
N-nitroso~N-methylaniline
N-nitrosodiphenylamine
N-nitrosophenylbenzylamine
N~nitrosomethylbenzylamine
N-nitrosomethyldodecylamine
N-nitrosomethylalkylamine
N-nitrosodiamylamine

parts-per—thousand (ug/g or mg/ml)
parts-per-million (ug/g or ug/ml)
parts-per-billion (ng/g or ng/ml)
None Detected

Analytical Services Laboratory



s TNErmo
775 Electron

CORPORATION

Anslytical Services Laboratory
125 Second Avenue Telex: 92-3473
Waltham, Massachusens 02154 Cable: TEECORP
(617) 890-8700
FORMAL REPORT OF ANALYSIS
FOR
N-NITROSO COMPOUNDS
Prepared for: Southwest Research Institute

P.0. Box 28510

6220 Culebra Road

San Antonia, Texas 78284
Attn: Karl Springer

Date: July 13, 1981

Report No.: 5510-2849

Notebook Page:  A1020-94

Appraved by: &‘Z‘-?f ’C’ %——‘



SUMMARY OF RESULTS Thermosorbs

Customer Sample NDlIAl NDEAl NDPA]‘ NDBA 1 NPIP 1 RPYR 1 NMORl
Number ng ng ag ng ng ng ng
‘2 - - - - -
17693 -
17694 - - - - - - -

1. N-nitroso compunds in nanograms per thermosorb cartridge.
2. N.D.: none detected.
Lower limit of detection: LWD 10 ng per cartridge for NDMA
10 ng per cartridge for NDEA, NDPA, NPIP, NPYR, NMOR

10 ng per cartridge for NDBA
3. Trace: 1less than 3 x LLD
Date of Analysis: 7/10/81
Method of Analysis: HPLC - TEA

Analysits: Linda Cantor




7ps 1NErmo
V& Eeztron

CORPORATION

Anatytical Seivices Labcratory
125 Second Avenue . Telex: 923473
Waltham, Massachusstts 02154 Cabie: TEECOR:
{617) 890-8700
FORMAL REPORT OF ANALYSIS
FOR
N-NITROSO COMPOUNDS
Preparsd for: South Research Institute
8500 Culebra
San Antonio, TX 78284
Date: September 10, 1981
Report No: 5510-3029
Notebook Page: A-1040-26
9/
T
- -
Approved by: AL M

/.,



SUMMARY OF RESULTS Thermosorbs

customer Sample NDMA!  NDEAl  wopal  wpBal  weiel  weyrl  wom!

Number ng ng. _ng ng ng ng ng
17695 -(2) - - - - - -
17696 - - - - - - -

l. N-nitroso compounds in nanograms per thermosorb cartridge.

2. K.D.: none detected. )

Lover limit of detection: LLD 5 ng per cartridge for NDMA
8 ng per cartridge for NDEA, NDPA, NPIP, NPYR, NMOR
10 ng per cartridge for NDBA

3. Trace: less than 3 x LLD

Date of Analysis: 9/1/81

Method of Analysis: GC-TEA

Analysts: Patricia Stebbins

w7 Thermo .
V;E Electron 1~10
CORPORATION

Analytical Instruments



ABBREVIATIONS:

NDMA =~ N-nitrosodimethylamine
NDEA = N-nitrosodiethylamine

NDPA =~ N-nitrosodipropylamine
NDBA = N-nitrosodibutylamine

NPIP -~ N-nitrosopiperidine

NPYR -~ N-nitrosopyrrolidine

NMOR = N-nitrosomorpholine

NDE1A N-nitrosodiethanolamine
NDPlA - N-nitrosodipropanolamine
NDiPlA- ' N-nitrosodiisopropanolamine
NNN - N-nitrosonornicotine

NDCHA - N-nitrosodicyclohexylamine
NMA = N-nitroso—N-methylaniline
NDPhA N-nitrosodiphenylamine
NPhBA N-nitrosophenylbenzylamine
NMBA = N-nitrosomethylbenzylamine
NMDoA N-nitrosomethyldodecylamine
NMAA -~ N-nitrosomethylalkylamine
NDAA N-nitrosodiamylamine

ppt - parts-per—thousand (mg/g or mg/al)
ppm - parts-per-million (ug/g or ug/ml)
ppb - parts-per-billion (ng/g or ug/ml)

N.D. - None Detected
V?é 1E’!hermo
co,,pafff,rgﬁ L-11 Analytical Instruments
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Analytical Services Laboratory
125 Second Avenue Telex: 92:3473
Waltham, Massachusetts 02154 Cable: TEECORP
(617) 890-8700
.FORMAL REPORT OF ANALYSIS
FOR
N-NITROSO COMPOUNQS

Prepared for: Southwest Research Institute

8500 Culebra

San Antonio, Texas 78284
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SUMMARY OF RESULTS:

Thermosorbs
Customer Sample NDMAl NDEA1 NDPAl NDBAl NPIP1 NPYRl NMORl
Number ng ng ng ng ng ng ng
17698 -2 - - - - - -
11824

1. N-nitroso compounds in nanograms per thermosorb cartridge.
2. N.D.: None Detected

Lower Limit of Detection: LLD 40 ng per cartridge for NDMA

50 ng per cartridge for NDEA, NDPA
NPIP, NPYR, NMOR

80 ng per cartridge for NDBA

Date of Analysis: 11/9/91
Method of Analysis: HPLC-TEA

Anzlyst: Linda Cantor
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ABBREVIATIONS:

NDMA -~
NDEA -~
NDPA -
NDBA -
NPIP -~
NPYR -
NMOR =
NDE1A -
NDPlA -
NDiPlA-
m -
NDCHA -
NMA -
NDPhA -
NPhBA ~
NMBA -
NMDoA -
NMAA -
NDAA -~
ppt =
ppm =
ppb -
N.D. -

N-nitrosodimethylamine
N-nitrosodiethylamine
N-nitrosodipropylamine
¥-nitrosodibutylamine

N-nitrosopiperidine

N-nitrosopyrrolidine

N-nitrosomorpholine

N-nitrosodiethanolamine
N-nitrosodipropanolamine
N-nitrosodiisopropanolamine
N-nitrosonornicotine
N-nitrosodicyclohexylamine
N-nitroso-N-methylaniline
N-nitrosodiphenylamine
N-nitrosophenylbenzylamine
N-nitrosomethylbenzylamine
N-nitrosomethyldodecylamine
N-nitrosomethylalkylamine
N-nitrosodiamylamine

parts-per-thousan& (mg/g or mg/ml)

parts-per-million

(ug/g or ug/ml)

parts-per—billion (ng/g or ng[ml)

Nouez Detected
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APPENDIX M

VISIBLE SMOKE DATA
OF
FIAT N.A., FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM-329-F AND EM-469-F
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APPENDIX N

ELEMENTAL ANALYSES
OF
PARTICULATE MATTER
OBTAINED ON
FIAT N.A,.,, FIAT T.C., AND 1981 OLDSMOBILE CUTLASS DIESELS
FUELS EM~329-F AND EM-469-F '



TABLE N-l. ELEMENTAL ANALYSES OF PARTICULATE MATTER FROM
NATURALLY-ASPIRATED FIAT DIESEL, NO AFTERTREATMENT,
FUELS EM-329-F AND EM-46%~-F

Test Type 4=baq F1p NYCGQ 85 kxph
Tast Coda LAj29r 1A2F29 1A3298 1A2830 1a326N 1A2N31 1A329s la2s32
Fusl Code EM=-329~P | EM-469-P EM=-329~F | EM~469-F EM=329-F | EM~469-F EM~129<F | EM~469-F
Rua No. 5 2 S 2 5 2 5 2
Dats (1981) /30 2/18 1/30 2/18 1/30 2/18 1/30 2/18
Elemants A

Sodim o/ 5 0.02 - 0.02 0.21 - - 0.01
sulfur 1.05 0.81 0.31 0.48 1.87 1.47 0.21 0.11
Varadium - - - - - - =

Nickel - - - - - - - -
Cadmium = - - - - - - -
Marcury - - - - - - - -
Magnesium 0.04 0.04 0.01 0.01 0.09 0.09 0.01 0.01
Chlorine 0.01 0.01 0.01 0.01 - - - -
Chroaium 0.04 0.08 0.41 0.18 0.06 .04
Copper - - - - - - 0.01 0.0l
T4n - 0.01 - - - - - -
Laad - - - - - - - -
Aluminum 0.03 Q.01 0.01 - 0.05 - - -
Potassium 0.01 0.01 - 0.01 - - 0.01 0.01
Manganese - 0.02 0.04 - 0.22 - - 0.02
24inc 0.16 0.17 - 0.07 0.33 0.29 0.03 0.02
Antimony - 0.01 0.01 - 0.04 - 0.01 -
Silicon 0.09 0.06 0.02 0.02 0.21 0.16 0.01 0.01
Calcium Q.17 0.13 0.04 Q.03 0.35 0.17 0.01 0.01
Iron 0.34 0.22 0.04 0.08 0.57 0.36 0.03 Q.02
Selenium - - - - - - .- -
Sarium 0.02 0.01 0.01 0.01 0.09 0.03 - -
Phosphorus 0.10 0.09 0.02 0.05 0.25 Q.22 0.02 0.01
Titanium 0.01 0.01 - - - -
Bromins - 0.03 0.00 0.08 - 0.36 0.09 Q.08
Platinum - - 0.00 - - - - -
Strontium ¢ - - - - - - - -
Molybdenum © - - - - - - - -
Tungsten © - - - - - - - -
Arsenic € - - - - - - -
Total Percent

::::’miculate 1.7 1.5 1.5 1.3 2.1 1.6 1.7 1.7
Vehicle

Particulate

Rate, mg/km3 120. 116. 40. 67. 228. 207. 30. 21.

:buad on data from 47mm Fluoropore filter data

~0.00 mq/km

“elements studied, but not sought in this particular analysis
Note: Cobalt analyzed for, but not found.



TABLE N-2.

ELEMENTAL ANALYSIS OF PARTICULATE MATTER FROM
NATURALLY-ASPIRATED FIAT DIESEL WITH CATALYTIC TRAP,
FUELS EM~329-F AND EM-469-F

Test Type
Test Code
Fuel Cods
Run No.
Dats (1981)

4-bagq FTP

HFET

Nyce

181P5
EM-329

4/9

4 1B2F72
~F | EM=469~F

4/20

1B1HSS

EM=329~-F

4/9

1B2H73
EM=-469~F

3
4/20

1BINS6

EM=329~-F

3
4/9

1B2N74

EM=-469-F

3
4/20

Elemants, og/ka
Sodium
Sulfur
Vanadium
Nickel
Cadmi um
Mercury
Magnesium
Chlorine
Chromdi um
Copper
Tin
Lead
Aluzinum
Potassium
Manganase
2inc
Antimony
Silicen
Calcium
Iron
Selenium
Bariua
Phosphorus
Titanium
Bremine
Platinum
Strontium
Molybdenum
Tangsten
Arsenic

0.70

0.02

0.08

Total Percent
of Particulate
Rate

3.1

4.1

5.5

11.8

Vehicle
Particulate
Rate, mg/km?

27.

28.

30.

23.

64.

53.

57.

23.

:buad on data from 47mm Fluoropore filter data

0.00 ng/km
Note:

Cobalt analyzed for, but not found.



TABLE N-3.

OLDSMOBILE CUTLASS DIESEL, FUEL EM-329-F AND EM~469-F

ELEMENTAL ANALYSES OF PARTICULATE MATTER FROM 1981

Test TYPe 4-bag FTP HFET N¥CC 85 kph
Test Code 2A1FO1 2A2F26 2A1HQ2 2A2H27 2ALINO3 ZALNZS 2R1504 CAL5ZY
Puel Code EM=329-F | EM=469~F | EN=329~F | EM~469~F | Elt=329«F | EM<469=F | EM=329«P | EM~d469=F
Run No. 1 3 1 3 1 3 1 3
Date (1381) 5/21 6/19 s/21 6/19 S/21 6/19 5/21 6/19
Zlenents, ng/km

Sodium -b - - - < = - =
Sulfur 0.78 0.92 1.09 0.98 .79 2.29 0.79 0.79
Vanadiua 0.01 0.01 - - 0.09 C- - -
Nickel - - - - - - -
Cadmiwm - - - - - - - -
Mercury - - - - - - - -
Magnesium 0.01 0.01 0.01 - G.04 0.08 - 0.01
Chlorine 0.01 0.02 0.02 0.01 0.03 0.04 0.02 -
Chroaium 0.01 - 0.09 0.06 0.39 ' 0.53 - -
Copper - 0.01 - 0.02 - Q.01 0.01
tin - - 0.01 - - - - -
Lead - - - 0.10 - 0.98 - -
Aluminum 0.0 0.01 - 0.01 - - - -
Potassica - 0.01 - - - - - -
Manganese 0.01 - 0.06 0.05 0.22 0.32 - 0.01
Zinc 0.03 0.06 0.01 0.03 - 0.07 0.01 0.03
Antimony - - 0.01 0.01 - - - -
Silicen 0.01 0.05 0.01 0.02 0.05 0.09 - 0.01
Calcium 0.04 0.14 0.04 0.04 0.15 0.18 0.01 0.01
lron 0.1l6 0.49 0.09 0.18 0.22 0.29 0.01 0.03
Selenium - - - - 0.35 ' -
Barium - 0.01 0.01 0.01 0.07 - - -
Phosphorus c.0S 0.05 0.04 0.03 0.16 0.21 0.01 0.02
Titanium - 0.01 0.01 0.01 0.03 - 0.04 -
Bromine - - - - 0.51 - -
Platinum - - - - - - -
Strontium - - - - - - - -
Molybdenum - - - - - - - -
Tungsten - - - - - - - -
Arsenic - - - - - - - -
Total Percent

of Particulate

Rate 1.2 1.3 1.5 1.4 1.7 1.7 1.4 1.3
Vehicle

Particulate

Rats, mg/km? 97. 136. 100. 110. 217. 322. 66. 72.

.bued on data from 47mm Pluoropore- filter data

bo.oo ng/km

Note: Cobalt analyzed for, but not found,

N-4



TABLE N-4.

FIAT DIESEL WITHOUT AFTERTREATMENT, EM-329-F AND EM~469~F

ELEMENTAL ANALYSES OF PARTICULATE MATTER FRCM TURBOCHARGED

Test Type 4-bag FTP HPET NYCC 85 _kph
Tast Code JALFOL 3A2F20 3A1H02 JA2H21 3A1N03 3A1N22 JALS04 3als23
Fuel Code EM=~329~F | EM-469=F | EM~329~-F | EM~469~F | EM~329-F | EM~469-P | EM=329-F | EM~469~F
Run No. 1 1 1 1 1 : 1 1 1
Date (1981) 6/26 /9 6,726 1/9 6/26 /9 6/26 779
Elements, mg/km
Sodium - - - - h < - =
Sul fur 1.21 0.79 0.83 0.59 1.44 0.94 0.77 0.56
vanadium 0.21 - - - - - 0.01 -
Hickel - - - - - - - -
Cadmium - - - - - - - -
Marcury - - - - - - - -
Magnesium 0.02 0.02 - 0.01 0.07 0.06 - -
Chlorine - - 0.01 - - - - -
Chromium 0.01 - - - - - - -
Copper - 0.01 - - - - - -
Tin 0.01 - - - - - - -
Lead - - - - - - -
Aluminum 0.023 0.01 0.01 - 0.04 0.01 - -
Potassium - - - - - - -
Manganese - - - - - it -
Zinc 0.08 0.09 0.0l 0.04 0.02 0.16 0.0l 0.02
Antimony - - - - - f - - -
Silicon 0.04 0.01 0.0l - 0.09 - - -
Caleium 0.11 0.09 0.02 0.01 0.28 0.19 0.01 0.01
Iron 0.50 0.19 - - 0.40 - 0.01 -
Selenium - - - - - - - -
Barium 0.01 - - - - - - -
Phosphorus 0.08 - 0.02 0.01 0.1l 0.09 0.01 0.01
Titanium 0.01 - - - 0.01 - - -
Bromine - - - - - - - -
Platinum - - - - - - - -
Strontiua - - - 0.04 - - - -
Molybdenum 0.01 - - 0.04 0.30 - - -
Tungsten - - - - 0.04 - -
Arsenic - - - - A S - -
Total Percent l
P
::uu-u.culau 3.0 2.1 2.2 2.5 2.4 1.3 2.6 2.0
Vehicle
Particulate
Rate, mg/kmd 71. 58, 41. 30. 118. 114. 31. 30.

;bued on data from 47mm Fluoropore filter data

0.00 mg/km

Note: Cobalt analyzed for, but not found.



TABLE N-5.

FIAT DIESEL WITH CATALYTIC TRAP, FUELS EM=329-F AND EM-469-F

ELEMENTAL ANALYSES OF PARTICULATE MATTER FROM TURBOCHARGED

Test Type
Test Cods
Fual Code
Run No.
pats (1981)

4-bag FTP

NYCC

85 kph

3B1rol
EM=-329~F
1
917

3B2F39
EM-465-~F
2
9/24

3B2H40 3B1NQ3

2 1
9/24 9/17

3B2N4l

EM=469-F | EM~329-P| EM=469~F

2
9/24

SBlsS04
EM=329-F
1
9/17

3B2s42
EM-469~F
2
9/24

Elements, mog/km
Sodiua
Sulfur
Vanadium
Nickel
Cadnium
Marcury
Magnesiuzm
Chlorine
Chromium
Copper
Tin
Laad
Aluminums
Potassium
Manganese
Zinc
Antimony
Silicon
Calcium
Izon
Selenium
Barium
Phosphorus
Titanium
Bromine
Platinum
Strontium
Molybdenum
Tungsten
Arsenic

b

0.44

'
.

77 0

0.74

Total Percent
of Particulate
Rate

2.6

1.8

9.5 2.9

Vehicle
Particulate
Rate, mg/ko®

S1

49

30

47 75

76

32

33

3pased on data from 47mm Fluoropore filter data

bg. 00 ng/km

Note: Cobalt analyzed for, but not found.



APPENDIX O

ORGANIC SOLUBLES BOILING RANGE
AND CHROMATOGRAMS
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TABLE O-1.

FIAT N.A. DIESEL, NO AFTERTREATMENT, FUELS EM-329-F AND EM-469-T

GAS CHROMATOGRAPH ANALYSIS? OF ORGANIC SOLUBLES IN PARTICULATE MATTER,

Temperature in C°® by Cycle and Fucl
Distillation 4~bag FTP HFET NYCC 85 kph
Point EM-329-F| EM-469~F||[EM~329-F | EM~469-F||EM~329-F| EM~469~F||EM~-329~F| EM-469~F
IBP 301 322 338 306 372 301 316 324
10% point - 440 423 401 400 372 411 378
20% point - - 489 445 420 388 464 396
30% point - -- 640 492 442 401 - 413
40% point - - - - 464 413 -- 430
50% point - - - - 496 428 - 449
60% point - - - - - 437 - 468
70% point - - — - -— 449 - 493
80% point - - - - - 463 - 525
90% point - - - — - 477 - 621
EP - - - - - 492 - -
Recovery, % 4.2 17.5 29.9 36.3 56.4 120 29.0 90.6
@ Temperature, °C 640 31 “ 640 ’J 531 530 493 ﬁ;_ 530 640

-

by modified ASTM D2887-~73 simulated distillation
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TABLE O-2. GAS CHROMATOGRAPH ANALYSIS® OF OﬁGANIC SOLUBLES IN FARTICULATE MATTER,
FIAT N.A. DIESEL WITH CATALYTIC TRAP,

FUELS EM-329-F AND EM-469-F

Temperature in C° by Cycle and Fu:l

Distillation ‘4-bag FTP HFET NYCCP 85 kph
Point EM-329-F| EM~469-F||[EM~329~F | EM~469~F|| EM~329~F | EM~469~-F||El~329-F| EM-469-F
IBP 340 319 361 378 - -~ 350 400
10% point 389 380 426 423 - - 425 476
20% point 412 402 470 466 -- - 471 597
30% point 435 424 530 566 - - 525 -
40% point 464 451 582 615 -~ - 582 -
50% point: 508 492 -~ - - - - -
60% point 557 557 - - - - - -
70% point 589 615 - - - - - -
80% point - - _— - - - - -
90% point - —— - - - - - -
EP - - - -—— - -— - -—
Recovery, % 75.6 72,0 47.0 41.6 - - 45.0 26.2
Q@ Temperature, °C 603 640 603 639 - - 603 638

:Py modified ASTM D2887-73 simulated distillation
insufficient sample for analysis
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Figure 0-2. Chromatogran of organic solubles from particulate matter, Fiat T.C. vehicle
’ without exhaust aftertreatment coperated on 4-bag FTP with EM-329-F fuel.
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with catalytic trap operated on 4-bag ¥FTP with EM-329-F fuel,
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Introduction

Southwest Foundation for Research and Education examined four samples
for mutagenicity using the Ames Salmonella typhimurium bioassay. The
samples were identified as 4874-1 filters no. 24 and 25 with a weight of
0.709 g, 4874-2 filter no. 21 with a weight of 0.450 g, 4874-3 filter no.
22 with a weight of 0.0464 g, and 4874-4 filter no. 35 with a weight of
0.573 g. An aroclor 1254-stimulated, rat liver homogenate metabolic
activation system (S-9 mix) was included in sample 4874-1 filters no. 24
and 25 using tester strains TA 98, TA 1535, and TA 1538. In addition,
the same sample was tested in the absence of a metabolic activation system
.using tester strains TA 98, TA 1535, TA 1537, and TA 1538. Samples no.
4874-2 filter no. 21, 4874-3 filter no. 22, and 4874-4 filter no. 35 were
tested using tester strain TA 98 in the absence of a metabolic activation
system. o

A11 samples were dissolved in dimethyl sulfoxide (DMSO) and tested
at seven levels of sample concentration consisting of 20, 60, 100, 200,
400, 600, and 1,000 ug/plate. Each sample concentration was tested in
triplicate plates with and without. a metabolic activation and on specific
tester strains as indicated in the above paragraph. -A complete set of
positive and negative controls was incorporated into the bioassay to
illustrate that the system is working well within expected optimum ranges.
Finally, an identical repeat of the above samples and controls was con-
ducted as a standard procedure to compare and evaluate the data.

Re;ults

In the initiai bioassay, the results indicate that the negative and
positive controls are well within the optimum range established for our
Taboratory. The known positive mutagens which we routinely.use on specific
tester strains with and without a metabolic activation system clearly
illustrate the ability. of the tester strains to.incorporate mutagens into
their genetic structure causing a significant increase in the number of
revertants over the negative controls (Table 1).

Sample 4874-1 filters 24 and 25 showed a negative mutagenic response
using tester strain TA 1535 when exposed to the seven sample concentrations
in the absence of an S-9 mix. TA 1537 minus S-9 mix shows an almost linear
mutagenic response progressively up to a sample concentration of 400 ug/
plate. TA 1538 minus S-9 mix illustrates a higher mutagenic response when
treated with the same sample concentration. TA 98 minus S-9 mix shows an
even higher mutagenic response with a slope of 0.79 which is .four times
greater than the slope for TA 1537. ‘ -

In the presence of a metabolic activation system, sample 4874-1
filters 24 and 25 shows a weak mutagenic response on tester strain TA ]535.
However, the same sample with S-9 mix at identical chemical concentrations
produced strong mutagenic responses on TA 1538 and TA 98 with slopes of
0.87 and 1.05, respectively.
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TABLE 1. AMES BIOASSAY (INITIAL) OF NATURALLY-ASPIRATED FIAT DIESEL (NO CATALYST)
EXHAUST PARTICULATE ORGANIC: SOLUBLES OBTAINED WITH EM-329-F BASE FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Dose (pg)/ Activation, TA 1535 TA 1537 TA 1538 TA 98
Sample Tdentification _ plate __§-9 1 2 3 Avg L 2 3 avg 1 2 3 Avg I 2 3 hvg
Media Control No 25 25 24 25 ? 11 7 8 15 a 6 10 25 20 20 22
Media Control . Yes 11 22 18 17 15 16 11 14 30 28 37 32
Solvent Control No 24 23 19 22 11 15 15 14 24 24 26 25 41 45 411 42
{filter blank) '
rositive Controls
NaNy 0.5 No 293 277 285 285
9AA 0 No 148 146 132 142
2NF 5 No 1825 1824 1803 1817 1984 1744 1891 1873
2AA 3 Yos 268 292 319 293 380 3182 304 355 2652 2687 2695 2678
Sample 1, 20 No 20 20 24 2} 13 12 7 11 28 26 17 24 36 8 34 36
P20-24 & 25 60 No 16 24 19 20 13 14 13 13 39 43 34 39 56 59 63 59
100 No 25 30 26 27 17 23 26 22 46 60 66 57 93 86 88 89
200 No 15 27 18 20 37 56 40 44 118 100 90 103 142 128 146 139
400 No 24 27 24 25 94 76 78 83 227 237 212 225 351 332 329 337
600 No 21 23 18 21 146 152 127 142° 264 287 237 263P 475 412 423 437b
1000 No 33 25 27 28 189 190 161 180P 291 290 240 27ab 542 501 472 505D
Revertants/lg extract? 0.00 0.19 0.53 0.79
Sample 1, 20 Yes 8 11 8 9 36 34 16 29 57 60 37 51
P20-24 & 25 60 Yes 16 15 19 17 69 78 55 67 123 105 97 108
100 Yes 19 15 17 17 92 90 94 92 122 115 95 111
200 Yes 18 23 17 19 160 203 149 171 238 222 239 233
400 Yes 29 9 17 18 380 340 366 362 493 482 447 474
600 Yes 44 3s 41 40 475 429 469 458P 657 684 601 647
1000 Yes 66 59 57 61 551 610 649 603® 954 902 936 931b
Revertants/lg extract? - 0.05 0.87 1,08

a’I‘hi.s value is the slope of the regression line based on variocus extract dose levels and does not identify response at a particular extract since
the response is not completely linear over the entire concentration used.
Not included in slope determination.



Table 2 shows the results obtained from {he other three samples
tested using TA 98 in the absence of an 5-9 mix. In the jnitial bioassay
sample 4874-2 filter 21 illustrates an almost linear mutagenic response
with a resulting slope of 0.77 revertants/ug extract. Sample 4874-3
filter 22 shows a slightly higher mutagenic response than the previous
sample. Finally, sample 4874-4 filter 35 shows the lesser mutagenic
response than the other two samples tested on TA 98.

Table 3 and Table 2 show the results of the complete identical
repeat of the four samples tested in the bioassay. The repeated positive
and negative controls almost conclusively dupiicate the revertant numbers
specific for each tester strain as compared to the initial bioassay
described in Table 1. In the repeat study without S-9 mix, TA 1535 showed
a negative response to sample no. 4874-1 filters 24 and 25 which is in
agreement with the results obtained in the initial study. TA 1537 minus
S-9 mix shows a resulting slope of 0.15 which is similar to slope of 0.19
obtained earlier in the initial study. TA 1538 shows a lesser mutagenic
response to sample 4874-1 filters 24 and 25 in the repeat study as compared
to the initial assay; however, TA 98 in the repeat study shows an average
number of 347 revertants at a sample concentration of 400 ug/plate and in
the initial study under identical sample concentrations TA 98 showed an
average number of 337 revertants.

In the presence of a metabolic activation system the above sample
results compared favorably with the results obtaired from the initial
bicassay. In the repeat study TA 1535 shows a slope of 0.04 which is in
agreement with a slope of 0.05 of the initial assay. TA 1538 illustrates
a slope of 0.83 as compared to a slope of 0.87 obtained in the initial
bioassay and finally, TA 98 shows a slope of 1.00 as compared to a slope
of 1.05 of the initial study.

Table 2 shows the results of the initial and repeat studies on sample
4874-2 filter 21, 4874-3 filter 22, and 4874-4 filyer 35 using tester
strain TA 98 in the absence of a metabolic activation system. The data in
Table 2 clearly illustrate the reproducibility of results. Sample 4874-2
filter 21 shows a slope of 0.77 in both the initial and the repeat study.
Sample 4874-3 filter 22 shows a slope of 0.86 and 0.90. Thg last sample,
4874-4 filter 35 shows a slope of 0.32 and a slope of 0.44 in the repeat
study.
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TABLE 2. AMES BIOASSAY (INITIAL & REPEAT WITHOUT S-9) OF NATURALLY~ASPIRATED FIAT DIESEL
(NO CATALYST) EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329~F BASE FUEL
DURING HFET, NYCC, AND 85 KPH

TA98, Number of Revertants Par Plate

Metabolic WFET NYCC U5 kph
. Activation, Sample 2, P20-21 Sample 3, P20-22 Sample 4, P20-35
Dose, (}ig) /plata s-9 1 2 3 Avg 1 2 3 Avg 1 2 3 Avg
Initial®

20 No 28 3 kY] 32 29 20 27 28 21 18- 20 20

60 No 45 58 48 50 66 66 60 64 kl:) 42 51 44

100 No 77 67 61 68 68 72 81 74 36 57 45 40
200 No 175 168 166 170 194 178 172 181 67 87 73 76
400 No 21 289 259 290 345 337 386 56 166 161 141 156
600 No 468 -515 458 480 538- 493 524 518 248 254 252 251
1000 No 681 725 600 6690 709 754 703 7225 437 412 391 413b
Revertants/ig extract® 0.77 0.86 0.39

Repeatd

20 No 32 a8 28 13 20 23 27 23 21 12 22 18

- 60 No 44 34 43 40 52 57 59 56 26 31 24 27
100 No 70 65 Y] 66 c2 57 68 62 45 41 42 43
200 No 167 196 167 177 166 185 190 180 70 04 89 81
400 No 330 339 292 320 - 366 36l 408 378 194 155 le8 172
600 No 483 449 460 464 514 557 514 528 290 273 238 267
1000 No 781 770 672 741b 763 73S 690 729b 481 408 366 418b
Revertants/jug extract® 0.77 0.90 0.44

2This value is the slope of the regression line based on various extract dose levels and does not {dentify
response at a particular extract since the response is not completely linear over the entire concentration used.
Not included in Slope determination. :

Cinitial TA-98 medja, solvent, and positive controls used’as per Table 1.

dRepeat TA-28 media, solvent, and poéitive controls used as per Table 3.
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TABLE 3. AMES BIOAWWAY (REPEAT) OF NATRUALLY-ASPIRATED FIAT DIESEL (NO CATALYST)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH El1~329-F BASE FUEL DURING FTP

Metabolic Numboer of Revertanta Per Platc
Dose png/ Activation, TA_ 1535 TA 1537 TA 1538 — TA 98
Sample Identification _Plate =~ _ S$9 =~} 2 3 Ay 1 2 3 mwg 12 3 Avg 2 2 3 Avg
Media Control No 22 11 9 14 10 5 6 7 10 10 10 10 17 17 16 17
Media Control Yes 16 ? 11 11 7 8 11 9 20 27 2] 23
Solvent Control No 18 13 ? 13 7 S 10 7 29 23 20 24 32 38 37 36

(Filter Blank)
Positive Controls

NaNy 0.5 No 253 268 254 258
9AR 50 No 134 101 120 18
NF S ‘o 1358 1400 1404 1387 1538 1621 1495 1551
2AA 3 Yeos 314 287 317 306 938 862 1015 938 2189 2159 2145 2164
sample 1, 0 No 13 9 11 1 7 10 12 10 20 12 13 15 38 21 24 28
P20-24 & 25 60 No 15 17 11 14 14 10 12 12 30 3?7 30 32 sl 57 64 57
100 No 12 14 15 14 16 18 16 17 51 37 35 41 91 101 bt 88
200 No 18 14 14 15 34 27 30 30 91. 59 76 75 189 171 176 179
400 No 13 13 12 13 78 57 65 67 97 125 136 119 331 325 385 347
600 No 14 16 16 15 92 75 79 e2b 205 174 185 188b 451 410 413  42sb
1000 No 15 15 11 14 178 132 133 148b 265 241 209 238b 452 436 425 438b
Revertants/Hug extract? 0.00 0.15 0.27 0.85
Sample 1, 20 Yos 12 12 10 1 42 34 31 36 50 45 18 44
P20-24 & 25 60 Yes 13 8 12 1 69 61 5% 61 78 64 n n
100 Yes 9 11 12 11 83 94 96 91 99 97 107 10l
200 Yes 22 13 12 16 166 167 75 163 212 217 233 221
400 Yes 21 20 23 21 386 356 308 350 447 429 472 449
600 Yes 30 32 33 32 970 471 471 471P 617 585 596 S99
1000 Yes 42 43 59 48 589 604 608 eoob 845 847 831 841b
Revertants/Hg extract® 0.04 ' 0.83 1.00

%This value is the slope of the regression line based on various extract dose levels and does not identify response at a particular extract since
the response is not completely linear over the entire concentration used.
bnot included In slope determination.
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Introduction

Southwest Fouidation for Research and Education examined four samples
for mutagenicity using the Ames Salmonella typhimurium bioassay. The
samples were identified as 4874-5 filters no. 51 and 52 with a weight of
0.593595 g, 4874-6 filter no. 53 with a weight of 0.375945 g, 4874-7
filter no. 54 with a weight of 0.073181 g, and 4874-8 filter no. 55 with
a weight of 0.571060 g. A aroclor 1254-stimulated, rat liver homogenate
metabolic activation system was included in sample 4874-5 filters no. 51
and 52 using tester strains TA 98, TA 1535, and TA 1538. In addition,
sample 4874-5 filters no. 51 and 52 was tested in the absence of a metabolic
activation system using tester strains TA 98, TA 1535, TA 1537, and TA 1538.
Samples no. 4874-6 filter no. 53, 4874-7 filter no. 54, and 4874-8 .filter
no. 55 were tested using tester strain TA 98 in.the absence of a metabolic
activation system.

A1l samples were dissolved in dimethyl sulfoxide (DMSO) and tested
at seven levels of sample concentration consisting of 20, 60, 100, 200,
400, 600, and 1,000 ug/plate. Each sample concentration was tested in
triplicate plates with and without a metabolic activation and on specific
tester strains as indicated in the above paragraph. A complete set of
positive and negative controls was incorporated into the bioassay to
illustrate that the system is working well within optimum-ranges. Finally,
an identical repeat of the above samples and controls was conducted as a
standard procedure to compare and evaluate the data. '

Results

In the initial bioassay, the results indicate that the negative and
-positive controls are well within the optimum range established for our
laboratory. The known positive mutagens which we routinely use on specific
tester strains with and without a metabolic activation system c1ear1y.
illustrate the ability of the tester strains to incorporate mutagens into
their genetic structure causing a significant increase in the number of
revertants over the negative controls (Table 1).

Sample 4874-5 filters 51 and 52 showed no mutagenici@y on tester
strain 1535 when exposed to the seven chemical concentrations 1in the absence
of an S-9 mix. TA 1537 minus S-9 mix shows an almost linear increase in
the number of revertants up to a chemical concentration of 600 ug/p]atg.
At 1,000 ug/plate, toxicity is evident as the number of revertants begin
to decline. TA 1538 minus S-9 mix illustrates a slope of 0.54 revertaqts/ug
extract at chemical concentrations up to 400 ug/plate. 'At.h1gher chemical
concentrations toxicity is observed. TA 98 minus S-9 mix "illustrates a
strong mutagenic response as evident in the slope of 1.39 revertants/ug
of extract.

In the presence of an activation system, TA 1535 shows a weak mutagenic
response oveg its negyative control background. TA 1538 and TA 98 in the .
presence of an S-9 mix show a strong mutagenic response as evident in their
slopes of 1.30 and 1.48, respectively.
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TABLE 1. AMES BIOASSAY (INITIAL) OF NATURALLY-ASPIRATED FIAT DIESEL (NO CATALYST)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Nuwwber of Ravertants Pex Plate

Metabolic
Dose (ug)/ Activation
Sample Identification Dlate $-9
Media Control No
Media Control Yeos
Solvent Control No
(Filter Blank) .
Positive Controls
Natty 0.3% No
9NN 50 No
2NF S No
2AR ] 3 Yaes
Sample S 20 No
P20-51 & 52 60 No
100 “No
200 No
400 No
600 No
1000 No
\
Revartants/ig extract®
Sampla 5 20 Yes
PI(-51 & 52 60 Yes
) 100 Yes
200 Yes
400 Yes
600 Yes
1000 Yes

Revertants/lg extract®

TA 1515 TA 1537 TA 1538 TA 98
1 2 3 Avg 1 2 J Avg 1 2 3. Avg 1 2 3 Avg
I 0N 1 14 14 8 12 19 19 17 18 3 33 29 31
12 122 20 1% 21 16 186 18 52 48 47 49
s4 37 31 43 1615 15 13 21 25 29 25 3 44 42 46
151 365 363 360 ‘
364 495 469 443
2080 2044 1965 2036 2202 2080 2030 2104
41 415 423 426 S50 778 662 666 2776 3056 2984 2939
31 43 31 as 16 11 14 “u 2 8 22 65 6) 51 60
0 20 45 38 24 30 23 26 47 66 45 53 g0 68 87 85
N 22 22 2 3% 43 32 37 62 86 63 70 159 183 164 169
26 0 28 28 7 62 55 64 144 149 144 146 342 352 15 336
3% 28 29 31 97 102 96 98 - 238 261 188 229 606 620 686 617
322 42 25 33 203 179 145 176 250 288 202 247 87P @34 .4 B29
2¢ 29 33 29 130 111 117 19d 227 240 215 227° 1075 1055 104 loeoP
0.00 0.26 0.54 1.39
25 21 11 1 55 63 70 63 67 69 82 73
18 17 19 18 9% 124 112 111 144 163 124 144
29 19 20 23 175 199 185 186 253 232 224 236
34 37 31 34 332 315 331 326 441 424 411 425
52 52 57 54 581 560 517 S53  81S 719 723 752
66 62 65 64 707 678 645 677° 951 915 861 909
78 79 83 80 747 768 768 761P 1291 1357 1214 1287P
0.07 1.30 1.48

2This value is the slope of the regression line based on various axtract dosu levels and does not fdentity response at a particular extract since

the responsc 18 not completely linear over the entira concentration used.

Not included in slope determination.



Table 2 shows the results obtained from the other three samples tested
using TA 98 in the absence of a metabolic activation system.. In the initial
bioassay, sample 4874-6 filter no. 53 shows the highest mutagenic responsa2
of the three samples tested. At 600 ug/plate, there were an average of
746 revertants/plate with a given slope of 1.18 revertants/ug of extract.
Sample 4874-7 filter no. 54 shows a lesser mutagenic response than the
previous sample. Sample 4874-8 filter no. 55 shows an even lesser mutagenic
response than the previous two samples, consequently showing a reduction
in the slope of 0.61 revertancs/ug extract.

Table 3 and Table 2 show the results of the complete identical repeat
of the four sampies tested in the bioassay. The repeated positive and
negative controls almost conclusively duplicate the revertant numbers
specific for each tester strain as compared to the initial biocassay
described in Table 1. In the repeat study without S-9 mix, TA 1535 showed
a negative response when exposed to sample no. 4874-5 filters no. 51 and
52 at seven different chemical levels. The same sample minus S-9 mix
using TA 1537 showed a slope of 0.27 which is almost identical to a slope
of 0.26 of the initial bioassay. The repeat study of the same sample
using TA 1538 showed an average of 280 revertants/plate at a chemical
concentration of 400 uwg/plate which is similar to the results obtained
from the initial study of 229 revertants/plate at the same chemical con-
centration. Finally, in the absence of the S-9 mix TA 98 shows the highest
level of mutagenicity when exposed to sample 4874-5 filters 51 and 52.

In the presence of a metabolic activation system the above sample
results compared favorably with the.results of the initial bioassay. TA
1535 shows a slope of 0.07 as compared to 0.07 of the initial study. TA
1538 illustrates a slope of 1.11 as compared to 1.30 of the first study
and finally, TA 98 shows a slope of 1.17 as compared to 1.48 of the initial
study.

Table 2 shows the results of the initial.and repeat bioassays on
samples 4874-6 filter no. 53, 4874-7 filter no. 54, and 4874-8 filter .
no. 55 using tester strain TA 98 in the absence of a metabolic activation
system. The repeat study confirms sample 4874-6 filter no. 53 as having
the highest-mutagenic response when compared to the other two samples.
Sample 4874-7 filter no. 54 shows a slope of 0.87 revertants/ug extract in
the repeat study which compares favorably with the slope of O:BS_fqr the
initial bioassay. Finally, the lowest mutagenic response is illicited by
sample 4874-8 filter no. 55 as 2vident in both the initial and repeat studies.

‘P-11
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TABLE 2. AMES BIOASSAY (INITIAL & REPEAT WITHOUT S-9) OF NATURALLY-ASPIRATED FIAT DIESEL
(NO CATALYST) EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL
DURING HFET, NYCC, AND 85 KPH

TA98, Number of Revertants Per Plate

Metabolic HFET NYCC 85 kph
Activation, Sample 6 , P20- 53 Sample 7 , P20-54 Sample 8, 1'20-55
Dose, (pg)/plate s-9 1 2. 3 Avg _1 2 3 Avq 1 z 3 Avg
Initial®

20 No 17 74 70 74 48 48 37 44 45 4] 3s 40

60 No 140 115 127 127 71 82 78 77 67 62 58 62

100 No 132 128 149 136 80 91 88 86 89 81 84 85

200 No 393 394 356 381 172 195 204 190 132 131 132 132

400 No 629 500 492 540 414 395 339 ia3 292 292 254 279

600 No 767 747 724 746 529 549 487 522 3so 409 378 389
1000 No 1055 1124 980 1053b 748 797 710 752b 563 575 556 565b
Revertants/hg extract® 1.18 0.85 0.61

Rematd

20 No 69 51 53 58 44 35 41 40 43 kl:} 31 37

60 No 92 94 102 96 59 79 59 66 47 47 48 47

100 No 152 123 122 132 96 93 91 93 64 54 60 59

200 No 251 239 267 252 188 165 157 170 97 89 89 92

400 No 420 457 459 445 363 414 328 368 200 184 183 189
€00 No 653 631 606 630 524 537 545 535 303 298 264 288
1000 No 918 967 913 933® 794 743 719 752 493 446 472 a7cP

Revertants/jg extract® 1.00 0.87 0.44

%rhis value is the slope of the rogression line based on various extract dose levels and does not identify
responsc at a particular extract since the response is not completely linear over the entire concentration used.
Not included in slope determination.

SInitial TA-98 media, solvent, and positive controls used as per Table 1.

Repeat TA-98 media, solvent, and positive contrcls used as per Table 3,
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TABLE 3. AMES BIOASSAY (REPEAT) OF NATURALLY-ASPIRATED FIAT DIESEL (NO CATALYST)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Dose (pg)/ Activation TA 1535 TA 1537 TA 1538 TA 98
Sample Identifization plate 5-9 1 2 3 Avg 1 2 3 Avg 1 2 3 Avy 1 2 3 Avg
Media Control No 27 32 30 a0 10 9 9 9 14 13 12 13 23 26 17 22
Media Control Yes 39 20 25 21 16 18 25 20 a5 41 34 37
Solvent Control No i} a5 26 30 10 15 8 11 15 18 26 20 34 40 35 36
(vFilter Blank)
Positive Controls
NalN, a.5 No 300 266 267 278
9AA 50 No 802 839 758 800
2NF 5 No 2149 2045 2031 2075 2200 2110 1846 2052
2AR 3 Yes 353 368 395 372 1046 1046 1071 1054 2665 2825 2790 2760
Sample S 20 No 33 26 25 28 18 20 17 18 46 31 20 32 58 64 46 56
P20~-51 & 52 60 No 34 28 14 25 28 29 27 28 60 48 56 55 80 84 78 Bl
100 No 25 15 26 22 27 29 32 29 80 76 78 78 98 110 115 108
200 No 23 24 32 26 61 55 58 58 143 132 160 145 278 268 249 265
400 No 25 30 23 26 131 159 136 142 257 309 273 280 440 457 470 456
600 Ho 27 25 23 25 166 156 161 161 327 315 342 3260 538 539 543 5400
1000 No 22 26 22 26 149 159 107 138® 363 308 365 345b 529 562 555 549b
Revertants/jig extract® 0.00 0.27 0.66 1.10
Sample 5 20 Yes : 27 12 19 19 - 67 48 55 57 59 50 56 55
P20-51 & 52 60 Yes 19 15 17 17 91 76 86 84 87 B84 n 81
100 Yes 17 21 22 20 154 153 154 154 143 120 135 133
200 Yes 27 30 24 27 303 291 279 291 266 279 252 266
400 Yes 49 34 - 46 43 470 451 467 469 497 472 494 488
600 Yas 79 69 68 72 627 S90 613 610 675 698 627 667P
1000 Yos 89 82 70 80 775 768 795  786P 995 951 942 o963b
Revertants/Ug extract? 0.07 1.11 1.17

aThis value is the slope of the regression line based on various extract dosc levels and does not identity response at a particular cxtract since

the responsc is not completcly linecar over thae cntire concentration used,

Not included in slopa determination.
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Introduction

Southwest Foundation for Research and Education examined four samples for

mutagenicity using the Ames Salmonella typhimurium bioassay. The samples were

received on June 1, 1981, and were identified as Cycle FTP sample 9(a) vial 418
with a weight of 0.168596 g, HFET sample 10 vial 420 with a weight of 0.037859 g,
NYCC sample 11 vial 421 with a weight of 0.025536 g, and 85 kph sample 12 vial
422 with a weight of 0.036737 g. A range-finding study was conducted on sample
9{a) utilizing tester strain TA 98 in the absence of a metabolic activation
system (S-9 mix) to determine sample dosage on the initial and repeat bioassays.
The range finding study incorporated the following sample dosages in ug/plate:
1, 10, 100, 500, 10CO and 2000. In the initial and repeat bioassays, an aroclor
1254-stimulated rat liver homogenate metabolic activation system was included in
sample g(a) using tester strains TA 98, TA 1535, and TA 1538. In addition,

the same sample was tested in the absence of a metacclic activation system using
tester strains TA 98, TA 1535, TA 1537, and TA 1538. Samples No. 10, 11, and 12
were tested using tester strain TA 98 in the absence of a metabolic activation

system.

A1l samples were dissolved in dimethyl sulfoxide (DMSO) prior to testing.
The initial and repeat bioassays were tested at seven levels of sample concentra-
tion consisting of 20, 60, 100, 200, 400, 600, and 1,000 ug/plate. Each sample
concentration was tested in triplicate plates with and without an S-9 mix and on
specific tester strains as indicated in the above paragraph. A complete set of
positive and negative controls was incorporated 1nto'the bieassay to illustrate
that the'systeﬁ is working well within expected optimum ranges. Finally, an

identical repeat of the above samples and controls was conducted as a standard

procedure to compare and evaluate the data.
P-15



Results

Results from the range-finding study (Table 1) indicated that the negative
and positive controls are well within the expected optimum range. Sample g(a)
shows a positive mutagenic response to TA 98 in the absence of an $-9 mix. At
sample concentrations of 1, 10, 100, and 500 ug/plate, TA 98 illustrates an
almost linear mutagenic response with an average of 1,577 revertants at a sample
concentrations of 500 ug/plate. At higher concentrations of 1000 and 2000
ng/plate the linear response is broken as the number of revertants begins to
decline, indicating sample toxicity at high concentrations. Based on the results
of the range-finding study. it was determined that the sample concentrations to
be used in the initial and repeat bioassays would consist of 20, 60, 100, 200,
400, 600, and 1000 ug/plate. These sample concentrations compare favorably with

previous bioassays conducted on other samples received from the same project.

In the initial bioassay (Table 2), the results indicate that the negative
and positive controls are well within the optimum range established for our lab-
oratory. The known positive mutagens which we routinely use on specific tester
strains with and without an S-9 mix clearly illustrate the ability of the tester
strains to incorporate mutagens into their genetic structure causing a signifi-

cant increase in the number of revertants over th2 negative controls.

Sample 9(a) showed a negative mutagenic response using tester strain FA 1535
when exposed to the seven sample levels in the absence of an S-9 mix. However,
TA 1537 minus S-9 mix shows an almost linear mutagenic response up to a sample
level of 400 ug/plate with a resulting slope of 1.43 revertants per pg of sample
extract. TA 1538 minus S-9 mix shows a slightly higher mutagenic response with

P~16
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TABLE 1. AMES BIOASSAY (RANGE-FINDING) OF NATURALLY~ASPIRATED FIAT DIESEL (WITH CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM~329~F BASE FUEL DURING FTP

Metabolic Number of Revertants Per Plate .
Dose (ug) / Activatiou, TA 1535 TA 1537 TA 1538 TA 98
Sample Identification plate §-9 1 2 3 Avg. 1 2 3 Avg. X 2 3 avg. _1_ 2 3  Avg.
M:dia Control No 21 21 21
Media Control . Yes
Solvent Control No 26 20 23
(Filter Blank)
Yositive Controls
NaNj 0.5 No
SAA 50 No
2NF S Na 2002 2047 2025
2AA 3 Yes
Sample 9 1 No' 22 16 19
10 No 40 47 44
100 No 339 290 315
500 No 1541 1613 © 1577
1000 - No 2089 1998 2044b
2000 Ko 1866 1745P 1806
No
Revertants/\g extracta 3.13
Sample 20 Yes
. [<1¢] Yes
. 100 . Yes
200 Yes
400 Yes
* 600 Yes

1000 Yes

Revertants/ug extract® .

v

This value is the slope of the regression line based on various extract dose levels and, does not identify response At a particular extract since
the response is not completely linear over the entire concentration used.
Not included in slope determination.



TABLE 2.

REPORT 1B329

EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329-F BASE FUEL DURING FTP

AMES BIOASSAY (INITIAL) OF NATURALLY-ASPIRATED FIAT DIESEL (WITH CATALYTIC TRAP)

Metabolic Number of Revertants Per Plate
Dose {ug)/ Activation, TA 1535 TA 1537 TA 1538 TA 98
Sample Identification __plate 5-9 5 S I Wy v SN S S v S S S Sy v S SO R S U
Media Control No 14 15 19 16 1S 12 11 13 12 a 1“1 39 37 20 132
Media Control Yas 9 14 10 11 18 25 19 21 29 27 37 31
Solvent Control No 21 18 13 17 13 9 10 11 16 15 19 17 19 32 28 26
(Filter Blank)
Positive Controls
NaNjy 0.5 No 330 a7 k[1)} 326
9AA 50 No 703 516 449 556
2NF 5 No 2166 2113 2002 2094 2186 2237 2255 2226
2AA 3 Yes 549 508 527 528 253 275 253 260 2485 2587 2723 2598
Sample 9 20 No 26 22 25 24 30 36 31 32 50 49 67 55 118 96 90 101
60 No 31 20 19 26 76 79 97 84 133 160 134 142 227 275 263 255
100 No 19 22 17 19 160 130 139 143 234 240 262 245 387 315 350 351
200 No 24 3o 27 27 310 286 315 304 394 381 428 401 780 793 863 812
400 No 31 30 33 31 584 612 515 570 580 672 613 622b 1295 1421 1437 1384
600 No 29 32 32 3 594 607 641 614P 487 484 532 s501P 1601 1983 1534 1706P
g 1000 No 20 8 10 13 333 385 399 372b 384 391 379 3gsb 1924 1943 2047 19710
1
k Revertants/ug extract® 0.00 1.43 1.91 3.42
Sample 9 20 Yes 22 10 14 15 61 53 63 59 77 73 63 71
60 Yesg 25 24 27 25 130 144 168 147 157 173 161 164
100 Yes 18 25 25 23 193 196 192 194 221 250 241 237
200 Yes 44 33 43 40 461 421 367 416 599 s75 545 573
400 Yes 44 53 42 46 732 862 813 802 1354 1196 1227 1259
600 Yes 57 58 49 55 1146 1133 900 1060b 1756 1677 1666 1700b
1000 Yes 42 41 43 42 984 1020 887 964D 2282 2225 2258 2255°
Revertants/ug extract® 0.03 1.96 3.18

SThis valuc is the slope of the regression line based on various dose levels and does not identify response at a particular extract dose since

the response is not completely linear over the entire concentration used.

b,

Not included in slope determination.



an average of 401 revertants at a sample level of 200 ug/plate and a resulting

slope of 1.91 revertants/ug of sample extract. TA 98 minus 5-9 mix shows an even

higher mutagenic response with a slope of 3.42.

In the presence of a metabolic activation system, sample 9(a) shows a weak
mutagenic response on tester strain TA 1635. However, the same sample with S-9
mix at identical chemical concentrations produced strong mutagenic responses on

TA 1538 and TA 98 with slopes of 1.96 and 3.18, respectively.

Table 3 shows the results obtained from the other three samples tested using
TA 98 in the absence of an S-9 mix. In the initial bioassay, sample No. 10-HFET
illustrated a strong mutagenic response at the Towest level of Z0 ug/plate with a
resulting average of 469 revertants present per plate. At 60 ug/plate, there was
an average of 1,173 revertants present per plate. At 100 ug/plate there was an
average of 1,729 revertants present per plate. The resulting slope was 15.75
revertants present per ug of sample, which illustrates a strong mutagenic
response. Sample 11-NYCC shows a resulting slope of 5.59 and sample 12-85 kph

shows a resulting slope of 12.64 revertants/ug of sample extract.

Table 4 and Table 3 show the results of the complete identical repeat of the
four samples tested in the bioassay. The repeated positive and negative controls
almost conclusively duplicate the revertant numbers specific for each tester

strain as compared to the initial bioassay described in Table 2.

In the repeat study minus S-9 mix, TA 1535 showed a negative response to
sample 9a which parallels the results obtained in the initial study. TA 1537
minus $-9 mix shows a resulting slope of 1.49 which is similar to the slope of
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TABLE 3. AMES BIOASSAY (INXITIAL AND REPEAT WITHOUT 8=9) OF NATURALLY=ASPIRATED FIAT DIESEL
(WITH CATALYTIC TRAP) EXHAUST PARTICULATE ORGANIC SOLUBLES WITH EM-329~F BASE FUEL
DURING HFET, NYCC, AND 85 KPH

TA98, Number of Revertants Per Plate

Metabolic HFET NYCC 85 kph
. Activation, Sample 10 _&g_mnl_g_ij_____ Sampnle 12
Dose, (ug)/plate ) S-9 X 2 3 Vg 1 Avg 1 2 ] Avg
Initial® .
20 No 482 481 445 469 142 154 184 160 525 498 537 520
60 No 1198 1190 1132 1173 496 47} 427 465 1131 1061 1107 110p
100 No 1633 1759 1796 1729 618 627 576 607 1460 1543 1591 1531
200 No 2315 2306 2320 2314 1131 1010 1152 1098 2217 2313 2305 2245P
400 No 2588+ 2746 2891 2742b 1608 1809 1683 1700P 2707 2824 2752 2761P
600 No 2685 2851 2821 2786P 1724 1785 1751 1753® 2918 2748 2828 2831P
1000 No 2839 2889 2826 28510 1967 2072 2224 2088 2817 2850 2910 2859
Revertants/lg extract? 15.75 5.59 12.64
4
Repeat
20 No 323 398 385 370 122 127 126 125 432 459 455 449
60 No 988 978 953 973 318 305 340 321 917 1061 900 959
100 " No 1253 1372 1356 1327 489 495 468 484 1250 1236 1392 1293
200 No 2049 2093 2172 2105® o916 927 977 940 1938 2135 2034 2036
400 ‘Yo 2516 2464 2590 2523 1227 1201 1321 1250 2436 2543 2502 2494P
600 No 2529 2412 2617 2519P 1304 1328 1443 1358P 2459 2657 2618 2578P
1000 No 2704 2751 2734 2730b 1716 1679 1810 1735P 2583 2603 2408 2531P
Revertants/llg extract® 11.96 4.29 10.55

%Phis value is the alope of the regression line based on various extract d;';eq levels and does not identify resmonse
bat a particular extract dose since tne response is not cuompletely ‘linear over tne entire concentration usea.

Not included in the slope determination.

Initial TA-98 medla, solvent, and positiva controls used as per Table 2.

Repeat TA-98 media, solvent, and positive controls used as per Table 4.
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Number @f Revextants Pox Plate

Notabolia
Dose (lg)/ . Activation, TA 1515 TA 1517
Sample Xdentificatjon plata 5-9 1 2. 3 avg 1 2 3 Aavg
Mcdia Control No 28 20 21 23 10 13 10 11
Hedia Control Yes 17 19 16 17
Solvent Control No 18 22 23 21 6 12 19 12
(Filter Blunk)
Positive Controls
NaNy 0.5 No 378 407 383 389
SAA S0 No 615 651 673 646
2NF 5 No .
2AA 3 Yes 522 492 454 489
Sample 9 0 No 17 27 27 24 17 32 36 35
60 No kK] k1] 25 3l [(L] 82 86 a6
100 No 6 19 27 24 157 168 164 163
200 No 35 23 22 27 390 357 320 356
400 No 26 37 27 30 S84 588 597 590
600 No 19 18 18 18 619 661 714 6esb
1000 No 19 1815 17 514 521 539 s525P
Revertants/ig extract® 0.00 1.49
Sample 9 20 Yes 16 10 17 14
60 Yes 13 14 21 16
100 Yes 18 20 18 19
200 Yes 32 34 30 32
400 Yes 41 45 48 45
600 Yes 68 61 61 63
1000 Yes 43 47 41 44
Revertants/jg extract? 0.04

“This value is the gslope of the regression line based on various dose levels and does not identify response at a particular extract dose

the response is not completely linear over the entire concentration used.

bNot included in slope determination.

AMES BIOASSAY (REPEAT) OF NATURALLY-ASPIRATED FIAT DIESEL (WITH CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329-F BASE FUEL DURING FTP

A

10
17
17

2419
339

47
133
216
494
669
370

anr

54
178
255
548
746

1060
981

2.

11
16
19

2388
467

43
160
2137
482
687
355
407

67
167
229

824
1041
1001

_TA 98
3 Avg 1 2 3 Avg
7 10 26 27 22 25
100 14 27 319 41 36
10 15 20 25 32 26
2153 2319 2290 2237 2487 2338
462 423 2178 24u8 2265 2284
59 50 65 62 85 7
162 152 200 222 275 255
229 226 368 422 560 450
519 498 989 1015 1041 1015
644 6670 1538 1594 1564 1565
374 366® 1813 1755 1807 17923
383 402b 2072 2002 2055 2043
2.48 3.98
72 64 65 84 70 80
208 184 186 161 152 166
257 247 265 284 272 274
501 533 633 590 576 600
776 780 1180 1110 1108 1133
994 1032b 1586 1576 1702 1621°
944 975 2068 1810 1903 1927P
1.88 2.82

since



1.43 obtained earlier in the initial bioassay. TA 1538 and TA 98 showed a
slightly higher mutagenic response in the repeat assay as compared to the initial

study with resulting slopes of 2.48 and 3.98, respectively.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results obtained from the initial biocassay. In the
repeat study TA 1535 shows a sTope of 0.04 which is in agreement with the slope
of 0.03 obtained in the initial bioassay. TA 1538 shows a slope of 1.88 as com-
pared to the slope of 1.96 obtained in the initial study. TA 98 illustrates a

slope of 2.82 as compared to the slope of 3.18 obtained in the initial study.

Table 3 shows the results obtained from the initial and repeat study on
sample 10-HFET, sample 11-NYCC and sample 12-85 kph. Both initial and repeat
studies compare favorably. Sample 10-HFET shows a slope of 15.75 on the first
study followed by a siope of 11.96 on the repeat bioassay. Sample 11-NYCC illus-
trates a slope of 5.59 on the initial study as compared to 4.49 of the repeat
study. Finally, sample 12-85 kph shows a siope of 12.64 on the first bioassay as
compared to 10.55 of the repeat study. In summary, Table 3 illustrates the
strong mutagenic responses of the above three samples in the absence of an S-9

mix.

p-22
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Introduction

Southwest Foundation for Research and Educatfon examined four samples for

mutagenicity using the Ames Salmonelila typhimurium bioassay. The samples were

received on June 11, 1981, and were identified as sample 13 vial 453 with a
weight of 0.141085 g, sample 14 vial 392 with a weight of 0.033589 g, sample 15
vial 454 with a weight of 0.033431 g, and sample 16 vial 407 with a weight of
0.033096 g. An aroclor 1254-stimulated rat liver homogenate metabolic activation
system (S-9 mix) was included in sample 13 vial 453 using tester strains TA 98,
TA 1535, and TA 1538. In addition, sample 13 vial 453 was tested in the absence
of an 5-9 mix using tester strains TA 98, TA 1535, TA 1537, and TA 1538. Samples
No. 14 vial 392, 15 vial 454, and 16 vial 407 were tested using tester strain TA

98 in the absence of a metabolic activation system.

A range-finding study was not conducted on the above samples because a
previous bioassay had been conducted on the same automotive configuration using
fuel EM-329-F. A1l samples were dissolved in dimethyl sulfoxide (DMSO) and
tested at seven levels of sample concentration consisting of 20, 60, 100, 200,
400, 600, and 1000 pg/plate. Each sample concentration was tested in triplicate
plates with and without an S-9 mix and on specific tester strains as indicated in
the above paragraph. A complete set of positive and negative controls was
incorporated .into the bioassay to fllustrate that the system is working well
within optimum ranges. Finally, an identical repeat of the above samples and

‘controls was conducted as a standard procedure to compare and evaluate the data.

pP-24



Results

In the initial bioassay, the results indicate that the negative and positive
controls are well within the optimum range established for our laboratory. The
known positive mutagens which we routinely use on specific tester strains with
and without an S-9 mix clearly illustrate the ability of the tester strains to
incorporate mutagens into their genetic structure causing a significant increase

in the number of revertants over the negative controls (Table 1):

Sample No. 13 vial 453 showed a negative mutagenic response on tester strain
TA 1535 when exposed to the seven chemical levels in the absence of an $-9 mix.
At the higher chemical concentration of 1000 ng/plate, toxicity was prevalent as
the bacterial lawn was inhibited. TA 1537 minus S-9 mix.illustrated a posftive
mutagenic response showing an almost linear response up to a chemical concentra-
tion of 400 ug/plate with a resulting slope of 2.04 revertants per ug of sample
extract. TA 1538 minus S-9 mix showed a slightly higher mutagenic response than
TA 1537. At 400 ug/plate, there was an average of 917 revertants per plate. The
resulting slope was 2.3é revertants/ug of samp]e.extract. In the absence of S-9
mix, TA 98 illustrated the highest mutagenic response on the above sample. At
200 ug/plate there was an dverage of 913 revertants per plate with a resulting

slope at 4.50 revertants/ug of samp1e'extract.

In the presence of an activaticn system, the same sample illustrated a
negative mutagenic response on tegter strain TA 1535. However, mutagenicity was
observed in tester strains TA 1538 and TA 98. At 200 ng/plate, TA 1538 responded
with an average of 494 revertants/plate with a resulting slope of 2.39. TA 98

shows the highest mutagenic response to.the sample with an average of 1,442

P-25 °
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EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Numbor of Revertants Per Plate

AMES BIOASSAY (INITIAL) OF NATURALLY-ASPIRATED FIAT DIESEL (WITH CATALYTIC TRAP)

Motabolic
Dose, Jg/ Activation,
Sample Identification Plate ¢ 8-9
Media Control No
Media Control Yes
Solvent Control . No
(Filter Blank)
Positive Controls
NaNj 0.5 No
9AA 50 No
2NP 5 No
2AA 3 Yes
Sample 12 20 No
60 No
100 No
200 No
400 No
600 No
1000 No
Revertants/ug extract?
Sample 13 20 Yes
60 Yes
100 Yes
200 Yes
400 Yes
600 Yes
1000 Yes

Revertants/lig extract?

Xhis value is the slope of the regression line based on various dose levels and does not identify response at a particular

the response is not completely linear over the entire concentration used.

bNot included in slope determination.

extract dose since

TA 1535 TA 1537 TA 1530 TA 98
A7 273 g 10 23 ag ) 2 3 A 1 2 3 Ay
23 29 23 25 12 7 Y 9 10 10 15 12 24 29 21 25
10 19 11 13 16 11 16 14 29 39 37 35
29 25 39 k) 12 9 1 1 1 13 10 13 25 29 20 25
406 336 353 365
490 541 522 518

1444 1654 1745 1631 1838 1825 1822 1828

353 435 365 384 600 948 568 705 2552 2447 2419 2473
18 2 21 22 27 44 23 3 48 43 60 50 82 89 99 90
26 22 36 28 74 66 91 77 134 166 134 145 344 315 305 321
29 19 26 25 165 187 156 169 287 293 228 269 501 557 562 540
24 28 27 26 471 448 447 455 623 603 592 606 884 940 911 913
22 26 22 23 749 773 812 778 917 973 855 917 1578 1591 1523 1564°
15 17 16 16 873 774 864 837° 745 669 755 723P 1941 1808 1865 1871P
Toxicity 438 536 581 s18d 424 412 476 4375 2148 1998 2164 2103P
0.00 2,04 2.32 4.50

22 17 12 17 75 66 62 67 81 56 73 70
13 20 27 20 152 15T 170 158 186 155 157 166
34 21 26 27 312 301 279y 297 287 309 315 304
41 48 34 41 460 492 529 494 745 732 702 726
87 60 64 70 837 898 864 B866° 1489 1430 1407 1442
56 53 41 50 1198 1139 1215 1184P 1992 2017 1843 1967b
16 21 17 18 1080 945 952 992% 2553 2492 2461 2502°
0.00 2.39 3.70



revertants per plate at a sample concentration of 400 ug/plate. The resulting

slope was 3.70 revertants per ug of sample extract.

Table 2 shows the results obtained from the other three samples tested using

TA 98 in the absence of a metabolic activation system. In the initial bioassay,
sample 14 vial 392 illustrated a strong mutagenic response in the absence of an
$-9 mix. At 200 ug/plate TA 98 showed an average of 2,319 revertants per plate
with a resulting slope of 10.63 revertants/ug of sample extract. Sample 15 vial
454 illustrated a slope of 3.88 revertants per ug of sample extract with an
average of 838 revertants at a samplie concentration of 200 ug/plate. The last
sample in the initial bioassay illustrated a strong mutagenic response. Sample
16 vial 407 in the absence of S$-9 mix showed an average of 2,315 revertants at a
sample concentration of 200 ug/plate with a resulting slope of 10.36 revertants/

ug of sample extract.

Table 3 and Table 2 show the results of the complete identical repeat of the
four samples tested in the bioassay. The repeated positive and negative controls
almost duplicate the revertant numbers specific for each tester strain as
compared to the initial bioassay described in Table 1. The spontaneous mutation
rate for TA 98 in the repeat bioassay was.higher than the initial study; however,
the positive controls illustrate the ability of TA 98 to revert upon exposure to
a known mutagen. In the repeat study minus an S-9 mix, TA 1535 showed a negative
response when exposed to sample No. 13 vial 453. At the highest sample concen-
tration of 1,000 ug/plate, toxicity was observed in the repeat study as it was in
the initia} bioassay. TA 1537 minus S-9 showed a positive mutagenic response
with a resulting slope of 1.67 in the repeat study as compared to 2.04 in the

initial bicassay. The same sample minus S-9 mix using TA 1538 showed a slope of
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TABLE 2., AMES BIOCASSAY (INITIAL AND KEPEAT WITHOUT S-9) OF NATURALLY~ASPIRATED FIAT DIESEL
(WITH CATALYTIC TRAP) EXHAUST PARTICULATE ORGANIC SOLUBLES WITH EM-469-F FUEL
DURING HFET, NYCC, AND 85 KPH

TA98, Numbar of Revertants Per Plate

Metabollio HFET NYCC 85 kph
* Activation, Sample 14 Sample 15 Sapplae 16
Dose, ug/ Plate — §-9 1 2 3 Avg 1 2 3 Avg 1 2 k] Avg
Initial® .

20 No 368 395 402 394 122 nz 126 122 6l 369 402 an

60 No 912 475 861 8831 382 a3 328 341 1030 1044 1041 1038

100 No 1419 1488 1387 1431 500 483 497 493 1443 1407 1361 1404
200 No 2418 2242 2296 2319, 885 815 814 B34 2354 2140 2451 2315
400 No 2993 20667 2853 2904 1473 1371 1521 1455 2655 2694 2852 2734
600 No 3023 3060 3038 3040, 1673 1835 1712 1740 2983 3070 2906 2986

1000 No 2823 2827 2983 2878 1902 1684 2059 1882 2930 2943 2973 2949
Revertants/lg extract® 10.63 3.88 10.36
Regeatd

20 No . 416 368 405 396 97 72 73 81 -398 427 433 421

60 No 943 865 899 ©02 416 450 418 928 1057 1073 1003 1044

100 . No 1496 1435 1392 .1441 471 475 491 479 1290 1270 1548 1369

200 No 2310 2275 2318 2304, 719 771 771 754, 2036 1913 1814 1921

400 No 2932 2890 2960 2930, 1473 1530 1443 1482 2512 2445 2522 2493,

600 No 3087 3025 2983 3032 1721 1679 1733 1711 2848 2888 2636 2857

1000 No 3044 3063 3062 3056 1709 1809 1912 1s8l¢ 3061 2999 2978 3013
Revertants/pg exiract® 10.48 3.38 7.85

8This value 1s the slope of the regression line based on various extract does levels and does not ldentify response
at a particular extract dose since the response is not completely linear over the entire concentxatlor} ‘used.

Not included in the slope determination.

gxnitial ‘TA-98 media, solvent, and positive controls used as per Table 1 .

Repeat TA-98 media, solvent, and positive controls used as per Table 3.
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TABLE 3.

REPORT 1B469

AMES BIOASSAY (REPEAT) OF NATURALLY~-ASPIRATED FIAT DIESEL (WITH CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Metabolia Nunbor of Revertants Per Plate
. Dosa, Mg/ Activation, TA 1535 TA 1537 TA 1538 TA 90
Sample Identification _Plate 89 A A 3w 2 3wy 1D 0T mg O Z M
Media Control No 20 21 13 2! 17 10 11 13 11 8 12 10 128 93 86 102
¥Media Control Yes n 12 10 1 13 21 17 17 94 118 116 109
Solvent Control No 24 21 19 21 12 9 13 11 18 18 8 15 93 83 103 93
(Filter Blank)
Positive Controls
NaNj 0.5 No 185 402 402 394
9AA 50 - No 734 815 608 719
2NP 5 No 2135 2037 1992 2055 2083 2137 2231 2150
228 3 Yes 467 349 371 390 262 226 288 259 2562 2774 2704 2680
Sample 13 20 No 17 29 30 25 24 k)1 29 28 51 49 13 44 183 165 171 173
60 No 17 25 31 24 86 91 a0 86 133 129 137 133 409 371 365 382
100 No 22 24 15 20 179 149 126 151 217 235 212 221 575 593 585 584
200 No 25 27 26 26 430 357 364 384 514 494 491 500 1235 1239 1228 1234
400 No 21 25 1n 17 720 616 606 647 854 825 748 809 1893 1943 2033 1956b
600 No 22 21 19 21 702 664 B59 7425 .485 s16 662 554 2083 2009 1880 2021P
1000 No Toxicity 458 451 453 454® 241 291 221 251 2032 2088 2136 2085P
Revertants/ug extract® 0.00 1.67 2.04 5.93
Sample 13 20 Yes 15 19 14 16 65 63 63 64 156 171 139 155
60 Yes k3 26 12 23 170 182 171 174 311 305 266 294
100 Yes 29 26 26 27 308 348 291 1316 493 471 470 478
200 Yes 56 49 45 so €46 666 607 640 891 956 913 923
400 Yes 49 68 52 56 1067 1085 1060 107i1P 1695 1800 1773 1756
600 Yes 38 is 32 35 1327 1237 1217 1260° 2249 2270 231u 2278P
1000 Yas 6 8 11 8 937 878 774 863 2632 2630 2530 25970
Revertants/ig extract? 0.00 3.23 4.26

“This value is the slope of the regression line based on various dose levels and does not identify response at a particular extract dose
the response is not completely linear over the entire concentration used.

Not included in slope determination.

b
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2.04 in the repeat study which is almost identical to the slope of 2.32 of the
initial bioassay. In the repeat study, TA 98 elicited a strong mutagenic res-
ponse to sample 13 vial 453 in the absence of an S-9 mix. A resulting slope of
§.93 revertants/ug of sample extract was obtained in the repeat study using TA 98

as compared to a slope of 4.50 in the initial bioassay.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results of the initial biocassay. TA 1535 11lustrated
an identical negative response to sample 13 vial 453 in the repeat study as com-
pared to initial bioassay. TA 1538 in the presence of an S-9 mix showed a strong
mutagenic response to sample 13 vial 453 as was observed earlier in the initial
bioassay. In addition, TA 98 {llustrated a strong mutagenic response to sample
13 vial 453 in the presence of an $-9 mix. The resulting slope was 4.26 in the

repeat study as compared to 3.70 in the initial bioassay.

Table 2 shows the results of the initial and repeat bioassays on samples MNo.
14 vial 392, 15 vial 454, and 16 vial 407 using tester strain TA 98 in the
absence of a metabolic activation system. The repeat study illustrates that
sample 14 vial 392 has the highest mutagenic response when compared to the other
two samples. Sample 15 vial 454 shows a slope of 3.38 in the repeat study which
compares favorably with the slope of 3.88 obtained in the inital bioassay.
Finally, sample 16 vial 407 shows a strong mutagenic response with a resulting

slope of 7.85 as compared to a slope of 10.36 obtained in the initial bioassay.
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Introduction

Southwest Foundation for Research and Education Genetic Toxicology Labora-

tory examined four samples for mutagenicity using the Ames Salmonella typhimurium

bioassay. The samples were received on June 25, 1981, and were identified as
sample 17 (vial 481) with a weight of 0.150515 g, sample 18 (vial 415) with a
weight of 0.082663 g, sample 19 (vial 416) with a weight of 0.024751 g, and
sample 20 (vial 417) with a weight of 0.117650 g. An aroclor 1254-stimulated rat
Tiver homogenate metabolic activation system (S9 mix) was included with sample 17
(vial 481) using tester strains TA 98, TA 1535, and TA 1538. In addition, sample
17 (vial 481) was tested in the absence of an S9 mix using tester strains TA98.
TA 1535, TA 1537, and TA 1538. Samples No. 18 (vial 415), 19 (vial 416), and 20
(vial 417) were tested using tester strain TA 98 in the absence of a metabolic

activation system.

A1l samples were dissolved in dimethyl sulfoxide (DMSO) and tested at seven
levels of sample concentration consisting of 20, 60, 100, 200, 400, 600, and
1,000 ug/plate. Each sample concentration was tested in triplicate plates with
and without an S9 mix and on specific tester strains as indicated in the above
paragraph. A complete set of positive and negative controls was incorporated
into the bicassay to illustrate that the system is working well within expected.
optimum ranges. Finally, duplicate bioassay of the above samples and controls

was conducted as a standard procedure to compare and evaluate the data.
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Results

In the initial bioassay, the results indicate that the negative and positive
controls are well within the optimum range established for our laboratory. The
known positive mutagens which we routinely use on specific tester strains with
and without a metabolic activation system clearly illustrate the ability of the
tester strains to incorporate mutagens into their genetic structure causing a
significant increase in the number of revertants over the negative controls

(Table 1).

Sample 17 (vial 481) showed a negative mutagenic response using tester
strain TA 1535 when exposed to the seven sample concentrations in the absence of
an S9 mix. TA 1537 minus S9 mix shows an almost linear mutagenic response
progressively up to a sample level of 200 ug/plate. The resulting slope is of
0.81 revertants/ug. TA 1538 minus S9 mix illustrates a higher mutagenic response
when treated with the same sample concentration. The resulting slope is 1.55
revertants/ug. TA 98 minus S9 mix shows an even greater-mutagenic response with
a slope of 3.3 revertants/ug which is four times greater than the slope for TA

1537.

In the presence of a metabolic activation system, sample 17 (vial 481) shows
a weak mutagenic response on tester strain TA 1535. However, the same sample
with 59 mix at identical chemical concentrations produced mutagenic responses in
TA 1538 and TA 98 with slopes of 1.56 and 2.20 respectively. In TA 1538, the
slope for the sample was identical to that obtained without metabolic activation

whereas the slope obtained with TA 98 was lower in the presence of S$9.
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TABLE 1.

Metabolic
Dose (ug)/ Activation,

Sample Identification _ plate s-9
Media Control . No
Media Control Yos
Solvent Control No
(Filter Blank)
Positive Controls
NaNj 0.5 No
9AA S50 No
2NF 5 No
2AA 3 Yes
Sample 17 20 No
P20-137 s 138 60 No
100 Na
200 No
400 No
600 No
1000 No
Revertants/lig extract® )
Sample 17 20 Yes
$20-.137 & 138 G0 Yes
100 Yes
200 Yes
400 Yes
€00 Yes
1000 Yes

Revértan;s/uq extract®

a
This value is the slope of the regression line based on various extract dose levels and does not identify responsé at a particular extract since

REPORT 2A329
AMES BIOASSAY (INITIAL) OF 1981 OLDSMOBILE CUTLASS DIESEL EXHAUST PARTICULATE
ORGANIC SOLUBLES OBTAINED WITH EM-329-F FUEL DURING FTP

Number of Revertanta Per Plate

TA 1535 TA 1537 TA 1538 TA_98 -
1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg.
21 19 14 18 9 5 11 e 13 13 1 12 22 20 20 21
14 9 12 12 20 24 20 21 29 21 32 27
20 21 22 21 1 12 10 11 12 15 16 14 28 28 24 27
486 480 468 478
551 546 S10 536
2536 2295 2215 2349 2658 2557 2561 2592
666 628 695 663 219 223 215 219 2908 2421 2432 2587
23 14 21 19 22 20 21 21 27 a1 34 34 51 46 47 48
21 21 16 19 55 46 54 52 80 72 09 74 170 163 157 163
12 16 17 1S 94 76 84 85 157" 168 149 158, 291 321 322 312
18 20 20 19 181 172 144 166 199 197 176 191 492 538 453 494
19 17 21 19 232 240 257 243 278 223 267 256b 937 878 853 889D
5 6 5 ) 202 200 213 205 149 153 144 149® 696 656 683 678D
Toxicity Toxicity ' Toxicity Toxicity
-0.02 0.81 1.55 3.30
2 17 1 17 44 43 s8 48 s9  75 64 66
14 14 13 14 117 9 131 115 121 142 128 130
24 26 23 24 216 179 201 199 261 284 266 270
29 36 26 30 343 325 320 329 S36 446 455 479
45 .49 54 49" s84 583 576 S8lb 956 899 832 896
60 51°  sa s6 . 823 836 750 B03d 1319 1268 1353 1280b
61 57 4w 53 845 776 723 781b 1684 1495 1517 1565b
0,04° < 2.20°

the response is not completely linear over the entire concentration used,
Not included in slope determination.

1.56



Table 2 shows the results obtained from the other three samples tested using
TA 98 in the absence of an S9 mix. In the initial bioassay sample 18 (vial 415)
illustrates an almost linear mutagenic response with a resulting slope of 4.85
revertants/ug extract. Toxicity was observed at levels greater than 200
pg/plate. Sample 19 (vial 416) shows a lower mutagenic response than the pre-
vious sample, with a slope of 2.32 revertants/ug. Finally, sample 20 (vial 417)
'shpws an intermediate mutagenic response compared to the other two samples tested
on TA 98 with a slope of 3.18 revertants/ug. In the repeat study, slightly lower

values were obtained, but the relative ranking remained the same.

The duplicate positive and negative controls specific for each tester strain
are given in Table 3. In the repeat study without S9 mix, TA 1535 showed a nega-
tive response to sample 17 (vial 481) which is in agreement with the results
obtained in the initial study. TA 1537 minus S9 mix shows a resulting slope of
0.61 compared to slope of 0.81 obtained in the initial study. TA 1538 shows a
lesser mitagenic response to sample 17 (vial 481) in the repeat study comparad to
the initial assay. The resulting slope is 1.23 revertantz/ug in the repeat study
-compared to 1.55 in the initial bioassay. In the repeat study, the mutagenicity
in TA 98 was slightly lower than in the initial study. Under identical sample
concentrations TA 98 showed an average slope of 2.94 revertants/ug compared to

3.3 initially.

In the presence of a metabolic activation systém the above sample results
compared favorably with the results obtained from the initial bioassay. In the
repeat study TA 1535 shows a ‘slop_e of 0.06 revertants/ug which is in agreement
¥ith a slope of 0.04 in the initial bioassay. TA 1538 illustrates a slope of
1.24 compared to a slope of 1.56 obtained in the initial bioassay and finally, TA

98 shows -a slope of 1.74 as compared to a slope of 2.20 in the initial bioassay.

p-35



9¢~d

REPORT 2A329

TABLE 2. AMES BIOASSAY (INITIAL & REPEAT WITHOUT S-9) OF 1981 OLDSMOBILE CUTLASS DIESEL
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329-F DURING HFET, NYCC, AND 85 KPH

TA98, Number of Revertants Per Plate

Metabolic WFET WYCC 35 hph

Activation, ~ Sample 19, P20-139 Sample 19, P20-140 Sample 20, P20-141

Dose (jgq)/plate S-9 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg.
Initial®

20 .No 203 209 195 202 a6 11 43 40 96 94 92 4

60 No 421 34 382 186 141 115 129 128 249 265 2331 249

100 No 664 653 591 617 252 226 214 231 482 448 433 454
200 No 1109 10S8 1042 1070 476 417 472 455 770 808 723 767
400 No 1671 1603 1576 1617b a24 827 877 843b 1231 1381 1344 1319
600 No 1828 1894 1833 1852b 1060 1028 981 1023b 1339 1404 1400 1381b
1000 No 1797 1812 1730 1780P 1275 1101 1104 1160P 1567 1378 1170 1372b
Revertants, lig extract® 4.85 2.32 3.18

Reneatd

20 No 98 120 117 112 32 3 34 33 52 68 78 66

60 Yo 267 291 263 274 106 103 103 104 172 146 168 162

100 No 447 437 497 460 146 182 152 160 312 310 35 312
200 No 861 B850 Bl0 840 32 366 332 337 544 568 512 541
400 No 1447 1443 1370 1420b 661 671 616 649b 1030 1054 951 1012
600 No 1653 1617 1632 16340 884 as8 880  BASb 1229 1204 1158 1197P
1000 No 1680 1708 1724 1704P 1188 1214 1153 118sP 1203 1453 1424 13950
Revertants, ug extract® 4.05 1.68 2.48

%This value is the slope of the regreasion line based on varlous extract dose
response at a particular extract since the response is not completely linear
byot included in slope determination.

€Initial TA-98 media, solvent, and positive controls used as per Table 1.
dRepeat TA-98 media, solvent, and positive controls uned as par Table 3.

levels and does not identily
over the entire concentration used.
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TABLE 3.

AMES BIOASSAY (REPEAT) OF 1981 OLDSMOBILE CUTLASS DIESEL EXHAUST PARTICULATE
ORGANIC SOLUBLES OBTAINED WITH EM-329-F FUEL DURING FTP

Metabolic
Dose (hg)/ Activation,

REPORT 2A329

Number of Revertants Fer Plate

Sample Identification __ plate S-9
Media Control No
Media Control Yes
Solvent Control No
(Filter Blank) )
Positive Controls
NaN3 0.5 No |
9AA 50 No
2NF 5 No
2AR 3 Yes
Sample 17 20 No
P20-137 & 138 60 No
100 No
200 No
400 No
600 No
1000 No
Revertants/\g extract®
Sample 17 20 Yes
p20-137 & 138 60 Yes
100 Yes
. 200 Yes
400 Yes
600 Yes
1000 Yes

Revertants/ug extract™

a . . - .
This value is the slope of the regression line based on various extract dose levels and does not identify response at a particular extract since

the response ls not complaetely linear aver the entire concentration used.
Not 1:=luded in slope deotermination.

TA 1535 TA 1537 TA 1518 TA 98
A2 3 Avg. 2 20 3 Avg. )2 3 Avg. 1 2 3 Avg.
29 Il 24 n 10 7 9 9 11 15 14 13 27 24 21 24
14 14 17 15 20 18 23 20 37 32 3 33
30 25 25 27 8 4 8 7 15 10 14 13 32 30 30 k)
453 474 495 474
653 631 550 611

2524 2472 2331 2442 2319 2297 2341 2319

$85 561 613 586 583 692 510 595 2724 2838 2920 2827
29 22 18 23 27 18 17 21 a1 30 25 32 54 58 52 55
22 15 27 21 32 a5 44 40 7€ 88 77 81 97 114 150 120
24 21 24 23 73 84 62 73 141 118 131 130 281 310 280 290
13 26 29 23 143 123 120 129 178 165 182 175b 495 485 451 477P
19 17 24 20 144 175 159 159b 225 224 274 24P 731 833 783 784D
Toxicity 90 61 98 83b 137 156 159 1s1b 807 825 ‘925 @&s52b
Toxicity Toxicity Toxicity 659 560 653 6240
-0.01 0.61 1.23 2.94

9 10 15 11 47 34 46 42 48 62 69 60
14 14 14 14 81 82 80- 81 121 119 129 123
29 33 27 30 146 162 156 155 185 172 184 183
28 32 32 1l 263 268 251 261 353 355 342 350
52 41 .54 49 421 512 427 453b 768 667 718 718
58 53 54 55 673 670 632 658b 1019 835 904 936b
61 &6 77 63 757. 736 691 7280 1213 3152 1151 1172b
0.06 1.24 1.74



In summary, sample 17 (vial 481) is nonmutagenic in TA 1535 without meta-
bolic activation and only weakly mutagenic in the presence of S9. No increase in
mutagenic activity was observed in TA 1538 with metabolic activation, but without
metabolic activation the activity was greater than that observed in TA 1537. The
highest activity was observed in TA 98 without metabolic activaticn and this
activity decreased in the presence of $9. The relative mutagenicity of the other
samples in TA 98 without metabolic activation is sample 18 (vial 415) > sample 20
(vial 417) > sample 19 (vial 416).
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Introduction

Southwest Foundation for Research and Education examined four samples for

mutagenicity using the Ames Salmonella typhimurium bioassay. The samples were
received on August 8, 1981, and were identified as sample 21 (vial 526) with a
weight of 0.170525 g, sample 22 (vial 512) with a weight of 0.093687 g, sample 23
(vial 602) with a weight of 0.027680 g, and sample 24 (vial 513) with a weight of
0.128568 g. An Aroclor 1254-stimulated rat liver homogenate metabolic activation
system (S9 mix) was included in sample 21 (vial 526) using tester strains TA 98,
TA 1535, and TA 1538. In addition, sample 21 (vial 526) was tested in the
absence of an S9 mix using tester strains TA 98, TA 1535, TA 1537, and TA 1538.
Samples No. 22 (vial 512), 23 (vial 602), and 24 (vial 513) were tested using

tester strain TA 98 in the absence of a metabolic activation system.

A1l samples were dissolved in dimethyl sulfoxide (DMSO) and tested at seven
levels of sample concentration consisting of 20, 60, 100, 200, 400, 60C, and 1000
ug/plate. Each sample concentration was tested in triplicate with and without an
S9 mix and on specific tester strains as indicated in the above paragraph. A
complete set of positive and negative controls was incorporated into the bioassay
to demonstrate that the system was working well within optimum ranges. Finally,
a duplicate bioassay of the above samples and controls was conducted as a stan-

dard procedure to compare and evaluate the data.
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Results

In the initial bioassay, the results indicate that the negative and positive
controls are well within the optimum range established for our laboratory. The
known positive mutagens which we routinely use on specific tester strains with
and without an S9 mix clearly illustrate the ability of the tester strains to
incorporate mutagens into their genetic structure causing a significant increase

in the number of revertants over the negative controls (Table 1).

Sample No. 21 (vial 526) showed a negative mutagenic response on tester
strain TA 1535 when exposed to the seven chemical levels in the absence of an S9
mix. Toxicity was observed at levels greater than 200 ug/plate. TA 1537 minus
$9 mix illustrated a positive mutagenic response shqwing an almost linear
response up to a chemical concentration of 200 ug/plate with a resulting slope of
0.96 revertants per ug of samplie extiact. Toxicity was observed at levels
greater than 200 ug/plate. TA 1538 minus S9 mix showed a greater mutagenic
response than TA 1537. At 100 ug/plate, there was an average of 183 revertants/-
plate. The resulting slope was 1.71 revertants/ug of sample extract. Toxicity
was observed at higher levels of extract. In the absence of $S9 mix, TA 98 demon-
strated the greatest mutagenic response on the above sample. At 400 ug/plate
there was an average of 1336 revertants/plate with a resulting slope of 3.18

revertants/ug of sample extract.

In the presence of an activation system, the same sample illustrated a very
weak mutagenic response on tester strain TA 1535. Mutagenicity was observed in
tester strains TA 1538 and TA 98. At 200 ug/plate, TA 1538 responded with ar
average of 490 revertants/plate with a resulting slope of 2.27. TA 98 exhibited
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TABLE 1.

REPORT 23469
AMES BIOASSAY (INITIAL) OF 1981 OLDSNOBILE CUTLASS DIESEL EXHAUST PARTICULATE
ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Motabolic Numbor of Revertanta Per Plate
Dose (pg)/ Activation, TA 1515 TA 1537 TA 1518 TA 98
Sample Identification plate S-9 X 2 3 Avg. 0 2 3 Avg. 1 2 3 Avg. i 2 3 Avg.
Media Control No 19 16 17 17 23 ] 13 15 13 10 15 13 23 16 19 19
Media Control Yes 17 10 12 13 21 ] 25 18 31 34 39 35
Solvent Control No 20 17 22 20 12 6 20 13 15 14 13 14 20 24 24 23
(Filtex Blank) ‘
Positive Controlg
NaNj 0.5 No 390 390 329 370
9AA Sa No 1043 723 643 B0}
NP 5 No 2485 2372 2514 2457 2476 2498 2554 2509
2AM k| Yes 453 444 439 445 1761 1666 1543 1657 1873 2277 2074 2075
Sample 21 20 No 18 19 19 19 k!:) kL1 34 35 41 49 47 46 77 71 59 69
P20-181 & 182 60 No 18 22 26 22 75 70 47 64 161 159 121 148 278 289 281 283
100 No 23 19 20 21 95 113 100 103 187 176 186 183 556 493, 536 524
200 No 22 23 10 18 203 214 197 205 190 235 217 214b 762 801 741 768
400 No Toxicity 137 170 212 173b Toxicity 1413 1369 1227 1336
600 No Toxicity Toxicity Toxicity 1316 1434 1510 l420b
1000 No Toxicity Toxicity Toxicity 1256 1367 1391 1338b
Revertants/ug extract® . - -0.01 0.96 1.11 3.18
Sample 21 20 .Yes 15 13 12 13 76 8o 20 82 70 93 105 . 89
P20~ 181 & 182 60 Yes 29 11 27 22 187 164 167 173 207 174 196 192
* 100 Yes 30 32 34 32 301 263 303 289 396 342 411 333
200 Yes 35 47 41 a1 555 495 420 430 799 743 644 729
400 Yes 62 70 62 65 897 847 B45 863 1472 1305 1346 1374
600 Yes €9 49 49 56 1002 1030 990 1007b 1784 1719 1632 1712b
1000 Yes 30 38 39 36 904 798 731 8Ilb 2151 2108 2004 2088b
Revertants/ug extract® 0,02 2.27

%his value is the slope of the regression line based on various extract dose

e

the response is not completely linear over the entire concentration used.

Not included in slope

determination.

levels and does not 1dentify response at a particular extract since
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an increased mutagenic response to the sample when S9 was employed with an‘
average of 1374 revertants/plate at a sample concentration of 400 ug/plate. The
resulting slope was 3.42 revertants/ug of sample extract. The S9 fraction

appeared to protect the TA 98 strain from toxicity observed without an activation

system.

Table 2 illustrates the results obtained from the other three samples tested
using TA 98 in the absence of a metabolic activation system. In the initial
bioassay, sample 22 (vial 512) illustrated a fairly strong mutagenic response in
the absence of an S9 mix. At 100 ug/plate TA 98 showed an average of 819
revertants/plate with a resulting slope of 6.21 revertants/ug of sample extract.
Sample 23 (vial 602) had a slone of 3.36 revertants/ug of sample extract with an
average of 663 revertants at a sample concentration of 200 ug/plate. Sample 24
(vial 513) in the absence of S9 mix showed an average of 1035 revertants at a
sample concentration of 200 ug/plate with a resulting slope of 4.76 revertants/ug

of sample extract.

Table 2 also shows the results of the repeat bioassays on samplés No. 22
(vial 512), 23 (vial 602), and 24 (vial 513) using tester strain TA 98 in the
absence of a metabolic activation system. The repeat study of sample 24 (vial
513) demonstrated the highest mutagenic response when compared to the other two
samples. Sample 23 (vial 602) exhibits the lowest mutagenicity of these samples
with a s1ope of 2.55 in the repeat study which compares favorably with the slope
of 3.36 obtained in the inital bioassay. Finally, sample 22 (vial 512) shows an
intermediate mutagenic response in the repeat bioassay with a resulting slope of
3.38 as compared to a slope of 6.21 obtained in.the initial biocassay. Lower

values were obtained with sample 22 (vial 512) and sample 23 (vial 602) in the
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REPORT 2A469
TABLE 2. AMES BIOASSAY (INITIAL & REPEAT WITHOUT S$-9) OF 1981 OLDSMOBILE CUTLASS DIESEL
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F DURING HFET, NYCC, AND 85 KPH

TA98, Number of Revertanta Per Plate

Metabolic HFET NYCC 85 kph
Activation, Sample 22, P20-183 Sample 23, P20-various Sample 24, P20-185

Dose (pg) /plate s-9 A 2 3 Aag., 1 23 Avg. L 2 3 Avg.
Initial® .

20 No 299 364 303 322 67 69 65 67 182 179 173 178

60 No 5§17 480 ‘17 491 174 162 170 169 380 366 364 370

100 No 91k 795 750 819 301 288 273 287 594 596 541 577

200 No 1342 1320 1252 1305b 645 697 646 663 1100 1049 956 1035

400 No 1940 1942 1930 1937P 1019 1087 1083 1063P 1605 1567 1464 1545b

600 No 2112 1982 2046 2047b 126 1190 1112 1173b 1955 2044 1861 1953P

1000 No 2070 2107 21%9 znged 1353 1275 1393 1340b 1868 1969 1993 1943

Revertants, Hg extract® 6.21 3.36 4.76

a
Repeat

20 No 265 279 281 275 62 66 63 64 138 137 170 148

60 No 381 399 412 397 187 171 146 168 350 328 276 318

100 No 558 560 493 537 284 240 273 266 510 518 540 523

200 No 715 694 721 710P 525 532 515 524 1031 992 817 980

400 No 2018 1982 1938 197yb 867 923 837 876b 1474 1438 1445 1452b

600 No 2293 2212 2159 2221 1086 1016 1112 1078P 1811 1808 1611 1743P

1000 No 2109 2107 2073 2096P 853 976 1046 958b 1733 1640 1488 620D

Revertants, Hg extract® 3.28 2.55 4.65

®This value s the slope of the ragression line bared on various extract dose levels and doen not identify

response at a particular extract since the response is not cocpletely linear over the entire concentration used.
brot included in slope determination.

CInitial TA-98 media, solvent, and positive controls used as per Table 1.
dRepear. TA-98 media, solvent, and positive controls used as per Table 3.



repeat assay but sample 24 (vial 513) was nearly identical. Toxicity was
observed in all samples at levels greater then 200 ug/plate and in sample 22

(via] 512) at levels greater than 100 ug/plate.

Table 3 demonstrates the results of the duplicate bioassay of the four sam-
ples tested. The positive and negative controls nearly duplicated the revertant
numbers specific for each tester strain as compared to the initial.bioassay
described in Table 1. However, a reduced number of mutants was observed with
2-aminoanthracene in the repeat bioassay. The spontaneous mutatipn rate for TA
98 in-the repeat bioassay was greater than in the initial study; however, the
positive controls illustrate the ability of TA 98 to revert upon exposure to a
known mutagen, 2-nitrofluorene. In the repeat bioaésay minus an S9 .mix, TA
1535 showed a weakly positive response when exposed to sample No. 21 (vial 526).
At a sample concentration of 400 ug/plate, toxicity was observed in the repeat
study as it was in the initia! bioassay, although less toxicity was observed in
the repeat study. The slope for sample 21 (vial 526) in TA 1537, 1.21 was some-
what greater than that obtained in the initial bioassay, 0.96. The same sample
minus S9 mix using TA 1538 aemonstrated a slope of 2.16 in the repeat study which
is greater then thg slope of 1.76 in the initial bioasséy. In the repeat study,
TA 98 elicited the greatest mutagenic response to sample 21 (vial 526) in the
absence of an S9 mix. A resulting slope of 3.30 rever@ants/ug of sample extract
was obtained in the repeat study using TA 98 as compareq to a slope of 3.18 in

the initial bioassay.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results of the initial bioassay. TA 1535 illustrated

a nearly identical weak response to sample 21 (vial 526) in the repeat study as
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- REPORT 2Aa&9
TABLE- 3. AMES BIOASSAY (REPEAT) OF 1981 OLDSMOBILE CUTLASS DIESEL EXHAUST PARTICULATE
ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURINCG FTP

Metabolic Number of Revertants Per Plate .
Dose (M9)/  Activation, TA 1535 TA 1537 TA 1538 Th 98
Sample Identification plate S-9 1 2 3 Avg. A 2 3 Avg. 2 3 Avgq. 1. 2 3 Avg.
Media Control No 20 28 28 25 18 19 12 16 19 20 21 20 38 52 20 37
Media Control Yes 18 15 21 18 29 30 31 30 40 38 44 41
Solvent Control No 26 28 24 26 11 26 11 16 10 19 25 18 36 27 35 33
(Filter Blank)
Positive Controls
NaN3 0.5 No 405 368 443 405
9AR 50 No 1152 1191 1153 1165
2NF S No 2732 2644 2813 2730 2515 2739 2499 2584
2AA 3 Yes 266 258 274 266 492 453 465 470 407 470 504 460
Sampla 21 20 No 22 18 21 20 36 13 37 35 62 65 57 61 83 79 94 a5
P20-181 & 182 60 No 29 30 24 28 83 80 84 a2 133 144 133 137 215 245 236 232
100 No 36 33 30 kk} 140 121 132 13 237 240 225 234 557 505 541 534
200 No 38 3 31 34 264 265 229 253 38l 33 316 346b 825 880 903 869
400 No 24 24 34 27b 132 3 307 317b 237 264 264 255b 1341 1387 1329 13s2
600 No 20 29 24 24b Toxicity Toxicity 1473 1512 1444 1476b
1000 No Toxicity Toxicity Toxicity 1422 1548 1627 1532P
Revertants/ug extract® 0.07 1.21 2.16 3.30
Sample 21 20 Yes 27 20 12 20 97 91 80 B9 94 80 100 91
p20-181 & 182 60 Yes 29 33 27 30 193 188 192 191 185 236 208 210
' 100 Yes 33 33 32 33 353 344 306 334 417 369 353 80
200 Yes 61 67 51 60 520 497 541 519 793 730 731 751
) 400 Yes 78 102 89 20 1029 %41 981 9g4b 1365 1464 1305 1378
600 Yes 91 102 92 95 1097 1120 1131 1iléb 1541 1697 1680 1739P
1000 Yes 55 67 57 60 1009 924 839 924b 2264 2115 2147 2175b
Revertants/ug extract® c.05 2.39 3.41

a
This value is the slope of tha regreasion line based on various extract dose levels and does not identify response at a particular extract since
the response is not completely linear over the entire concentration used.

Not included in slope determination.



compared to initial bioassay. TA 1538 in the presence of an S9 mix showed a
slightly greater mutagenic response to sample 21 (vial 526) as was observed
earlier in the initial bioassay. In addition, TA 98 exhibited the strongest
mutagenic response to sample 21 (vial 526) in the presence of an $9 mix. The
resulting slope was 3.41 in the repeat study as compared to 3.42 in the initial

bioassay.

In summary, sample 21 (vial 526) was very weakly mutagenic in TA 1535 with
-or without activation, although the presence of S9 elevates the slope slightly
over baseline. A positive response was obtained in strains TA 1537 (without
activation), and TA 1538 and TA 98, with and without activation. In TA 1538
and in TA 98, S9 enhanced mutagenic activity. Samples 22 (vial 512), 23 (vial

602), and 24 (vial 513) were mutagenic in TA 98 without metabolic activation.
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Introduction

Southwest Foundation for Research and Education examined four samples for

mutagenicity using the Ames Salmonella typhimurium bioassay. The samples were

received on August 8, 1981, and were identified as sample 25 (vial 587) with a
weight of 0.287070 g, sample 26 (vial 545) with a weight of 0.079832 g, sample 27
(vial 546) with a weight of 0.045799 g, and sample 28 (vial 547) with a weight of
0.093887 g. An aroclor 1254-stimulated rat liver homogenate metabolic activation
system (59 mix) was included in sample. 25 (vial 587) using tester strains TA 98,
TA 1535, and TA 1538. In addition, sample 25 (vial 587) was tested in the
absence of an S9 mix using tester strains TA 98, TA 1535, TA 1637, and TA 1538.
Samples No. 26 (vial 545), 27 (vial 546), and 28 (vial 547) were tested using

tester strain TA 98 in the absence of a metabolic activation system.

A1l samples were dissolved in dimethyl sulfoxide (DMSO) and tested at seven
levels of sample concentration consisting of 20, 60, 100, 200, 400, 600, and 1000
ng/plate. Each sample concentration was tested in triplicate plates with and
without an S9 mix and on specific tester strains as indicated in the above para-
graph. A complete set of positive and negative controls was incorporated into
the bioassay to i]]ustrqte that the system is working well within optimum ranges.
Finally, an identical repeat of the above samples and controls was conducted as a

standard procedure to compare and evaluate the data.
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Results

In the initial bioassay, the results indicate that the negative and positive
controls are well within the optimum range established for our laboratory. The
known positive mutagens which we routinely use on specific tester strains with
and without an S9 mix clearly illustrate the ability of the tester strains to
incorporate mutagens into their genetic structure causing a significant increase

in the number of revertants cver the negative controls (Table 1).

Sample No. 25 (vial 587) showed a very weak mutagenic response on tester
strain TA 1535 when exposed to the seven chemical levels in the absence of an S9
mix. TA 1537 minus S9 mix illustrated a positive mutagenic response showing an
almost linear response up to a chemical concentration of £00 ug/plate with a
resulting slope of 0.757 revertants per ug of sample extract. TA 1538 minus S9
mix showed a slightly higher mutagenic response than TA 1537. At 400 ug/plate,
there was an average of 421 revertants per plate. The resulting slope was 1.04
revertants/ug of sample extract. Toxicity was observed at 600 and 1000 ug/plate.
In the absence of S9 mix, TA 98 illustrated the highest mutagenic response on the
above sample. At 400 ug/plate there was an average of 1242 revertants per plate

with a resulting slope at 3.17 revertants/ug of sample extract.

In the presence of an activation system, the same sample illustrated a very
weak mutagenic response on tester strain TA 1535. Mutagenicity was observed in
tester strains TA 1538 and TA 98. At 600 ug/plate, TA 1538 responded with an
average of 900 revertants/plate with a resulting slope of 1.50. TA 98 exhibited
a2 decreased mutagenic response to the sample when S9 was employed with an average

of 1837 revertants per plate at a sample concentration of 1000 ug/plate. The
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TABLE 1.

REPORT 3A329
AMES BIOASSAY (INITIAL) OF TURBOCHARGED FIAT DIESEL (NO CATALYST) EXHAUST PARTICULATE

ORGANIC SOLUBLES OBTAINED WITH EM-329-F FUEL DURING FTP

Matabolic Number of Revertants Per Plate
Dose (Hg)/  Activation, TA 1535 TA 1537 TA 1538 TA 96
Sample Identification plate s-9 A 20 3 Avg. ) 2 3 Avg. 1 2 3 Aavg. 1 2 3  Avg.
Media Control No 17 17 23 19 5 5 9 6 7 10 16 11 23 19 15 19
Media Control Yes 8 12 17 12 15 15 24 18 35 32 36 31
Solvent Control . No 15 24 21 20 9 5 ] ) 14 19 16 16 20 28 il 28
(Filtar Blank) ‘
Positive Controls :
NaN3 0.5 No 329 350 325 2315
LY 50 No 344 446 505 43
2NF S Ro 23115 2241 2366 2307 2332 2397 2190 2309
2AA 3 Yon 240 226 249 230 443 6311 442 505 2943 2985 2900 2943
Sample 25. 20 No 20 20 21 20 12 14 20 15 44 30 41 k1] 55 55 62 57
P20-197 & 198 . 60 No 20 21 19 20 3o 37 43 37 76 79 76 7 185 174 179 179
100 No 15 19 22 19 62 5] 5% 57 120 124 1280 127 261 2%  2%4 256
200 No 30 20 20 26 179 167 140 162 30} 205 277 288 662 675 657 665
400 No 19 21 30 2) 38 326 300 s 431 405 428 421 1235 1249 1243 1242
600 No 21 26 21 23 471 470 368 436 625 609 610 615b 1644 1538 1417 1533b
1000 No 29 26 21 25 629 591 488 569D 625 665 594 6280 1736 1885 1826 1849b
Revertants/lig extract® 0.005 0.757 1.04 3.17
Sample 25 20 Yes 11 8 13 11 73 55 66 65 70 80 62 75
$20-197 ‘& 198 60 Yes 11 15 14 13 89 92 93 91 130 107 106 ‘114
’ 100 Yes 11 17 22 17 149 156 145 150 160 151 148 153
¢ 200° Yes 21 27 29 26 366 343 348 352 438 399 367 401
400 Yes 43 41 42 42 627 666 686 660 942 939 886 922
600 Yes 61 58 56" 58 928" 925 848 900 1266 1229 1190 11228
1000 Yes 65 54 53 57 1307 1229 1171 1236b 1980 1889 1643 1837.
Revertants/ng extract® 0.05 1.50 1.88

v

This value is the slope of the regreqs.lon line based on various extract dose levels .and does not identify response at a particular extract since
the response is not comletely linear over the entire concentration used.
Not included in slope determination.



resulting siope was 1.88 revertants per pg of sample extract. The S9 fraction
appeared to protect the TA 98 strain from toxicity observed without an activation

system.

Table 2 shows the results obtained from the other three samples tested using
TA 98 in the absence of a metabolic activation system. In the initial bioassay,
sample 26 (vial 545) illustrated a mutagenic response in the absence of an S9
mix. At 600 ug/plate TA 98 showed an average of 1712 revertants per plate with a
resulting slope of 2.93 revertants/ug of sample extract. Sample 27 (vial 546)
illustrated a slope of 1.39 revertants per ug of sample extract with an average
of 814 revertants at a sample concentration of 600 ug/plate. The last sample in
the initial bioassay exhibited the strongest mutagenic response. Sample 28 (vial
547) in the absence of S9 mix showed an average of 1405 revertants at a sample
concentration of 400 ug/plate with a resulting slope of 3.40 revertants/ug of

sample extract.

Table 3 and Table 2 show the results of the replicate testing of the four
samples tested in the bioassay. The repeated positive and negative controls
nearly duplicated the revertant numbers specific for each tester strain as com-
pared to the initial bioassay described in Table 1. The spontaneous mutation
rate for TA 98 in the repeat bioassay was higher than the initial study; however,
the positive controls illustrate the ability of TA 98 to revert upon exposure to
a known mutagen. In the repeat study minus an S9 mix, TA 1535 showed a negative
response when exposed to sample No. 25 (vial 587). At the highest sample concen-
tration of 1,000 ug/plate, toxicity was observed in the repeat study as it was in
the initial bioassay. The slope for sampla 25 (vial 587) in TA 1537, 0.766, was
nearly identical to tha* obtained in the initial bioassay, 0.757. The same
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REPORT 3A329
TABLE 2. AMES BIOASSAY (INITIAL AND REPEAT WITHOUT S-9) OF TURBOCHARGED FIAT DIESEL (NO CATALYST)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM~-329~F FUEL DURING HFET, NYCC, AND 85 KPH

TAOU, Number of Ravertanta Par Plate

Hetabolio HPET NYCC 85 kph
Activation, Bample 26, P2N-199 Sample 27, P20-200 Bampla28, P20-201
Dose (yig)/plate 5~9 1 2 ] Avq. 1 2 3 Avg. 1 2 3 Avg.
Initial ©
20 No . 78 60 80 73 52 44 66 54 127 100 123 117
60 . No 172 193 214 193 78 91 92 87 260 286 264 270
100 No 314 326 325 322 187 155 175 172 395 e [1: ] 404 389
200 No 646 €02 652 660 328 337 319 327 651 815 724 797
400 No 1378 1315 1321 1338 32 671 694 666 1417 1399 1400 1405
600 No 1511 1838 1788 1712 815 833 794 Gldb 1833 1850 1781 1821P
1000 No ‘ 2319 2260 2180 2253b 113} 1214 1111 1152 1993 21c9 1981 2028b
Revertants, g extractd 2,91 1,39 3.40
F.cgeatd
20 No 7 84 74 78 s1 37 46 45 119 90 123 111
60 No 218 168 210 193 119 110 108 112 252 281 223 252
© 100 No 460 392 357 403 241 210 220 224 397 385 393 392
200 No 647 697 718 687 352 342 1318 337 797 810 697 768
400 No’ 1430 1301 1417 1383 732 702 €76 703 1471 1313 1308 1364
600 No 1790 1698 1462 1650 956 932 849 812 .1743 1800 1720 1754b
1000 Ho 1950 2022 2115 202%b 1210 1262 1151 1208b 1992 1875 1815 1894P
Revertants, Ug extract® . 2.82 1.52 3.3

2This value s tie slope of the regression line based on various extract dose levels and does not identify
response at a particular extract since thé xesponqe is not completely linear over the entire concentration. used.
bot included in slopé determination.

glnitlal TA~ 98 media, solvent, and posl.tiva controls used as per Table 1.

Repeat TA-98° media, solvent, and positive controls used as per Table 3.
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TABLE 3.

REPORT 3A329

ORGANIC SOLUBLES OBTAINED WITH EM~329~F FUEL DURING FTP

AMES BIOASSAY (REPEAT) OF TURBOCHARGED FIAT DIESEL (NO CATALYST) EXHAUST PARTICULATE

Metabolic NHumber of Revertants Per Plate ,
bose (ug)/ Activation, TA 1535 TA 1537 TA 1538 TA 98
Sample Identification plate s-9 1 2 3 Avy. 1 2 3 Avg. 1 2 3 Avqg. 1 2 3 Ava,
Media Control No 3 25 kX 30 16 13 13 14 21 14 20 18 28 40 31 33
Medla Control Yes 10 22 17 16 21 21 22 21 29 40 43 37
Solvent Control No 23 26 il 27 8 13 8 10 9 21 24 18 27 38 30 32
(Filter Blank) .
Positive Controls -
NaNj 0.5 No 238 220 254 237
9AA 50 No 399 366 jol 355
2NP S No 2395 2483 2529 2469 2361 2473 2446 2447
2AA 3 Yes 436 384 432 417 1527 1418 1668 1538 2341 2644 2540 2508
Sample 25 20 No 32 29 3 k) 20 22 21 21 3 54 e 44 79 66 54 66
P20- 197 & 198 60 No 23 0 24 26 % 42 42 40 88 8l 89 86 3173 154 141 156
100 No 24 28 30 27 71 54 58 61 23 115 107 105 288 263 240 264
200 No 3 25 34 31 181 150 166 166 231 279 248 269 628 662 577 622
400 No 23 25 29 26 356 368 3o2 342 442 432 442 439 1268 1112 1070 1150
600 No 24 25 25 28 433 463 420 439 566 547 464 526 1512 1326 1371 i0oeP
1000 No 19 18 20 19 569 540 545 551b 556 545 528 543> 1761 1704 1M1 17250
Revertants/Hg extract® -0.008 0.766 1.07 2.92
Sample 25 20 Yes 20 17 29 22 72 58 59 63 75 77 64 72
P20- 197 & 198 60 Yes 20 28 15 21 119 121 95 112 146 131 116 131
100 Yes 18 17 19 18 173 156 146 158 175 138 138 150
200 Yes 37 15 26 2 339 328 350 339 48] 496 437 471
400 Yes 38 43 41 41 688 602 583 624 929 82]1 856 869
600 Yes .59 68 56 6l 837 872 712 827 1187 1190 1150 1176
1000 Yes 77 68 65 70 1177 1202 1145 1175b 1811 1755 1708 1758
Revertants/ug extract?® 0.06 1.36 1.77

a .
This value is the slope of the regression line based on various extract dose levels and does not identify response at a particular extract since

the response is not completely linear over the entire concentration used,
Not included in slope determination.



sample minus S9 mix using TA 1538 showed a slope of 1.07 in the repeat study
which is almost identical to the slope of 1.04 of the initial bioassay. In the
repeat study, TA 98 elicited the greatest mutagenic response to sample 25 (vial
§87) in the absence of an S9 mix. A resulting slope of 2.92 revertants/ug of
sample extract was obtained in the repeat study using TA 98 as compared to a

slope of 3.17 in the initial bioassay.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results of the initial bioassay. TA 1535 illustrated
an identical weak response to sample 25 (vial 587) in the repeat study as com-
pared to initial bioassay. TA 1538 in the presence of an S9 mix showed a
stronger mutagenic response to sample 25 (vial 587) as was observed earlier in
the initial bioassay. In addition, TA 98 exhibited the strongest mutagenic
response to sample 25 (vial 587) in the presence of an S9 mix, although this
value was lower than that obtained without the S9 mix. The resulting slope was

1.77 in the repeat study as compared to 1.88 in the initial bioassay.

Table 2 shows the results of the initial and repeat bioassays on samples No.
26 (vial 545), 27 (vial 546), and 28 (vial 547) using tester strain TA 98 in the
absence of a metabolic activation system. The repeat study illustrates that
sample 28 (vial 547) has the highest mutagenic response when compared to the
other two samples. Sample 27 (vial 546) shows the lowest mutagenicity of these
samples with a slope of 1.52 in the repeat study which compares favorably with
the slope of 1.39 obtained in the inital bjoassay. Finally, sample 26 (vial 545)
shows an intermediate mutagenic response with a resulting siope of 2.82 as

compared to a slope of 2.93 obtained in the initial bioassay.
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In summary, sample 25 (vial 587) was nonmutagenic in TA 1535 with or without
activation, although the presence of S9 elevates the slope slightly over base-
line. A positive response was obtained in strains TA 1537 (without activation),
and TA 1538 and TA 98, without and without activation. In TA 1538, S9 enhances
mutagenic activity, while in TA 98, the activity decreased with $9. Samples 26
(vial 545), 27 (vial 546), and 28 (vial 547) were mutagenic in TA 98 without
metabolic activation. The relative activity obtained was sample 28 (vial 547) >

sample 26 (vial 545) > sample 27 (vial 546).
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Introduction

Soutiwest Foundation fcr Research and Education examined four samples for

mutagenicity using the Ames Salmonella typhimurium biocassay. The samples were

received on August 20, 1981, and were identified as sample 29 (vial 630) with a
weight of 0.411470 g, sample 30 (vial 594) with a weight of 0.100163 g, sample 31
(vial 579) with a weight of 0.045719 g, and sample 32 (vial 590) with a weight of
0.115647 g. An Aroclor 1254-stimulated rat liver homogenate metabolic activation
system (S9 mix) was included in sample 29 (vial 630) using tester strains TA 98,
TA 1535, and TA 1538. In addition, sample 29 (vial 630) was tested in the
absence of an S9 mix using tester strains TA 98, TA 1535, TA 1537. and TA 1538.
Samples No. 30 (vial 594), 31 (vial £79), and 32 (vial 590) were tested using

tester strain TA 98 in the absence of a metabolic activation system.

All samples were dissolved in dimethyl sulfoxide (DMSO) and tested at seven
levels of sample concentration consisting of 20, 60, 100, 200, 400, 600, and 1000
ug/plate. Each sample concentration was tested in triplicate with and without an
S9 mix and on specific tester strains as indicated in the above paragraph. A
complete set of positive and negative controls was incorporated into the bioassay
to demonstrate that the system was working within opiimum ranges. Finally, a
duplicate bioassay of the above samples and controls was conducted as a standard

procedure to compare and evaluate the data.
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Results

In the initial bioassay, the results indicate that the negative and positive
controls are well within the optimum range established for our laboratory. The
known positive mutagens which we routinely use on specific tester strains with
and .without an S9 mix clearly illustrate the ability of the tester strains to
incorporate mutagens into their genetic structure causing a significant increase

in the number of revertants over the negative controls (Table 1).

Sample No. 29 (vial 630) showed a negative mutagenic response on tester
strain TA 1535 when exposed to the seven chemical levels in the absence of an S9
mix. TA 1537 minus S9 mix illustrated a positive mutadenic response showing an
almost 1inear response up to a chemical concentration of 400 ug/plate with a
resulting slope of 1.22 revertants/ug of sample extréct. Toxicity was observed
at levels greater than 400 ug/plate. TA 1538 minus S9 mix showed a greater
mutagenic response than TA 1537. At 200 ug/plate, there was an average of 422
revertants/plate. The resulting slope was 2.14 revertants/ug of sample extract.
Toxicity was observed at higher levels of extract. In the absence of S9 mix, TA
98 demonstrated the greatest mutagenic response on the above sample. At 200.
ug/plate there was an average of 978 revertants/plate with a resulting slope of

5.0 reveftant;/ug of sample extract.

In the presence of.an activation system, the same sample illustrated a very
weak mutagenic response on tester strain TA 1535. Mutagenicity was observed in
-tester strains TA 1538 and TA 98. At 200 ug/plate, TA 1538 responded with an
average of 509 revertants/plate with a resulting §1ope of 2.46. TA 98 exhibited

a decreased mutagenic response to the sample when S9 was employed with an average
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TABLE 1.

REPORT 3A469

ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

AMES - BIOASSAY (INITIAL) OF TURBOCHARGED FIAT DIESEL (NO CATALYST) EXHAUST PARTICULATE

Metabolic Number of Revertants Per Plate
Dose (Hg)/ Activation, TA 1535 TA 1537 TA 1538 TA 98 .
Sample Identification plate S-9 A2 3 Mg, 1 2 3 Ahvq. 1 2 3 Ag. 1 2 3 Avg.
Media Control No 19 18 21 19 14 9 5 9 14 9 9 11 17 10 15 14
Media Control Yes 10 9 17 12 7 13 13 11 29 21 28 26
Solvent Control No 16 15 17 16 8 8 9 8 10 10 12 11 21 14 14 20
(Filter Blank)
Positive Controls
NaN3 B 0.5 No 310 315 301 109
INA 50 No 678 71 ail 762 .
2NF 5 No 2435 2309 2345 236) 2382 2279 2505 2389
2AA k} Yen 322 285 251 286 1717 1646 1587 1650 2323 2185 1965 2158
Sample 29 20 No 7 8 10 8 31 29 26 29 43 4 32 36 83 93 84 87
P20-225 & 226 60 No 16 18 10 14 65 49 75 63 117 140 116 124 272 248 275 265
100 No 14 15 21 17 87 104 103 98 222 196 193 204 525 498 524 516
200 No 18 12 11 14 270 o4 236 273 429 438 398 422 989 _ 962 984 978
400 No 11 10 9 10 472 434 525 477 606 566 609 594b 1515 1579 1548 1547b
600 No 18 22 23 21 514 501 487 s01b 581 595 560 5790 1957 1860 1863 18930
1000 No 14 10 16 13 409 441 446 432b 337 292 312 314b 2107 2213 2123 2148b
Revertants/lg extract® 0.00 1.22 2.14 5.00
Sampla 29 20 Yen 11 19 16 15 84 66 65 72 61 66 73 67
P20-225 & 226 60 Yes 18 13 8 13 129 157 168 151 173 140 145 153
100 Yesn 19 13 13 15 265 257 249 257 292 293 310 298
200 Yes 39 34 32 35 539 496 492 509 754 742 702 746
400 Yes 49 42 35 42 886 897 837 873b 1355 1313 1346 1341
600 Yes 69 55 64 63 1217 1138 1061 1133%b 1955 1796 1892 1892
1000 Yes 51 46 55 51 1343 1304 1150 1266F 2472 2340 2269 23s0b
Rever.ants/ug extract?; 0.05% 2.46 3.22

a
This value is the slope of the regression line based on various extract dose levels and does not identify response at a particular extract since
the response is not completely linear over the entire concentration used.

Not included in slope determination.



of 1341 revertants/plate at a sample concentration of 400 ug/plate. The result-
ing slope was 3.22 revertants/ug of sample extract.. The S9 fraction appeared to

protect the TA 98 strain from toxicity observed without an activation system.

Table 2 11lustrates the results obtained from the other three samples tested
using TA 98 in the absence of a metabolic activation system. In the initial bio-
assay, sample 30 (vial 594) illustrated a fairly strong mutagenic response in the
absence of an S9 mix. At 200 ug/plate TA 98 showed an average cf 1118 rever-
tants/plate with a resulting slope of 5.34 revertants/ug of sampTe extract.
Sample 31 (vial 579) had a slope of 1.07 revertants/ug of sample extract with an
average of 449 revertants at a sample concentration of 400 ug/plate. Sample 32
(vial 590) in the absence of S9 mix showed an average of 1060 revertants at a
sample concentration of 200 ug/plate with a resulting slope of 5.02 revertants/ug

of sample extract.

Table 2 also shows the results of the repeat bioassays on samples 30 (vial
594), 31 (vial 579), and 32 (vial 590) using tester strain TA 98 in the absence
of a metabolic activation system. The repeat study of sample 30 (vial 594)
demonstrated the highest mutagenic response when compared to the other two
samples with a slope of 5.11 revertants/ug compared to 5.34 in the initial bio-
assay. Sample 31 (vial 579) exhibits the lowest mutagenic response of these
samples with a slope of 1.11 in the repeat study which compares favorably with
the slope of 1.07 obtained in the inital bioassay. Finally, sample 32 (vial 590)
demonstrated a mutagenic response slightly lower than sample 30 (vial 594) in the
repeat bioassay with a resulting slope of 4,78 as compared to a slope of 5.02
obtained in the initial bioassay. Slightly lower values were obtained with

sample 30 (vial 594) and sample 32 (vial 590) in the repeat bioassay but sample
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REPORT 3A469 ,
TABLE 2, AMES BIOASSRY (INITIAL & REPEAT WITHOUT $~9) OF TURBOCHARGED FIAT DIESEL (NO CATALYST)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING HFET, NYCC, AND 85 KPH

TA9B, Humber of Revertants Per Plate

Metabolic HFET WYCC 85 kph
Activation, Sample 30, P20-227 Szmple 31, P20-228 Sample 32, P20- 229
Dose (ug) /plate 5-9 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg.
Initialc )
20 No 142 159 171 157 s6 44 45 48 148 157 164 156
60 No 350 396 363 370 87 91 78 85 408 365 321 365
100 Yo S99 551 584 578 148 97 137 127 630 601 617 616
200 No 1118 1135 1101 1118 265 221 236 241 970 1100 1111 1060
400 No 1809 1956 1863 187eb 475 416 456 449 1659 1708 1730 1699P
600 No 245] 2253 2254 2319b 689 597 608 631b 2002 1837 2123 1987b
1300 No 2648 2556 2630 2611b 860 838 832 843 2305 2329 2357 2330P
Revertants, lg extracta 5.33 1.07 5.02
d
Repeat
20 No 141 160 137 146 53 61 61 58 174 163 178 172
60 No Jo4 328 309 314 92 83 72 82 352 405 309 155
100 No 553 545 551 S50 143 150 ‘117 137 537 615 604 585
200 No 1059 1048 1056 1054 273 264 250 262 1057 994 1034 1028
400 ° No 1615 1566 1548 1%76b 465 481 453 468 1680 1563 1511 1585b
600 No 2068 2036 1868 1991b 666 658 614 646b 1976 1985 1940 1967b
1c00 No 2162 2420 2341 2308b 929 930 876 912b 1825 2094 2051 1990b
Revertants, Hg extract® 5.11 - 1.11 q.78

2this value is the slope of the regressicn line based on varlous extract dose levels and does not identify
response at a particular extract since the response is not completely linear over the entire concentration used.
bnot included in -slope determination.

CInitial TA-98 .media, solvent, and positive controls used as per Table 1.

Repeat TA-98 media, solvent, and positive controls used as per Table 3.



31 (vial 579) was nearly identical. Toxicity was observed in all samples at

levels greater then 200 ug/plate.

Table 3 demonstrates the results of the duplicate bioassay of sample 29

" (vial 630). The duplicate positive and negative controls are within experimental
range for each tester strain as compared to the initial bioassay described in
Table 1. However, a greater number of mutants was observed with 2-aminoanthra-
cene in the repeat bioassay. In the repeat bioassay minus an S9 mix, TA 1535
again showed a negative mutagenic response when exposed to sample No. 29 (vial
630). At a sample concentration of 600 ug/plate, slightly less toxicity was
observed in the repeat study. The slope for sample 29 (vial 630) in TA 1537,
1.12 was somewhat less than that obtained in the initial bioassay, 1.22. The
same sample minus S9 mix using TA 1538 demonstrated a slope of 1.08 in the repeat
study which is less than the slope of 2.14 in the initial bioassay. In the
repeat study, TA 98 elicited the greatest mutagenic response to sample 29 (vial
630) .in the absence of an S9 mix. A resulting slope of 4.26 revertants/ug of

sample extract was obtained in the repeat study using TA 98 as compared to a

slope of 5.0 in the initial bioassay.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results of the initial bioassay. TA 1535 illustrated
a nearly identical weak response to sample 29 (vial 630) in the repeat study as
compared to initial bioassay. TA 1538 in the presence of an S9 mix showed a
mutagenic response to sample 29 (vial 630) that was nearly identical to that
'observed in the initial bioassay. In addition, TA 98 exhibited a decreased
mutagenic response to sample 29 (vial 630) in the presence of an S9 mix. The

resulting siope was 2.88 in the repeat study as compared to 3.22 in the initial

bioassay. P-63
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TABLE 3. AMES BIOASSAY (REPEAT) OF TURBOCHARGED FIAT DIESEL (NO CATALYST) EXHAUST PARTICULATE
ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Dose (ugl/  Activatjon, TA 1535 TA 1537 TA 1538 TA 98
_Semple Identification —_ plate 5-9 X2 3 g 12737 e 1T 30 307 e 10 20 3 Avg:
Media Control No 20 30 25 25 10 9 10 10 16 1? 15 16 30 24 37 30
Media Control Yes 21 15 12 16 23 22 22 22 37 33 a7 16
Solvent Control No 29 28 30 29 15 9 ? 10 15 14 17 15 13 30 23 29
{Filter Blank)
Positive Controls
NaM3 0.5 No 490 495 516 500 .
9AA 50 No . 433 330 417 319)
nF S o 2359 2399 2373 2377 2223 2265 1760 2083
23N 3 Yesa 288 320 251 286 208 183 181 191 2630 2828 2665 2714
Sample 29 20 No 23 29 23 25 30 2l 30 27 3 4 50 51 69 sS 46 57
P20- 225 & 226 . 60 No 30 28 3l 30 65 51 68 61 130 121 117 123 135 132 152 140
100 No 16 25 25 22 119 149 19 129 268 252 223 248 246 220 279 48
200 No 33 19 34 29 248 275 252 258 261 221 269 250 807 813 787 802
400 No 23 27 33 28 450 476 416 447 286 308 379 324b 1242 1266 1137 1215b
600 No k) 25 23 26 508 531 488 S512P 287 325 268 293P 1515 1565 1522 1534b
1000 No Toxicity 405 366 3188  386b 256 255 222 244b 1950 1979 2113 2014b
Ravertants/lg extract® 0.00 1.12 1.08 4.26
Sample 29 20 Yes 18 13 13 15 61 [} 63 68 86 a? 78 83
P20- 225 & 226 60 Yes 20 27 24 24 146 160 155 154 156 167 153 159
100 Yes 27 20 23 23 2860 223 274 259 299 297 298 248
200 Yes 50 43 41 45 512 461 449 474 733 704 678 705
400 Yes 59 64 59 61 835 801 798 B11d 1231 1256 1226 1238
600 Yes 78 77 67 74 1010 939 956 968BP 1694 1723 1722 1709
1000 Yes 68 79 56 68 954 944 879 926b 2276 2148 2177 2200b
Revertants/pg extract® 0.06 2.27 2.88

a .
This value is the slope of the regressiun line based on various extract dose levels and does not identify response at a particular extract since

the response 1s not completely linear over the entire concentration used.

Not included in slope determination.



In summary, sample 29 (vial 630) was very weakly mutagenic in TA 1535 with
metabolic activation; the absence of S9 reveals no mutagenic activity. A posi-
tive response was obtained in sirains TA 1537 (without activation), and TA 1538
and TA 98, with and without activation. In TA 1538 but not in TA 98, S9 enhanced
mutagenic activity. Samples 30 (vial 594), 3} (vial $79), and 32 (vial 590)

were mutagenic in TA 98 without metabolic activation.
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Introduction

Southwest Foundation for ﬁesearch and Education examined four samples for

mutagenicity using the Ames Salmonella typhimurium bioassay. The samples were

received on October 3, 1981, and were identified as sample 33 (FTP 691) with a
weight of 0.169580 g, sample 34 (HFET 698) with a weight of 0.026566 g, sample 35
(NYCC 704) with a weight ov 0.027415 g, and sample 36 (85 kph 705) with a weight
of C.028934 g. An Aroclor 1254-stimulated rat liver homogénate metabolic activa-
tion system (S9 mix) was included in sample 33 using tester strains TA 98, TA
1535, and TA 1538. In addition, sample 33 was tested in the absence of an $9 mix
using tester strains TA 98, TA 1535, TA 1537, and TA 1538. Samples No. 34, 35,
and 35 were tested using tester strain TA 98 in the dbsence of a metabolic activ-

ation system.

A1l samples were dissolved in dimethyl sulfoxide {DMSO) and tested at seven
lavels of sample concentration consisting of 20, 60, 100, 200? 400, 600, and 1000
ug/plate. Each sample cgncentration was tested in triplicate with and without an
S9 mix and on specific tester strains as indicated in the above paragraph. A
complete set of .positive and negative controls was incorporated into the bioassay
to demonstrate that the system was working within optimum rangeé. Finally, a
duplicate bioassay of the.above sample§ and controls was conducted as a scandard

procedure to compare and evaluate the data.



Results

A range finding study was conducted on sample no. 33 in tester strains TA 98
and TA 1535. The range finding study as shown in Table 1 disclosed that sample
no. 33 was reactive in tester strain TA 98, both with and without metabolic
activation, although the reactivity was enhanced by the presence of metabolic
activating enzymes. The sample was toxic to the tester organisms at 1000 pg/
ptate. Consequently, it was determined that an upper limit of 1000 ug/plate
would be appropriate for definitive testing, and a range of concentrations from
20 to 1000 ug/plate was selected. In TA 1535, no mutagenicity was observed with-
out metabolic activation. Using an S9 fraction for metabolic activation,
increased mutagenic activity was observed. Again, toxicity was observed at

1000 ug/plate.

In the initial bioassay, the results indicate that the negative and positive
controls are within the optimum range established for our laboratory. The known
positive mutagens which we routinely use on specific tester strains with and
without an S9 mix clearly illustrate the ability of the tester strains to incor-
porate mutagens into their genetic structure, causing a significant increase in

the number of revertants over the negative controls (Tables 2 and 4).

In Table 2, sample no. 33 showed a weak mutagenic response in tester strain
TA 1535 when exposed to the seven chemical levels 1n the absence of an $9 frac-
tion. Toxicity was observed at 400 ug/plate, and the slope was 0.07 revertants/
ug extract. TA 1537 minus S9 demonstrated a greater mutagenic response than TA
1535 with a resulting slope of 1.72 revertants/ug extract. Toxicity was also
observed at levels above 200 ug/plate. TA 1538 minus S9 showed a greater muta-

genic response than both TA 1537 and TA 1535. At 400 ug/plate, there was an
P-68



average of 489 revertants/plate. The resulting slope was 2.60 revertants/ug of
sample extract. Toxicity was observed at higher levels of extract. In the
absence of S9 mix, TA 98 demonstrated the greatest mutagenic response to the
above sample. At 400 ug/plate there was an average of 1947 revertants/plate with

a resulting slope of 4.93 revertants/ug of sample extract.

In the presence of an activation system, decreased mutagenicity was observed
for sample no. 33 in strains TA 1535, TA 1538, and TA 98. Sample no. 33 illus-
trated a very weak mutagenic response on tester strain TA 1535 with a resulting
slope of 0.06 revertants/ug extract. At 400 ug/plate, TA 1538 responded with an
average of 567 revertants/plate with a resulting slope of 1.40 revertants/ug. TA
98 exhibited a decreased mutagenic response to the sample when $9 was employed
with an average of 1041 revertants/plate at a sample concentration of 400 ug/

plate. The resulting slope was 2.66 revertants/ug of sample extract.

Table 3 il!ustrates the results obtained from the other three samples tested
using TA 98 in the absence of a metabolic activation system. In the initial bio-
assay, sample 34 illustrated a strong mutagenic response in the absence of an S9
mix. At 200 ug/plate TA 98 showed an average of 2202 revertants/plate with a
resulting slope of 10.76 revertants/ug of sample extract. Sample 35 had a slope
of 7.36 revertants/ug of sample extract with an average of 1591 revertants at a
sample concentration of 200 ng/plate. Sample 36 showed an average of 2190 rever-

tants at a sample concentration of 200 ug/plate with a resulting slope of 9.82

ravertants/ug of sample extract.

Table 3 also shows the results of the repeat bioassays on samples 34, 35,

and 36 using tester strain TA 98 in the absence of a metabolic activation system.
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The repeat study of sample 34 demonstrated a decreased mutagenic response when
compared to the initial bioassay with a slope of 6.08 revertants/ug compared to

7 10.76 in the initial bioassay. Sample 35 exhibited an increased mutagenic
response in TA 98 with a slope of 8.71 in the repeat study which compares favor-
ably with the slope of 7.36 obtained in the inital bioassay. Finally, sample 36
demonstrated a decreased mutagenic response in the repeat bioassay with a result-
ing siope of 7.42 as compared to a slope of 9.82 obtained in the initial bio-

assay. Toxicity was observed in ail samples at levels greater than 200.ug/plate.

Table 4 demonstrates the results of the duplicate bioassay of sample nc 33.
The duplicate positive and negative controls are.wjthin experimental range for
each tester strain as compared to the initial bioassay described in Table 2. In
the repeat bioassay minus an S9 mix, TA 1535 showed a negative mutagenic response
when exposed to sample No. 33. At a sample concentration of 200 ug/plate, 23
revertants/plate were observed. The slope for sample 33 in TA-1537, 2.49 was
higher than that obtained in the initial biocassay, 1.72. The same sample minus
S9 mix using TA 1538 demonstrated a slope of 5.85.in the repeat study which was
nearly twice the slope of 2.60 observed in the initial biocassay. Nearly twice
the number ot mutants were observed in.the repeat assay although the positive
controls were nearly the same. In the repeat study, TA 98 elicited a lower muta-
genic response to sample 33 in the absence of an S9-mix. A resulting slope of
3.19 revertants/ug of sample extract was obtained in the repeat study using TA 98

compared to a siope of 4.93 in the initial bioassay.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results of the initial bioassay. TA 1535 illustrated

an identical weak response to sample no. 33, 0.06 revertant/ug, in the repeat
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TABLE 1. AMES BIOASSAY (RANGE-FINDING) OF TURBOCHARGED FIAT DIESEL (WITH UNDERFLOOR CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329-F BASE FUEL DURING FTP

Metabolic Number of Recvertants Per Plate
Sample . Dose, Activation, TA 1535 TA 1537 TA 1538 TA 98
Identification  {pg)/plate __S-9 A2 3 Wg I 2 3 Kg 0D 20 3 Ag XD 2 3 Ay
Hedia Control No 27 16 29 24 27 20 28 28
Modia Control Yes 21 11 e 13 37 42 S0 43
Solvent Control No 22 29 25 25 30 30 25 28
(Filter Blank)
Positive Controls
NaN 3 No 345 412 347 368
9AA No
2NF No 2102 1941 1927 1990
2AA Yes 309 317 308 311 2580 2564 2575 2572
Sarple No. 33 1 No 26 18 22 il 31 31
10 No 24 19 22 56 53 55
100 No 27 29 28 572 538 555
500 No 13 19 16 2211 2368 2290
1000 No Toxicity 2229 2237 2233
2000 Ro Toxicity 1070 1148 1109
Ravertants/ug
extractd
Sample No. 33 1 Yes 16 17 17 45 41 43
10 Yes 16 16 16 53 37 45
100 Yes 27 25 26 171 160 166
500 Yes 56 48 52 1212 1226 1219
1000 Yes as 38 38 1412 1776 1594
2000 Yes Toxicity 2245 1931 2088
Revertants/ug
extract?

31his value is the slope of the reqression line based on various extract dose levels and does not identify response at a particular extract since
the respense 18 not completely llnear over the entlre concentration used.
ot included in slope determination.
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TABLE 2. AMES BIAOSSAY (INITIAL) OF TURBOCHARGED FIAT DIESEL (WITH UNDERFLOOR CATALYTIC TRAP)

EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329-F BASE FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Sample pose, Activation, TA 1535 ~ TA 1537 TA 1538 TA 98
Identification  (na)/plate __§:9 T 2 3 Avg 1 2 3 Mg 1. 2 3 A L 2 3 Avg
Media Control No 15 18 12 15 7 9 5 7T 14 17 15 1% 22 25 19 22
Media Control Yag 10 7 6 8 21 21 a3 22 24 24 23 24
Solvent Control Ro 19 13 9 14 8 6 5 6 19 13 7 13 24 18 22 21

(Filter Blank)

Positive Controls

NaNs No 227 221 228 225

9AA No 740 973 780 831

20F No 2089 1970 2075 2045 2017 1916 1932 1955

2AA Yes 480 497 514 497 281 275 214 257 2581 2420 2461 2487

Sample No. 33 20 No 11 12 18 14 31 25 17 24 35 40 40 38 83 98 71 84
60 No 12 23 15 17 46 54 52 51 93 86 78 85 297 264 249 270
100 No 15 13 15 14 128 99 156 128 204 222 182 203 583 641 610 611
200 No 29 27 29 28 298 310 355 321 524 460 4683 489 1135 1230 1139 1168
400 No 11 8 12 10b 331 317 380 2343P 426 428 468 441P2023 1915 1904 1947
600 No 10 9 11 ioP 346 317 321 328P 459 463 431 451P2128 2329 2354 2270P
1000 No Toxicity Toxicity Toxicity 2042 2132 2108 2094P

Revertants/ug

extract? 0.07 1.72 2.60 4.93

Sample No. 33 20 Yes 13 14 13 13 39 50 40 43 54 S3 47 51
60 Yes 13 20 15 16 76 sS4 63 65 129 123 106 119
100 Yes 17 18 20 18 135 139 152 142 227 212 211 217
200 Yes 23 43 32 33 264 248 260 257 550 483 490 508
400 Yes 36 42 38 39 588 573 539 567 1119 1048 955 1041
600 Yes- 47 52 49 49 851 846 755 817°1768 1575 1573 16390
1000 Yes 18 42 39 40P 1197 1177 1048 1141P2543 2383 2227 2384°

Revertants/ug

extract? 0.06 1.40 2.66

2This value is the slope of the reqression line based on various extract dose levels and does not identify response at a particular -cxtract since
tne response is not completely linear over the entire concentration used.
Brot included in slope determination.
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TABLE 3. AMES BIOASSAY (INITIAL AND REPFAT WITHOUS §=9) OF TURBOCHARGED FIAT DIESEL
(WITH UNDERFLOOR CATALYTIC TRAP) EXHAUST PARTICULATE ORGANIC SOLUBLES WITH EM-329-F
BASE FUEL DURING HFET, NYCC, AND 85 KPH

TA 98, Number of Revertants Per Plate

Metabolic HFET NYCC 85 kph
. Activation, Sample 34 Sample 35 Sample 16
Dose, (]Elg) /plate -9 A2 3 Avg 1.2 3 Avg 1 2 3. Avg
Initial

20 No 249 252 286 262 275 285 228 263 363 393 419 392

60 No 720 708 732 720 589 580 525 565 919 800 989 903

100 No 1406 1101 1225 1244 919 789 827 845 1447 1345 1303 1365
200 No 2294 2173 2140 2202 1¢80 1514 1580 1591h 2123 2211 2236 2190
400 No 2245 2886 2750 2627: 1886 1963 2021 Jl957b 2270 2466 2583 2440b
600 No 2646 2791 2593 2677b 1774 1742 1789 1768b 2344 2569 2629 2!";14b
1,000 No 2705 2711 2867 2761 1058 981 1150 1063 1076 1972 2003 1894P
Revertants/pc extract” 10.76 7.3 9.82

chaatd

20 No 222 200 237 220 260 325 '290 292 349 333 321 334

60 No, 413 444 405 421 576 636 634 615 799 802 765 789

100 . No 683 699 669 684 1139 1114 1097 1117 1309 1302 1311 1307
200 No 1365 1331 1211 1302 1802 1891 1842 1845 1470 1796 1849 1705
400 No 1932 1998 1852 1927b 2278 2214 2214 22340 2473 2306 2431 2403°
600 No 2083 1893 1906 1961 2204 2327 2395 2309P 2099 2414 2371 2295
1,000 No 1094 1508 1316 1306P 2416 2510 2634 25307 1838 2119 2072 2010°
Revertants/15 extract™ 6.08 8.71 7.42

aTh!.s value is the slope .ot“the regr.esaion line based on various extract dose levels and does not identify
response at a particular extract since the response is not completely linear over the entire concentration used.
lot included in slope determination.

Cinitial TA-98 wedia, solvent, and positive controls used as per Table 2. .
Repeat TA-98 media, solvent, and positive controls used as per Table 4.
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TABLE 4. AMES BIOASSAY (REPEAT) OF NATURALLY-ASPIRATED FIAT DIESEL (WITH CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-329-F BASE FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Sample Dose, Activation, TA 1515 TA 1537 TA 1538 TA 98
Identitication *  (ug)/plate __ S-9 1 2 3 Avq ¥ 2 3 Avg X 2 3 Avg _L_ 2 3 Avg
M=dia Control No 42 23 23 29 12 17 8 12 16 8 10 11 38 20 32 30
Media Control Yes 22 15 18 18 31 24 28 28 33 42 32 36
Solvent Control No 34 26 32 31 18 11 11 13 16 12 13 15 17 28 21 22
{Fllter Blank}
Positive Controls
NaN3 Ho 383 319 363 355
9AA No 733 418 426 526
2KF No 2335 2358 2255 2316 1885 1863 1784 1844
2aA Yes 300 308 296 301 353 254 275 294 2503 2562 2401 2489
Sample No., 33 20 No 18 41 24 28 41 32 25 33 60 57 54 S7 €9 80 11 73
60 No 33 20 31 28 85 71 102 86 188 170 209 189 193 198 209 200
100 No 25 30 27 27 265 233 216 238 460 538 464 487 449 475 460 461
200 to 20 30 10 23 477 422 499 466 1132 1094 1006 1077 994 945 956 965
400 No 30 23 25 26b 364 433 444 414P 822 1014 1253 1030P1352 1165 1261 1259
600 No 11 9 28 1eb 269 273 264 269” e84 417 513 538P1925 2015 2059 2000P
1000 No Toxicity Toxicity Toxicity 1913 2083 1946 1981P
Revertants/ug
extractd -0.03 2.49 5.85 3.19
Sample No. 33 20 Yes 18 34 26 26 81 67 82 77 45 66 56 56
60 Yes 20 27 40 29 235 202 196 211 89 9B 9F 93
100 Yes 34 34 39 36 330 353 360 348 254 265 236 252
200 Yes 42 46 42 43 654 588 615 619 549 528 466 514
400 Yes 54 67 55 59 993 918 987 966 1135 1056 990 1060
600 Yes 52 62 56 57 1436 1159 1125 1240P1449 1604 1515 1523P
1000 Yes 1 19 22 17t 827 774 819 80792231 1995 2035 2087P
Revertants/ug
extract? 0.06 2.30 2.71

2This value is the slope of the reqression line based on various extract dose levels and does not identify response at a particular extract since
the response i3 not completely linear over the entire concentration used.
ot included in slope determination.



study compared to the initial bioassay. TA 1538 in the presence of an S9 mix
showed a mutagenic response to sample 33 that was greater than that observed in
the initial bioassay. The resulting slope was 2.30 revertants/ug in the repeat
study, compared to 1.40 in the initial bioassay. In addition, TA 98 exhibited a
increased mutagenic response to sample 33 in the presence of an S9 mix. The

resulting slope was 2.71 in the repeat study which compares favorably to 2.66 in

the initial bioassay.

In summary, sample 33 was very weakly mutagenic in TA 1535 with metabolic
activation; the absence of S9 reveals Tittle or no mutagenic activity. A posi-
tive response was obtained in strain TA 1537 without activation. A positive
response was aiso observed in TA 1538 and TA 98 both with and without metabolic
activation. In TA 1538 and in TA 98, S9 decreased mutagenic activity. Samples

34, 35, and 36 were mutagenic in TA 98 without metabolic activation.
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Introduction

Southwest Foundation for Research and Education examined four samples for

-mutagenicity using the Ames Salmonella typhimurium bicassay. The samples were

received on November 5, 1981, and were identified as sample 37 (FTP 723) with a
weight of 0.192871 g, sample 38 (HFET 726) with a weight of 0.035294 g, sample 39
(NYCC 728) with a weight of 0.047145 g, and sample 40 (85 kph 731) with a weight
of 0.031133'g. An Aroclor 1274-stimulated rat liver homogenate metabolic
activation system (S9 mix) was included in sample 37 using tester strains TA 98,
TA 1535, and TA 1538. In addition, sample 37 was tested in the absence of an S9
mix using tester strains TA 98, TA 1535, TA 1537, and TA 1538. Samples No. 38,
39, and 40 were tested using tester strain TA 98 in the absence of a metabolic

activation system.

A1l samples were dissolved in dimethyl sulfoxide (DMSO) and tested at seven
levels of sample concentration consisting of 20, 60, 100, 200, 400, 600, and 1000
ug/plate. Each sample concentration was tested in triplicate with and without an
S9 mix and on specific tester strains as -indicated in the above paragraph. A
complete set of positive and negative controls was incorporated into the bioassay
to demonstrate that the system was working within optimum ranges. Finally, a
duplicate bioassay of the above samples and controls was conducted as a standard

'procedure to compare and evaluate the data.
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Results

A range finding study was conducted on sample no. 37 in tester strains TA 98
and TA 1535. The range finding study as shown in Table 1 disclosed that sample
no. 37 wzs reactive in tester strain TA 98, both with and without metabolic acti-
vation, although the reactivity was enhanced by the presence of metabolic acti-
vating enzymes. The sampie was toxic to the tester organisms at 2000 ug/ plate.
Corsequently, it was determined that an upper limit of 1000 pg/plate would be
appropriate for definitive testing, and a range of concentrations from 20 to 1000
ug/plate was selected. In TA 1535, no mutagenicity was observed without meta-
bolic activation. Using an S9 fraction for metabolic activation. increased

mutagenic activity was observed. Again, toxicity was observed at 2000 ug/plate.

In the initial bioassay, the results indicate that the negative and positive
controls are within the optimum range established for our laboratory. The known
positive mutageis which we routinely use on specific tester strains with and
without an S9 mix clearly illustrate the ability of the tester strains to incor-
porate mutagens into their genetic structure, causing a significant increase in

the number of revertants over the negative controls (Tables 2 and 4).

In Table 2, sample no. 37 showed a negacive mutagenic response in tester
strain TA 1535 when exposed to the seven chemical levels in the absence of an S9
fraction; toxicity was observed at 630 ug/plate. TA 1537 minus S9 demonstrated a
greater mutagenic response than TA 1535 with a resulting slope of 1.27
revertants/ug extract. Toxicity was also observed at levels above 400 ug/plate.
TA 1538 minus S9 showed a greater mutagenic response than both TA 1537 and TA
1535. At 400 ug/plate, there was an average of 1120 revertants/plate. The
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TABLE 1. AMES BIOASSAY (RANGE-FINDING) OF TURBOCHARGEb FIAT DIESEL (WITH UNDERFLOOR CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH FM-469-F FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Sample Dose, Activation, TA 1535 TA 1537 TA 1538 TA 98
Identification {vgl/plate __S-9 1 2 3 Avg 1 2 3 Mg 12 3 Avg 3 2 3 Ayg
Media Control No 42 23 23 29 3 20 32 3
Modia Control - You 22 15 18 18 33 42 32 :g
Golvant Contyrol No M 26 132 M , 17 28 2]
(Filter Blank)
Positive Controls .
NaN, - No 383 319 363 IS5
3:? :: 1885 1863 1784 1844
2AA Yos 300 308 296 301 2503 2562 2401 2489
q y 32
Sample 37 1 No 2 22 25 10 33
10 No 32 33 33 40 42 a1
100 No 26 22 24 417 :4; 1:22
500 No 17 30 24 1526 140
1000 No 8 15 12 1777 1718 1;281,
2000 No Toxicity 1710 1411 1561
Revertants/lg
extract?
1 42 42
sample 37 Yes 19 29 24 4
1 Yes 17 21 19 57 57 57
10 12 22 27 196 195 196
100 z:: a7 54 s1. 1015 1003 1009
us)gg Yes s 29 22 © 1820 1673 1747
2000 Yes Toxicity - 2154 2071 2113
Revertants/ug .
extract?

3This value is the slope of the reqression line based on various extract dose levels and does not identify response at a particular extract since
the response is not completely linear over the entire voncentration used.- '
ot included in slope determination.
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TABLE 2. AMES BIOASSAY (INITIAL) OF TUROBCHARGED FIAT DIESEL (WITH UNDERFLOOR CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469~F FUEL DURING FTP
Metabulic Number of Ravertants Pex Plate
Sample Dose, Activation, TA 1535 TA 1537 TA 15138 TA 98
Identification fng)/plate s-9 A 2 3 Avg 1 2 3 Avg 1 2 5 Avg 1 2 3 Avyg
Media Control No 19 21 1 18 6 L] 6 5 14 9 13 12 9 10 17 12
Media Control Yes 10 12 116 13 24 23 19 22 15 32 27 25
Solvent Control No 7 1 18 15 10 8 5 8 16 14 10 13 14 15 17 15
(Filter Blank)
Positive Controls
NaN3 No 210 204 221 212
9AA No 1653 1913 1725 1764
2NF No 2186 2030 2048 2088 1383 1560 1489 1477
2AA Yes 219 232 183 211 2097 2252 2192 2180 1838 2042 1934 1940
Sample 17 20 No 30 19 22 24 21 8 15 18 41 42 46 43 44 58 48 S0
60 No 22 13 19 lg 56 49 42 49 148 152 149 150 174 192 131 166
100 No 17 16 12 1 91 91 80 87 353 1356 356 355 305 353 289 1316
200 No 18 15 16 16 214 219 234 222 747 651 1706 701 629 592 543 588
400 No 26 18 14 19 500 48B3 481 468 1148 1100 1113 1120 1140 1126 994 1087
600 No 18 26 19 21b 518 533 567 539b1125 1240 1137 1167P1510 1504 1449 1488b
1000 No 12 13 17 14P 281 321 297 JOOb 387 408 380 392b1567 1664 1646 1626b
Ravertants/ug
extract? -0.01 1.27 2.86 2.72
Sample 37 20 Yes 19 18 19 19 88 76 80 81 57 52 51 53
(1] Yes 18 15 12 15 235 237 211 228 134 128 124 129
100 Yes 19 21 23 21 353 343 331 342 232 255 200 229
200 Yes 8 15 19 17 662 628 620 637 446 444 445 445
400 Yes a3 32 33 a3 1282 1113 1082 1159 905 1023 964 964
600 Yes 46 51 47 48 1339 1612 1483 147Bb1508 1435 1400 1448
1000 Yes 22 29 30 27° 1424 1396 1385 1402P1901 1906 1241 1683°
k:vertants/ug
extract? 0.05 2.80 2.43

4This value {o the slopa of the reqression line based on various extract dose
the respounde is not completely linear over the entire concentration used.
Byot included in slope cste- -ination.

levels and does not identify response at a particular extract since



resulting slope was 2.86 revertants/ug of sample extract. Toxicity was observed
at higher levels of extract. In the absence of S9 mix, TA 98 demonstrated a
slightly lower mutagenic response to the above sample than TA 1538. At 400
ug/plate there was an average of 1087 revertants/plate with a resulting slope of

2.72 revertants/ug of sample extract.

In the presence of an activation system, decreased mutagenicity was observed
for sample no. 37 in strains TA 1538 and TA 98. Sample no. 37 illustrated a very
weak mutagenic response on tester strain TA 1535 with a resulting slope of 0.05
revertants/ug extract. At 400 ug/plate, TA 1538 responded with an average of
1159 revertants/plate with a resulting slope of 2.80 revertants/ug. TA 98 exhib-
ited a decreased mutagenic response to the sample when S9 was empioyed with an
average of 964 revertants/plate at a sample concentration of 400 ug/plate. The

resulting slope was 2.43 revertants/ug of sample extract.

Table 3 illustrates the results obtained from the other three samples tested
using TA 98 in the absence of a metabolic activation sysfem. In the initial bio-
assay, sample 38 illustrated a strong mutagenic response in the absence of an S9
mix. At 200 ug/plate TA 98 showed an average of 1715 revertants/plate with a
resulting slope of 8.53 revertants/ug of sample extract. Sample 39 hac a slope
of 1.55 revertants/ug of sample extract with an average of 621 revertants at a
sample concéntration of 400 ug/plate. Sample 40 showed an average of 1879
revertants at a sample concentration of 200 ug/plqte with a resulting slope of

8.96 revertants/ug of sample extract.

Table 3 also shows the results of the repeat bioassays on samples 38, 39,

and 40 using tester strain TA 98 in the absence of a metabolic activation system.
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TABLE 3. AMES BIOASSAY (INITIAL AND REPEAT WITHOUT S-9) OF TURBOCHARGED FIAT DIESEL
(WITH UNDERFLOOR CATALYTIC TRAP) EXHAUST PARTICULATE ORGANIC SOLUBLES WITH

EM-469-F FUEL DURING HFET, NYCC, AND 85 KPH

TA98, Number of Revertants Per Plate

Metabolic WFET NYCC 85 kph
Activation, Sample 38 Sample 39 _ Sample 40
_____E‘i_gm“' {ug) /plate - S$9 A2 3 awg 1 2 3 Aaq 32 3 A
Injtial

20 . No 186 208 201 198 43 319 38 40 239 275 265 260

60 No 499 473 S16 496 86 98 97 94 674 630 616 640

100 No 1048 943 924 972 131 137 137 135 1092 1004 892 99

200 No 1874 1681 1590 1715 303 291 310 301 2024 1788 1825 1879
400 No 2336 2408 2357 2367° 687 546 629 621 2330 2432 2470 2411°

600 No 2737 2631 2641 2670° 840 846 639 775D 2684 2720 2652 2685

1000 No 2658 2673 2678 2670 800 874 821 832D 2067 2184 2089 2113
Revertants/ug extractd® 8.53 1.55 8,96

Reeeatd

20 No 200 247 187 212 45 46 36 42 285 344 305 311

60 No 542 470 518 510 98 91 90 93 783 613 821 606

100 . No 930 884 B850 888 159 164 151 158 1042 1188 1141 1124

200 No 1877 1774 1743 1798, 392 364 338 365 1955 1834 1981 1923

400 No 2127 2458 2471 2453° S80 585 593 586 2479 2289 2437 2402P

600 No 2722 2744 2617 26942 876 806 746 B809P 2693 2576 2596 2622°

1000 - No 2484 2448 2393 2442° 853 859 853  @5sP 2162 2244 1647 2018P
Revertants/Hg extract® 8.91 1.47 8.72

3This value }s the slope of the ;egreséion line based on various exttuét dose levels and does not identify
response at a particular extract since the response is not completely linear over the entire concentration

used. .

ot included in slope datermination.
°Initia,1 TA-98 media, solvent, and positive controls used as per Table 2.
Repeat TA-98 media, solvent, and positive controls used as per Table 4.



The repeat study of sample 38 demonstrated an increased mutagenic response when
compared to the initial bioassay with a slope of 8.91 revertants/ug compared to
8.53 in the initial bioassay. Sample 39 exhibited a decreased mutagenic response
in TA 98 with a slope of 1.47 in the repeat study which compares favorably with
the slope of 1.55 obtained in the inital bioassay. Finally, sample 40 demon-
strated a decreased mutagenic response in the repeat bioassay with a resulting
slope of 8.72, compared to a slope of 8.96 obtained in the initial bioassay.
Toxicity was observed in samples 38 and 40 at levels greater than 200 ug/plate;

sample 39 was toxic at levels above 400 ug/plate.

Table 4 demonstrates the results of the duplicate bioassay of sample no. 37.
The duplicate positive and negative controls are within experimental range for
each tester strain as compared to the initial bioassay described in Table 2. In
the repeat bioassay minus an S9 mix, TA 1535 showed a mutagenic response slightly
above background when exposed to sample No. 37. At a sample concentration of 400
ug/plate, 30 revertants/plate were observed. The slope for sample 33 in TA 1537,
1.31 was nearly identical to that obtained in the initial bioassay, 1.27. The
same sample minus S9 mix using TA 1533 demonstrated a slope of 2.23 in the repeat
study which was neariy identical to the slope of 2.86 observed in the initial
bioassay. In the repeat study, TA 98 elicited a higher mutagenic response to
sample 37 in the absence of an S9 mix. A resulting slope of 2.95 revertants/ug
of sample extract was obtained-in the repeat study using TA 98 compared to a

slope of 2.72 in the initial bioassay.

In the presence of a metabolic activation system, the above sample results
compared favorably with the results of the initial bioassay. TA 1535 illustrated
similar weak response to sample no. 37, 0.08 revertant/ug, in the repeat study
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TABLE 4. AMES BIOASSAY (REPEAT} OF TURBOCHARGED FIAT DIESEL (WITH UNDERFLOOR CATALYTIC TRAP)
EXHAUST PARTICULATE ORGANIC SOLUBLES OBTAINED WITH EM-469-F FUEL DURING FTP

Metabolic Number of Revertants Per Plate
Sample Dose, Activation, TA 1535 TA 1537 TA 1538 TA 98
ldentificacion (hg)/plate __S-9 A2 53 mg 12 3 wg O 2 3 Mg 1 2. 3 Avg
Ez:dia Control No 30 24 26 27 13 7 [:} 9 13 6 12 10 16 9 17 14
Media Control Yes 8 20 17 15 20 22 21 21 27 30 30 29
Solvent Control No 20 23 25 23 9 7 8 8 13 22 14 16 21 17 21 20
(Filter Blank)
Positive Controls
NaN3 No 3114 298 326 313
9AA No 1721 1357 1758 1612
2NF No 2491 2385 2574 2483 1937 1891 2100 1976
2AA Yes 249 336 305 297 2123 1996 2034 2051 1773 1615 1659 1682
Sample 37 20 No 29 24 21 25 27 26 27 27 53 64 55 57 42 59 54 52
60 No 20 .25 22 22 S8 76 70 6B 157 167 144 156 162 177 165 108
100 No 29 24 26 26 122 131 124 126 226 333 249 269 419 397 328 381
200 No 32 27 20 26 288 333 279 300 525 540 433 499 683 619 647 650
400 No 31 26 32 30 540 530 472 514 951 941 836 909 1256 1196 1096 1183
600 No 22 19 28 23P 526 s1e 437 493P1151 1160 969 1093P1580 1462 1394 14790
1000 No 13 17 15 150 401 341 434 392P 796 898 811 835P1536 1647 1681 1638P
Revertants/ig
extract® 0.01 1.31 2.23 2.95
Sample 37 20 Yes 14 20 13 16 99 93 84 92 &6 45 60 57
60 Yes 14 13 24 17 232 226 203 220 137 127 130 131
100 Yes 20 21 32 25 341 324 222 329 248 241 214 234
200 Yes 27 32" 43 34 653 684 633 657 420 463 427 437
400 Yes 68 S50 52 57 1188 1183 1187 1186 1010 983 976 990
600 Yes 6l 46 59 55 1604 1595 1556 1585P1491 1392 1422 143
1000 Yes 33 30 36 33b 1620 1587 1516 15812124 2158 2115 2132P
Revertants/ug
extract® 0.08 2.88 . 2.42

2This value is the 8lope of the reqression line based on various extract dose levels and does not identify response at a particular extract since
the response is not completely linear over the entire concentration used.
ot included in slope determination.



compared to 0.05 in the initial bioassay. TA 1538 in the presence of an S9 mix
showed a mutagenic response to sample 37 that was similar to that observed 1in
the initial bioassay. The resulting slope was 2.88 revertants/ug in the repeat
study, compared to 2.80 in the initial bioassay. In addition, TA 98 exhibited a
decreased mutagenic response to sampie 37 in the presence of an S9 mix. The

resulting slope was 2.42 in the repeat study whichk is nearly identical to 2.43

obtained in the initial bioassay.

In summary, sampla 37 was very weakly mutagenic in TA 1535 with metabolic
activation; the absence of S9 reveals 1ittle or no mutagenic activity. A posi-
tive response was obtained in strain TA 1537 without activgtion. A positive
response was also observed in TA 1538 and TA 98 both with and without metabolic
activation. In TA 98, S9 decreased mutagenic activity. Samples 38, 39, and 40

were mutagenic in TA 98 without metabolic activation.
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