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PREFACE

Within the New York State Department of Environmental Conservation, the
Division of Air is charged with the responsibility of monitoring and regulating
atmospheric pollutants in the public interest to protect human health and
environmental quality. The scope of this task includes the investigation of specific
regulated and unregulated emission sources in order to assess environmental impacts.
Diese] powered automobiles are rapidly increasing as a percentage of the total vehicle
population and pose potential health and environmnental quality risks which must be
understood and considered in air quality management.

The expertise in automotive emissions technology of the Automotive Emissions
Laboratory was employed to undertake this study of fuel economy and emissions
measurement from in-use diesel automobiles in order to determine typical emission
values and the effects of mileage accumulation on emissions. The results of this study
represent a valuable contribution to the development of air programs for the
protection of public health and the environment.

K #)

Director, Division of Air
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ABSTRACT

A New York State research study on axhaust emissions tested twenty 1977-1980
light duty diesel vehicles repeatediy over a two-year mileage accumulation period.
Measured emission parameters were hydrocarbons, carbon monoxide, carbon dicxide,
nitrogen oxides and particulates from the FTP, HFET, CFDS, NYCC, idle and 50 mph
driving cycles. Individual particulate samples were Soxhlet extracted with dichloro-
methane to partition the particulate into extract (soluble) and residue (insoluble). The
extracts  were tested  for mutagenicity by the Ames Salmonella
typhimurium/microsome method. Selected composite particulate samples were also
coliected for detailed chemical analysis and subsequent hioassay.

Emissions (g/mi) ny driving cycle generally increa<ed in the order 50C < HFET <
CFDS < FTP < NYCC and fuel economy decreased in that order. Vehicles in the
General Motors group generally had higher emissions than the Mercedes-Benz and
Volkswagen groups and were more sensitive to driving cycle. Particulate extract
emissions showed very little cycle dependence but residue emissions were very cycle
dependent. In general, emissicns were unaffected by, or increased with, mileage
accumulation with the exception of NOy, which decreased.

Dynamometer fuel economy was determined by the carbon balance method.
Over-the-road fuel economy was determined by using fuel meters and vehicle
odometers and taking vehicle fueling records. Vynamomecter fuel economy was always
higher than over-the-road fuel economy. The FTP best approximated average over-
the-road fuel economy.

A new method for the real-time measurement of diluted diesel particulate by a
Tapered Element Oscillating Microbalance (TEOM) is presented. The mean ratio of
TEOM results to those obtained by the FTP method using 47 mm filters was 0.96
(CV = 13%). Data for limited vehicle testing are presented.

Results of special experiments are presented for the effects of driving cycle
sequence on emissions, of the dilution tunnel on particulate measurement and
mutagenic activity, and of cola ambient temperatures. Particulate and extract were
re-exposed to diluted exhaust to determine the exposure-time effects on mutagenic
activity. :

A discussion is presented of work conducted to isolate, identify and quantify the
chemical substances responsible fcr the mutagenicity of the extract. Bulk samples of
extract were fractionated and analyzed by GC, GC/MS, and HPLC/UV. The acidic
fraction had the highest specific activity, while most of the total activity was in the
neutral fraction due to its greater mass. Four-ring PAH's and their alkyl-substituted
homologues were predominant. Ketone, quinone, carboxaldehyde and hydroxy deriva-
tives and their alkyl homologues were characterized. The single largest family of

iv



compounds detected was 9-fluorenone and its Cy-Cy élkyl homologues. ’

This repbrt was funded by the U.S. Environmental Protection Agency under

Grant R805934. This is the final report for the period September [, 1978 to March 3,
1982.
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TEOM * Tapered Element Oscillating Microbalance
uyv ultraviolet
\A\ ) Volkswagen
2-NF 2-nitrofluorene
50C 50 mph steady cruise
SYMBOLS
oC degree Celsius (centigrade)
n number of items in group
32 correlation coefficient
X mean (arithmetic)
o standard deviation
%V : percent emission change per 1000 miles
-) without S9
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SECTION 1
INTRODUCTION

The control of mobile source emissions to achieve air pollution goals has been
. one of the significant technical/social challenges of recent years. The multitude and
diversity of these emission sources, the relative difficulty of reducing emissions of
some pollutants from in-service vehicles and the co-existence of vehicles and people in
urban settings all have impacted approaches taken to minimize the effect of mobile
source emissions on air quality. '

Mobile source emission prograrns began essentially as a gasoline-powered vehicle
emissions control program. These efforts now must not only adapt to the increased
diversity of gasoline combustion technologies, but must also address the presence of a
significant diesel-powered component in the vehicle population. In New York State
the number of diesel-powered light-duty vehicles in 1975 was a mere 3,265, but by 1980
this number had increased at an average annual geometric rate of about 68% to
become 44,122, an increase from 0.05% to 0.64% of this total vehicle population in a
five vear period (1). This increase has occurred during a period of sales depression in
the general new-car market. The significantly different emissions of diesels, coupled
with their recent accelerated penetration into all vehicle weight classes, thus
represents an emerging factor in the mobile source picture that demands adjustment
to the process of developing policies to optimize the nation's transportation/energy/air
quality balance.

How many diesels will there be? What will be their emissions impact? How will
diesel related emission technology evolve? Shculd diesels continue to be exeinpt from
inspection/maintenance requirements? What are the composite HC, CO, NOy, and
particulate impacts on ambient air quality levels for various possible future diesel
scenarios? In concert with other emissions, wnat visibility and health impacts should
be expected?

These are not all the questions, but they typify the magnitude and uncertainty of
the impact that present events will make for sume future time, a time when little can
be done but accept the vehicles and their eifects in retrospect. Thus the need to
develop a technical viewpoint to aid in the identification of important diesel issues
was an underlying motivation behind this joint New York State/Environmental Pro-
tection Agency research study described in this groject report.

The New York State diesel study grew from the need for comprehensive
emissions test data on in-use diesel automobiles. Comprehensive, in this context,
refers to mass emissions testing for HC, CO, NO,., fuel economy, particulate by the
identical tests used by vehicle manufacturers to certify new vehicles - the Federal
Test Procedure (FTP), and additional investigations regarding the characteristics of
the emitted particulate. Other types of vehicle operation were included to obtain the
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same types of emission data for conditions ranging from New York City driving to
highway operation. Thus tailpipe particulate was measured for various vehicle types,
vehicle mileage/ages, commonly used fuel and lubricating oils, and vehicle operating
modes. Particulate samples collected for each of the many combinations of
parameters mentioned were individually solvent extracted to determine the
"extractible" and "residue" make-up of the total particulate. The extracts (or soluble
organic fractions) were then subjected to a bioassay screening test to determine the
relative mutagenic potency as functions of many of the test -parameters. All data
were entered into a computer data base from which analyses, correlanons -and .
tabulations were performed.

A parallel effort to the in-use vehicle study was directed toward chemical
identification of the mutagenic species present in the extract samples. The chemistry
of the extracts is analogous in complexity to cigarette smoke, and the mutagenic
activity is not attributable to the major components. Thus chemical identification of
the mutagenic species is a difficult task and only a few select samples were
extensively examined. Three project vehicles (Oldsmobile, Volkswagen, and Mercedes-
Benz) were operated on the dynamometer for a totat-of 50 days to collect sufficient
particulate (50-100 g of particulate each) to obtain, after solvent extraction, ihe
quantity of extract needed for chemical characterization work.

The in-use vehicle regulated emissions testing, experimental developments in
obtainirg particulate emissions data, chemical characterization of large samples,
bioassay results from both in-use vehicle tests and large particulate samples, and
analysis of project data base results all are significant aspects of this study. This
report summarizes the study and its findings shortly after completion of the data
collection effort. Further examination of the data base, chemical analyses on the
archive of project extract samples, etc, may well extend the application of these data.
The project was not intended to directly address the policy type of questions listed
above, but was designed to contribute technically to their understanding.

The analyses and discussions in this report use only a portion of the data
collected in this project, Many other worthwhile analyses could be made but were not
made due to time restraints. In general the analysis has been limited to Phase 3 data
(controlled conditions) and in many cascs to only FTP Phase 3 data (e.g. in the mileage
accumulation section). In many cases a preliminary analysis of the data showed
extension to anothei phase cor to other cycles would not significantly contribute to the
results of this study. Vehicle averages for 12 parameters for Phase | and Phase 3 are
giren in Appendix A. In addition, this appendix includes data for six parameters from
each of the three individual bags of the FTP. These data are not discussed in the -
reoort.

Samples of all fuels used in the project were extensively analyzed. Although
many instances were found in which fuel effects were apparent, no detaiied analysis of
fuel composition effects on emission parameters have been attempted.

Almost all Ames data discussed represent strain TA98 testing without activation
although many samples were analyzed with activation and with other strains. The
bioactivity-emissions correlation study lumped all Phases together in order to achieve
the largest possible data base. The study was limited, however, to determination of
linear correlation coefficients. Non-linear or multivariable analysis of the data base:
must be left for future work.



SECTION 2
CONCLUSIONS

The New York State research team investigated the emission characteristics of
light-duty diesel passenger vehicles typical of the 1978-1979 period when the study
began. Many results apply to diesel emissions in general; but others are specific to
this vintage vehicle and should not be extrapolated to other cases. This section is
composed of those general conclusicns felt to relate to the diesel emission field, and
specific conclusions from the experimental work performed.

GENERAL CONCLUSIONS

Particulate, CO, HC, and NOy emissions (g/mi) increased significantly for New
York City driving conditions relative to the certification driving cycle for the Federal
Test Procedure. .

Particulate emissions for some vehicles exhibited significant increases with
mileage accumulation whereas other vehicles remained relatively constant (no deterio-
ration) throughout the period of the project.

When significant mileage accumulation increases in particulate mass emissions
were observed, the increase was predominantly due to increases in the extractible (not
residue) portion of the particulate.

Total hydrocarbon emissions are composed of both gas and condensed (as part of
particulate) phase material. The particulate-bound portion was 20-60% of the total
hydrocarbon emission with the 50C having the highest values and the IDLE the lowest.
Driving cycle, vehicle type, and vehicle age accounted for the variation range.

Measurement of diesel engine particulate mass emissions in real-time is now a
possibility. This development impacts several areas of diesel emissions understanding
previously limited by use of long-time fiiter sampling. Some areas wheie this
capability can be expected to have application: 1) focusing engine development work
on emission prone modes, 2) correlation of vehicle operation characteristics with
certification test cycles, and 3) developement of short vehicle tests suitable for on-
road vehicle emissions projections. '

The bioassay potency of particulate extracts (by Ames tester strain TA98
without activation) exhibited considerable variation with project variables, but was
positive for all samples (over 1100) analyzed.

Direct correlation of bioassay activity with specific vehicle-test parameters was
not achieved, but a complete examination of the data base for possible correlations
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has not been performed.

For all General Motors vehicles as a group, Ames test activity correlated very
significantly with the residue (and not with the extractibls) portion of the particulate
-samples, This finding was true to a lesser extent for other vehicle groups but was
emphasized in the General Motors case by tiie higher extractible content of the
particulate, .

Mileage accumulation plots of % extractible and extract bioassay activity
(revertants/ g extract) showed these two parameters to be inversely related for
virtually all vehicles.

The solvent extractible portion of the particulate is mainly derived from
absorption of hydrocarbons and hydrocarbon derived species onto a carbon core formed
in the combustion process. However, some extractible is certainly formed in the
combustion chamber along with the carbon core and this material may contain most of
. the direct acting mutagens. The bulk of the extract is primarily a diluting medium for
the small amount of biologically active material.

The polynuclear aromatic hydrocarbon (PAH) emission products cannot account
for the observed direct acting mutagenicity of extracts, but the nitro-PAH and oxy-
PAH species likely combine to account for much of the Ames activity.

The oxy-PAH species present in typical samples from this project have been
characterized in new levels of detail, and thus contribute to the advancement of a
chemical basis for understanding diese] emissions. The reaction processes, whether in
combustion, emission, sampling, extraction, bicassay or atmospheric zones, leading to
nitro-PAH and oxy-PAH should be active topics for future diesel research .

Comparisons of over-the-road fuel economy to laboratory carbon balance fuel
economy showed the laboratory measure to be approximately 15-20% above the over-
the-road case at corresponding vehicle average speeds. Road grade, temperature,
snow, wind, etc. can easily account for this increment. -

The FTP laboratory value corresponded most closely to the over-the-road value
even though the average vehicle speed in the FTP is much lower than for over-the-
road operation. This speed discrepancy thus approximately caised the same fuel
economy effect as the real-world factors not included in the laboratory test.

SPECIFIC CONCLUSIONS

Driving Cycle Effects

(1) For Car #5, a 1979 Oldsmobile Cutlass Cruiser with 5.7 L engine, it was -
found that:

a) . the cycle driven prior to the FTP cold soak had no effect on gaseous’
emissions and had iittle effect on particulate emissions except when that cycle was an
IDLE; :
b)  previously driven IDLEs increased the particulate emissions of subsequent
driven cycles but did not affect gaseous emissions; »

c) gaseous measurements were not affr.cted by the previously driven cycles;

-d) gaseous measurements when repeated on separate days had a coefficient of
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variation, CV, of less than 5% except for the IDLE where the CV's were several times
larger;

e) the fuel economy of a cycle increases with increased repetition of that
cycle during a day.

(2) For all vehicle groups, driving cycles affect. emissions in a consistent
-manner. The general trend of decreasing emissions was NYCC >FTP > CFDS >HFET>
50C.

(3) The Genera! Motors group had emissions which were-much more sensitive to
driving cycles than were the Volkswagen and Mercedes-Benz groups. .

(4) With the exception of residue for the HFET and 53C, the General Motors
group had greater g/mi emissions than the Volkswagen or Mercedes-Benz groups.

(5) Cycle variations of particulate, g/mt, were principally due to variations in
residue mas. for all vehicle groups.

(6) Residue, g/mi, was very cycle dependent for the Gereral Motors group but
only slightly cycle dependent for Volkswagen and Mercedes-Benz groups. It increased
in the order 50C < HFET < CFDS < FTP < NYCC,

(7) Extract, g/mi, showed very little cycle dependence except for a very large
increase for the NYCC for all vehicle groups. The CFDS, HFET and 50C had similar
extract, g/mi, emissions with a slight increase (0.02 g/mi overall} in the order CFDS <
HFET < 50C for all vehicle groups.

(8) Extract, %, showed no cycle variations for the Mercedes-Benz group, few
variations for the Volkswagen group and strong cycle dependence for General Motors

group.

(9) The HFET and 50C had very similar gaseous emissions except for hydro-
carbons from the General Motors group.

Mileage Accumulation Effects

(1) FTP particulate emissions did not show a mileage related deterioration
(increase) for the Volkswagen group and the Mercedes-Benz groups, but showed a large
deterioration for the General Motors group due to a large increase in extractible
emissions. ,

(2) FTP hydrocarbon emissions did not show a mileage related deterioration for
the Volkswagen and Mercedes-Benz groups, but showed a deterioration for the General
Moters group. .

(3) FTP carbon monoxide emissions showed a deterioration of the General
Motors and Volkswagen groups but not for Mercedes-Benz group.

(4) FTP nitrogen oxides emissions showed a decrease with accumulated mileage
for the General Motors and Mercedes-Benz groups but no trend for the Volkswagen

group.



Fuel Economy

(1) Over-the-road fuel economy as measured by underhood meters between
vehicle tests was approximately 15-20% less than laboratory carbon-balance fuel
economy at comparable average vehicle speeds.

(2) Over-the-road fuel economy, while of higher average vehicle speed than the
FTP, was most closely approximated by FTP economy.

(3) Laboratory fuel economy increased with ii.creased average speed of the
driving cycle, i.e. NYCC <FTP <CFDS <HFET <50C.

(4) Laboratory fuel economy data normalized to vehicle test inertia (ton-
milefgallon) were generally less than 10% apart for the vehicle groups for all test
cycles except the NYCC.

(5) Fuel economy as ton-mile/gallon for the NYCC showed the General Motors
group to be about 30% lower than the Volkswagen and Mercedes-Benz groups. The
Generai Motors group weight-specific fuel economy improved at high speeds relative
to the Volkswagen and Mercedes-Benz group values, and exceeds the Volkswagen group
value by a small amount for the 50C.

Ames Characterization

() No overall definitive effect of fuel/lubricating oil could be established
between phases but significant differences were noted for several cases.

(2) When significant Ames activity changes where observed between phases, the
changes were generally consistent for all test cycles.

(3) No general mileage accumulation trend for Ames activity expressed in per
mile units was observed. Large changes, both positive and negative, were observed
with accumulated mileage.

(4) Ames activity g,enerally increased in the order GM < MB < VW for all test
cycles and all mnethods of expressing activity. :

(5) The Ames activity of the NYCC extract was generally lower than that for
other driven test cycles for all vehicle groups.

(6) An inverse relationship between % extractible and Ames specific activity
(revertants/ug extract) with accumulated mileage was observed for most of the
project vehicles,

(7) Graphical representation of vehicle group average bioactivity
(revertants/mile), extract (grams/mile), and residue (grams/mile) over various driving
~schedules employed in this study suggests that bioactivity variatinn more closely
follows residue variation than extract variation when the data are normalized to the
FTP schedule values.

(8) Linear correlation analysis of emission aqd bioactivity parameter data did
not discover highly correlated parameter relationships which were consistent for all
vehicle types and driving schedules. Linear correlations among emission and bio-
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activity parameters were generally very weak although often statistically significant.
A certain degree of consistency in the sign of the linear correlation coefficient was
observed over most vehicle types and driving schedules for certain parameter pairs.
Revertants per ug extract was the blO&Cthlty parameter which most f{requeintly
yielded a statistically significant corre!ation coefficient. The correlation coefficient
for revertants/ pg extract and emissions were typically negative for extract emission
parameters and positive for residue emission parameters.

Real-Time Particulate Measurement

(1) The first successful test of a prototvpe real-time diesel particulate mass-
measurement instruinent was achieved. This instrumnent, a Tapered Element
Oscillating Microbalance (TEOM) was used in dilution tunnel sampling and demon-
strated correspondence with standard filter collection while providing real-time
resolution of particulate emissions.

(2) The time resolution achieved during this test of the TEOM was 8 seconds,
and with further work this time constant may be decreased.

(3) TEOM data may be obtained either directly from the instrument micro-
processor or from data storage on a host computer. = When the latter method is
employed, the TEOM raw data signal may be reanalyzed by user defined algorithms to
obtain new information from existing test data.

Fuel Specific Emissions

(1) Fuel specific particulate (g/kg Fuel) was fairly constant for all driving cycles
for Mercedes (v 3.5-4.0 g/kg Fuel).

(2) Fuel specific particulate for Volkswagen group showed an increasing trend
with higher speed cycles (3.5-5 g/kg Fuel); whereas General Motors group vehicles
showed a decreasing trend with higher speed cycies (5.5-4 g/kg Fucl).

(3) The main variations in fuel specific emissions were due to changes in residue
and not extract emissions.

Chemical Characterization of Extract

(1) The acidic fraction of the extract had the highest specific aétivity but most
of the total activity was in the neutral fraction due to its greater mass.

(2) Four-ring PAH's and their alkyl-substituted homologues were the predomi-
nant constituents.

(3) 9-fluorenone and its C-Cy alky] homclogues was the single largest family of
compounds.



SECTION 3
EXPERIMENTAL APPROACH

INTRODUCTION

The technical literature contains numerous reports of diesel emissions investiga-
tions, and no attempt will be made here to provide a complete literature review, The
bulk of literature on this subject is found in the publications of the Society of
Automotive Engineers (SAE). Collections of SAE papers on diesel emissions are
available (2-10). Works are available on measurement of emissions (11-15), health
effects (16-24) and policy decision (25-27). Some historical perspective will be given to
provide the reader a sense of the context at the time this study was undertaken, and
the references listed for this section provide access to the general body of diesel
emissions literature,

Prior to the mid-1970's, diesel combustion was viewed primarily in relation to
heavy-duty vehicles. Research reports on emissions for these types of engines dealt
with particulate emission measurement, emission effects of fuel properties, chemical
characterization of extracts, particulate size data, odor characterization, and opacity
measurements. Some detailed chemical characterization work was undertaken at this
time, but the emphasis tended to be on known toxic or carcinogenic species such as
benzo(a)pyrene. ~ Beginning in the mid-1970's there was increased 2mphasis on light-
duty diesel emissions from passenger cars as well as continued heavy-ddaty character-
ization studies, measurement technique development, and physical characterization.

The first reports of positive bioassay indications from diesel particulate extract
by the Ames test were paralleled by prujections of the increasing use of diesel engines
for light-duty vehicles. These combined factors directed much research into the
complex organic mixtures obtained from solvent extraction of particulate samples.
The chemical species responsible for these Ames test indications were soon found not
to be the compounds of historical attention, such as BaP, and the search for these
chemical mutagens has been a major theme in research efforts since the Ames test
was applied to diesel emissions. The validity of sampling procedures, the potential for
artifactual mutagen formation, the evolution of bioassay methods as research tools,
and the partial correlation of biocassay data with nitro-PAH species have all been
active topics since the chemical quest for the mutagen identification began. The
important questions about what happens to diese] particulate once.emitted to the
atmosphere (as contrasted to a dilution tunnel) form an entire field in complexity,
experimentation and interpretation.

Particulate emission standards and measurement protocol for certification of
1981 and later model year new cars were promulgated by EPA in 1979. While the -
measurement protocol does not address sampling for either mutagens-or PAH's, the
mass emissions measurement protocol has come into general use by most researchers.
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The new car certification data have been complemented by very little in-use diesel
particulate data obtained by re-testing after mileage accumulation.

The present study was thus designed to explore several aspects of the diesel
emissions field by examining a diverse sample of consumer operated diesel vehicles
over a period of significant mileage accumulation. Information was needed, for
instance, on the following questions to furiner the understanding of diesel emissions:
How do particulate mass emissions vary among vehicles, with the age of vehicles,
among type of vehicle operations, and for fuel/oil types encountered among in-use
vehicles? Beyond mass emission questions, how does particulate character
{extractible, residue, bioassay activity) change with vehicle operation and fuel/oil
variations? Which chemical species in particulate extract are significant in the
extract bioassay results? How can vehicle particulate emissions be measured in real-
tie rather than as integrated test-cycle averages from filter samples? How can the
accumulated data from in-use diesels be analyzed to reveal trends that connect
project data elements that would be isolated pieces of information if taken alone?

VEHICLE SAMPLE GROUP

The vehicle sample for this study included 2| in-use diesels. Most of these
vehicles were tested repeatedly over a 28-month period of mileage accumulation.
Since all vehicles in the sample group did not accumulate mileage at the sarne rate,
the total number of vehicle tests were not the same for all sample group vehicles. The
mileage accumulation intervals between vehicle tests averaged 12,000 miles, but no
strict mileage interval was used, in response to the varieties of driving encountered by
the vehicles. Since a goal of the study was to retest the same vehicles, the vehicles in
the study did not include new diesel engine types that were introduced to the market
during the course of the study.

.Table 3.1 lists each sample group vehicle by a project "Car #" identifier which is
used in subsequent data presentations. Table 3.1 also lists the make, model, model-
year, engine displacement/cylinder configuration, transmission type, and emission
chassis dynamometer road-load and inertia settings used ior testing.

Referring to sample group vehicles by the Car # identifiers, some further
information on the background of the vehicles may provide useful information for
understanding project results: Cars #l and #5 were procured by New York State to
provide loan vehicles to private vehicle owners who permitted their vehicles to be
tested in the project. These two vehicles were also used extensively for project
testing needs for coliection of large particulate samples, protocol development, etc.
These vehicles received normal maintenance by project staff.

Cars #2 and ##3 were operated by the New York State Thruway Authority as part
of their normal administrative fleet, Car #10, a Thruway Authority Dodge pickup
truck equipped with a Mitsubishi diesel engine, was included in the study to obtain
comparison data from an engine type not in widespread use.

Car {1, a privately owned Volkswagen Rabbit, entered the project with 120,000
miles, and was last tested at 170,000 miles, and thus was the only project vehicle with
testing at such high mileage.

Car #18 was the only 1980 model-year 5.7 L Oldsmobile diesei in the sample
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group. - This vehicle did not have emissions which were typical of the 1979
Oldsmobiles. Since it was the only 1980 Oldsmobile in the group, and numerous design
changes were made between the 1978-79 and 1980 5.7 L engines, subsequent groupings
of General Motors 5.7 L engines in this paper exclude this vehicle. Thus the emissions
data presented for the GM 5.7 L diesels pertain only to 1979 model year designs.

Car /20 was a 1978 General Motors 5.7 L diesel tested only once to evaluate the
effect of an experimental crankcase oil additive, and thus the results from this test
are not included in any composite emission results presented for the General Motors
5.7 L diesel vehicles.

Car #2l, a 1973 Dodge van retrofitted in {975 with a Chrysler-Nissan CN6-33
~diesel engine, was tested to obtain comparison data. This type of engine was used in
the New York City diesel taxicab study (28).

Where applicable throughout this report, the vehicles have been divided into
groups according to manufacturer, The groups are:

GM: Cars# 2, 3, 4, 5,7 and 16;

VW: Cars# 1, 6, 8, 9, and Ii;

MB: Cars# 12,13, 14, and 19;

OTHER: Cars# 10, 15,17,18, and 2.

The privately owned in-use vehicles were solicited by letter to diesel vehicle
registration holders in the Albany, New York area. In consideration for the use of
their vehicle for testing purposes, the owner received a foan vehicle during the .est, an
oil/filter change as part of the test, a full fuel tank upon the return of their vehicle,
and two car wash tickets.

TABLE 3.1 - VEHICLE SPECIFICATIONS AND DYNAMOMETER TEST CONDITIONS

ENGINE TRANS- DYNAMOMETER
CAR ## YEAR MAKE MODEL DISPLACMENT _MISSION H.P. LW,
1 P9 vw Rabbit -4 151 Mb 7.3 2250
z 79 OLDS Cutlass Cruiser V-8 5.7L A3 12.5 4900
3 79 OLDS Cutlass Cruiser V-8 5.7L Al 12.5 4000
4 79 OLDS 98 Regency V-8 5.7L A3 12.8 4500
5 79 oLDS Tutlass Cruiser V-3 5.7L A3 12,5 4000
6 80 VW Rabbit I-4 1.5L M5 6.8 2250
7 79 CADILLAC Eldorado V-8 57L A3 10.6 4500
8 78 vw Rabbit 1-4 1.5L M4 7.3 2250
9 79 vw Rabbit 1-4 1.5L M4 7.3 2250
10 78 DODGE D-10 Mitsubishi 1-6 40L A3 4.4 5500(s)
11 77 vw Rabbit I-4 1.5L M 7.3 2250
12 77 M-B 240-D 1-4 2.4L iv 11 12.3 3500
13 78 V-8 300-CD 1-5 3.0L A4 12° 4000
L4 79 M-B 240-D 1-4 2.4 L M4 12.6 3500
15 79 AUDL - 5000 i-5 2G6L M5 11.8 3000
i6 79 OLDS Delta 88 V-8 5.7L Al 13.3 4500
17 79 PEUGEOT 504 [-4 - 2.3L My 10,7 3500
18 80 OLDS Cutlass Cruiser -8 5.7L A3 12,6 4000
i9 79 M-B 300-SD (Turbo) 1- 30L Ab 13.0 4900
29 78  OLDS Delta 88 v-8 5.71L A3 13.3 4590
24 78 DODGE Tradesman 209 1-6 3.3L Al 12.0 4000
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MILEAGE FREQUENCY OF TESTS

The total mileage accumulation by the sample group during the project was in
excess of 700,000 miles - an average of about 35,000 miles per vehicle. Figure 3.l is a
mileage test point roster showing the odometer readings on each vehicle for its tests.
Figure 3.1 also shows how all 80 tests are distributed as a function of accumulated
mileage, The 10-50,000 mile band contains 48 (60%) of all project tests and the 50-
100,000 mile band contains 23 (30%) of the tests.

MLEAGE TEST POINT ROSTER
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Figure 3.1 Mileage test point roster and mileage
distribution of vehicle tests.

Sample Group and Vehicle Test Distributions

Table 3.2 provides a breakdown of the sample group by manufacturer, model
year, and number of tests by manufacturer. Fifty-seven percent of the fleet were
1979 model year and 68% of the tests were performed on these vehicles. The General
Motors group comprised 38% of the fleet and 45% of the tests. Cars #2 and #3 alone
accounted for 20% of all tests. Figures 3.2 and 3.3 show the chronological distribution
of tests over the calendar time frame of the in-use testing and the seasonal
distribution of tests by month, respectively, The time of year when a test was
performed could affect results of tests performed with "as received" fuel. By chance
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TABLE 3.2 - VEHICLE SAMPLE GROUP BY MODEL YEAR

. MODEL YEAR TOTAL  TOTAL
MANUFACTURER <)977 1977 1978 1979 1980 VEHICLES TESTS
GENERAL MOTORS 0 o -1 .6 1} 8 36
VOLKSWAGEN 0 1 1 2 1 20
MERCEDES-BENZ 0 1 I 2 (1] 4 12
AUDL 0 0 [ 1 0 ! [
PEUGEOT 0 0 0 )} 0 1 3
MITSUBISH] (1] 1 0 0 0 ] 2
NISSAN 1 0 0 0 0 1 |
TOTALS 1 2 4 12 2 2} 80
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Figure 3.z Chronological distribution of vehicle tests.
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Figure 3.3 Monthly distribution of vehicle tests.
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almost half of the tests were performed from December to March, when diesel fuel
commonly contains additives. Tests performed in this time period would have the
largest differences between "as-received" and control fuel.

Vehicle Test Protocol

The chemical and biocassay characterizations of diesel particulate are, at
present, fields of continuing research and developinent. At the initiation of this
project, the state of the art in these fields impacted upon the vehicle testing protocol.
Since little information was available on, for instance, how vehicle. ‘test conditions
 affected bioassay results, a lengthy test protocol .was adopted to comprehensively
measure the vehicle emissions beyond what would have been required if the only goal
of the study was to measure vehicle emissions.

The desire to test the vehicles in "as-received" condition, and the need for some
standardized test condition was met by doing both. Thus each complete "vehicle test"
- was composed of repeated "test phases". Each test phase included five or six types of
vehicle operation to examine their cifferences among modes of operation. Since little
data were available on pre-conditioning effects, special tests were performed to
determine the impact of engine operation modes immediately prior to a vehicle test.

Vehicle Test Cycles

The vehicle test cycles used in this study were: the new vehicle emissions
certification driving schedule (Federal Test Procedure - FTP), the Congested Frgeway
" Driving Schedule - (CFDS), the Highway Fuel Economy Test -(HFET) a steady-speed '
50 mph cruise (50C), idle operation at zero vehicle spee! with vehicle in neutral or
park" (iDLE), and the New York City Cycle (NYCC). Although NYCC has frequently
appeared in the technical literature, its origins have not been well-documented. The
NYCC was developed by Alfred DeFilippis and Joe Mariano of the New York City
Department of Environmental Protection to represent driving conditions in highly
congested urban traffic (39). Speed-time data from midtown Manhattan were used in a
stochastic model that examined mc vents up to-the third order to generate speed-time
tables for testing purpcses. Vehicle acceleration and deceleration halves of the
velocity-acceleration plane were treated separately to reflect vehicle differences
implied by these mathematically inverse, but operationally distinct, modes. Specific
details about the length, average speed, number of vehicle stops/mile, etc, for the
other driving cycles are available in various reference sources and will not be
tabulated here (30).

The vehicle test protocol was desigred to provide insight into several areas of
diesel emissions for which little or no information was available. Among these were:

*the variation of particulate and gaseous emissions with vehicle age, fuel,
lubricating oil types, and driving cycle;

*the variation of parnculate character {extract, resxdue and bioassay) with the
above parameters;
-the variation of emissions from day-to-day and the reproducibility of the results
of a driving cycle;
-the variations among vehicles of the same type and between different groups of
vehicles.

To anticipate these topics from in-use vehicles over a two-year testing period, a
test protocol employing three replicate driving cycle sequences was adopted, each
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with different fuel/lubricating oil test conditions. Within project documentation, each
of these conditions was lateled as a "Phase". Each of the three phases thus included
separate vchicle gaseous/particulate measurements for a sequence of driving cycles.
The three phases corresponded to the following vehicle fuel/lubricating oil conditions:

Phase | = vehicle tested "as-received", '

Phase 2 = project control fuel, "as-received" oil.

Phase 3 = project control fuel, fresh oil of manufacturer speci‘ication.

When an in-use vehicle was procured for testing, the entire data accumulation
from that procurement was labeled a "Test",

TEST
Phase 1 Phase 2 Phase 3
Driving Cycle Sequence  Driving Cycle Sequence Driving Cycle Sequence

The original driving cycle sequence is given in Table 3.3a as a list of the driving
cycles and vehicle soak conditions employed. After 34 complete vehicle tests, the
project data were analyzed and reported (31), and at this point the test protocol was
modified. The changes were: 1) All Phase 2 testing was eliminated, leaving only
Phase | and Phase 3 as a complete vehicle test for tests beyond #34, and 2) The driving
cycle sequence was modified as shown in Table 3.3b.

TABLE 3.3. VEHICLE TEST DRIVING CYCLE SEQUENCES

A B8
Vehicie Tests Vehicle Tests
1-34 25-30
50C, 30 min* 50C, 15 min®
50C, 30 min.
CFDS
HFET X 3 HFET X 3
SOAK, overnight SOAK, overnight
ETP FTP .
CFDS . CFDS
HFET X 3 HFET
IDLE, 30 min NYCC
50C, 15 min
IDLE, §5 min
Repeated for Repeated for
each of 3 fuel/ each of 2 fuel/
oil combinations= oif combinationss=
Phase I, 2, 3 Phase |, 3

*Pre-Test conditioning, no data taken.
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Both driving cycle sequences given in Table 3.3 began with an afternoon portion,
followed by an overnight soak at laboratory conditions, and concluding with a morning
portion that started with an FTP. Sufficient duplicate testing of the same driving
cycle was intentionally included to document particulate and particulate character
changes due to changes during a test phase. After test 34, some of this emphasis was
dropped, and the New York City Cycle added to examine slow speed vehicle operation.
The test sequence spanned vehicle modes from idle to 50 mph, and driving cycles with
a wide range of speed variability.

Each complete vehicle test, with its multiple phases and cycle sequence in each
phase, required almost one week of work. The project inciuded over 3,200 filter
measurements of particulate and 1,800 50 cm x 50 cm f{ilter/solvent extractions.
Project archives contain individual extract, fuei, oil, and particulate residue samples
from the many test conditions.  This report, assembled a few months after the
completion of vehicle testing, summarizes and analyzes data to the extent possible
within that time frame. However, the archival samples represent a potentially fertile
area for future studies.
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SECTION &
GASEOUS AND PARTICULATE EMISSIONS

SUMMARY

. This section presents Phase 3 emissions and fuel economy data by vehicle group
for the FTP (Table 4.1), CFDS (Table 4.2), HFET (Table 4.3), 50C (Table 4.4), NYCC
(Table 4.5) and IDLE (Table 4.6). Each table entry consists of the mean value of a
parameter for all tests for the given vehicle group, the standard deviation, g, of that
set and the coefficient of variation, CV, % (0/mean x 100). This form of presentation
gives both absolute emissions and an indication of the observed "spread" in the data so
that graphical differences shown in subsequent discussions will be more meaningful.

The coefficients of variation in Tables 4.1-4.6 show that the heterogeneity of a
vehicle group depends very strongly on the parameter of interest. Gaseous emissions
for these cycles have CV's in the range of 25% to 67% for hydrocarbons but only in the
range of 11% to 26% for carbon monoxide and nitrogen oxides. Particulate and residue
CV's range from 10% to 48% while extract has very high CV's, ranging from 35% tc¢
93%. The factors causing high coefficients of variation for extract are likely the same
as those which affect the hydrocarbons. Fuel economy is the most consistent
parameter having a CV range of only 4% to 9% except for the IDLE where fuel
economy in minutes per gallon has a CV of 8-16%.

Mean values for these parameters and several other parameters on an individual
vehicle basis are presented in Appendix A for both Phase 3 and Phase l.

DRIVING CYCLE EFFECTS
Introduction

This section: presents the data with respect to etfects of the various driving
cycles. All data in this section are averages of all available data for a given cycle.
For the first 34 vehicle tests particulate data were collected from the FTP, CFDS,
HFET, 50C and IDLE cycles but gaseous data were collected only from the FTP,
CFDS, and HFET. ‘For the last 46 tests both particulate and gaseous data were
collected from these five cycles as well as from the NYCC. Although the figures
which follow present averages for specific: parameters and cycles, some averages are
necessarily based on fewer tests due to the absence of gaseous or particulate data.

Part‘culate, Residue and Extract

The definition of diesel "particulate" is operational as opposed to exact. It is
operational because it i5 based on the conditions of measurement rather than the
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TABLE 4.1. - SUMMARY OF FTP PARTICULATE AND GASEOUS EMISSIONS - PHASE 3

Emission

PARTICULATE, g/mi
RESIDUE, g/mi

EXTRACT, g/mi

% EXTRACTIBLE

HY DROCARBONS, g/mi
CARBON MONOXIDE, g/mi
NITFOGEN OXIDES, g/mi
FUEL ECONOMY, mpg

Mean

0.89
0.65
0.25
26.3
0.65
1.69
1.7]
20.0

0.19
0.43
0.16
11.0
- 0.21
0.22
0.19
1.0

Mean

0.36
0.31
0.08
21.0
0.29
1.44
0.97
4.0

vw

-2

0.07
0.07
0.03
7.6
0.07
0.18
0.16
[

Mean

0.51
0.43
G.G3
13.3
0.28
1.25
1.38
2.7

TABLE 4.2. SUMMARY OF CFDS PARTICULATE AND GASEOUS EMISSIONS - PHASE 3

Emission

PARTICULATE, g/mi
RESIDUE, g/mi

EXTRACT, g/m’

% EXTRACTIBLE
HYDROCARBONS, g/mi
CARBON MONOXIDE, g/mi
NITROGEN OXIDES, g/mi
FUEL ECONOMY, mpg

Mean

0.62
0.39
0.22
33

0.4

GM

g

0.20
0.11
0.16
e
0.16
0.14
0.15
t.1

Mean

0.3¢
0.26
0.08

0.26
0.92
0.83
536

vw
o

0.08

0.07

0.03
3

0.08

0.21
0.20
2.6

Mean

0.43
0.37

MB
o
0.06
0.07
0.03

0.03

0.13

0.19
7

TABLE 4.3. SUMMARY OF HFET PARTICULATE AND GASEOUS EMISSIONS - PHASE 3

PARTICULATE, g/mi
RESIDUE, g/mi

EXTRACT, g/mi

% EXTRACTIBLE
HYDROCARBONS, g/mi
CARBON MONOXIDE, g/mi
NITROGEN OXIDES, g/mi
FUEL ECONOMY, mpg

TABLE 4.4, SUMMARY OF 50C PARTICULATE AND GASEOQUS EMISSIONS - PHASE 3

Emissiog

PALTICULATE, g/mi
RESIDUE, g/mj

EXTRACT, g/mi

% EXTRACTIBLE
HYDROCARBONS, g/mi
CARBON MONOXIDE, g/mi
NITRCGEN OXIDES, g/mi
FUEL ECONOMY. mpg

Mean

0.61
0.21
0.20
43
0.4l
0.9%
1.30
32.2

GM
2]

0.20
0.11
0.16
15.7
0.1%
0.10
0.16
1.27

GM
[}

0.20
0.09
0.16

0.18
0.11
0.15
1.5

z
"
[
>

~N
)‘0.00
O N W
NRES

fo0

-
<

L oe NN
NuNO

Mean

0.29
0.23
0.06
21.4
0.21
0.83
0.90
59.5
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TABLE 4.5. SUMMARY OF NYCC PARTICULATE AND GASEOUS EMISSIONS - PHASE 3

GM vv M8
Emission Mean [-) Cv,% Mean o Cv.% Mean o Ccv,%
PARTICULATE, g/mi 1.88 0.23 12 0.44 0.05 10 0.87 0.12 14
RESIDUE, g/mi 4 1.3 0.l¢ 10 0.30 0.06 J9 0.75 0.12 16
EXTRACT, g/mi 0.55 0.19 35 0.1% 0.06 (> 0.13 0.05 38
% EXTRACTIBLE 27.9 8.0 2y 31.8 . 125 39 15.4 3.13 3%
HYDROCARBONS, g/mi 1.69 0.3) 30 0.49 0.33 67 0.47 0.23 52
CARBON MONOXIDE, g/mi 4.02 0.53 13 2.06 0.53 26 2.27 0.50 22
NITROGEN OXIDES, g/mi 2.82 0.37 13 1.53 020 1 2.32 0.27 12
FUEL ECONOMY, mpg 1. 0.8 7 294 X} 5 17.0 1.3 8

TABLE 4.6. SUMMARY OF IDLE PARTICULATE AND CASEQUS EMISSIONS - PHASE 3

GM v MB
Emission Mean o Cv,% Mean o CV,% Mean [} Ccv,%
PARTICULATE, g/mi 0.188 0.028 15 0.017 0.011 63 0.053 0.01% 26
RESIDUE, g/mi 0.145 0.018 13 0.007 0.003 &5 0.045 0.013 28
EXTRACT, g/mi 0.042 0.621 48 0.011 0.009 93 0.008 0.003 36
% EXTRACTIBLE 22 8 35 53 r 40 15 5 35
HYDROCARRBONS, g/mi 0.230 0.1} 48 0.058 0.059 103 0.040 0.030 74
CARBON MONOXIDE, g/mi 0.549  0.103 19 0.186 0.12¢ 67 0.133 0.027 18
NITROGEN OXIDES, g/mi 0.160  0.033 21 0.099 0.026 26 0.128  0.032 25
FUEL ECONOMY, min/gal 163 13 8 561 50 9 46 57 16

properties of the substance. The mass of particulate is determined from the weight
gain of a specified filter at specified temperature and flow rate ranges. Anything
collected by the filter (except uncombined water - for which no correction is made) is
called particulate.

The particulate itself can be further fractionated by means of solvent extraction.
Again, an operational definition applies. The "extract" is that material which is
removed by a particular solvent under the specified conditions. In addition, the
material which is not extracted can be called the '"residue". Because of the
complimentary nature of extract and residue and the existence of possible carcinogens
in the extract, it has been customary to use only the extract and to express it as a
percentage of the particulate, i.e., percent extractible rather than as a mass emission
in itself. :

With proper choice of solvent and extraction conditions almost all crganic (as well
as some inorganic) compounds can be removed from the particulate. The remaining
"residue" is primarily carbon with insoluble inorganics and organics. Production of the
carbon (frequently called "soot") in the diesel engine has been extensively studied.
Although the extract has received much attention in the form of chemical analysis and
biological hazard assessment, only limited work has been conducted to determine the
source of the extract and the mechanism by which it becomes "particulate".

There are four locations at which particulate matter could be formed:
(1) the engine cylinders,
(2) the exhaust system,
(3) the dilution tunnel, and
(4) the filter.
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The carbon portion of the residue is formed in the engine cylinders as a
combustion product. After production, it undergoes physical changes before collection
but is probably changed very little in mass. Some of the material produced during
combustion is probably solvent extractible hydrocarbon derived material. In the post-
combustion section of the sampling system, additional extractible material can be
formed by: '

(1) absorption/adsorption,

(2) mass diffusion,

(3) condensation, and

(4) chemical reaction.
Often it is the cooling of the exhaust (caused by dilution and heat loss) which promotes
the conversion of gaseous material to particulate material via a mechanism involving
the above processes. The mass, particle size, shape and surface mcrphology of the
carbon portion could affect the quantity of gaseous material converted into
particulate.

In the course of this study we observed that the residue mass was a function of
the engine family, driving cycle and operating temperature and did not appear to be
influenced by fuel composition, lubricating oil or engine condition (mileage
accumulation). We wiii, therefore, consider residue to be a measurable, reproducible
and independent parameter with a physical significance equal to that of the extract.

The effects of driving cycles on the particulate, extract and residue are shown in
Figures 4.1, 4.2, and 4.3 for the General Motors, Volkswagen, and Mercedes-Benz
groups, respectively. The cycles have been arranged on the x-axis such that the
average speed of the cycle (except the ID_E) increases from left toc right and the
speed variability of the cycle increases frem right to left. The General Motors group
data show that the main contributor to- the cycle-to-cycle difference observed in the
particulate was the residue. The extract contribution was relatively constant except
for a large increase for the NYCC. The IDLE data (expressed in units of
grams/minute) shows a large decrease from the 50C data (expressed in grams/minute)
in all three categories. (For compariscns with IDLE data, the 50C data can be easily
converted from gram/mile to grams/minute by multiplying by 50/60 or 0.83.)

The Volkswagen group data, Figure 4.2, are very similar to the General Motors
© group data except that the residue is much less influenced by driving cycle and,
therefore, the particuiate shows less cycle dependence than did the General Motors
group. The IDLE data are very different than for the General Motors group in that
both residue and extract are very low both in absolute emission rate and relative to
the 50C. This is the only cycle for which the extract is greater than the residue. The
very low emissions for this cycle made measurement difficult and the accuracy and
precision of IDLE data for Volkswagen is much lower than for any other cycles/makes.

The Mercedes-Benz group data, Figure 4.3, show trends very similar to both the
General Motors and Volkswagen groups. The large increase in residue for the NYCC is
very similar to that observed for the General Motors group. The large decrease in
residue and extract shown for the IDLE is much like that exhipited by the Volkswagen
group; but here the residue is clearly the main component of particulate. The extract
is very similar to that of Volkswagen in‘absolute terms for all six cycles.

Figures 4.4, 4.5, and 4.6 compare the vehicle groups for emissions of particulate,
residue and extract respectively. Figures 4.4b, 4.5b and 4.6b show the same data as
. the corresponding "a" figures but normalized to the FTP to better illustrate the cycle
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sensitivities -of the three groups. Figure 4.4 shows trends of increasing particulate
with driving cycle: 50 C < HFET < CFDS < FTP < NYCC and by group: VW < MB <
GM. The General Motors group shows a strong cycle sensitivity which is much greater
than that of the Volkswagen and Mercedes-Benz groups. For the General Motors
group, the NYCC particulate is more than double the FTP and the 50C particulate is
about one-half the FTP. For the Volkswagen group, in contrast has values of 1. and
0.8 times the FTP. The Volkswagen group shows very little cycle sensitivity with only
about a 50% increase in particulate from the 50C to the NYCC.

Figure 4.5 shows the cycle-to-cycle trends for residue. The General Motors curve
is very different from those for the Volkswagen and Mercedes-Benz groups. The
residue for the HFET is lower than that for the Mercedes-Benz group; and the 50C
residue is lower than for both the Mercedes-Benz and Volkswagen groups. This trend
reversal was not observed for any other emijssion. Figure 4.5b shows that the General
Motors curve is fundamentally different. There is no leveling off of the residue for
the CFDS, HFET and 50C tc the IDLE. The Volkswagen curve shows almost no
difference between cycles except for a large decrease at the IDLE.

Figure 4.6 shows that the extract for the General Motors group is two to three
times greater than for the Volkswagen and Mercedes-Benz groups. Cycle variations
are relatively small and constant for all groups except for the NYCC which has
extract about twice that of the FTP for all groups.

Figures 4.7a and &.7b show the trends for the percent ertractible,
(extract/particulate)x!00. Comparison of Figures 4.7a and 4.4a shows that the General
Motors group percent extractibles are inversely related to the total particulate except
for the IDLE which has the lowest value. The Volkswagen group data show a large
increase for the NYCC and a very large increase for the IDLE. The IDLE value may
be biased to the high side due to difficulties in measuring the small quantities of
particulate emitted by the Volkswagens and inclusion of the normally relatively insig-
nificant amount of extract from the filter material itself. The Mercedes-Benz group
data showed a very low and very consistent percent extractibles and almost no cycle
varjation except for a small decrease for the FTP.

Gaseous Emissions

Hydrocarbons--

Average hydrocarbon emissions, g/mi, are shown in Figure 4.8 for all vehicle
groups. The most noticeable aspect of this data is the large increase in HC for the
NYCC for all vehicle groups. The NYCC HC averages 2.5 times higher than the FTP
for the General Motors group and 1.7 times higher than the FTP for the Volkswagen
and Mercedes-Benz groups. In all instances the HFET has lower HC than the other
driven cycles and the trends of incr=asing emissions are: HFET < 50C <CFDS <FTP <
NYCC and MB< VW <GM. ,

Carbon Monoxide--

Emissions of CO are shown in Figure 4.9. The General Motors group carbon

monoxide emissions are greater than those of the Volkswagen and the Mercedes-Benz

groups for all cycles. The Volkswagen and Mercedes-Benz groups are very similar with
Mercedes-Benz group slightly higher. All groups have a strong cycle dependence with
the NYCC emissions about twice those of the FTP. CO shows a cycle dependence
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which is similar to that of HC for the General Motors and Volkswagen groups.
Nitrogen Oxides—

Figure 4.10 shows that NOy emissions for the General Motors and Mercedes-Benz
groups are very similar, with the General Motors group higher for all cycles but
deviating significantly only for the FTP and NYCC. The values for the Volkswagen
group are roughly 60% of the comparable values for the General Motors or Mercedes-
Benz groups. There is a difference among group cycle variations for the CFDS, HFET
and 50C. For all groups the IDLE shows a large decrease.

MILEAGE ACCUMULATION EFFECTS
Introduction

This section discusses changes which occurred in emission parameters as the
vehicles accumulated mileage. In this study the miieage differences between initial
and final tests on an individual vehicle basis ranged from 16,000 to 73,000 miles with
an average of 34,600 miles. Annual vehicle mileage accumulation ranged from 8,400
to 36,100 miles with an average of 22,300 miles. It is recognized that the effects of
mileage accumulation (and the coincident ageing of the vehicle) can be affected by
many parameters which are uncontrolled and largely unknown in this real-world in-use
study, such as engine mechanical work, injector timing, adjustments, etc. Table 4.7
gives information on the odometer mileage, test intervals and annual usage of the test
vehicles. '

The data in this section are from the FTP only. In general the mileage
accumulation trends for a given emission parameter did not vary greatly from cycle to
cycle.

Particulate Emissions

Emissions collected by filtration on teflon coated glass fiber filters (Pallflex
T60A20) under the conditions prescribed by the Federal Test Procedure for light duty
diesel vehicles are discussed in this section. The emissions are divided into three
categories: (a) particulate, which is the regulated and defined parameter, and its two
constituents (b) residue, the remainder after solvent extraction and (c) extract, the
soluble organic fraction-SOF. '

Particulate --

The effects of mileage accumulation on FTP particulate, g/mi, are shown in
Figure 4.11a for the General Motors group, Figure 4.11b for the Volkswagen group and
Figure 4.11c for the Mercedes-Benz group. Figure 4.11d shows all three vehicle groups
on common axes to allow better visual comparison. The irregular enclosures around
the group names are envelopes which contain all values for the respective group.
Vilues for Car #¢ and Car #11 are presented separately. All the General Motors
- vehicles (Figure 4.11a), except Car #16, showed increases in particulate with mileage
ranging from slight (Car #3) to very large (Car #4 and Car #2). Increases as great as
50% occurred over the mileage accumulation period. The particulate emissions
generally ranged from 0.65 to 0.9 g/mi except for tests on Car #2 after about 30,000
miles and all tests on Car #4.
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TABLE 4.7 - MILEAGE STATISTICS FOK TEST VEHICLES AND VEHICLE GROUPS

' Average Mijeage
Odometer Mileage A No. Between Per

Car ## Initial Final Miles Tests Tests Year
2 2,992 76,318 73,326 8 10,475 32,600
3 6,160 79,223 73,063 8 10,438 32,500
4 6,729 40,744 34,015 4 11,338 17,700
5 3,617 30,685 27,068 4 9,023 14,800
7 15,115 50,683 35,568 4 11,858 29,400

16 31,798 67,266 35,468 3 17,734 22,400

GM 11,069 57,487 46,418 31 11,240 23,200
1 3,576 19,753 16,177 4 5,392 8,400
6 4,279 33,825 29,546 4 9,489 16,900
8 48,075 80,920 32,835 4 10,945 17,100
9 16,340 87,764 31,424 ] 10,475 18,000

11 119,196 171,199 52,003 & 17,33 32,800
W 38,293 70,69 32,397 20 10,799 18,700
12 43,444 75,195 31,751 3 15,876 18,100
13 26,006 42,529 16,514 3 8,257 9,000
14 22,317 41,964 19,647 3 9,824 11,200
19 23,043 44,846 21,803 3 10,902 15,400
MB 28,703 51,131 22,429 12 11,215 13,400
10 34,165 64,846 30,681 2 30,681 33,500
15 22,754 82,956 60,202 6 12,040 36,100
17 34,941 77,251 42,310 3 21,155 26,700
18 4,341 . 32,792 28,451 4 9,684 19,000
ALL 34,593 78 12,580 22,300

The Volkswagen group, Figure 4.11b, exhibited particulate in the range of 0.25 to
C.55 g/mi. All Volkswagens had particulate lower than the lowest General Motors
vehicle. No overall mileage accumulation trend was apparent, but individual vehicles
showed large relative variations in particulate. Car # and Car #9 showed large
increases while Car #6 had a large consistent decrease. Car #11, a very high mileage
vehicle, had particulate emissions which were average for its group. For Mercedes-
Benz vehicles, Figure 4.11c, particulate emissions were in the range of 0.4 to 0.7 g/mi
with no apparent mileage trend. Car #12 and Car #13 showed decreases, Car #l4
increased, and Car #19 first decreased but then increased.

Residue--

Residue, g/mi, is shown for each vehicle group in Figures 4.12a, 4.12b, and 4.12¢
and for all groups together in Figure 4.12d. In Figure 4.12a for General Motors, there
is a very tight cluster of data in the 0.5 to 0.75 g/mi range with the obvious exception
-of Car #4 which was much higher. Some vehicles showed slight mileage effects such
as the increase noted for Car #5 and the decrease exhibited by Car #16, but in general
no overall trend was indicated. The Volkswagen group, Figure 4.12b, had residue which
tanged from 0.2 to 0.5 g/mi but was generally below 0.4 g/mi. The Volkswagen data
varied more car-to-car than the General Motors group data (with Car #4 excluded). A
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possible cause of this may have been the combination of four model years and two
transiission types in the Volkswagen group. The Mercedes-Benz group residue,
Figure 4.12¢c, was in the region of 0.35 to 0.5 g/mi. The trends in residue were
identical to those observed for the particulate as the extract was very small and
‘constant. : '

Extract--

Figures 4.13a, 4.13b, and 4.]3¢c show the variation of extract, g/mi, with accumu-
lated mileage for the General Moturs, Volkswager. and Mercedes-Benz groups
respectively. Figure 4.13d shows all vehicle groups on common axes. Several General
Motors vehicles exhibited very large (3x to 5x) increases in extract during the mileage
accumulation perivd. In three cases (Cars #2, ##4 and #7), there were very large
increases in the 20,000 to 30,000 mile range. All vehicles exhibited some increase in
extract during the mileage accumulation period. Below about 15,000 miles, all values
were below €.2 g/mi but by 40,000 miles the upper range of the General Motors-grcup
extract had increased to over 0.6 g/mi., Extract values for the Volkswagen group were
very much lower than for the General Motors group, ranging from about 0.05 to 0.15
g/mi. Car #6 showed a large decrease (in a relative sense) after its first test. The
other vehicles showed increases after their first tests. Overall, there was no apparent
mileage accumulation effect, and the individual extract changes were all less tnhan 0.i
g/mi for the mileage accumulation period. The Mercedes-Benz group, Figure 4.3c,
extracts were generally in the 0.04 to 0.07 g/mi range except for Car #12 which had
about 0.14 g/mi extract. All Mercedes-Benz vehicles showed high. consistency over the
mileage accumulation period, and there was no overali mileage effect.

Figure 4.14 combines the emission envelopes of Figure &4.11, 4.12, 4.13 with
common axes (Car #11 has been removed for simplicity). From this figure, it is
apparent that the increases in particulate for the General Motors group are primarily
due to extract. The particulate of the Volkswagen and Mercedes-Benz groups was due
primarily to the residue and the extract was small and constant,

‘Gaseous Emissions

Hydrocarbons--

HC emissions for the FTP are shown ir Figure 4.5a for the General Motors group,
in Figure 4.15b for the Volkswagen group, in Figure 4.15c for the Mercedes-Benz group
and in Figure 4.15d for all groups on common axes. General Motors vehicles generally
exhibited significant increases in FTP hydrocarbon emissions, g/mi, with increased
mileage. Data on six vehicles for the FTP are shown in Figure 4.15a. These data
generally cluster in the 0.45 to 0.7 g/mi range with several notable exceptions. Car #2
showed a doubling of HC between tests at about 30,000 and £5,000 miles. During this
period the engine heads were replaced. The changing of the heads or some other
alteration (deliberate or accidental) may account for the increased HC. Car #7
showead a similar increase in HC in about the same mileage range.

The Volkswagen group had HC emissions that gencrally ranged from 0.2 to 0.4
g/mi as shown in Figure 4.15b. Individual vehicle variations with mileage were
generally not large or consistent, with both increasing and decreasing trends observed.
No overall group trend with mileage was apparent.

The Mercedes-Benz group HC emissions were similar to those of the Volkswagen
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group and were in the 015 to 0.5 g/mi range as shown in Figure 4.15c. No clear
mileage accumulation effects were apparent for the group, and individual vehicles
showed different mileage effects.

Carbon Monoxide-—

CO emissions for the FTP are shown in Figure 4.16a for the General Motors group,
Figure 4.16b for the Volkswagen group, Figure &4.l6c for the Mercedes-Benz group, and
Figure 4.16d for all groups on common axes. CO emissions for the General Motors
group generally ranged from 1.4 to 2.2 g/mi. Mileage accumulation trends varied from
almost neutral to about a 30% increase over the course of the tests. Most of the CO
mileage trends were very similar to those observed for HC, but the increases were

_smaller. The Volkswagen group had CO, Figure 4.16b, which ranged from 9.8 to 1.5
g/mi, The CO increased with mileage accumulation for all vehicles; but there was
much scatter in the data and no overall mileage trend was apparent. The Mercedes-
Benz group, Figure 4.l6c, had CO emissions in the 0.9 to 1.6 g/mi range. Unlike the
General Motors and Volkswagen groups, the Mercedes-Benz group generally decreased
in CO with increasing mileage, but there were insufficient data to establish a definite
trend, '

Nitrogen Oxides-~

The variation of FTP nitrogen oxides with accumulated mileage is shown for the
General Motors group in Figure 4.17a, for the Volkswagen group in Figure 4.07b, for the
Mercedes-Benz group in Figure 4.17c, and for all groups on common axes in
Figure %.17d. Except for Car /4 {which consistently displayed unusual behavior) al} ‘he
General Motors vehicles showed decreases in NOy in the range of 5-20% with accumu-
lated mileage. Car #4 showed a very large and unexplained increase. The General
Motors group as a whole showed a decrease in NQOy with accumulated mileag - which
averaged about 0.2 g/mi per 50,000 miles. The Volkswagen group data were very
consistent except for Car #9 and were in the 0.8 to 1.1 g/mi range with no apparent
overall trend. All Mercedes-Benz vehicles exhibited decreased NOy at higher mileage.
The rate of decrease was much higher than for the General Motors grcup, and an
overall group decrease with increasing mileage was apparent.

% Extractible--

Extractible data are shown for individual vehicles by vehicle groups in Figures
4.18a, b and ¢ and for the groups as a composite in Figure- 4.18d. These figures are
very similar to those for extract, g/mi, (Figure 4.13). The General Motors group data
are very similar to the extract, g/mi, data except that Car #4 has a % extrac:ible that
is more typical of the group. The group as a whole has less scatter than it did for
extract. The Volkswagen and Mercedes-Benz groups have % extractible data which
are very similar to their extract, g/mi, data.

The Genr>rai Motors and Volkswagen group show considerable overlap particularly
up to about 30,000 miles. The Mercedes-Benz group, however, (with the exception of
Car #12) has % extractibles which were lower than all other vehicles. The difference
between Car #12 and the other three Mercedes-Benz vehicles may be related to its
greater age and higher mileage.
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Fuel Specific Emissions--

Previous discussions have expressed emissions in terms of mass per unit distance
traveled, i.e., grams per mile. This section will discuss particulate, residue and
extract in terms of mass per unit fuel consumed, i.e., grams per kilogram fuel (g/KgF).
Fuel consumption was computed by the carbon balance method, and the weight of fuel
derived from the measured specific gravity of the fuel. This method of expressing
emissions permits comparisons of all groups and cycles on a common oasis.

The data for fuel specific particulate, residue and extract are shown in Figures
4.19, 4.20, and 4.21 respectively. Several aspects of these figures are interesting. In
Figure %4.19 there is a very large diversity in the IDLE particulate of the three vehicle
groups. Figures 4.20 and 4.2l show that these differences are due mainly to changes in
the residue. In fact, almost all of the variations of the particulate were due to
variations of the residue. The IDLE residue for the General Motors and Mercedes-
Benz groups showed a large increase relative to the other cycles but the Volkswagen
group had a large decrease. :

A The fuel specific residue data showed the NYCC to be more comparable to IDLE
than ottier cycles. This correspondence between the IDLE and NYCC would be
expected because 40% of the NYCC time is at idle. The connection between the
NYCC and IDLE has not been apparent in earlier comparisons because of the
incompatibility of units.

Statistical Comparisons of Fuel Specific Emissions--

The mean fuel specific emission parameters for the FTP are segregated by group
and test mileage in Table 4.8. Using the Smith-Satterthwaite test (32) for pairs of
mean values, a t-statistic may be generated and tested against the null hypothesis that
the data pair means were sampled from populations of equal means. For most
parameters the t-statistic achieved a high significance (low a) level so that the nuil
hypothesis could be rejected with a high degree of confidence (90% confidence or
greater;. a=0.100 or less). In these cases, differences observed between means were
judged statistically significant. As the data were normalized to a fuei specific basis,
these observations may represent rea! differences in fuel cornbustion processes among
the engine types. The significance levels achieved by the t-statistic for pairs cf means
are given in Table 4.9. _

TABLE 4.9. SIGNIFICANCE LEVEL (a LEVEL) FOR VEHICLE GROUP FUEL SPECIF!C EMISSIONS
ALL MILEAGE MEANS

HC NOx Cco PART . EXT RES REV

GM/VW - - .005 .05 .100 .005 - .005
GM/MB 00% 005 © 100 .005 .005 025 .100

VW/MB 005 .100 005 005 005 .050 005

The differences in General Motors and Volkswagen mean fuel, specifi¢ hydrocarbon
emissions, over all test mileages, were not statistically significant; however, compari-
sons of the General Motors and Volkswagen means to the Mercedes-Benz hydrocarbon
mean (considerably lower) were statistically significant. In like manner General
Motors appeared significantly lower than Volkswagen and Mercedes-Benz in terms of
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TABLE 4.8. MEAN FUEL SPECIFIC EMISSION PARAMETERS BY VEHICLE GROUP AND TEST MILEAGE

aM
0-20K

20-40K
40-60K
ALL

VW
0-20K

20-40K
40-60K
ALL

MB
0-20K

20-40K
40-60K

ALL

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN

'STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

N
MEAN
STD DEV

TEST

MILEAGE G/KGF G/KGF

10

10637.
5484,

8

26921.
4833,

7

46714,
5666.

31

34725,
23175.

11894.
6110.

28756.
6664 .

3
50638.
4713.

20

53773.
51272.

(3

29418.
6385.

4

43193,
1259.

12

40622.
15619.

*Ames test with TA98(-).

9

08 2.8332

945 .3393
3

95 3.0040

605 6831
7

99 4.7219

203 1.3664
30

19 3.5959

59 1.1653
7

82 3.1086

996 .7716
4

64 2.8436

363 (4488
3

71 3.0633

270 .7219
20

35 3.4004

52 .8l16
6

33 1.2881

199 .4006
4

50 2.309]

243 1.0732
12

00 1.9258

25 .9506

9
9.8803
.7694

8
9.1525
.5831

7
8.9880
.9993

30
9.2242
.8738

7
10.3448
4796

4
12.7144
3.1388

3
12.4374
2.8300

20
11.2190
1.9612

6
10.9305
.6130

4
10.1387
.6253

12
10.4410
.7642

G/KGF

9
8.9688
.8399

8
8.5552
.9686

7
9.5386
1.5307

30
9.1318
1.0982

7
12.2463
2.6798

4
12.0794
1.3967

3
13.3187
1.1859

20
12.8973
2.0090

6
7.9555
1.6227

4
8.6032
2.2906

12

8.3430
1.6790

39

G/KGF

9
4.6329
1.0069

3
§.5289
.3536

7
5.4713
1.4510

30
4.8930
1.0216

4.8342

1.2060

3.8587
.3203

. 4.6813

23149

19
4.4814
8474

FTPHC FTPNOy FTP CO FTP PART FTP EXT FTP RES FTP REV*

G/KGF  G/KGF 10°5KGF

9
.8375
1794

8
1.0336
.3850

7
2.0042
.9532

30

1.3539
.8286

.8941
.3989

.6097

L1183

.9004
.3096

19
.900%
.3459

.3396
.0837

.53568
.2857

12
.5139
.2787

9
3.7954
«9272

3.4953
.2192

3.4672
7158

30
3.5391
.6282

7
3.9401
1.0560

4
3.2490
23410

3
3.7809
4650

19
3.5810
.782}

9
32.9287
18.4596

8
28.2102
9.0524

6
34.9450
10.7958

28
32.4003
14.1037

7
113.0282
106.6898

4
96.0641
41.0699

2
145.4095
28.9461

17
100.3466
73.3652

6 s
26.7239
14.3987

1
15.4572

8
24,7175
12.8410



fuel specific NOy, while the Volkswagen group was significantly higher in fuel specific
CO. For fuel specific particulate, Mercedes-Benz was significantly lower in mean
value over all mileages. The fuel specific extract means were each significantly

_different from each other. The Mercedes-Benz group was significantly lower in

residue, and the Volkswagen group was significantly higher in TA98 Ames activity,
each on a fuel specific basis, over all mileages.

Comparisons of means at different mileage intervals did not demonstrate many
statistically significant differences among the mean values, Table 4.10. General
Motors group fuel specific HC emissions appeared higher in the 40-60K mile range
while fuel specific NOy appeared to decrease after 20K miles. Fuel specific extract
for the General Motors group was significantly higher in the 40-60K mile range. Fuel
specific particulate for the Volkswagen group was significantly lower in the 20-40K
mile range. For the Mercedes-Benz group, fuel specific NOy decreased while fuel
specific particulate and residue increased significantly in the 40-60K mileage range.

TABLE 4.10. SIGNIFICANCE LEVEL (a LEVEL) FOR MEAN FUEL SPECIFIC EMISSIONS
BY TEST MILEAGE RANGE

MILEAGE RANGE(Kmi) HC NOy  CO _ PART ___EXT _ RES___REV
o™

0-20/20-40 - 0.025 - - - . ;
0-20/40-60 0010 0.050 - . 0010 - -
20-40/40-60 0.010 - 200 100 025 - -
w

0-20/20-40 - - - 0050 .00 .00 -
0-20/40-60 - - - - - - -
20-40/40-60 - - - 0.025 - .00 .100
mB

0-20/20-40

0-20/40-60 NO DATA

20-40/40-60 100 050 - 025 - w0 -

As-Received versus Control Fuel/Qil Emissions

Previous results and discussions have dealt exclusively with Phase 3, where
control diesel fuel and fresh manufaciurer specified lubricating oil- were used in all
vehicles. The "as-received" fuel test condition was usually similar to the control
condition, with the notable exception of the winter season when gasoline, kerosene and
other additives were commonly combined with diesel fuel. Anralyses of as-received
and control (AEL) fuels are given in Appendix C. While the difference between Phase 1
and Phase 3 might be expected to be quite small for regulated emissions, the effects
on particulate, residue, extract and bioassay characterization were unknown and con-
sidered to be potentially greater. »

A first approach to examining the data base for emission differences between
phases was to form a ratio of emission results from Phase | to those of Phase 3 for
each specific vehicle test cycle and emissions parameter. These ratios were then
grouped by manufacturer, and Table 4.1] gives the average of these phase ratios and
the associated coefficients of variati~n (CV). Bioassay data are found in Table 6.2.
The phase ratics are, with few exceptions, very close to unity. This suggests little
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average effect of the fuel/oil changes between Phases | and 3.

"TABLE 4.1. RATIO OF PHASE 1 EMISSIONS TO PHASE 3 EMISSIONS

HC co NOx MPG PART EXT RES

GM MEAN <9369 L9741 1.0238 1.00l4 .9888 .9386 1.0343
Cv% 54.85 8.71 5.95 4.6l 17.56 28.88 13.32

vw MEAN 1.0402 1.0412 .9901 .9933 . 1.0477 1.1464 1.0538
Cv% 30.08 16.03 6.13 5.10 19.90 73.25 42.67

MB MEAN - .8309 9455 1.0000 1.0080 .9884 1.0459 .9828
Cv% 25.09 10.62 7.17 6.91 13.69 19.14 14,41

OTHER MEAN 1.0726 1.0313 .9888 .9992 1.0287 1.1158 1.02644
. CV% 30.84 16.79 9.90 4.74 23.75 28.45 28.15

The Mercedes-Benz group hydrocarbon data and the Volkswagen and "other"
group extract data exhibit the most pronounced Phase 1 to Phase 3 differences. No
-explanation can be given for these findings until further analysis of the collected fuel
and oil samples are performed.

The CV values for HC were much higher than any other gaseous parameter, and
at least some of this resulted from the seasonal fuel variation mentioned above. The
CV values for particulate, extract and residue were in the 13-29% range, except for
the Volkswagen group with significantly higher CV values for extract and residue. The
magnitude of these CV values suggests that there are significant individual changes
between phases. The CV values found for repeated particulate measurements
reported elsewhere in this renort are about 6%, and were much less than the phase
ratio values. Thus some, but not all, of the phase ratio CV was due to measurement
uncertainty. A mcre detailed fuel/oil correlation analysis will be required to further
define the basis for the observed emission changes between "as-received" and "control"
test conditions.

Emission Changes Between Successive Tests

This section describes the changes observed in various emission parameters
between successive tests. ‘The average interval between tests was about 12,000 miles,
with a standard deviation of +5,000 iniles for all tests. Also the mileages bounded by
the first and last test of the sample group vehicles were not uniform. These factors
make the computation of emissions change with accumulated miles a difficult concept
to establish for all cars on a common basis. The new-car certification definition of
emissions deterioration could thus not be applied to these vehicles. Furthermore, the

emission changes between successive tests on these in-use vehicles frequently changed:

in response to factors other than mileage accumulation per se, and using mileage
accumulation as a singular regression variable was not found to give an accurate
representation of the emission changes observed. Engine mechanical work, injection
timing, adjustments, etc. were often more dominant uncontrolled factors causing
larger emission changes than those caused by accumulated mileage between successive
tests. [t was recognil_ed however, that the in-use data base could be used to provide
indications of emissions changes between successxve tests on in-use vehicles over
periods of mileage accumulation.

A simple method of representing emission-mileage effects was to present the
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absolute value of the emission parameters as measured at increasing mileage for each
vehicle. This was an obviously useful approach for certain applications, and tables and
figures of this type are presented in the Mileage Accumulation Effects portion of this
section. An alternate method of comparison was developed which describes the

change in emissions as a percentage of the emission at the first test of any two-test .

interval, Expressing the emission change as a percentage of the previcus test value,
the absolute emissions level was removed, making direct comparisons among high and
low emission vehicles possible. To account for the variation in test interval mileage,
the change in ¢::issions hetween any two successive tests was normalized to a 10,000
mile basis. The factor which was adopted for the following comparisons was thus the
change in emissions between any two successive tests, expressed as a percentage of
the emissions level of the first of the two tests in question, nor ialized to a 10,000
mile basis, or %V. Thus we define:

(X]-Xo) 106
(XO) (Ml - MO)

%V =

where: X1 = emission value at current test
Xo = emission value at previous test
M) = vehicle mileage at current test
Mp = vehicle mileage at previous test

The project data bese was processed to provide these %V values for the FTP and HFET
cycles. For vehicles with n total tests at different mileage accumulation points, this
resulted in n-l matrices of emis.ion change values. The FTP %V data are given in
Table 4.12. : '

While these computations could be carried out for all specific test cycles in each
test, the summary results in the form of distribution curves are shown for only the
FTP and HFET cycles in Figures 4.22-4.25. The %V values are both positive and
negative, indicating increases and decreases in emissions between successive tests.
When all change values arc averaged, the mean provides a rough indication of long-
term changes with accumulated miles.

This computation and data presentation framework does not represent all that
could be done with project data to address the question of changes with mileage, but
does provide a first view of the data from the project in terms of changes as they were
observed.

Figure 4.22 gives the FTP Phase 3 frequency distributions for HC, CO, NOy, and
MPG. The %V mean value and CV are given for each distribution. Smoothed
distributions are shown rather than discrete data to facilitate visual comparisons
among parameters. Figure 4.23 gives the same type of frequency distribution for
particulate, residue, and extract for the FTP. Figures 4.24 and 4.25 give the same
data p-esentations as Figures 4.22 and 4.23, except the results are for the HFET. Both
HFET and FTP plots for corresponding emissions parameters are very similar. In
Figures 4.23 and 4.25, the extract exhibits a larger degree of variation than the
residue, with the total particulate between these values being a composite of both.

As a result of the smoothing of discrete data in Figures #.22-4,25, the
distribution curve mean given in the figure may be somewhat different than the true
data mean given in the upper left of each figure. Furthermore, the data sets frcm
which the distributions were obtained included all project test vehicles and all test
intervals. Segregation of the data by vehicle manufacturer type could reveal
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TABLE &.12. FTP %V 8Y VEHICLE GROUP AND TEST MILEAGE RANGE

MIDPT
CAR  MILEAGE HC NOy, €O FUEL PT EXT RES %EXT REV REV
GROUP RANGE® MPG ug PTug EXT
s & & 8 8 8 8 8 8 8
620K x  B& 0.6 67 -L3 118 350 66 269 73 -0
153 134 96 6D 8% 254 260 3.3 B89 9u.6
7 7 1 71 & 8 8 8 s 3
200K x 299 1.3 09 0.6 9.0 320 43 2.0 80 -68
5 263 55 BO 1.6 100 &1.0 17.6 390 %.9 386
oM
s s s 3 s 5 5 5 & 4
M-60K x <07 <36 79 20 3% 7.0 2.5 3.6 36 35
0 127 61 75 el £7 126 103 88 %0 432
n 2 2% 2% 2 25 25 .25 25 23 23
ALL - x 163 -1.0 38 0% 79 274 30 188 92 0.3
0 257 95 87 w5 180 %4 7.0 321 6.8 62.4
n s s 5 s s 5 5 s s
020K x 00 -52 128 37 53 267 81 260 1955 27%.%
0 486 50 S5 5% $5.8 1117 69.6 98.2 179.0 298.2
no3 3 3 3 s 3 03 3 3
20-60K x <65 175 29 0.8 164 9.3 208 46 2979 3624
o 58 363 207 S0 433 313 382 560 586.6 1065.0
vw
n 2 2 2 2 2 2 2 2 1 1
80-60K x  -10.9 60 2.6 0.2 152 3.4 IL2 14.6 208 2.7
] 10.4 9.4 5.3 5.3 9.5 166 15.6  21.7 - -
P15 15 1% 15 e W I 15 13 13
ALL  x -l 35 €3 LB 67 169 7.4 128 1610 2323
o 286 166 322 52 37.0 654 6.3 594 2913 5213
n
02K  x NO DATA
Q
6 6 6 6 6 6 6 & 3 3
200K x 199 -11.2 -7.5 8.7 -0.7 7.7 -L5 10.6 3.4 17.2
o 320 .95 102 1.0 22.2 164 221 142 636 60.9
MB
n R R R R Y R
AD6OK- x  <9.6 04 50 =07 9.5 -20 -11.6 9.0 392 256
o - - - - - - - - - -
n. 8 8 8§ 8 8§ 8 8 8§ & &
ALL  x 135 9.0 277 75 -2 53 .1 93 . 193
-] 29.6 9.1 8.8 9.9 1.1 127 199 124 51.9 499
14 16 "W 14 14 H 14 14 14 14
020K x 53 .26 73 0.0 9.8 308 66 261 712 957
’ o 30.4 11.8 32.9 6.1 33.9 64.9 42.5 €0.9 153.3 228.2
19 19 19 19 20 20 20 20 16 16
20-40K «x 149 .02 -7 §.3 6.8 17.2 5.8 i1.6 78.0 121.1
[ 29.8 18.2 1.1 7.5 23.9 356 26.5 32,9 249.7 452.3
ALL
12 12 12, 12 12 12 12 1z 10 10
40-60K » 1.7 0.3 6.9 0.5 6.4 1.4 5.2 4.8 20.6 12.5
(-] 170 6.5 11.8 6.1 11,3 20.2 137 15.0 40.1  30.2
n 58 58 58 S8 S8 S8 S8 59 &9 48
ALL x 3.5 -1.0 2.9 2.1 5.9 19.2 b XA 13.7  47.7 6€7.5
0 264 123 190 62 229 2.1 27.0 37.8 166.5 288.5

*The midpoint odometer mileage between successive vahicle tests.,
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differences not apparent in the overall grouping presented here.
Statistical Tests on %V--

The general parameter, %V, has been previously defined as the change in a
vehicle emission parameter between two successive tests, calculated on a 10,GG0 mile
" basis., The %V is, effectively, a deterioration rate (assuming that emissions are
increasing) in relative (taken as a percentage increase from the last test) rather than
absolute terms. These parameters may, therefore, be used in a comparative manner to
examine mileage accumulation effects or vehicle group differences.

One method to compare deterioration rates against inileage accumulation levels
was to test for statistically significant differences among the means at e. " mileage
level. From Table 4.12, means were tested pairwise using the Smith-Satterw.. test
(32) and an "equal population means" null hypothesis. For example, within the « . wral
Motors group, the mean deterioration rate, %V, for HC is highest in the 20.. -’ to
40,000 (20-40K) mile range. The difference between the %V mean in the 0-20°  and
20-40K ranges was judged statistically significant since the t-statistic for th s
pair leads to the rejection of the null hypothesis at the 95% confidence (a=0.0° .
Similarly the General Motors group %V HC means at 20-40K and 40-60K mil. ~--e
judged. to be unequal at the 97.5% confidence (a = 0.025) level. The difference - &V
HC means at the 0-20K and 40-60K levels was not judged to be statistically sign.:.cant
as the t-statistic a-level was greater than 0.100 (less than 90% confidence rejec:.s of
null hypothesis). Table 4.13 gives the a-levels which were achieved by the t-stz-..:.-
for pairs of means: o-levels in excess of 0.I00 (a=0.100 was. considered mar:inali.
significant) are not listed individually in the table but are renresented by z <as:.
There were insufficient data for statistical comparison of %V means at mileage =S
in the Mercedes-Benz group.

TABLE 4.13. SIGNIFICANCE LEVEL (a LEVEL) FOR DIFFERLNCES IN %V MEA* ¢
BY MILEAGE RANGE AND BETWEEN VEHICLE GROU:S

VEHICLE GROUP &
MILTAGE LEVEL HC NOx CO FUEL PART EXT RES S%EXT REV/ REV
(1000 MILES): MPG ug P ug EXT .

GM _
0-20/20-40 050 - - - .

0-20/40-65 - - - - - .0-25
20-40/40-60 025 .100 .I0v - - .100 - - - 100

.
—
o
(=4

t

)

vw

0-20/20-40 - - - - - - . - .-
0-20/40-60 - - - - - - - . - -
20-40/45-60 - - - - - - . - - .

ALL MILEAGE LEVELS

GM/VW 050 - - - - . - - 100 .105
GM/MB : - 025 .005 .050 - .005 - - - -
VW/MB - 025 .00 .100 - - . - - .100
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In Table 4.12, standard deviations on the order of or in excess of mean values are
frequently observed. This degree of scatter in the data -was a major factor in the low
level of statistical sigr.ificance among data pairs reported in Table 4.3, and is
especially evident in the VW %V data. Nonetheless, some ditferences appeared to be
significant: GM %V for HC at 0-20/20-40K and 20-40/40-60K miles; GM %V for
extract at 0-20/40-60K miles; GM/VW %V for HC; GM and VW/MB %V for NCy;
GM/MB %V for CO; GM/MB %V for fuel economy; and GM/MB %V for extract,

This analysis has relevance in estimation of emission deterioration factors and
. the rate of deterioration with mileage accumulation. Comparison among vehicle
groups may also be made. The basis of comparison, however, is the % change in
successive tests, a relative measure, rather than absolute changes such as presented in
Figures 4.11-4.,18,

Non-Volatile Hydrocarbons (NVHC)--

The HFID (heated flame ionization detector) measurement of gaseous hydro-
carbon emissions includes any hydrocarbons associated with the particulate matter
‘that volatilize in the hot filter (190°C) in the HFID probe system., The particle-bound
HC may not .all volatilize at 1909C, but work by Cuthbertson et. al. (33) confirms that
nrost of these HC species will not remain in the hot fijter under these conditions.

The solvent extraction of particulate laden filters also provides a measure of the
particle-bound hydrocarbons, and aithough this measure may not represent an absoiute
measure of particle-bound HC, a carefully performed extract determination is the
most ronsistent indicator in this study for particle-bound HC mass.

The solvent derived extract provides, in comparison with the HFID measure-
ments, an approximate indication of how much of the HFID mass could be resuiting
from the volatilization of particle-bound hydrocarbons in the 190°C hot filter. The
non-volatile hydrocarhons (NVHC) term is thus defined as:

Solvent Derived Extract HC x 100
HFID reported HC

NVHC(%) =

NVHC is the percentage of the HFID value that could reasonably be expected to be
resulting from particle-bound HC volatilization as compared to dilute exhaust (gas-
phase) HC components.

Manufacturer group average results for the various test cycles are shown in
Figure 4.26. For all groups the higher speed cycles tend to exhibit higher percentage
values of non-vciatile hydrocarbons. Mileage ar.cumulation effects on NVHC are
shown for individual vehicles within each manufacturer group in Figure 4.27 a-d. The
data from four test cycles were averaged at each vehicle test to obtain a four-cycle
average (FTP, CFDS, HFET, 50C) parameter for mileage accumulation plots. The
mileage accumulation trend for the General Moiors group is more consisterit than for
the Volkswagen group. The Volkswagen group exhibits both increasing and decreasing
trends, whereas most other samsie group vehicles showed an increase in NVHC with
increased mileage accumulation. This indicates that increases in total hydrocarbon
em:ssions with vehicle age were due more to increases in particulate extract than to
gas phase hydrocarbons. However, these results must be considered in the context of
the dijution turinel where they were measured, and the interaction of particulate/gas
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. phase hydrocarbons may not be the same as for direct atmospheric emission,

O GENERRL MOTORS
& VOLKSHRGEN

4+ MERCEDES-BENZ
% OTHER VEHICLES
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Figl:re 4.26 Cycle variations of non-volatile hydro-
carbons by vehicle groups.
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SECTION 5.
FUEL ECONOMY

INTRODUCTION

The project was designed to permit up to three independent measures of vehicle
fuel economy. As part of the laboratory emissions testing carbon balance f{uel
consumption, in accordance with EPA certification procedure, was measured for each
test cycle. In addition, each vehicle was outfitted with under-hood flow totalizing
meters and an engine hour meter. Two fuel meters were used on each vehicle to
measure fuel flow into and from the injection system, thus permitting calculation of
fuel consumed between tests by subtraction. For the two loan vehicles (Car #1 and
Car #5), fuel and engine hour meter readings were recorded at each fueling to obtain
fuel economy and average speed data for each tank fill.

Fuel economy by the carbon balance method was determined for the FTP, CFDS
and HFET for the first 34 tests and for the FTP, CFDS, HFET, 50C, NYCC and IDLE
for the last 46 tests. The data presented in this section are for Phase 3 only. In
addition to the data presented here, group averages with standard deviations can also
be found in Tables 4. through 4.6. Table A-18 in Appendix A gives individual vehicle
averages and the corresponding Phase | data are given in Table A-17. These tables also
give the fuel economy of the individual bags of the FT}'.

CYCLE VARIATIONS OF FUEL ECONOMY

In Figure 5.} the carbon balance fuel economy of the General Motors,
Volkswagen, and Mercedes-Benz groups are presented for the various test cycles.
Figure 5.2 gives the same data in units of ton-mile/gallon to normalize fuel
consumption by vehicle test weight. In terms of ton-mile/gallon the General Motors
group had slightly higher fuel economy than the Volkswagen and Mercedes-Benz groups
at the 50C, but exhibited a significant penalty for low speed test cycles with large
speed variability. All three vehicle groups exhibit essentially two distinct regions on
either side of the CFDS test cycle, which may be related to lower speed operation at
lower transmission gear ratios.

MILEAGE ACCUMULATION EFFECTS ON FUEL ECONOMY

Fuel economy in miles per gallon as determined by the carbon balance method is
shown for the individual vehicles in. Figures 5.3a, b, and ¢ and for the groups together
in Figure 5.3d. All data are the Phase 3 FTP. The General Motors group shows no
mileage accumulation effects either for single vehicles or for the group as a whole.
The 30 tests on six vehicles over a 75,000 mile interval range from 18.2 to 2.8 mpg
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with an average of 20.0+1.0 mpg. The Volkswagen group has fuel economy substan-
tially higher than either the General Motors or Mercedes-Benz group. Or a mpg
(absolute) basis these variations are similar to those of Mercedes-Benz but on a
relative scale they show less scatter because of the higher fuel economies. All five
vehicles have higher fuel economy than any other vehicles. Some vehicles show fuel
economy increases with increased mileage but no overall trend is apparent. Car #6,
the only vehicle in the group with a 5-speed transmission had an average fuel economy
of 43.7 mpg compared to 43.0 mpg for the 4-speed models. (The advantage of the 5-
speed transmission was more apparent in the HFET data where the 5-speed average
fuel economy was 61.8 mpg versus 56.4 for the 4-speed transmissicay models. See
Appendix A, Table A-18.)

The Mercedes-Benz group of Figure 5.3¢ have a range of fuel economies from
20.9 to 28.9 mpg with an average of 24.7+2.2 mpg. Variations for individual venicles

are larger than for the General Motors groups and display a trend of increased fuel

economy at higher mileages. :

The composite of the vehicle groups in Figure 5.3d shows the data sets tc be
almost mutually exclusive and following the order GM < MB <« VW. Part of the
variation in the Volkswagen group is probably due to the mix of model years and

transmissions while the Mercedes-Benz group contains vehicles of different years,

models, engines and transmissions.

OVER-THE-ROAD FUEL ECONOMY

The fuel‘meter_s were positive displacement type totalizing meters (Servis
Recorder Company) with a volumetric accuracy of +1%. Fuel measurements were not
compensated for temperature variation, and distance traveled was determined from
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the vehicle odometer. Therefore, the overall fuel economy and vehicle speed data
were less accurate than would have been possible with research grade instrumentation.
The basic intent of these meter installations was to obtain data that corresponded to
those which a vehicle owner would obtain based on tank-fill records. For this purpose- -
the meter installations were very satisfactory. This point is demonstrated by the
meter records for Car #1 and Car #5 as compared to fuel log book data. These data,
collected over approximately 50,000 total miles of vehicle usage differed by 1.6%
between the meter and tank-fill data. Table 5.1 gives the over-the-road fuel economy
and vehicle speed data obtained between vehicle tests by the underhood meters for.
each vehicle in the sample group. ' )

Figure 5.4 gives the over-the-road fuel economy and vehicle speed results for
individual tank-fills as determined from the underhood meters for Car #l. The smooth
line connects the laboratory carbon-balance fuel economy results for this vehicle. At
all average speeds, the carbon balance fuel economy was higher than meter fuel
economy. Figure 5.4 also contains the frequency distributions of fuel economy and
average speed from underhood meters and vehicle odometer/hour meter. Car #1 was
used frequently for short trips and around-the-town driving. Its average speed was
about 30 mph. The 32 data points are evenly distributed about the FTP laboratory fuel
economy value. The CFDS laboratory value is an upper limit for the fuel economy.
The carbon balance fuel economy for the FTP, a cycle.with a lower average speed than
most of the over-the-road data, best approximated the average over-the-road fuel
economy. The FTP was, therefore, the best laboratory fuel economy indicator of in-
use fuel economy for this vehicle. A similar conclusion was reached in an earlier in-
use study of 56 catalyst-equipped cars from this geographic area (34). Of course, the
over-the-road data include many factors not specifically accounted for in controlled
laboratory testing, such as road variations, hills, snow and slush, payload, etc. :

Figure 5.5 gives results for over-the-road and carbon balance fuel economy
measurements for Car #5 in the format described above. Car #5 was frequently used
for long, high-speed trips as evidenced by the number of average speeds above 40 mph.
The average overall speed was about 35 mph. In this case about 75% of the over-the-
road fuel economy exceeds the FTP but only one value exceeds the CFDS. The FTP
was still the best laboratory fuel economy indicator for actual in-use economy.

" Figure 5.6 gives results in the same formiat_as Figures 5.4 and 5.5, except that
the over-the-road data presented are for the General Motors group between tests in
contrast to the tank-fill data of Figures 5.4 and 5.5. Each data point now represents
5-10,000 miles of vehicle use. The carbon balance results are now the average of all
tests for all General Motors group vehicles. The same. general conclusions were
evident for these data as from the previous results for individual tank fills on single
vehicles.
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CAR MAKE
¢  YEAR
1 vw
79
2 OLDS
79
3 OLDS
79
%  OLDS
79
5  OLDS
.79
6 vw
80
7
8 W
78
9 W
79
16 DODGE
78
1 W
77
12 MB
77
13 MB
78
14 MB
79
15  AUDI
79
16 OLDS
79
17 PEUGEOT
79
18 OLDS
80

.TABLE 5.). FUEL ECONOM'/ AND VEHICLE SPEED FROM UNDERHOOD METERS

CADILLAC ELDORADO
79

MODEL
RABBIT
CUTLASS
CRUISER

CUTLASS
CRUISER

98
REGENCY

CUTLASS
CRUISER

RABBIT

RABBIT
RABBIT
D-10
RABBIT
240D
300CD
2100
5000
DELTA
88

504

CUTLASS
CRUISER

ENGINE
DISP. TRANS-

(titers) MIJSSION
1.5 M4

' 57 A3
5.7 A3
5.7 A3
5.7 A3
LS' M5
5.7 A3
1.5 M4
1.5 M4
4.0 A3 .
1.5 M4
24 - M4
3.0 A4
2.4 M
20 M5
5.7 A3
2.3 M4
5.7 A3

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

MPG
MPH

43.2
3.3
42.9

23.8
38.8

17.1
16.9

26.3
35.1

k6.4
33.9

20.2
28.3
36.8

42.2
31.5

17.0
28.2

42.6
45.0
36.8
23.0
29.4
33.8
34.6
38.0
32.2
31.7
40.8

59.8

DATA FOR TEST INTERVALS

26.5
44.8

244
41.8

16.2
13.7

23.1
35.3

42.9
32.7
28.5

35.6

37.2
29.6

40.0
349
38.1

26.6
280

29.4
23.6

310
33.6

21.5
32.9

30.0
40.2

33.7

42.7
28.2

36.7

46.5
32.8

19.5
27.0
37.6
41.1

W
~
.

w

41.0

31.3

30.7

39.7

36.5

Note: No meters were installed on Cars # 19, 20, 2; missing data implies defective meter operation.
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SECTION 6
BIOASSAY CHARACTERIZATION

GENERAL METHODOLOGY

Extract samples from the 50 cm x 50 cm filters were individually tested for
extract dose/response potency by the Ames Salmonella typhimurium/microsome
method with tester strain TA98, without metabolic-activation (TA98-). Tester strains
other than TA98 were used, and assays with metabolic activation were also performed.
However, these assays were mainly applied to those special samples subjected to
detailed chemical analysis and these data are included in Section 8 dealing with
chemical characterization of extracts. A detailed description of the entire assay
protocol will not be presented here, except to note that protoco! guidelines specified

by Ames (35) and modified by deSerres and Shelly (36) were followed unless

specifically noted. Certain other procedural aspects of the assay will be described
since these may provide insight to the TA93(-) assay as applied to the over 1100 extract
samples of the in-use diesel portion of the project.

The solvent-free extracts which were stored at -80°C were redissolved in 75%
dichlcromethane, 25% acetone and split into two portions. One portion was redried
and returned to freezer archive storage. The other portion was redried, weighed and
redissolved in DMSO for the bioassay. Duplicate plates were run at extract doses of 0,
10, 20, 30, 40, 50, 75, 100, and 200 pg. The raw data from each plate count (Biotran
Model C-lll) were entered into the computer from which a data plot was obtained. The
data were fitted to several straight line regressions utilizing first, all the data, and
subsequently with the 200 pg dose data ~liminated from the regression, and then with
the 200 and 100 upg doses eliminated, etc. Summary results for each regression were
printed on the display plot. Three typical examples of these regression/plot outputs
are shown in Appendix B. Judgement was frequently needed to select the "best" slope.
of the dose/response curve by examination of the raw data, comparison of different
regression fits, R2 values, intercept of the fitted line, etc. This judgement was not
absolute or unequivocal but was applied consistently to obtain a slope (revertants/ ug
dose of extract). RZ values were typically greater than 0.90 and usually the highest
dose of the regression line was 50, 75 or 100 ug. 12-16 individual raw plate counts
were typically used to determine the slope.

RIOASSAY STANDARDIZATION

Application of the Ames bicassay to a mileage accumulation study of diesel
emissions was an extension of the assay beyond past applications. In this study, we
attempted to compare assay data in a semi-quantitative manner from the same
vehicles over a 2-year period. To make the data more consistent all extracts from a
given vehicle test were assayed as a batch. Thus I12 individual extracts were assayed in
paraliel to remove as many biological variables as possible in making comparisons
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within each vehicle test.

In addition to the normal positive coatrols to verify the activity of the tester
strain, a single bulk diesel particulate extract sample was used to verify the activity
of the tester strain. Figures 6.1 and 6.2 show the project chronology of the 5 ug dose
of 2-NF (2-nitrofluorene) and the 0.5 ug dose of NQNO (4-nitroquinoline-N-oxide).
The average of 74 measurements for those two positive controls was 736+1i% and
563+11%, respectively.

g,

(24 [ 44
§§- Jj“ Wv\l\ﬂ qu
- -
[ 4 [ 4
Yo ‘;'g
. &IS‘ =1
o .
g 8
8. 2.
“o 15 38 us 62 75 93 “e 15 38 45 63 75 oo
-CHRONOLOGICAL RUN ORJER CHRONOLOGICR, RUN QRIER
Figure 6. Chronology of Ames activity of 5 ug dose Figure 6.2 Chronology ~f Awmnes activity of 0.5 ug
of 2-NF (2-nitrofluorene). dose of NQNO (4-nitroquinoline-N-oxide).

The particuiate extract control sample used throughout the assay originated from
Car #5 as part of a particulate collection effort to produce a large extract sample for
chemical analysis. Aliquots of this extract were kept in freezer storage and included
in the assay of each batch of 12 extracts from a single vehicle test. Rather than use a

single dose of this control extract in an assay wherein the real use of the data was

slope determination, a 4 dose contro] extract protocol was adopted. Control extract
doses of 25, 50, 75 and 100 ug were used as part of each batch of extracts and the
'slope of the control standard was computed. These results are presented in Figure 6.3
showing chronologically the 74 slope values computed from the single extract sample
used throughout the project. The mean slope throughout the project was 2.13
revertants/ g extract with a coefficient of variatiun of 13% which compares favorably
with the 11% found for the pure chemical controls. :

The consistency of the diesel extract control activity throughout the project
provides an interesting measure of sample degradation, a topic of considerable concern
and experimental attention. In future examination of the project data the control
extract slope value may be used to normalize project data to a constant control slope
value, but this step was not possible in the preparation of the report.
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FACTORS AFFECTING ASSAY RESULTS

Filter and Extract Storage

The relative consistency of the TA98(-) response to the diesel extract control
sample over the time period of the project was encouraging. The extract sample in
this case was kept in freezer storage. Additional data were collected to examine
storage effects on extract as filter bound particulate, dichloromethane (DCM)
solution, and dried extract. These investigations used the 50 cm x 50 c¢m filters from
the duplicate driving cycles of a given phase in the first 3% vehicle tests. During this
portion of the project HFET and CFDS cycles were run in the afternoon and repeated
after the FTP of the next day. The filters from these duplicate cycles were
considered as identical, and this assumption was undoubtedly the limiting factor in
interpreting the experiments described below. Some of these filters were extracted
and assayed, some were kept as filters, and some were extracted with the extract kept
in DCM solution, while others were kept as solvent-free extract. All samples were
kept in freezer storage at -80°, Figures 6.4 and 6.5 show the number of days each
filter was kept in any of the above storage conditions, and also give the specific
TA98(-) activity.

In several cases it can be seen that the method of storage had little effect on the
mutagenic activity, while in others a significant change would be projected. Given the
uncertainty in what these "matched" filters would have given at time zero, it is
impossible to quantify the changes in these samples. The relative similarity regardless
of storage history does suggest that the direct acting mutagemc agents do persist in
these samples over an extended period of time.
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Effects of Incubation Period

The length of incubation time for the assay protocol was 72 hours for most of the
work reported here. Figure 6.6 shows the results of an experiment to determine the
effect of incubation time on the assay response. Revertant counts are shown for
several chemical positive controls and the diesel particulate extract (DPE) control for
incubation periods from 48-120 hours. The relative consistency of all the results
indicates that the e:tract incubation time was not an important variable in the
observed revertant counts, and that the 72-hour protocol value was acceptable.

Plate Count Reproducibility

The reproducibility of the assay protocdl within a given day was measured by
assaying 10 plates containing a constant 50 ug DPE dose. The results are shown in
Figure 6.7, showing a 6% coefficent of variation within this particular test.

Effects of High Doses on Slope

The highest extract dose used in a linear regression will change the computed
slope even at low doses where the RZ values would indicate a satisfactory fit for both
choices. Table 6.! shows a random sample of 10 extract samples wherein different high
doses of 30, 50, 100 and 200 ug were used to compute the slope. From the normalized

results at the bottom of Table 6. a rough indication of how the high dose choice -

affects the slope can be seen. When the 30 pg dose is considered as the base, the 50,
100, and 200 pg high doses gave a 5%, 15%, and 42% reduction in slope respectively.

Activity Measurement from "Duplicate'" Samples

As part of an experiment for another purpose, a number of 50 cm x 50 cm filters
were collected from Cars #1 and #5 (Volkswagen and Oldsmobile loan cars) operated
repeatedly on the 50C cycle. A sideline of the experiment gave individual extract
samples for each filter. Unfortunately, the program did not include detailed extract
emissions data (% extract or extract g/mi). The individual extract samples were
assayed, and the slopes from each consecutive 50C are shown in chronological run
order in Figure 6.8. The Oldsmobile data are very uniform whereas the Volkswagen
data exhibit a marked increase throughout the test period. The magnitude of the
slopes for the Volkswagen in the third and subsequent runs were significantly higher
than for any other 50C values for the vehicle. No obvious vehicular reason can be
given for these resuits.

These data suggest that at the current state of capability the Ames TA98(-) assay
as a particulate characterization tool is subject to variability that impacts its
interpretation. One cannot distinguish slopes that differ by only a few percent.
Differences of 100% are likely to be indicative of real sample effects but could easily
result from unknown parameters in the experiment from which the samples originate.

The overall uncertainty in quantitative Ames data is the combination of the
uncertainties in the sampling and the lab analysis. It has become evident that control
of test parameters as usually practiced may not always provide reproducible Ames
data. Our knowledge of the test parameters affecting Ames data is very limited and
therefore a large uncertainty exists in its quantification. We have therefore analyzed
a large number of samples and grouped the data in the hope of reducing random error.
Remedies to systematic errors such as artifact production, se.nple degredavion and
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Highest Dose Used in Fit (',‘3)
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91 1.3 1.4 1.3 1.0
931 1.7 2.1 1.8 1.4
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1209 15.3  15.7 12.1 8.3
1033 4.2 4.1 4.5 3.7
1056 3.8 3.5 3.3 2.%
1068 3.2 2.3 2.5 2.2
Average 4.0 3.8 3.4 2.6
Normalized 1 0.95 0.8RS 0.58
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matrix interferences are generaliy beyond the scope of this work. The useful
application of the Ames test to the assessment of the bio-hazard of diesel particulate
extract has not been suficiently refined to permlt unequivocal interpretation of the
quantitative data.

AMES TEST RESULTS

Fuel and Lubricating Oil Effects

Phase | and Phase 3 differ in the fuel and lubricating oil used. In Phase | the car
is tested with fuel and oil which were in the vechicle when received, while in Phase 3
control fuel and oil are used. The combined effect of this fuel and oil change was
investigated by comparison of TA98(-) activities of the two phases. For five driving
cycles (IDLE excluded) the ratio of activity of Phase 1 tu the activity of Phase 3 was
calculated and called the ‘cycle-phase-ratio". The average of the five cycle-phase-
ratios for a given test was designated the "test-phase-ratio". The average of all test-
p'nase ratios within a veticle grouvp was defined as the "group-phase-ratio". Table 6.2
gives the group phasc ratios data and the coeffluents of vanatxon for bio.ctivity
parameters.

TABLE 6.2. AMES ACTIVITY, GROUP-PHASE RATICS

GM VA MB QTHER
## test-phase ratios 29 - 18 8 14
revertants Ratio 1.24 1.10 0.97 0.97
Mg extract CV,% 42 70 28 25
revertants Ra‘io 113 1.26 1.09 .04
ug particulate CVY,% 33 74 31 35
revertants Ratio 1.16 1.29 1.10 1.04

mile CVv,% 38 69 29 38

The group-phase ratios in Table 6.2 are in the range of 0.97-1.2:. The
coeffi~lents of variaticn are 30-40% for the General Motors and Mercedes-Benz
groups, and approximately 70% for the Volkswagen group. Thus while no overall
systematic phase effect could be statistically defined for these data sets, significant
phase effects were observed on an individual test basis. When significant Ames
activity phase differerces were observed in a given test, the change was generally
observed for all test cycles. This suggests that these phase changes were real and not
spurious results of a single analysis. This leaves open the question of whether such
phase changes are due to the fuel/lubricating il changes between the phases ¢: some .
other unknown change in the vehicle itself. These results comparing Ames activity
group-phase ratios are in essential agreement with previously published rasults (ratios
of 0.98 to 1.17) for a much smaller Ames data base (31).
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Mileage Accumulation Effects

In order to examine mileage accumulation effects on Ames activity, the Phase |
and Phase 3 test cycle data from a given vehicle test (IDLE assays not incJuded) were
averaged to obtain a single Ames activity parameter for each vehicle test. Figure 6.9
shows these data connected point-to-point for each car. While Ames activity does
exhibit large fluctuations with accumulated miles, Figure 6.9 suggests that mileage
accumulation is not the primary cause of the observed changes. This was supported by
examination of the data for the high-mileage Car #11 (120,000-170,000 miles). This car
exhibited Ames activity essentially similar to the average of other project cars. All
mileage accumuiation effects are difficult to assess due to the problems of obtaining
consistent quantitative Ames activities over long time periods.
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- Figure 6.9 Mileage accumulation effects for averaged Ames activity.

Vehicle Group Averages

Figures 6.10a, b, ¢, d give the average values of Ames activity for each cycle by
vehicle group. Four Ames activity characterization parameters are shown: specific
activity of the extract (revertants/ug extract); activity expressed in terms of a
common amount of emitted particulate {revertants/pg particulate); activity expressed
per vehicle mile (revertants/mile); and fuel specific activity (revertants/kg fuel
consumed).

Some effects of test cycle are evident in Figures 6.10a, b, c, d especially for the
Volkswagen group and for the NYCC for all groups. The General Motors group
exhibited essentially unchanged extract and particulate based activity over all test
cycles.

The FTP and CFDS generally had the highest activity measure regardless of
vehicle group, test cycle, or activity parameter. No explanation is offered to account
for this result at present. Since the FTP is the only cycle with a vehicle cold-start
included, it is qualitatively different than other test cycles, as opposed to quantitative
variations in such parameters as speed, acceleration, idle time, etc. Early in the
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project it was noticed that FTP Ames activities were frequently higher than for other
cycles of the same day. A short serjes of special tests were conducted on Cars #1 and
#5 to examine the effect of cold-start operation on particulate, extract, residue, and
Ames activity in the winter of 1981. These tests revealed the Bag | (FTP cold-start)
Ames activity (revertants/mi) to be 40-80% higher than the Bag 3 (FTP hot-start)
values (37). While this finding may contribute to an explanation of the relative Ames
activity results for the FTP, the Ames activity result for the CFDS will require a
more fundamental understanding of the interaction of various test cycles and complex
emission products. :

The coefficients of variation associated with the group averages of Figure 6.10 are
quite large, and range from a low of 30-50% for the Mercedes-Benz group, 50-70% for
General Motors, to 70-100% for the Volkswagen group. While vehicle group and test
cycle differences are apparent, there are major unexplained variations for groups and
different activity parameters.

Bioactivity and Emissions Correlations

- Linear correlation coefficients and the significance level of the coefficients were
computed for bioactivity and extract-residue data. Bioactivity was expressed in five
parameters: revertants/mile, revertants/kg-fuel, revertants/ug extract,
revertants/ug residue, and revertants/ug particulate. Emission extract and residue
parameters were: grams extract/mile, grams residue/mile, grams extract/kg fuel,
grams residue/kg fuel, % extract, and the grams residue/grams extract ratio. Three
threshold significance levels (SL) were selected: SL=l at alpha=0.05, SL=2 at
alpha=0.0l, and SL=3 at alpha=0.005. The determination of the significance level was
made by testing a population zero correlation null hypothesis (Hg: p=0) against the
population non-zero correlation alternative hypothesis (Hg: p£0) using the test

statistic z:

z=(/n3/2)In Rl+r)/(l-rd)]
where z is approximately normally distributed, n is the number of samples, and r is the
sainple correlation coefficient (32). From this test it was determined if the sample
correlation coefficients were statistically significant and, if so, the degree of signifi-
cance,

The data were stratified by driving cycle, test phase, and vehicle type to yield
individual sample data sets. Data were also segregated simply by: driving cycle and
test phase without regard to vehicle type; driving cycle and vehicle type without
regard to test phase; and driving cycle without regard to either vehicle type or test
phase. Five driving cycles were studied: FTP, CFDS, HFET, NYCC, and IDLE.

Correlation coefficients and signficance leveis for the data segregated by driving
cycle and vehicle type (but not by test phase) are presented in Appendix E. By lumping
the test phases together, a greater number of statistically significant sample correla-
tion coefficients were observed than for segregated phase data sets. The results
showed the same general features, however, for both individual phase and the lumped
phase data sets. The large quantities of data generated by the correlation exercise
make it necessary to restrict this discussion to the more universal case of lumped
phases, i i :

It is recognized that linear correlation may not appropriately describe all
parameter relationships, and this investigation, therefore, must be considered pre-
liminary in nature rather than comprehensive. The results are suggestive of possible
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parameter associations which should receive additional statistical attention in the
iorm of non-linear correlation and multiple paramcter correlation studies.

Of primary consideration in this analysis was the determination of the degree and
significance of the correlation between emission(extract and residue) parameters and
the biocactivity parameters. The {first item of importance, therefore, was to determine
the sample correlation coefficients and levels of significance between the emission
parameters themselves on grams/mile and fuel-specific (grams/kg fuel) bases, segre-
gated by driving cycle and vehicle type. These results are given in Table 6.3.
Approximately half of the observed correlation coefficients in Table 6.3 are not
statistically significant and only 20% are significant at the alpha=0.005 level. Thus
extract and residue do not, in general, exhibit strong linear correlation within the
context of these data.

TABLE 6.3 EXTRACT/RESIDUE SAMPLE CORRELATION COEFFICIENTS BY
DRIVING CYCLE AND VEHICLE GROUP OVER ALL TEST PHASES

Extract (g/mile)* | Extract (g/kg-fuel)
Residue (g/mile)* | Residue (g/kg-fuel)
Driving Vehicle n 4 SL n } 4 SL
Cycle Group
GM kL .011 [ 72 -.040 O
FTP v 47 .052 [} 47 .060 0
MB 21 ~.448 1 20 ~.179 [}
Other 3% -.238 0 34 -.368 1
All 177 .218 3 173 -.223 3
sM 73 .089 0 73 .049 O
HFET - w 46 =~.038 o 46 ~-.033 ]
MB 22 ~.549 3 22 -.193% 0
Other 37 ~.492 3 37 =-.473 3
All 178 ~-.062 0 178 -.214 3
GM 73 .216 ) 73 113 0
CFDS VW 48 .078 0 47 .073 [}
MB 22 ~.648 3 22 ~.295 0
Other 36 ~.581 J 36 =~-.502 3
All 179 .164 1 178 -.141 1
GM 29 -.019 0 29 -.140 0
NYCC W 16 -.602 2 1€ =-.676 3
MB 9 ~.252 0 9 .131 0
Other 22 -.407 1 22 -.07% 0
All 76 .378 3 76 -.184 0
(1] 72 .089 0 29 ~-.199 0
1dle W 46 223 [ 17 .107 0
MB 22 .068 0 10 .460 0
Other 37 .260 0 22 .055 0
All m .300 3 T8 ~.098 [}

n = pumber of samples
r e gample ccrralation coefficient
SL = pignificance level where :

SL = 1 for 0.05 > o > 0.01

SL = 2 for 0.01 2 ac > 0.00%

SL = 3 for ©0.005 2 o
® change units to g/minute for
1dle driving cycle .

In Table 6.3 it is observed that for all cars over the FTP cycle, extract and
residue on a grams/mile basis show a very weak (r=.218) positive association but show a
similarly weak (r= -.223) negative association on a fuel specific basis. This observation
may be explained by the moderate negative correlations observed between . fuel
economy (miles per gallon) and both extract grams/mile (r= -.485; SL=3) and residue
grams/mile (r= -.686; SL=3) for the FTP cycle. '
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A very weak but statistically significant negative correlation for extract and
residue cn a fuel specific basis (r= -.214; SL=3) was observed for all vehicles over the
HFET cycle, and weak positive correlations were observed for all vehicles over the
NYCC (r= .378; SL=3) and IDLE cycle (r= .300; SL=3) on grams/mile and grams/minute
bases, respectively. Somewhat higher correlatnon coefficients were observed for
specific vehicle groups; however, it is cautioned that the sample sizes for these data
were small. Six data sets were observed to have correlation coefficients with absolute
values greater than or equal to 0.549 which represents 30% or more explained varjance
as a result of a linear association.

It is not established here that extract and residue are independent parameters. It
is observed, however, that for most of the vehicle groups and driving cycies, the linear
correlation between extract and residue is either not statistically significant or, if
significant, is not strong.

Table 6.4 lists the sign of the sample correlation coefficient and the significance
leve] for each bioactivity-emission parameter pair by driving cycle and vehicle group.
Sample correlation coefficients with absolute values-of 0.60 or greater are indicated in
Table 6.4 and listed specifically in Table 6.5. The general level of correlation between
-parameters in Table 6.4 is very weak. Typically significant r values range from 0.2
to 0.4. It is observed, however, that, in spite of the weak degree of correlation,
independent data sets for driving cycles and vehicle types show considerable consis-
tency for similar driving cycles in terms of the sign of the sample correlation
coefficient for specific parameter pairs. For example, the revertants per ug extract
parameter demonstrates such sign consistency for all vehicle groups over the FTP,
HFET, and CFDS cycles when sample correlation coefficients with extract grams per
mile, fuel specific extract, % extract, and the residue to extract ratio are considered.

For other parameters, effects are observed which are vehicle group specific. A
consistency in the sign of the sample correlation coefficient is observed for the
General Motors group over the higher speed cycles for the revertant per ug residue vs.
residue gram per mi.e and fuel specific residue parameter pairs. Similarly, for the
Volkswagen group over the higher speed cycles, a consistent, weak, positive sample
correlation is observed for the revertant per mile, fuel specific revertants, and
revertant per ug particuiate vs. residue to extract ratio parameter pairs.

The lower speed éycles, NYCC and IDLE, frequently do not exhibit the same level
of significance as the higher speed cycles for specific vehicle groups.

One of the most notable observations is that revertants per hg extract and the
extract emission parameters are negatively correlated, albeit weakly, possibly indi-
cating that as greater quantities of extractibles are emitted by a vehicle the
proportion of bioactive organics diminishes. The bioactivity per ug extract sample
correlation coefficients with fuel specific residue and the residue to extract ratio
parameters are positive. Furthermore, the revertants per mile and fuel specific
revertant parameters tend to chow a more general pattern of statisticat significance
for correlation vs. residue gram per mile and fuel specific residue than vs. the extract
parameters. The question posed by these observations is that of the interaction of
extractible emission organics with inextractible carbonaceous and incrganic emission
matter which together make up the total emission particulate matter, and the
consequences of any such interaction with respect to the biological activity of the
extractible organics. It may be postulated that since revertants per ug particulate and
emission parameter sample correlation coefficients exhibit generally low levels of
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TABLE 6.4 BIOACTIVITY/EMISSION PARAMETER SAMPLFE CORRELATION
COEFFICIENT SIGNS AND SIGNIFICANCE LEVELS BY DRIVING CYCLE
AND VEHICLE GROUP OVER ALL TEST PHASES

Revertants Revertants Revertants Revertants Revertants
per mile® per kg fuel per ug per ug per ug
" - . extract. residue particulate
Cycle**|fr # ¢ N Il F H C N Il F H C N IlF ¥ C r 1/ F B C n 1
b - -
GM +1 +3 +1}=3 =3 ~3 -3 -1 43f=3 =2 ~} +1
Extract v +3 86-3 41‘ -1
grams MB ' -1
per mile Other Pl +3 w2 «3 =3 =] «3|¢3 ¢2 ¢2 -3
All 3 “l ¢3 -1 -1 -3 -3 =31~3-3 -3 -3~-3 -1

e = - -

Cycle®*}lr 8 C N Il F H C N I|]F H C N IIF H C N I1IF H C N 1

e e .- ——

GM +1 +l +1{~3 -3 -1 -1 -2 =1
Residue VW Je3 ¢3 43 ¢} +3 43 42 4} +1 «1 +1
grams MB +1 3 41 42 +1 =1 .1 -1
per mile® Other 3 43 +) 4314} 43 43 4]} 91 -1 41 3 -1
All [3Y 3 -3 -1 -34-3 3 -3 -3 -3,-3 -3 ~-3-3
Cycle** I F # € K I} F H € N I} F 8 C 8 I1|lF BE € & 1; ¢t H C » 1
GM 43 +1}-3 -3 -3 -3 -2 43'=3 -2 -2
Extract v : 6; H -1
grans M
per kg otrer P} 43 .} -1 -2 ~3]e3 ¢33 42 +2 -1
fuel All M} +3 +1 41 +1§=3 =3 —3 -3 ~1]+1 +1 -1 =

—-
Cycle**} F ¥ C N IJ]F KB C N 1} F ¥ C N I F H €C & 17 F H C & 1}

oM +1 41 +1 42 -2-3 -3 -1 -2-3 4
Residue v f3ed e +3 43 43 241 121 -1 -1
grams MB +) < * + + +} +)
per kg other TS 1S PRL! é} Q |+ @d\@ +1 -1 42 41 9
fuel All P1 42 +3 ¢ $2 43 47 43 4343 -2 -3 -3 +3 42 -1

342 3
Cycle**|] F ¥ € N I/ F B €C N I|] F H C L IV B C N 1|]F H C x5 1

————— - -———

oM +3 -3 -3-3-3-3 +2 4 +3l-1 “1
' VW -3-1 +3] -3 -1 +1]=3 =3 -3 -1 +1 43 -1 -2
Extract MB €?
oOther -2 -1 +3] =3 -2 8 é €3 G+ 41 42 +3
ALl -1 -3 -3 -1 =3 T3 -3 2 <343 434343 03] =11 +3

Cycle**| F H C N 1| F H C R I| F # € N I/ F H C N I|F H C N 1

- -

Residue el -3| 433434342 -3-1 =3 -1
Extract v 143 41 41 43 41 +3 2% :; Q G -1 “1 41 41
Ratio Other 42 42 +3 43 e; (é 41 (? -1 -1 +1 <1
All +1 ~1[43 43 43 4} +4]1(~1 -1 -1 -3 =3 -3

* Numbers in table refer to the significance level (a level) of the
sample correlation coefficjent for the given parameter pair and the
vehicle group and driving cycle indicated. The sign preceding the
significance level is the sign of the sample correlation coefficient.
The significance levels and corresponding o levels are :

Slel for 0.05 2 @ > 0.01 ; SL=2 for 0.01 > a > 0.005 : SL=3 for 0.005 2 a

** priving cycle code : FeFTP, H=HFET, C=CFDS, N=NYCC, l=ldle
% For Idle cycle change units to per minute basis.

Circled values leg. )} indicate thet tav absolute value

of the sample correlation coefficient was 7Jreater than C.600.
Urcircled values indicate sample correlation coefficients
.which, although statistically significant (i.e. non-zero),
had absolute values ;ess than 0.600. Correlations were
frequently very weak ( |rf< 0.3 ) and complete listings of
values may be found in the Appendices.
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TABLE 6.5 BlOACTIVl.TY/EMlSSION PARAMETER PAIRS WITH  SAMPLE
CORRE! ATION COEFFICIENT ABSOLUTE YALUES IN EXCESS OF 0.60

diosctivity| Bmission |Driving _Vehicle

Paranmeter Parameter! Cycle Grovp n r
Revertants Residue NYCS = All 165 .663
per mile g/mile
Residue HFET = Other N ".609
¢/kg-fuel] CFDS =~ Other 32 <622
RYZC =« Other i8 .638
Jdie - AN [ ] 660
Revertants Residue HFET =~ Other a3 654
per kg fuel| g/kg-fuel CFDS <« Other 32 .664
NYCC < Other. 18 .631
Revertants Extract FIP - MB - 19 -. 655 ]
per g/mile HFET - ¥B 20 -,61%
vg extract
: Residue HFET ~ Other 33 -631
g/mile CFD5 =~ Other 32 .629
CFDS = MB 20 | .62
Ersiract FIP - HMB 18 ~.647
g/kg-fuel HFET -~ #8B 20 -.636
Residue KFET - Cther 3 .718
g/kg-tuel CFDS =~ Other 32 .69
NYCC ~ Other 18 689
RYCC - VW 14 +612(5Le2)
idle - GM 26 .639
4 Extract FrP - MB 15 -.648
HFET - MB 20 -.659
HFET <« Other 3 -.654
CFDS -~ Other 33 -.60%
NYCC =~ Other 18 ;) ~.605
Idie =~ Other 33 ~.623
Residue FTp - MB 19 719
to BFET - MB 20 .627 R
Extract FTP - Other 32 . 605 K
Ratio HFET - Other 33 | 307 i@
CFDS =~ Other 32 .731
ldle =~ Other N 646
NICC - ww 14 .685
Revertants Residue
per te NYCC - MB ? ~.721(SL=1)}
ug resilue Extract
Ratio

significance Level (SL) is )
fo £ 0.005) unless otherwise indicated

statistical significance, there may be an interaction of extract and residue parameters
which determines bivactivity rather than one or the other independently determining
the bicactivity. This hypothesis is by no means proven in these data; the question is
merely raised for future research consideration.

In certain cases a sample correlation was noted within specific vehicle groups, but
the sign of the correlation changed for the "All" group (unsegregated data for all cars
without regard to vehicle type). This is most pronounced for the revertants per minute
and % extract parameters for IDLE. Explanation is made by considering two factors:
first, the correlations are very weak, and, second, the pairwise data points may fall
into approximately discrete regions. Thus within a vzhicle type, the limited data could-
exhibit a weak positive association but the location of grouped data regions cculd show
an overall weak negative association as observed by the "Ali" group.
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Finally, Table 6.5 presents the strongest (in a relative sense) sample correlation

coefficients observed for the bioactivity-emission parameter pairs. The absolute
values of the correlation coefficients in Table 6.5 lie in the 0.60 to 0.73 range.

. Two points are noted from Table 6.5; the "Other" vehicle group is more frequently
observed with relatively high sample correlation than are the specific vehicle groups,
and, while % extract and residue to extract ratio are inverse expressions for the same
physical parameter, the mathematical formulation of the ratio leads to a statistically
significant increase in the absolute value of the sample correlation coefficient for the
HFET and CFDS "Other" data and a marginally significant increase for the FTP
Mercedes-Benz data. One explanation for the higher sample correlation observed for
the "Other" group is that data points for Car.#l5, an Audi, tended to be variable but
generally higher in.both emission and bnoactnvny parameter values than data for other
cars in this group. The higher correlation is thus chiefly due to the effect of this
vehicle. '

Additional work with these data using non-linear correlation and multiple para-
meter correlation techniques is suggested.

Correlations of Ames Activity with Extract/Residue

i Included in the project data base are many parameters which could correlate with
Ames activity changes. Many pair-wise correlation coefficients were calculated but
none was found to adequately explain the observed changes in Ames activity. Earlier
researchers have found that fuel system parameters strongly affect Ames results. An
EPA study (38) showed that injector malfunction can dramatically alter Ames activity.
Work conducted at Nissan Motor Co. Ltd. (39, 40) showed that injection system
configuration had significant activity effects.

In the study the Ames activity frequently correlated with residue as well as, or
better than, with extract or particulate. The extract has received the majority of
recent attention due to the Ames activity universally found in extract samples.
Chemical research into the extract has clearly documented that whatever chemicals
are responsible for this activity, they constitute only a minute fraction of the extract,
with the majority of the extract acting only as a diluent. There is no a pricri reason
why this smali amount of active material might be considered to be related only to the
extract, The active material may well have been originally associated with the
residue, for instance, and this small quantity of material leached into the extract by
the extraction process.

We have reported previously (37) the observation that one project vehicle, Car #2,
exhibited inverse trends of extract (% extract). and specific Ames activity
(revertants/ug extract) over 50,000 accumulated miles. Clark et. al. (41) reported
that when large variations in extract were observed, ihe extract was inversely related
to the mutagenic potency. Examination of all project cars for this characteristic
showed most vehicles exhibited similar trends. Figures 6.lla, b, c, d show mileage
accumulation trends of the extract and Ames activity for Cars #2, #4, #9 and #15
respectively. In each case the inverse relationship of the extract expressed as a
percent of particulate to the specific activity of the extract is evident. Reversals in
the extract trend with accumulated miles for unknown vehicle opera tional reasons do
occur, and are mirrored by the Ames activity data.
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Figures 6.2, 6J3 and 6.14 show the vehicle group-average data for residue,
extract, and revertants (per mile basis), each normalized to its FTP value, and piotted
by test cycle. In Figure 6.12 the Ames activity and residue for the General Motors
group are seen to have almost identical changes between cycles, except the NYCC.
The similarity between these rormalized residue/Ames activity data, as compared to
the extract data, suggests the possibility that residue and not extract (at least extract
by itself) be consndered a probable original source of the Ames active material that
ends up in the extract due to the extraction process.

Examination of Figures 6.3 and 6.14 does ot show the same residue/revertant
trend for the Volkswagen and Mercedes-Benz groups. However, in these groups the
residue, extract and revertant data are all in general proximity, suggesting either
could provide a basis for correlation.

The comparatively low values of the NYCC Ames activity values for all three
groups in Figures 6.13 to 6.14 are unexplained. While both residue and extract are at
their maxima for the NYCC, the Ames activity for the NYCC is distinct!ly lower,
especially for the Volkswagen and Mercedes-Benz groups. This may be due to the
large amount of time spent at idle, changes in particulate character due to the low
average speed, stop-start driving, or other unknown factors.
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Figure 6.12 Cycle variation of residue, extract and
revertants/mile normalized t> the FTP for the
General Motors group.
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Figure 613 Cycle variations of residue, extract and
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- SECTION 7
SPECIAL TESTS

INTRODUCTION

This «zction discusses several ad hoc experiments conducted during this project to
investigate s ec. [ situations related to interpreting project data. While the results
presenter! here may impact the emission results and their interpretation, they are
discussed separately within this section. The topics discussed include the effects of
driving cycle seqLence on emission results, characterization of particulate adhered to
dilution tunnel wal's, the exposure of particulate and extract to filtered exhaust gas,
and effects of cold-ambient vehicle soak on emissions.

EFFECTS OF DRIVING CYCLE ORDER

The use history of a vehicle "immediately" prior to emission testing can have an
effect on test results, The Federal Test Procedure thereiore requires that certain
procedures be followed in the half-day period before actual emission testing. In this
study vehicles have been operated in.a variety of test cycles after completing the
three-bag FTP cycle. After completing 34 in-use vehicle tests the schedule of driving
cycles was altered. Concern was raised that data collected before and after this
"schedule change" would not be comparable becaise the vehicle's driving histcry
immediately prior to a particular cycle would be different. Therefore an experiment
was designed tv determine if the order in which cycles were driven affected measured
emissions. These experimental data can also be used to make emissions data
reproducibility estimates. :

Experimental Design

The "schedule change" test was conducted with a 1979 Oldsmobile (Car #5) with
dynamometer conditions of 12.5 hp at 50 mph and 4000 Ib I.W. and control fuel and lube
(Phase 3 conditions). The test ran for seven days and was preceded by a complete
normal vehicle test, and followed by an additional short special test. Thus data for
more than a two week period of vehicle testing were available. Table 7.4 shows the
days of testing and the order in which cycles were driven. Five FTP cycles were run
over a seven day period employing five different "pre-conditioning” schedules. Thr=ze
of these "pre-conditioning" schedules consisted of the same driving cycles driven in
different sequences. On three consecutive days an FTP Bag 3 (only) was run after the
vehicle was operated for about two hours on a repeated cycle. Particulate was
collected from all cycles; gases -vere analyzed for all FTE bags and many cther cycles.
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TABLE 7.1 - SEQUENCE OF DRIVING CYCLES FOR SCHEDULE CHANGE EXPCRIMENT

Jul ust
R A T T SR U TS s Y VT W S TR )
FIP FIP TP FTP rrp F1P (30C-30)
BAG . BAG | BAG | BAG § BAG ! BAU | (50C)
BAG 2 BAG 2 BAG 2 BAG 2 BAL 2 BAG 2 . %0C 30C
BAG ) BAG ) BAG 3 BAG ) BAG) BAG ) »C UC
CFuLsS 30C 1DLE HFET 50C 50C - b
HFETY 30C INLE HFET OLE 30C-30 30C
NYCC soC IDLE HFET HFET
SOCee 0C iDLE HFET
1a183 30C IDLE HFET
30C iDLE HFET SOAK SOAK
HFET
{30C)* (30C) 30C 1DLE HFET (seC) (50C) 30C-30
NFET BFEY SOAr. . SOAR SOAR HFETY 90C.S 0C
HFET HFET FTP8/5) FIPBAG )Y FIPBAG ) HFET 30C-3 30C-30
HFET : HFET IDLE HFEY 36C HFETY 30C-10 0C-»
HFEY 0C IDLE 30C-5
SOAK SOAK SOAK SOAK SOAR SOAK 50C

* { Jor Equihibration only-no data taken.
®¢ 50C is for 15 minutes unless a dufferent tirae is specified.

Particulaie Emissions

Preconditioning Effects--

Results for the FTF ar2 shown in Table 7.2. The results for the July 30 to August
10 period show excellent reproducibility of tha FTP despite variations in the precondi-~
tioning procedure, indicating a relative insensitivity to preconditjonin3. Bag ! showed
the lowest reproducibility, as would be expected for a cnald-start cycle conducted after
varied preconditioning. Bag | particulate values were highest following an IDLE
(August 7) and Jowest following a 50C (August '\

TABLE 7.2 - DAY-TO-DAY VARIATIOMS OF FTP PARTICULATE EMISSIONS

July August
T A T IR 6 2 10 Mear o cv

BAG | 1.044 1.061 1.037 0.969 1.193 T 1.063 0.073 6.9
BAG 2 0.863 0.882 0.875 0.890 0.824 0.850 0.86¢ 0 02¢ 2.
BAC 3 0,823 0.786 0.827 1,739 0.755 0.79] 0.795 0.027 X
FTP 0.3%0 0.893 0.896 0.879 0.582 0.581 0.887 0.007 0.8
BAG 3

ALONE - 0.722 1.834 0.696 6.709

For cvcles other than the FTP, the effect cf preconditioning vaiiation did rot
follow the FTP results. Table 7.3 shows these data for the HFET, 50C and IDLE. A
very wide variation for the HFET is clearly evident, with the vaiues for August &4, 3,
and 7 ({irst run) being distinctly higher thar: other values. Tabie 7.l shows that these

cycles were driven either ‘mmediataly afier an IDLE cr shor:ly after a long period of .

iDLE's. Note aiso in Table 7.2 that the FTP Bag 3 Zriven after an IDLE enc IC minute
hot sozk gave very high results. It is thereforz evident that periods of idling substan-
tially increase particuiate cbserved in subsequent drivea cycles. This may be caused
by depositior of partizulate in the exhaust systemn, by a change in the fuel system or
some other unknown iactor. The August 7 cata ace inieresting in that the HFET

riven immediately after tae IDLE wes very high but the HFET driven in the afternosn
(following :5 minutes of 50C) was normal. Project test schedules always perforimed
the IDLE as the last cycle »f & phase, and the first cycle of the next phase was always
preceded ky 15 minutes of 50C oeiore taning data. Therefore, these results were
probably unaffected by this IDLE-effect pheromencn.
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TABLE 7.3 - PARTICUIATE EMISSIONS FROM HFET, 50C AND IDLE - DAY-TO-DAY AND REPETITION VARIATION

’ July August

Day 29 29 30 3 [] 5 6 [ 7 ?
Filtert A B A A A A A B A B
HFET-1 0.419 0.426 0.292 0518 0.500 0038 G668 . 235 0.33)
HFET-2 0.39% 0.39) 0.422 0.428
HFET-) 0.393 0431 0.389
HFET-4 0.425 04353 0.380
HFET-5 0.427
HFEY-§ ’ 0.430
HFET.?7 ’ 0415 0416
HFET-8 0.451

July ‘ugust
Day 3 . [} b [ 7 10 " 1] 12
Finee A A B A A A A A B A
30C.-1 GG 0355 0,355 0333 0. )62 0360 0.338 0.337
3072 03481 0.367 0.335
-3 0.383  0.327 0.332 0.36% 0.)3)
30C-4 0.327 0.365 0.333
30C-5 0.329 0.347
30C-6 ©326  0.3% : 0.363 0.371
30C-7 0.355 0.352
30C-8 0.334

July August
Day 30 L] 3 b 6 7
Fiten =~ A A A B A A
IDLE-1 0.173  0.175  0.171 0.172 0.130 0.179
IDLE-2 0.173
IDLF-3 0176 0.17%
IDLE-& 0.173
IDLE-S 0.17%
IDLE-6 0.171
IDLE-7 0.188

Cycle Repetition cffects--

-The cffects of cycle repetition were studied by repeating a given cycle six or
seven times over a period of about 2 hours. The only interruption between cycles was
the time necessary to change filters. The cycles tested were the HFET, 50C and
IDLE. Other cycles were not included because of the burden on drivers and vehirles.
The data appear as pert of Table 7.3 and are shown graphically in Figures 7.l an 7.2,

0204
O & fuem
® BTN
E 0‘9]
by ®
J % 016
w v40 70 8-14-81($5 min) 3
a 1 s0c { ®8-8 {30min) > s 8 © ° °
5 €381 o @-c-a o cY . °
o ot <
E 0.36 é C 6
Q. ] E
a
0.34 4 & 0.
0.32
1 2 > 4 s [3
RUN  NUMBER
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emissions for consecutive rung. D e iof‘::r:nsecu!’irean;::. of IDLE particulate emissions
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The HFET shows a large decrease in particulate after the {irst cycle followed by a
feveling off. Tests conducted after a lunch break yielded particulate levels similar to
the initial value. The initial and final values in Figure 7. are thought to be greater
than normal, possibly caused by the vehicle not being fully warmed up. 1 or the first
i1FET, the preceeding FTP run of about 11 miles did not fully warm up the vehicle.
For the final HFET, the soak period during lunch cooled off the vehicle. A similar
trend appeared for the 50C as shown in the luwer curves of Figure 7.1. The data given
in Table 7.4 allow an assessment of the reproduc:bxhty of particulate measurements
taken at different times:

Table 7.4 - Reproducibility of 50C Particulate, g/mi

Data From Average *l o CV,%
August 4* 0.337+0.012 3.5
August 11 0.358+0.008 2.1
August 12 0.334+0.002 0.6
All Dates 0.34710.014 3.9

*Excluding "cool-start" (after lunch) values.

The ratio of the August 11 average to the August 4 average is 1.062 and the
comparable ratio for the August 12 average is 0.99]l. The 18 measurements have a
range of 0.326 to 0.369 g/mi (average +6%).

Idle particulate emissions are shown in Figure 7.2. The entire range of values for
both fiiter probes is less than 0.003 g/minute. The absence of a driver for tne IDLE
most likely accounts for this high reproduciuility. IDLE particulate measured on four
other days had a range of 0.1750 to 0.1802 g/minute.

Gaseous Emission

FTP hydrocarbon, carbon monoxide and nitrogen oxide emissions are given in
Table 7.5 and are shown graphically in Figure 7,3, Gaseous measurements were very
reproducible with coefficients of variation increasing in the order: NOy<CO<HC. This
is probably indicative both of the consistency of the actual emission and of the
experimental errors of analysis. Bag | HC and CO appear to change in unison. The
July 30th HC and CO values are uniformly higher han the range of values for subse-~
quent days.

Table 7.6 shows day-to-day variations in gaseous emissions for the HFET, 50C and
IDLE. The HFET and 50C have emission variations (CV) which are comparable to
thcse of the FTP (Table 7.5) except for nitrogen oxides which shows less .
reproducibility. The IDLE by contrast has much larger CV's for both hydrocarbons and
carbon monoxide. This is attributed to the lower values of HC and CO observed during
the August 5th test repetitions. A similar decrease appeared for the multiple runs of
August 6th for the HFET and August &th for the 50C. Although there are insufficient
data to determine if this decrease is a real phenomenon, the data suggest that long
periods of operation reduce gaseous emissions.
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TABLE 7.5 - DAY-TO-DAY VARIATIONS OF FTP GASEOUS EMISSIONS

July . August )
U | S I L 2 5 2 A0 Mean o CV%
BAG | 0.89 0.81 0.38 0.82 0.83 0.79 0.84 0.04 6.8
HC BAG 2 0.6! 0.54 0.53 0.59 0.5 0.52 0.56 0.04 6.5
g/mi  BAG) 0.50 0.4% 0.45 0.45 0.4% 0.45 0.46 0.02 5.0
FTP 0.64 0.57 0.58 0.60 0.57 0.55 0.58 0.03 5.4
BAG | .84 S 173 - L82 .77 1.82 174 1.79 0.05 2.6
CO  BAG2 1.80 1.70 1.76 - 1.74 1.71 .74 0.04 2.3
g/mi  BAG3 146 1.36 1.39 1.37 1.36 1.37 1.38 0.04 2.8
FTP 1.71 1.61 167 - 1.65 1.62 1.65 0.04 2.4
BAG 1 1.65 1.68 1.70 1.69 .64 1.70 1.68 0.03 LS -
NO, BAG2 1.9% 2.00 1.95 - 1.93 1.97 1.96 0.03 1
g/mi  BAG3 1.68 1.69 1.66 1.69 1.65 1.70 1.68 0.02 1.2
FTP 1.81 1.85 1.82 - 1.80 .84 1.82 0.02 1.1
2.01
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Figure 7.3 Variation of FTP gaseous emissions and
fuel economy on successive days.

Fuel Economy

Fuel economy data are shown in Table 7.7. Two features of this data are readily
noticeable: (a) the fuel economy changes very little from day-to-dzy and (b) fuel
economy increases for consecutive repetitions of the same cycle. The data in
Table 7.7 show relatively minor changes in fuel economy from day to day with
coefficients of variation in the range 0.9 to 2.1%. On days when a cycle was repeated,
however, the fuel economy increased at a rate of about 5-6% per hour for the HFET
and 50C and 3% per hour for the IDLE. Since fuel economy was determined by the
carbon balance method, this increase was due mainly tc decreased CO7 emissions as
the HC and CO emissions changed very little. This may indicate that several hours of
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driving are required before maximum fuel economy is achieved. Therefore cycles
driven at the end of a sequence may have better fuel economy than they would
otherwise. :

DILUTION TUNNEL

The use of a dilution tunnel for diesel particulate sampling may have unforeseen
and non-predictible consequences. During the diesel testing program, it became
necessary to test a catalyst (non-project) vehicle with the 50 cm x 50 cm filter in
operation. The filter was found to collect an even light gray coating of particulate
plus large aggregates of dark particulate which were obviously of diesel origin,

TABLE 7.6 - DAY-TO-DAY VARIATIONS OF HFET, 50C AND IDLE GASEOUS EMISSIONS

July August
» 3 s 3 6 & & 2 Msan 5 = CV%
HC 0.30 0.32 0.31 0.30 0.29 0.28 0.32 0.30 0.02 4.9
HFET Cco 0.94 0.92 0.95 0.96 0.94 0.92 0.96 0.94 0.02 1.8
g/mi NO, 1.33 1.38 1.3 1.37 1.35 .28 1.26 1.35 0.04 2.8
o s K s 3 & 7
HC 0.28 0.27 0.26 0.26 0.26 0.27 0.28 0.27 0.0} 3.4
50C Co 0.93 0.87 0.83 0.87 0.89 0.94 0.93 Q.89 0.04 4.6
g/mi NO,  1.38 1.35 1.33 1.28 1.39 1.37 139 1.36 0.04 3.0
R S N S SR S
HC 0.18 0.17 0.15 0.11 0.11 0.18 0.17 0.15 0.03 20.2
INLE co 0.4 0.43 0.42 0.36 0.35 0.47 0.43 0.41 6.04 10.2
g/min NO,  0.138 G.18 .17 Q.17 0.17 0.17 0.17 0.17 0.60 2.8

fABLE 7.7 - FUEL ECONOMY VARIATIONS FOR DUPLICATE TEST, MPG!

July August
30 4 5 _6 7 10 Mean o Cv,%
"BAG | 19.9 20.3 20.0 20.1 19.6 19.7 19.93 0.26 1.30

BAG 2 20.3 21.2 20.5 - 21.2 20.5 20.74 0.43 2.06
BAG 3 22.9 23.6 23.2 23.4 23.5 23.4 23.33 0.25 1.07
FTP 20.9 21.6 21.1 - 214 21.1 21.11 0.28 131
BAG 3
ALONE - - 23.9 23.2 233 - - 23.47 0.38 .61
50C 33.1 33.5 33.6 : 33.6 33.0 13336 0.29 0.86
50C 34.9 :
50C 36.0
HFET 3.8 31.2 3L1 315 ) 31.40 0.32 1.0l
HFET 32.0
HFET 334
IDLE! 166.0 173.6 170.7 S 172.0 170.0 170.48 2.86 1.68
IDLE 175.3
IDLE 178.0 -

1{DLE fuel economy in units of minutes idle per gallon.
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indicating the potential for re-entrainment of particulate adhered to tunnel surfaces.
Disassembly of the tunnel and probes showed all surfaces to be completely covered
with a velvet black deposit of particulate approximately 1/16 in thick. ‘Samples were.
collected from three tunnel locations and the tunne! was chen thoroughly cleaned. A -
sample from the bottom of the tunnel midsection was analyzed for Ames activity and
the results aie shown in Tatle 7.8 identified as sample #i.

TABLE 7.8 - AMES ACTIVITY OF DILUTION TUNNEL PARTICULATE

, rev % rev
Sample Strain S9 ug ext ext ug part
! TA98 + 21 10.8 2
1 TA100 - 50 10.8 5
1 TA100 + 22 10.8 2
4 TA98 - 17 - 20.0 3
5 TA98 - 25 16.0 4
6 TA98 - 27* 25.3 7*
10 TA98 - 24 12.1 3
11 TA98 - 200%* 2.7 6xx*

*Slope difficult to determine - approximate value.
**All doses gave responses of 2100 rev/plate or greater.

About nine months later the tunnel was again disassembled and eight samples
were collected at various points in the tunnel and probes as identified in Figure 7.4.
Portions of five of these samples were extracted with dichloromethane in the same
manner as regular particulate filters. These extracts were analyzed for Ames activity
and the results appear in Table 7.8 as Samples ##4, 5, 6, 10 and !l. All activities were
unusually high, particularly when expressed as revertants/pg extract.

T0
" Cvs

(_’

® ® \— 6 DlLAJrRlON

EXHAUST

Figure 7.4 Locations of particulate samples removed from the dilution tunnel.

The Ames activities were considerably more uniform when expressed in
particulate mass basis. The extractible (%) and the specific activity combined in an
inverse fashion to give this result. This f{inding also suggests that the direct-acting
mutagens present may be more closely related in origin to the residue than to the
extract portion of the particulate.
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The physical character of the particulate changed noticeably moving from the
tailpipe cor.aecting tube (Sample #11) to the inlet of the CVS (Sample #9). The
particulate deposited in the connecting tube (which was used primarily for
Volkswagens) was composed of small, compacted particles which adhered tightly to the:
tube and had very little extracnble matter. Progressing down the tunnel from the
area where dilution air enters and the mixture cools, the particulate grows progres-
sively lighter (lower bulk density) and has higher percent extractibles. The sample
from the inlet to the CVS contained much material of low density which became
airborne when disrupted.

Some of these differences are probably due to temperature and velocity changes
occurring within the system. It is also reasonable to assume that erosion of old
particulate from the wall occurs concurrently with deposition of fresh particulate. In
addition, volatile material in the deposited particulate would tend to move toward the
cooler end of the tunnel. This is possibly indicated by. the increase in % extractibles
noted at the cooler end of the tunnel.

EXPOSUR® OF PARTICULATE AND EXTRACT TO DILUTE FILTERED EXHAUST
Introduction

There is a concern in the diesel emission field, about the effects (if any) on
particulate collected on a filter from exposure to the gatceous components of the
exhaust. Two experiments were conducted to investigate the effects of exposure to
dilute exhaust gases on mutagenecity by the Ames TA98(-) assay. In the first
experiment, particulate was collected from a 50C driving cycle for varied times and
then re-exposed to filtered dilute exhaust gas for varied times. In the second
experiment a composite sample of dichloromethane extract was prepared and applied
to clean filters, which were then exposed to filtered dilute exhaust gas. Collection of
particulate for the composite extract sample for this second experiment entailed
repeated vehicle runs throughout a single day, and these individual particulate samples
provided an opportunity to determine the variability in specific mutagenesis activity
from successive test cycies. These results, while peripheral to the main objective of
the study, provide a backdrop agairst which to consider the results of the exposure
tests and are discussed in Section 6.

Vehicle Test Conditi~ns

All tests were performed at a steady 50 mph cruise mode, except that the
acceleration and deceleration portions to and from the 50 cruise condition could not be
excluded from the particulate collection due to sampling equipment constraints.
Dynamometer conditions were as given in Table 3,1.

Exposure of Particulate to Filtered Exhaust

This portion of the test program was performed with Car #5. Particulate was
collected during a 56C for 5, 10, 15, and 30 min duration. After completion of
particulate collection, the filter was retained in its holder and covered by two unused
filters and replaced in the particulate sampling apparatus. A second 50C was then run,
using this package of three filters. The first filter now collected particulate while the
middle filter acted as a back-up to avoid further collection of particulate on the last
(ongmal\ filter. Table 7.9 shows the time of particulate collection, time of added
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exhaust exposure, particulate, extract, and Ames results.
TABLE 7.9. EXPOSURE OF PARTICULATE TO DILUTE EXHAUST

Particulate Additional Part Part . Extrart Ames Activity TA98(-)

Collection Exhaust 47mm 502 % g/mi REV REV REV
Min Exposure g/mi g/mi ugE ugP mi
min m 3
s 0 0 0.40 0.58 30.7 0.122 4.5 L 54
5 5 12.2 0.35 0.41 34.3 0.120 3.9 L3 47
5 10 2.1 0.38 048 4.2 0.130 g 13 50
5 15 35.7 0.38 0.43 o367 0.13% 3.7 1.3 50
10 0 0 0.35 0.40 3.59 0.127 3.4 12 44
15 0 0 0.36 0.37 39.9 0.144 2.5 1.0 36
15 0 0 0.36 0.39 37.1 0.133 24 09 3.2
15 ] 0- 0.36 0.37 36.5 0.133 2.3 0.8 3.0
15 15 3.3 0.37 0.38 39.3 0.145 3.0 L2 44
15 30 66.6 0.35 0.36 39.3 0.138 3.1 12 43
30 0 0 0.37 0.35 40. 0.147 2.5 1.0 3.6
30 0 0 0.35 0.35 36.8 0.130 2.4 0.9 . 1.
30 15 31.0 0.35 0.34 37.9 0.132 4.3 1.6 5.7
30 30 59.5 0.35 0.34 378 0.133 2.8 1.0 37

In a 50C the 50x50 cm filter must be operated during the acceleration to 50 mph
and the deceleration from 50 mph. Therefore, the filter collects particulate from the
acceleration and deceleration modes as well as from the 50 mph cruise. This is
apparent in Table 7.9 where the 50x50 cm particulate values (g/mi) are significantly
higher than the 47 mm particulate valves (which do not include the acceleration/-
deceleration modes) for the 5 min collection times. The effect diminishes for longer’
times. .

For none of the three particulate collection times was there a significant or
consistent change in the extract itself or in its Ames activity. For the 5 min
particulate collection case there was a consistent decrease in the activity with
exposure. This difference was not large enough to be considered significant. This
difference, as well as the lower % extract for 5 min filters, may be attributed to the
relatively large effect exerted on these parameters by the particulate collected during
the acceleration/deceleration associated with this cycle. The high particulate and
Ames activity and low % extractible of the filter used to collect particulate for 5 min
with no subsequent exposure may indicate that the vehicle was not completely
equilibrated when this sample was collected, since effects of this type have been
(observed in several cold-start/hot-start comparison experiments reported previously
37, 42). '

The 15 and 30 min particulate collection cases show small but non-significant
increases in Ames activity which did not relate to exhaust-exposure time. Both the
mass and percentage of extract show no significant changes as a result of re-exposure
to dilute exhaust. Changes in extract can be attributed to the previously mentioned
characteristic of the driving cycle.

Gaseous measurements were made on three cycles during the two days that the
test was run. These results are given in Table 7.10.
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TABLE 7.10. EMISSIONS DATA FROM PARTICULATE EXPOSURE TESTS

PARAMETER '~ MEAN *1o

HC 0.28+0.01 g/mi
co 0.91+0.01 g/mi
NOx 1.29+0.03 g/mi
CO2 296+6 g/mi

Fuel Economy  34.1:0.7 mpg

The consistency of the gaseous data above and the 47 mm particulate data in
Table 740 indicate that particulate collection and subsequent exhaust exposure were
performed under consistent dilution tunnel conditions.

Conclusions

The experimental results do not support the hypothesis that the gaseous com-
ponents of diluted exhaust affected the mutagenic activity of the extract of
particulate collected on Pallflex T60A20 media under the conditions of the
experiment,

Exposure of Extract Alone to Filtered Exhaust

The extractible material bound to the carbonaceous portion of diesel particulate
may be only partially available for reaction with gas phase components while in
particulate form. To test for potential reactions between the extract and dilute
exhaust, a series of experiments were performed wherein extract obtained from the
~ consecutive tests described above was re-deposited with a solvent carrier on a <lean
filter. The solvent was dried, leaving the extract laden filter for subsequent exposure
to dilute filtered exhaust gas. Approximately 100 mg aliquots of extract were applied
to the central portion of a 50x50 cm filter over an area of about 1250 cm2, As in the
particulate exposure tests, these extract carrying filters were covered with two blank
filters to isolate the extract filter while exposing the extract to dilute exhaust gas and
collecting a correspcading particulate sample. Results for Car #5 and Car #l are
presented separateiy below. '

Car #/5 Results--

The three filters containing approximately 100 mg of extract were exposed to
dilute fiitered exhaust for 5, 15, and 30 min respectively. Normal particulate samples
were also collected for 5, 15, and 30 min, and a 15 min particulate sample was also
exposed to exhaust for 15 min. The results are shown in Table 7.11.

The three filters with applied extract had Ames responses greater than the three
corresponding particulate filters which were exposed with them. The Ames activities
of the extracts were, however, lower than the 3.7 revertants/ g average activity of
the extracts used to produce the composite extract. Analysis is complicated by the
lack of a zero time exhaust exposure fiiter with applied extract. Thus, it is not
possible to determine what the activity of the extract was immediately prior to
exposure or if the activity of the applied extracts was affected by re-extraction.

It is clear that filters 1664, 1663, 1662 do not show a dose-response relationship
which would indicate an exhaust exposure effect. Any effect, however, may be

84



TABLE 7.11. EXPOSURE OF EXTRACT TO DILUTE EXHAUST GAS - CAR #5

Extract Particulate Particulate Exhaust exposure . Extractibles? Ames
Applied Collected Collection min m3 mg % rev/ug
Filter mg mg Time{(min)
1664 101 b] 16.1 93.9 93.0 2.5
1663 107 15 39.3 102.2 96.4 1.8
1662 99 30 76.5 95.2 96.2 3.0
Pooled extract used to prepare filters 1664, 1663, 1662 3.7
1666 0 13b 50 131.9 10.9 2.4
1671 0 227 5 0 374 1.6
1670 0 330 15 [ 40.1 1.3
1667 0 1129 30 0 36.7 1.5
1668 [} 582 13 15 39.1 33 3.6

a. A tlank fiiter will contribue about 2 mg of extract itself. Therefore, extract weights and percentages are higher than actual.

b. Filter 1666 was run for 50 minutes as a backup filter.

complete by the 5 min expcsure time. Filter 1668, which had 15 min exhaust exposure
to 15 min of collected particulate, shows enhanced activity as compared to filters 1671,
1670 and 1657 which would seem to indicate that exhaust exposure increases Ames
activity. This result does not agree with data shown in Table 7.9.

It is of further interest that filter 1666, which was run for 50 minutes as a backup
filter and showed a 13 mg weight increase, had an Ames response greater than that of
the extract from the filter which preceeded it in the gas stream. If one multiplies the
Ames activity (2.4 revertants/ ug) by the extract weight (1.09x10% ug) the result is
total revertant count attributable to the filter. For filter 1666 this value is 2.6x10%
revertants. If a filter contained 100 mg (193 ug) extract, the increase in Ames activity
from particulate passing through the primar; filter and collecting on the extract-

exposure filter would be less than 2.6x104/10% = 0.3 rev/ ug. This indicates that the. .~

filter exposed to filtered exhaust did not change appreciably due to additional material
passing through the primary filters. :

The data do not indicate that filtered diluted exhaust gas has a substantial effect
on the Ames activity of extracted material. The data do not, however, prove that
there is no effect. Defects in the experimental design and the small data set do not
allow the experiment to give a conclusive answer.

Car #] Results--

Similar to the Oldsmobile experiments, filters with approximately 100 mg applied
extract were exposed to f{iltered dilute exhaust for 5, 10, and 20 min respectively.
Normal particulate filters of 10, 15 and 20 min length were also collected. The results
are shown in Table 7.12.

The results for filters 1653, 1652 and 1651 indicate a decrease in Ames activity
with increased exhaust exposure. . Although the changes may appear significantly
large, past experience with this vehicle has indicated that differences of this
inagnitude occur in the Ames analysis of triplicate runs. Therefore, the three data
values alone are not sufficient to substantiate an ‘exhaust exposure effect.
Furthermore, all of the Ames values determined in the experiment were significantly
lower than the values measured for the extracts comprising the composite (Ave +lg =
24.8 + 6.8, rev/ g, Range 12.1 to 33.4). In past tests this vehicle has shown erratic
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TABLE 7.12. EXPOSURE OF EXTRACT TO DILUTE EXHAUST - CAR #1

Extract Particulate Particulate Exhaust exposured ExtractiblesP Ames

Applied Coftected Coltected Time (min) m3 mg % rev/ug
Fitter mg mg Time{min)
1633 99 0 1] 5 15.6 94.8 95.8 10.0
1652 98 0 0 10 26.5 92.1 94.0 8.4
163) 99 0 [ 20 46.2 92.6 93.5 6.9
Pooled extract used to prepare filters 1653, 1652, 1651, 24,8
1660 0 7 (] 10 22.8 6.0 1?7
1661 [} 10 [+ 13 38.5 6.9 1.6
1658 0 601 10 0 93.8 15.6 7.1
1659 0 1009 [B] 0 126.2 12.5 7.3
1656 0 1271 20 0 . 186.5 1.7 8.3
1657 0 699 10 ic 22.0 108.6 15.6 8.4
1654 81 < 566< 79.1 97.7 9.5

a. Volume corrected to 20°C.
b. A blank filter wiil contribute abut 2 mg of extract itself. Therefore, extract weights and percentage are higner than actual.

c.  Room ajr (filtered) drawn through filter overnight at about 20°C.

Ames results with consecutive tests showing large 'variations in response. It also
appears that when this vehicle is operated under 50C conditions, the Ames activity of
filters collected consecutively shows a significant increase. This might contribute to
the irend observed with filters 1653, 1652 and 1651, as these filters were run in
numerical order. :

Filters 1658, 1659 and 1656 represent increased particulate collection times. The
slight increase in Ames activity with increased collection time is not considered
significant. The significant fact is that the average activity of these extracts is 7.6
rev/ ug vs. 24.8 rev/ug for filters collected a week earlier. This difference must be
predominantly real as the reproducibility of the Ames test is much better than the
difference would suggest. Filter 1657 represents 10 min of exhaust exposure to a filter
with 10 min of particulate collection. The change in Ames activity is not significant.

Filter 1660 was run as a blank, i.e., covered by two filters and exposed as were the
filters with extract. Filter 1661 was run as a back-up to filter 1659. Both f{filters
showed a small increase in weight which was mainly extractible. The extracts showed
Ames results of 1.7 and 1.6 rev/ug. respectively. Thease values are much lower-than
those of primary filters and indicate that material of higher Ames activity is
associated with particles collected on the primary filter. This is the reverse of the
results for the Oldsmobile tests in which the primary filters had lower activities than
the backups.

Although an apparent dose-response decrease in Ames activity for increase
exposure to dilute filtered exhaust has been observed, the inherent Ames acnvxty
variability of extract from this vehicle makes the result very uncertain.

Discussion

The results do not constitute a definitive experiment on the reactivity of extract,
on or off particulate. Variations in Ames mutagenicity arising from vehicle para-
meters that are only poorly understood complicate attempts to isolate any interactions
between dilute exhaust gases and extract. If results for a single experiment were all
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that one had, a dramatic effect could be reported. When a battery of tests are
considered, the picture is not always consistent. The fact that major increases in
Ames mutagencity were not generally observed with increased particulate collection
time, particulate re-exposure, or extract re-exposure suggests that the particulate
sample conditions are not the main cause of the observed activities. The several cases

of observed decreases in Ames activities with sample exposure is deserving of further =~

investigation.

An additional consideration in the <tudy of sampling effects on mutagenic activity
is the presence of dilution tunnel cebris, We have assayed extract from tunnel
scrapings, and found, like cthers, that this material exhibits elevated activity - about
30 rev/ug in our case. Thus we have a sampling system that is coated with material
of considerably higher activity than the samples we wish to measure. If this debris re-
entrains (aud it does) the activity will be increased. For instance, a filter with extract
exhibiting 4.3 rev/ug started with a total particulate mass of 1.2!3g. Assuming a
tunnel debris activity of 30 rev/ug, and an activity of 2.5 rev/ug for particulate
uncontaminated by tunnel debris, a contaminated sample of 4.3 rev/ pg would require
the following amount of debris:

4.3 = 2.5 (1.213-Tunnel Particulate) + 20 (Tunnel Particulate) .
Tunnel Particulate = 0.05 g

Thus only 50 mg of tunnel debris could raise the activity from 2.5 to 4.3 rev/ ug for a
total sample size of over 1200 mg particulate. The exhaust tubing connecting the
vehicle to the dilution tunnel contains debris of significantly higher activity than the
tunnel itself, although the exiractible content from this source is much lower. Thus a
significantly smaller debris contribution from this source would cause the same change
in observed specific activity.

Thus, mutagen sampling artifacts can occur by means other than exhaust gas
exposure during the time scale of particulate collection. Elevated specific activities
of tunnel and connector pipe debris suggest a long-term change in extract character
not readily seen in short-term collection tests.

EXPCSURE OF PARTICULATE AND EXTRACT TO SUNLIGHT

In the late summer of 198], three 50 x 50 particulate filters from Car #5 were
collected from successive 15 min 50C tests. One filter (#156}) was kept at room
conditions for two days (no light) and extracted. A second filter (#1560) was left in the
filter holder. The third filter (#1562) was extracted imm=diately after collection and
the extract alone redeposited on a fresh 50 x 50 filter as previously described. The
particulate filter and extract laden filter were then set outside in bright sunlight for
portions of two days (8 hours total exposure). Following this tirne, all three fiiters
were extracted and assayed with tester strain TA98(-). The dose/response plots for
these samples, and those from a comparable 50C sample from an in-use test on this
vehicle near the same time are shown for two dose ranges in Figure 7.5. The specific
activities of these samples are fairly low, and this is consistent with the in-use test
results for this vehicle,

Examination of the three plots for samples 1560, 156l, and 1562, shows a response
below 25 ug dose. For the sample of extract exposed to sunlight (1562) this initia!
response is followed by a general lack of consistent response at higher doses. This
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may be due to the loss of direct acting mutagens or the formation of toxic agents
during expesure. The particulate exposed to sunlight exhibits an extract dose/response
plot not dissimilar to the comparisor. particulate samples unexposed to sunlight. The
slightiy higher extract response for the sunlight exposed particulate may be accounted
for by thc slight decrease in extractible % for the sunlight exposed samnple.

Although these resuits from a single experiment must be viewed cautiously, they
do indicate the relative sunlight exposure changes between particle-bound and
extracted direct-acting mutagens for this one test condition.

COLD AMBIENT PARTICULATE TESTS

Mid-project review of the Ames mutigenicity data from various vehicle test
cycles showed the FTP to be frequently somewhat elevated in comparison to other
cveles. Since the FTP was the only test cycle with an overnight vehicle soak as part
of the test, this aspect of vehicle conditioning was considered a possible factor. A
series of particulate emission, extract and bioassay tests were performed in the winter
of 1981 on Car #1{VW Rabbit) to evaluate the effcct of vehicle soak temperatures.

In project FTP testing particulate from the three FTP bags was collected on a
single filter. Bag I and Bag Il have an identical 565 second driving scheduie, Bag 1
beginning the FTP after overnight laboratory vehicle soak, and Bag 1lIl commencing
after a 10 min hct-soak subsequent to Bag Il. For the special tests reported in this
section the Bag | (or Bag IlI) driving schedule was used to collect separate particulate
samples ior only the appropriate 505 second test, in contrast to a normal FTP waich
provided only a composite particulate sample from Bags I, Ii, and Ill. Two additional
samples were obtained by soaking the vehicle overnight at winter ambient (outdoor)
conditions and then testing at laboratory conditions to obtain cold-ambient soak Bag |
and Bag Il samples. Thus the four vehicle conditions tested were: [)Bayg | after
overnight ambient cold soak; 2)Bag III hot start following condition (1); 3)Bag I after
normal overnight vehicle soak in iaboratory;. 4)Bag Il following condition (3).
Continuous temperature monitoring was set up for alovernight ambient, b)vehicle
injection fuel line, and <)vehicle crankcase lubricating oil.

Table 743 gives the results of duniicate iests at each of the four conditions. The
test result for ccndition (4) above, ncrmal hot-start (Rag !ll), was used as the base
condition for comparison results. The emission parameters listed are ali given as
ratios to the base condition results. The mean temperature vilues given result from
fairly large variations in temperature between the beginning and end of the particular
test, and thus should be considered as o-ly rough guides to the temperature hjctories
encountered.

Examination of Table 7.3 shows the following for successively lower tempera-
tures (lower rows in the Table 7.13): [}total particulate increased by 18-74% over the
base, 2)extractible expressed as a % of total particulate dropped by 13-36%, 3)extract
as a mass emission showed little change +13%, k)residue accounted for the majority of
increase in total particulate, showing an increase from 24-92% over the base
condition, 5}the various bioassay measures show increased bicactivity ranging from
230% to 400%, depending on computation choice. Braddock (42) in contrast found the
bioactivity to decrease with decreasing temperature.

The increase in residue corresponds more closely to the increases in bioactivity
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TABLE 7.13. VW COLD-START PARTICULATE AND AMES ACTIVITY COMPARISONS*

Mean Temperature - °C
Overnght Injector  Crankcase  Partculate Extract Residue Revertants - TA98(-)

Vehicle Test Condstion Soak Fuel Line Lube (g/im1) (o) (g/im) (g/tms)  Rev/p Exiract  Rev/pg Part. 10%Rev/mi

& = Base Condition-Normal . ] ] 0.086 026 ss - .
FTP Bag Ill Hot Start 2 2 %0 0.3% 26.8

Results below are ratioed values to the base condition in each column.

2 = Bag Iti Hot Start
following cold ambient 0 18 9 1.0 0.87  0.87 1.03 LS 1.3 1.3

test

3 : Normal FTP Bag | ufter b X 24 . 14 7
overnight 1ab soak test 20 21 48 118 079 0.93 52 1.8

1= FTP Bag | after over- X . §.
night ambrent soak ] 5 38 l.?h 0.6 LI 1.92 36 2.3 0

®Average results for two duplicate tests at each condition,

than any other emissions parameter measured. The injector fuel line temperature
corresponds to the observed emission changes more closely than other temperature
measurements. These results suggest the need for a definitive experiment with
controlled variation in fuel temperature and corresponding measurement of
particulate, extract, residue, and bioactivity, If fuel temperature does effect the
combustion/formation of trace bioactive species, the unknown variation in injector
fuel line temperature during laboratory vehicle testing could account for some of the
apparently random bioactivity results, since the fuel temperature could be affected by
fuel recirculation to the fuel tank, and fuel volume in the tank. The correspondence of
residue increase tc the increased bioactivity is similar to findings reported elsewhere
in this report connecting residue and not extract to the bioactivity of extract samples.
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SECTION 8
CHEMICAL CHARACTERIZATION OF EXTRACTS

INTRODUCTION

The objective of this work was to isolate, identify, and quantify the chemical
substances responsible for mutagenic activity of the organic extracts of diesel
emission particulates.

Diesel particulates are highly respiiable (43) and may constitute a significant
inhalation health hazard to the human population. The chemical composition of the
organic extractible matter ofthe particulates is extremely complex. When this work
was initiated in 1979 there was very little pubhshed information about the identity of
possible mutagens in diesel particulate extracts.. - Polynuclear aromatic hydrocarbons
(PAH) were the major class of organic carcinogens/mutagens whose _presence had been
established (44-46) in extract samples from diesel particulates. Both parent PAHs and
their alkyl derivatives were detected in these studies. Subsequent studies utilizing the
Ames Salmonella mutagenesis assay and other short-term biocassay methods have
indicated that diesel particulate extracts possess significant mutagenic activity even.
in the absence of mammalian enzymes (47, 48), suggesting mutagenic contributions
from compounds other than PAHs, which require metabolic activation to exhibit
mutagenicity.

The apprcach adopted for this study was to integrate the Ames microbial
inutagenesis assay as a biological monitor with chemical fractionation, identify the
‘mutagenic fractions for detailed structural characterization of the constituents by
several pomplementary techniques, and assess the mutagenic contnbutxon of the PAhs

rcsent in the extract samples. .

This secticn is a brief account of the significant parts of the work carried out
during 1979-June 1981l. The report was not written in a descriptive manner, since more
detailed accounts of the results obtained are summarized in publications that have
originated from this work (References 48 to 52).

RESULTS AND DISCUSSION

Particulate Sample Coilection

The project was initiated by generating a few large project-reference samples for -
characterization and bioassay work to proceed in parallel with subsequent in-use
vehicle testing. The three vehicles used to generate these samples were a Mercedes-
Benz 300-D obtained from EPA in Ann Arbor, a diesel Rabbit (Car. #1), and a diesel
Oldsmobile (Car {#5). Particulate samples for this charactenzanon/bloassay effort
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were collected by the sample equipment and general procedures as described earlier.

The daily testing sequence was not the same as used for the in-use vehicle study, and

involved only two driving cycles. An FTP began each day of sample collection during

which one 50 cm x 50 cm filter was collected. With the FTP as a warm-up the rest of

the testing day consisted of 24 HFET cycies broken into 8 groups of three HFET cycles .
per single 50 cm x 50 cm filter. One day of testing thus generated one FTP and eight

HFET 50 cm x 50 cm filters.

Two fuels were used for sample collection from the Mercedes 300-D. A 750 liter
lot of EPA control fuel from EPA/RTP was used first to generate filters to be shipped
to EPA/RTP for subsequent extraction and analysis. All other large particulate
samples in these three vehicles were obtained using a 7500 liter lot of project
reference fuel in underground storage at AEL. At the beginning of each large sample
collection each vehicle was serviced with fresh oil and oil filter. Oil samples were
collected from the vehicle at the conclusion of the sample collection.

Gaseous emissions were measured for one FTP and one HFET approxim=*ely every
fifth day of sample collection. Particulate emissions were likewise measured by the
47 mm probe filters described earlier. The individual 50 cm x50 cm filters were
extracted by the same procedure as previously described and the extracts from all
filters from each cycle pooled to yield one composite sample. The FTP and HFET
filters were treated separately to provide a comparison between vehicle test cycles.

Table 8.1 contains the summary information on these large samples to the point of
their bioassay and chemical characterization analyses. Table 8.1 also identifies each
of these samples by codes which reference these samples in the chemical analysis
portions of this report, In total these samples represent over 13,000 dynamometer -
miles performed on 50 days of laboratory testing and using in excess of 450, 50 cm x
50 cm filters. .

TABLE 8.1. SUMMARY OF LARGE PAR..CULATE SAMPLES FOR CHEMICAL AND BIOASSAY CHARACTERIZATION

Large Particulate Sample  Emissions (g/mi)

. Sample Partic-
Vehicle Fuel Oil ldenti- Driving uwate Extract % HC CO NOy Part MPG Comments
fication Cycle (4] g) Extract
Mercedes-Benz EPA Castrol §2 FTP 23.1 2.1 9.1 0.22 1.1) 1.74 0.63 21.7 Vehicle shipped from
300-D Reference 20w-50 EPA, Ann Ardor -
’ SE-CC L2 HFET  255.08 19.49% 8.5® 0.12 0.82 1.52 0.39 28.0 Filters shipped to

EPA/RTP for extraction

Vlercedes-Benz  AEL Castrol L3 FTP 5.9 0.54 - 8.2 0.22 1.08.1.88 .64 21.8
300-D Reference 20wW-50
SE-CC L4 HFET 53.2 6.1 11.5 0.11 0.79 1.57 0.36 30.0

Rabbit AEL Castrol LS FTP 4.3 0.98 22.8 0.37 0.93 0.95 0.32 41.0 Car #1
Reference 20W-50
SE-CC S1 HFET  53.76 15.58  29., ©€.18 0.74 0.30 0.28 5.9

Oldsmobile AEL Castrol L? FTP 11.52 1.99 17.3 0.48 1.60 1.83 0.79 21.1 Car #5
Reference 10-30
SE-CC 83 HFET 115.1 22.5 23.9 0.23 0.88 1.44 0.31 313 Samiple also used for

project bioassay std.

8 Only 229.45¢ of purticulate were extracted.
b Average of eleven extractions of 15 filters {+ 20g) each, 0 = 0.74.
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Fractionation of Particulate Extracts

The extracts were fractionated by a two-step procedure. The first step was a
liquid-liquid partitioning by which acidic, basic and neutral compounds were separated
as shown in Figure 8.a. The acidic fraction showed the highest specific activity
profile oi the three fractions, as shown in Figure 8.2 and is discussed in Reference 48.
The neutral fraction comprised the largest fraction (90-95%) by extract mass for all
three composite samples studied. This neutral fraction was subfractionated by silica

gel preparative adsorption chromatography described in Reference 48 and Figure 8.1b.
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Figure 8.2 Mutagenicity of diesel particulate )
extract sample $-1 and its fractions (Car #1). {(43)
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Figure 8.1 (A) Fractionation of diesel emissior
particulate extracts. (B) Elutant profile for chro-
matographic fractionation of neutral diesel particu-
late extract. (48)

Several changes were subsequently introduced to the procedure. The samples |

were introduced to the top of the column coated on prewashed and dried sea sand. The
column was sequentially eluted with solvents of increasing polarity as shown in
Figure 8.3. All fractions were concentrated in Kuderna-Danish evaporators to about
1 ml and transferred to tared test tubes. The remaining solvent was evaporated on an
- "Evapo-mix" under gentle vacuum at 30°C and weighed. In previous work, we used a
small amount of silica gel to introduce the sample but this resulted in poor recovery of
certain compounds. Use of sand improved recovery of these compounds. The elution
volume of the PAH fraction, designated as subfraction C2, was determined by the
elution volumes of fluor 1e and coronene under identical chromatographic conditions.
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Final elution with methanol was essential to obtain the last traces of some polar
components, not all of which eluted completely with ether.

All subfractions (Cl-C7) were bioassayed with the tester strains TA98 and TAl00
at six or more dose levels. Mutagenicity distributions among subfractions of the
neutral fraction of sample S1 are shown in Figure 8.4. The trend in mutagenic potency
of the subfractions did not change as a result of modifications in subfractionaticn
procedure. The PAH subfraction C2 showed only marginally positive activity in the
presence of S-9 for all three composite samples. Subfraction C4 had the highest
specific activity for all three composite samples. The subfraction C5 also had
considerably high mutagenic activity. Subfractions C3, C6, and C7 showed some
mutagenic activity. The chemical characterization work emp’asized subfractions C2
(PAH subfraction), C3, C4, and C5.

Characterization of the PAH subfraction C2: PAHs are a well-recognized family
of carcinogens and mutagens that require metabolic activation for expression of
mutagenicity, Many members of this family have long been considered responsible for
carcinogenicity of combustion effluents. It was shown in this work that PAHs (parent
and alkyl substituted) have only marginal contribution 10 the mutagemcnty of diesel
particulate extract samples.

The major problem in PAH analysis is separation and conclusive identification of
individual isomeric compounds, since carcinogenic properties of PAHs are isomer-
specific. Many PAH reference standards are not available, making conclusive identifi-
cation of the isomers especially difficult. In the present work, glass capillary gas
chromatography, alone and in conjunction with mass spectromegry, and high per-
formance liquid chromatography coupled with rapid scanning ultraviolet spectrometery
were utilized for PAH identification in diesel emission particulate extract samples.
Much of the work on sample Sl has been described in References 49, 50 and 51.

Gas chromatographic method using an SE-54 coated glass capillary column gave
excellent separation of many isomeric PAHs, e.g., benzo(a)anthracene and chrysene, .
benzo(b)fluoranthene’  and benzo(k)fluoranthene, and = benzo(e)pyrene  and
benzo(a)pyrene. Separation of these groups of PAHs is important since some are
moderate to strong carcinogens, whercas others are relatively innocuous. A chromato-
gram of 21 PAHSs is shown in Figure 8.5. A gas chromatographic profile of the PAH
subfraction SI-C2, typical of the PAH subfractions from diesel extract samples, is
shown in Figure 8.6A. The major peaks identifiable by comparing their retention times
with standard PAHs are phenanthrene, anthracene, fluoranthene and pyrene. Minor
components could not be identified with confidence from their retention time alone.
Gas chromatography/mass spectrometry of the same sample enabled characterization
of over forty PAHs as tabulated in Table 8.2. Total ion chromatograms (GC/MS) of
this and another sample are given in Figures 8.7 and 8.8.

An HPLC method was developed to preconcentrate the toxicologically significant,
higher-molecular weight PAHs, which were present in low concentration only. A gas
chromatographic profile of an HPLC fraction enriched with low molecuiar weight
PAHs by this method is shown in Figure 8.6b. Additional confirmation for identity of
the major PAHs was obtained by measuring a complete UV spectrum of each HPLC
separated PAH. Presence of anthracene, phenanthrene, fluoranthene, and pyrene were
unequivocally confirmed this way. The spectra and HPLC chromatograms are shown in
Figures 8.9 and 8.10. The constituents of the HPLC fraction of SI-C2 were also
confirmed; the HPLC profile and a number of UV spectra are given in Figures 8.1la
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Figure 8.5 Gas chromatogram of a mixture of PAH standards. GC conditions: 40-m X 0.35-mm
id SES4 glass capillary column; flame ionization detector, temperature 100°C for 2 min, programmed
10 170°C at 107 /min, 10 209° at 3°/min, 10 265°C at 7°/mun, to 290°C at 8°/mun. Peak iden-
tities: 1, fluorene (1 ng); 2, phenanthrene (3 ng); 3, anthracene (6 ng); 4, 2-methviphenanthrene (6
ng); 5, 2-methvianthracene (6 ng); 6, 3,6-dimethviphenanthrene (6 ng): 7. fluoranthene (3.6 ng). 8.
pyrene (6 ngj; 9, benzofajfluorene (12 ng); 10, benzofbjfluorene (12 ngh-11, benzofajanthracene
(15 ng); 12, chrysene (12 ng); I3, benzofb[flucrantkene (12 ng). 14, benzo{k [Auoranthene (12 ng):
15, benzo[e]pyrene (12 ng): 16, ben:o[a]pyrene (8.1 ng): 17, perylene 112 ne); 18. dibenz{a.h]-
“anthracene (30 ng): 19, benzo[ghi]peryiene (30 ng); 20, 1,2,3,4-dibenzopyrene (60 ng); 21, coro-
: nene (30 ng). (50)

TABLE 8.2 - COMPOUNDS CHARACTERIZED BY EI GC/MS OF SAMPLE S1-C2 (50)

Scen NMo. Campound Scan Campound
539 Methylfluorene 885 Cy-AlKylphenanthrene/-anthracene
609 Phenanthrene Mm c‘.—uk;lphemnthrenc/-;ntm-cene
(YY) Dimethylfluorene 9216 Fluorenthene
656 Dimethylflucrene 9hs Acephenanthrylene/aceanthrylene
610 Dimethylfluorene 980 . Pyrene
(1] . Wethyldibenzothiophene 3032 C3-Alkylphenanthrene/-anthracene
103 MethyldjLenzothjophene aohl c;-ulylphcnnnth.rene/-cnthncene
120 Methylphensnthrene/-anthracene 1057 C]-ukylphenlm.hrene/-mt hracene
129 Methylphensnthrene/-anthracene . 106k Cy-Alkylphenanthrene/-anthracene
k£2) Methylphensnthrene/-anthracene 1077 klhylpyrene/‘-ﬂuctlnthene
154 Methylphenanthrene /-anthracene 1114 Bentola)f2vorene
45 Cyclopenta{def [phenant hrene 1143 Benzo[blfluorene
189 (‘?-ukyldlkn!mhiophel;e 1174 Nethylpyrene/-fluoranthene
806 €,-Aikyldibenzothiophene 1184 Methylpyrene/~fluoranthene
814 2~PhenylnapLthalene 1345 Benzo{ght fluoranthene :
830 Co-Alkylphenanthrene/-anthracene - 1353 Acgpyrene )
1 C,-Alkyldibenazothiophene 1k3h Chrysene, beniola]anthracene, triphenylene’
853 C,-Alkylphenanthrene/-anthracene 172k Benlol_b;,,]_,&‘!]ﬂuor-nthene
860 C,-Alk; 1dibentothiophens ) 115 Bento[a]pyrene, bentolelpyrene
865 €,-Alkylphensnthrene/-anthracene
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Figure 8.6 Gas chromatogram of A, PAH f{raction of diesel particulate extract (S1-
C2)and B, its HPLC subfraction C (§1-C2). GC conduions: 45-r1 X 0.35-rim id
SE34 glass capillary column; flame ionization deiector; iemperature, 110°C for 2
min, programmed 10 170°C at 10°/min, 10 212°C at 3°/nun, 10 278°C at &° ymin.
Peak identities: 1, phenanthiene; 2, anthracene; 3-6, methylanthracene/-phenan-
threne, 7, 2-phenyinaphitialene; 8-10, dimethylanthracene/-phenanthrene; 1i, flu-
oranthene; 12, aceanthrylene/acephenanthrylene; 13, pyrene; 14-15, trimethylan-
thracene-phenanihrene; 16, benzo[ghi]fuoranthene; 17, benzo!ajlanthracene; 18,
triphenylene; 19, chrysene; 20, benzo{b]fluoranthene; 21, benzofj]fluoranthene;
22, benzo[k JAuoranthene; 23, benzo[c]pyrene; 24, benzo[a]pyrene. (50)
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Figure 8.9 HPLC profile of PAH fraction of extract
sample S-1 from Car #. (49)

HPLC condition: 4.6-mm x 25-cm Zorbax ODS
column; MeOH/H20 (84/16); 1.6 ml/min; linear
gradient to 100% MeOH (20 min) started after
20 min. (49)
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.Figure 8.11 (A) HPLC profile of high-molecular-
weight PAH fraction of sample S-l1 extract of
Car #l. (B) UV spectra of HPLC eluates. (5)

Column: HC-ODS (25cm x 2.6 mm id); mobile
phase, 60% MeCN-H2O for 5 min, linear gradient to
100% MeCN in 10 min.; fiow rate, 1.0 mi/min.

PAH subfractions of diesel particulate extract samples (SZ and $3) from two other
vehicles gave similar profiles. Characterization was performed by capillary GC,
capillary GC/MS and by HPLC/UV spectrometry.

Characterization of Mutagenic Subfractions

Subfraction C4, representing 2.3-3.8% by inass of the neutral fraction, had in
general the highest specific mutagenic activity, accounting for 42-52% of the direct-
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activity mutagenicity of the neutral fractions. Subfraction C5 comprised 3.7-4.8% of
the neutral fraction by mass and had the second highest specific activity, accounting
for 13-20% of the mutagenicity of the neutral fractions. The GC/MS characterization
of subfractions C4 and C5 of sample Sl are discussed, and details are descnbed in
Reference 52.

Bioassay results cleariy indicated the presence of direct-acting mutagens in these
subfractions, although proniutagens were presumably present as well. The chromato-
graphic isolation procedure suggested that these fractions contained compounds more
polar than parent and alkyl substituted PAHs. The chemical manipylations involved in
the preparation of the subfractions also suggested that the ‘mutagens were stable
chemicals and not reactive alkylating agents.

Glass capillary GC with flame ionization detection demonstrated the enormous
complexity of these samples. Since possible identities of the constituents were
unknown, chromatographic conditions could not be optimized, and structural informa-
" tion in the constituents of the subfractions were thus obtained by capillary gas
ciromatography-mass spectrometry sample examination under EI and CI conditions.
Thorough searches of the reconstructed ion chromatograms were made to identify the
mass spectra of the maximum number of compounds possible. Interference-free
spectra were obtained by using computer-assisted techniques. :

The total ion chromatogram of subfraction C4 is shown in Figure 8.12. A number
of alkyl fluorenones were identified in this subfraction. These inciuded isomeric
methyl fluorenones, Cop-alkylfluorenones, Cs-alkylfluorenones, and Cy-alkyl-
fluorenones. Mass spectral characteristics of these compounds are discussed in
Reference 52. While other structural possibilities cannot be totally discounted for
- these compounds, evidence strongly indicates that most of these compounds are indeed
alkylfluorenones. Additional evidence for these structural assignments have since
been obtained by HPLC/UV spectrometry. Benzo(a)fluorenone was also a major
constituent of this fraction. A list of compounds characterized in this fraction is
given in Table 8.3. '

Figure 8.13 shows a total ion chromatogram of subfraction C5 of sample Sl. Some
lmportant constituents of this fraction are &4H- cyclopenta(def)phenanthrene-l&-one,
several isomers of 6H-benzo(cd)-pyrene- 6-one, methylanthraquinone/phenanthrene-
quinone, anthracene-and phenanthrene-9-carboxaldehyde, 9-fluorenone, and 7H«-
benz(de)anthracene-7-one. A complete list of compounds identified in this subfraction
by GC/MS is given in Table 8.4. Mass spectral characteristics in support »f the
structural assignments are also discussed in Reference 52.

Recently the possible presence of mutagenic nitro-PAHs, particularly nitropyrene,
has received a great deal of attention. We were not able to detect any nitropyrene in
subfractions C4 and C5 of Sample S| by GC/MS. However, in low concentration, nitro-
PAHs can go undetected by full-scan mass spectrometry particularly when operating
conditions are not optimized for such compounds. Subfraction C3 of this sample has
been found by HPLC/MS to contain mtroanthracene/phenanthrene

In two other composite samples S2 and S3, we have confirmed the presence of |-
nitropyrene by HPLC/MS (El and CI) and HPLC/UV spectrometry. In addition, several
other nitro-PAHs were detected by HPLC/MS in subfraction -C3 of S2. These are
nitroanthracene/phenanthrene, methylnitroanthracene/phenanthrene, and methytnitro-
pyrene/phenamhrene.
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TABLE 8.3 - COMPOUNDS CHARACTERIZED BY TABLE 8.4 - COMPOUNDS CHARACTERIZED BY

GC/MS IN SUBFRACTION ¢ (52) GC/MS IN SUBFRACTION 5 (53)
El El
scan parent : par-
no. ak compd scan ent
pe P no. peak compd
308 194 methyl-9-fluorenone . .
338 208 C,-alkyi-9-fluorenonc 245 170 methylnapnthaldehyde
363 208 C,alkyl-9-fluorenone , 276 180 9-fluorenone
868 208 C,-alkyl-9-fluorenone 264 184 C,~l.'kylmphlhsldthyde
394 222 C,-slkyl-8-fluorenone 326 194 methyl-9-fluorenone
400 204 4H-cyclopenta[def)phenanthren-4-one 332 194 anthrone/phenanthrone
415 222 C,alkyl-9-fluorenone - 365 196 9H-xanthen-S-one
422 222 C,-slky!-9-fluorrnone 370 208 anthraquinone
431 222 C,alkyi-9-fluorenone 400 204 4H-cyclopenia|def]phenanthren-4-one
4533 212 9H-thioxsnthen-9-one 436 206 anthracene/phenanthrene-9-
438 206 anthracene/phenanthrene-9- . carboxaldehyde
cusboxaidehyde 441 206 snthracene/phenanthrene-9-
440 218 hydroxypyrene,fluoranthene . csrboxsidehyde
452 256 C,-alkyl-92-fluorenone . 421 222 C,-alkyl-9-fluorenone
473 226 C,-alkylnaphthofurancarboxaldehyde 431 222 methylanthragquinon.e/phenanthrenequinone
475 236 C,-slkyl-9-fluorenone 439 222 methylanthraquinone, phenanthrenequinone
488 226 unidentified, hydroxy - m/z 210 . 451 218 hydroxypyrene/fluoranthene
492 236 C,-alkyl-9-fivorenone 462 216 hydroxypyrene/fluoranthene
497 220 methylanthracene/phenanthrene 474 236 C,-alkyl-9-fluorenone
carboxaldehyde 492 236 C,-alkylanthraquinone
539" 230 beniojc)Nuorenone .. 511 220 methylanihracene/phenanthrene-9-

. R carboxstdehyde
549 25F unidenufied tan oxy-PAH)
‘553 230 benz|de)anthracenone/
benzofluorenone
567 230 benz[de Janthracenone/
, benzofiuorenone
604 230 7H-benz[de]anthracen-7-one
633 278 dibutyl phthalate
648 258 benifclanthracenedione
663 244 hydroxychrysene/benz{c)anthracene/
triphenylene
710 254 benzojcd}pyrenone
717 254 benzolecd Jpyrenone
754 254 benzo[cd }pyrenone

594 342 unidentified

Most compounds detected in the mutagenic subfractions C3, C4, and C5 of the
diesel particulate extracts were oxy-PAH derivations. These compounds could con-
ceivably be formed by oxidation of the corresponding parent PAHs during sample
collection. Nitro-PAHs could be formed by reaction of nitrogen oxides with parent
PAHs on the filter. Some evidence to this effect has been presented recently (53, 54).
However, it appears likely that at least some oxy-PAHs are formed prior to collection.
on the filter;. Since a wide variety of PAHs are frequently detected in airborne
particulates collected usually by somewhat analogous method, it is less likely that the
PAHs adsorbed to the diesel particulates will be extensively oxidized during the
relatively short sample collection period. Carefully designed studies need to be
performed to determine if any of the mutagenicity of diesel particulate extract
samples is an artifact of sample collection procedure. '

During the course of this investigation and since its completion in Jure 198},
several papers on the isolation of mutagenic fractions of di=sel particulate extracts
and characterization of the constitutents present in these fractions have been
published (53-58). Schuetzle, et. al., (55) have characterized several PAHs and oxy-
PAHs in two diesel particulate extract samples by low and high resolution GC/MS.
This group has also characterized several nitro-PAHs including l-nitropyrene in four _.
extract samples by GC/MS, high resolution MS and MS/MS technique.

The mutagenicity of many oxy-PAH compounds detected in the  mutagenic
fractions of diesel particulate extract samples by us and others, is. undetermined at.
this time. Several nitropyrenes have been shown tc be direct-acting mutagens as
determined by the Ames Salmonella assay. However, there is no evidence from this
study at this time to suggest that mutagenicity of the diesel particulate extracts is
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primarily due to the nitro-PAHs. Various oxy-PAHSs are likely to make a considerable
contribution to the mutagenicity of the diesel particulate extracts. A few benzo-
pyrene ketones have been reported to be direct-acting mutagens (59) as are oxidation
products of pyrene and some hydroxy-PAHs(60). Additional information regarding
mutagenicity of polycyclic carbonyl compounds is needed to assess possible mutagenic
contributions of such compounds. Research shouid be directed to such studies, as well
as to investigations on confirmed identification of constituents in inutagenic fractions -
of different extract samples from vehicles under real-world driving conditions.

In the time since the completion of chemical analysis work by Dr. Choudhury on
‘this project, 10 in-use vehicle particuiate extract samples have been examined by the
chemical research group of Karasek and Sweetman, et. al. of the University of
Waterloo (Ontario). A report on their work characterizing the PAHs in these 10
samples selected from the in-use vehicle portion of this project has been submitted to
the Ontario Ministry of the Environment (61).

Samples were analyzed by GC and GC/MS after HPLC fractionation. 29 PAH's
were quantified. 23 ketone, quinone, carboxaldetiyde and nitro-PAH compounds were
identified in the moderately polar fraction. Benzo(c)cinnoline and methyl-benzo(c)
cinnoline were identified in the polar fractions. The few most abundant PAH's
appeared to account for a significant portion of the mutagenicity (with activation).
The highest nitro-pyrene concentration coincided with the greatest direct-acting -
mutagenicity but was not high enough to explain the activity. Benz(cd)pyrenone was
tentative.y identified in another sample with high direct-acting mutagenicity.
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SECTION 9
REAL TIME PARTICULATE MASS MONITORING

A portion of this proj>ct was directed toward the first time use of a tapered
element oscillating microbalance (TEOM) for real-time diesel particulate mass
monitoring. The full results of this application have been reported previously (62), and
this sectxon will only summarize the instrumentation and study results.

The TEOM is a hollow glass rod, fixed at a wide base, with a removable filter
element attached to the narrow top, and oscillating in an electric field (Figure 9.1).
The TEOM has been shown to behave as a harmonic oscillator (63) with a frequency
dependence upan the mass collected by the filter element. If the TEQM is oscillating
at frequency f; at time = t3 and between time = t3 and time = tp collects a quantity of
mass, dm, the frequency of oscillation will be reduced to frequency fp at time = tp.
The functional relationship is given by:

dm =K (f‘g - _f‘§> ,
where K is a determinable calibration constant.
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Figure 9.1. 5c‘1e atic representation of TEOM instrurentaticn.
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Thus the TEOM is shown to be a mass monitor. The TEOM, as tested (Figure 9.2),
could respond to dilution tunnel concentrations as low as | to 2 mg/m3 with a response
time on the order of 8 to |5 seconds. Increased sensitivities could be achieved by
longer response times or increasing the sample flow rate (2 to 2.5 I/min in this study)
Longer response time compromises the ob;ecnve of m-ximizing the real time
capabilities of the instrument, while increasing the sample flow rate may introduce
more signal noise. In this work, the instrument flow rate was actually reduced from
the 5(/min manufacturer design value as the loading of the filter during a driving
cycle could become excessive. The resultant pressure drop across the filter could
cause it to collapse, dramaticaily changing K in the mass frequency equation, thus
invalidating a measurement.
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Figure 9.2. TEOM evaluation experimental design.

The TEO:A signal was digitally filtered using a moving linear regression algorithm
described in more detail elsewhere (62). As a consequence of this necessary signal
filtering, the instrument, at ihe state of development for this study, was determined
to have minimum response time frames on the order of 8 to 15 seconds.

Study vehicles (Car #1 and Car #5) were driven over the FTP Bag 3 and NYCC
driving schedules using both standard 47 mm filter collection and TEOM monitoring for
a total of 29 mass emission tests which are reported in Table 9.1. This table compares
the total mass results determined by: (1) the TEOM using the fundamental mass-
frequency equation; (2)a gravimetric determination of the mass collected by the
TEOM filter; and (3) gravimetric determination of the standard procedure 47 mm filter
mass. In the mean, the gravimetric determinations were within 10% of the TEOM mass
determination; however, some large deviations were observed (tests 8§ and 22). The
TEOM filter is not designed for gravimetric analysis, and removal for weighing can
result in the dislodging of particulate matter. Thus, filter handling may be the cause
of extreme differences between the frequency and gravimetric determined masses.
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Other errors may have been encountered as a result of the adsorption of water on the
_filter and particulate and differences in filter media. The TEOM filters were Ballston
type CQ or CH material and the 47 mm filters were Pailflex type T60A20. The TEOM
sample flow rate was 2 to 2.5 I/min while the 47 mm flow rate was 9 I/min. The
47 mm gravimetric values in Table 9.1 were adjusted to account for the difference in
flows,

TABLE 9.1 COMPARISON OF TOTAL MASS EMISSION DETERMINATIONS BY TEOM AND
STANDARD 47mm FILTER GRAVIMETRIC METHODS FOR PARTICULATES FROM DIESEL

VEHICLES
3 2 h]
TEOM TEOM Diluticn fatio
R ¢ rMicToprocessar Gra ymetric Toroel 1 1
outpat Filter am 7 3
Elerment Filter
o] L] g

1 «505 .53 +400 0.9¢ 1.2¢
2 +352 . 390 399 0.90 0.8¢
h | »363 Sy ] .39 0.9% G.9%
4 .384 .44 419 0.5 ¢.82
H) .42) %6 475 0.93 1.4
[ 354 .387 .38 0.9 0.9¢
? .08 .289 .3% 1.06 0.8%
8 . «38) 226 416 1.62 0.%2
9 333 256 36 .13 0.9%
10 <327 .284 «32% 1.1% 1.2
1 <332 41 .33% 1.17 ©.99
12 .30) <326 S >1 .93 0.9
13 292 : 259 .328 1.12 €.
PY .279 255 3 1.09 C.8¢
15 . 263 .2€1 <341 1.03 0.7%
1¢ .309 272 321 1.14 C.%€
17 £330 . .30 319 1.1¢ 1.c3
18 ©Wa1l B>y 302 0.95 1.3
19 «281 274 .00 1.03 c.93
20 +34) 353 3% 0.97 0.9¢€
21 266 .293 327 0.91 C.€L
22 297 208 324 1.8 C.92
23 274 .273 <341 1.00 C.82
24 .253 427 <342 .1 0.74
25 +385 3 <346 1.1 1.1
26 430 % ¥l .383 1.15 1.13
Fa <399 .33 341 1.19 1.16
28 576 .523 542 . 1.10 1.0¢
2% 340 .348 .392 C.5¢ C.8°
Mean 1.07 0.9¢

C.v.(v) 15¢ 1

. *Total coliectad mess, (ag), scaled to TIOM {low, weights deterruned
isradistely afzer run. .

Figures 9.3-9.5 present the real time data obtained for Cars #l and #5 over the
NYCC ard FT? Bag 3 driving schedules. The CVS flows were 9 m3/min for Car #1 and
14 m3/min for Car {##5. Therefore, although the TEOM mass accumulation for each car
over the FTP Bag 3 schedule was nearly the same, the mass emission from Car #5 was
greater than for Car #l (Figures 9.4 and 9.5).

Figures 9.6 and 9.7 present a three run test of driving cycle real time mass
emission rate reproducibility using the TEOM. Variation in the actual vehicle
emissions and the driver ability to reproduce a driving schedule were factors in
addition to instrument variability which affect the overall reproducibility presented.

The TEOM frequency cignal was cigitally filtered using a 15 sec moving (one
second units) linear regression algorithm. Applying the same filtering to the vehicle
one second acceleration data for comparison to the TEOM mass rate data emphasized
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the strong relationship between vehicle acceleration and mass rate as shown in
Figure 9.8. The negative mass rates which appear to be associated with periods of
deceleration, are of particular interest, Although no experimental data concerning the
source of this observation were obtzined, it was hypothesized that the effect was
caused by the desorption of water from the filter element and collected particulate
matter during the drier and cleaner -exhaust conditions of deceleration. It is
considered probable that this same phenomenon also occurs in the standard particulate
collection procedures but is unobserved as the gravimetric filter method is not a real
time technique. :

J

3,00

g
« ACCELERATION mph/sec
o\ MAaa =

MASS RATE (1 Aaec) ANO ACCELERATION (moh/sec}
1,00

84

8

~

o n e, WO, 133, 362 200. 233, 7. W0, 333 k7. N0, w3 . S00.
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Figure 9.8 TEOM mass rate (ug/sec) and vehicle acceleration (mph/sec) for Car #5 (Oldsmobile ?.7
liter diesel) over the FTP Bag 3 schedule. (TEOM mass rate computed by least squares regression
smoothing of TEOM frequencies using 15 second smoothing window; vehicle acceleration obtained by
identical smoothing algorithm applied to one second average vehicle speeds.)

} In a final test of the instrument, the inertial Joad of a vehicle was varied for three
trials of the FTP Bag 3 schedule. The real time results in Figures 9.9 and 9.10 show
that mass rate peak values were greater for higher inertial loading but that the total
accumulation was signficantly greater only for inertial loading in excess of the 4000 Ib
inertial loading specified by the vehicle manufacturer.

This short study to evaluate the TEOM as a real time monitor for diesel
particulate mass emissions concluded that the instrument, as tested, was capable of
determining mass rates over time frames as short as eight seconds and total accumula-
tions in good agreement, in general, with standard gravimetric filter procedures. The
TEOM was considered to give reproducible results to the extent that TEOM results
were within the range of variation considered reasonable for repetitive vehicle tests.
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Figure 9.10 Accumulated TEOM mass (104 grams) vs. time at three dynamometer inertial weight
settings for Car #5 (Oldsmobile 5.7 liter diesel) driven ov2r the FTP Bag 3 schedule. (The
manufacturer's specified inertial setting was 4000 1b.)
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APPENDIX A
VEHICLE AVERAGE EMISSION RESULTS

A-1  Particulate, Phasé ! (g/mi)

A-2 Particulate, Phase 3 (g/mi)

. A<3 Residue, Phase | (g/mi)

A-4% Residue, Phase 3 (g/mi)

A-5 Extract, Phase I (g/mi)

A-6 Extract, Phase 3 (g/mi)

A-7 Extract, Phase | (%)

A-8 Extract, Phase 3 (%)

A-9 Non-Volatile Hydrocarbons, Phase §, (% of Total HC)
A-10 Non-Volatile Hydrocarbons, Phase 3, (% of Total HC)
A-11 Total Hydrocarbons, Phase 1, (g/mi)
A-12 Total Hydrocarbons, Phase 3, (g/mi)
A-13 Carbon Monoxide, Phase 1, (g/mi)
A-14 Carbon Monoxide, Phase 3, (g/mi)
A-15 Nitrogen Oxides, Phase 1, (g/mi)
A-i6 Nitrogen Oxides, Phase 3, (g/mi)
A-17 Fuel Economy, Phase I, {MPG)

A.!8 Fuel Economy, Phase 3, (MPG)

A-19 Revertants/ug Particulate, Fhase |
A-20 Revertants/ug Particulate, Phase 3
A-2! Revertants/ug F.xiract, Phase |
A-22 Revertgnts/ ug Eitract, Phase 3
A-23 Revertants/mile, Phase 1

A-24 ‘Revertants/mile, Phase 3
118



Table A-l:

FAKTICULATE. G/nl, FHASE 1

Cak

CO/N OWLtd Wt

Table A-2:

Crus

0.3%
0.7%
0.40

0.87
0.52
Q.25

0.6
0.41
0.33

0.55
0.33
0.41

0.43
Q.40
0.51

0.53
0.41
0.3¢9

-0.43

0.61
0.3%

FAKTICULATE, Gsut,

CAR

VBN D LN

-
-0

[
L

o b
(L)

16
17
18

19
20

CFTp

0.45
0.94
0.77

1.2%
.82
0.38
0.82
0.40
0.33

0.76
0.36
0.53

0.61
0.55

0.62
0.81
0.91
0.81

0.52
0.33

CFis

0.34
0.71
0.48

0.91
0.54
0.24

0.U5
0.44
0.34

0.54
0.33
0.41

0.47
0.39
0.50

0.53
0.34
0.41

0.464
0.36

HFET

0.38
0.%0
0.451

0.69
0.38

0.22

0.3/
0.36
0.34

0.%0
0,30
0.37

0.42
0.38
0.44

0.39
0.35
0.23

0.43
0.A44
0.42

FHASE 3
HFET

0.3
0.5%

0.349

0.76
0.3y
0.21

0.41
Q.35
- 0.33

0.42
0.29
0.37

0.46
0.35
0.42

0.57

0.34
0.27

0.39
0.43

“»ou

0.3y
0.49
.26

0.64
0.2y
Q.20

0.3?
0.30
0.31

0.38
.28
0.30

0.40
Q.3%
0.36

0.32
0.27
0.19

0.37
0.91
0.37

NYCC

0.51
2.07
1.75

2.37
1.74
Q.40

<28
0.50
0.42

0.48
0.53
0.71

0.9y2
0.94
1.14

1.68
0.84
1.03

0.84
2.10
0.57

NYCC

0.47
2.02
1.81

2.49
1.72
0.39

1.82
0.44
0.42

0.80
0.48
0.91

0.99
0.89
0.95

1.66
0.94
1.08

0.72
0.56

0.70

1.66

Q.69

kaGt

0.77
1.14
0.8Y

1.56
1.00
0.41

0.97
0.53
0.50

1.41
0.4v
0.460

0.69
0.61
0.75

0.94
0.5Y
1.29

0.82
0.57

HAGD

0.3
0.90
0.72

1.10
0.77
0.2?

1.06
0.35
0.24

0.35
.28
0.4%

0.63
0.44
0.62

0.80
0.41

0.61

0.42
0.92
0.40

kaG2

0.35
0.948
0.77

1.13
0.79
0.38

0.85
0.31
0.24

0.55
0.2%

0.53

0.61
0.5?
0.59

0.78
0.49

0.74

0.39
0.26

KAG3

0.40
0.85
0.63

1.195
0.71
0.30

0.79
0.46
0.335

0.67
0.41
0.446

0.4
0.48
0.63

0.72
0.44

0.53

0.%0
0.82
0.43

BAG3

0.41
0.91
0.¢8
1.22
0.75
0.35

0.75
0.48
0.37

0.66
0.44
Q.48

0.5%5
0.48
0.58

0.77
0.48
0.57

0.53
0.26

Reproduced from

best available copy. é:{g
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Table A-3: CKESIUUE. G/nl, PHASFE 1

CAK FT¢ CH HFET S%0C NYCC
1. 0.42 0.2y 0.32 0.43 0.41
2 0.59 0.3y 0.23 0.0 1.24
3 0.40 0.33 0.22 0.17 1.42
4 0.98 0.67 0.52 0.46 1.89
] 0.65 0.39 0.27 0.20 1.37
6 0.28 .20 0.18 0.17 0.2y
7 0.72 0.37 0.3 0.19 1.54
8 0.34 0.34 0.8 V.v4 0.39
9 0.26 0.2% 0.28 0.2% 0.28

10 0.4% 0.39 0.33 0.20 0.46

11 0.24 0.21 0.19 0.18 0.2%

12 0.34 0.2v 0.27 0.25 0.70

13 0.%6 0.38 0.34 0.3% 0.83

14 0.44 0.34 0.33 0.28 0.80

15 . 0.44 0.39% 0.33 0.27 0.74

16 0.46Y 0.41 0.y 0.22 1.37

17 0.20 0.1% 0.11 0.0R 0.30

18 0.41 0.14 0.09 0.06 0.31

19 0.43 0.39 0.40 0.33 0.74

20 0.73 0.44 0.28 0.52 1.4%

21 0.33 0.13 0.12 0.07 0.46

Table A-4: ’ RESIDUY, G/M), FHASE 3

CAR FTF CFLS HFET 50C NYCC
1 0.37 0.29 .29 0.30 0.37
2 0.59 0.3% 0.22 0.18 1.26
3 0.60 0.34 0.22 0.16 1.38
4 0.959 0.64 0.50 0.40 1.67
S 0.63 0.38 0.26 0.21 1.34
6 0.31 0.19 0.19 0.16 .29
7 0.%9 0.36 0.25 0.19 1.21
8 0.33 0.35% 0.28 0.24 0.32
9 0.26 .26 0.25% 0.25 0.29
10 0.%8 0.37 0.24 0.16 0.55
11 0.25 . 0.22 0.19 0.19 0.23
12 0.40 0.30 0.27 .27 0.68
13 0.5S 0.42 0.41 0.40 0.89

14 0.4y 0.34 0.31 0.27 0.76
15 0.45 0.38 0.34 0.29 0.62
16 0.67 0.42 0.42 0.23 1.32
17 0.22 0.12 0.10 0.09 0.30
18 0.32 0.1% 0.10 0.07 0.39
19 0.48 0.41 0.35 0.29 0.63
20 .23 0.14 0.12 0.07 0.43
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Table A-S:

Table A-6G:

EXTRALCT, G/ni,

Cak

VCmN otId W

s
N -0

o
(L R

16
1?7

i8

19
20
21

FTP

0.06
0.33
0.14

0.22
0.15
0.0%

0.26
0.08B
0.07

0.15
0.11
0.12

0.06
0.06
0.20

0.13
0.26
0.45

0.05
0.20
0.14

EXTRACT, G/M1,

CaR

ottd>d W

N m~N

FTF

0.08
0.38
0.17

0.29
0.19
0.07

0.23
0.07
0.07

0.17
0.11
0.13

0.06
0.07
0.16

0.14
0.29
0.49

0.04
0.10

FHASE 1

CFDS HFET
0.06 0.05
0.34 .27
0.12 0.09
0.19 0.17
0.12 0.11
0.0% 0.04
0.19 0.14
0.08 0.07
0.08 0.06
0.16 0.18
0.12 0.11
0.11 0.10
0.0% 0.05%
0.05 0.0%
0.15 0.11
0.11 0.10
0.27 0.24
0.2% 0.14
0.04 0.04
0.16 0.16
0.22 0.30

FHASE 3

CFNS HFET
0.06 0.05
0.36 0.32
0.14 0.12
0.27 0.25
0.15 0.13
0.0% 0.05
0.19 0.16
0.07 0.07
0.08 0.07
0.17 0.17
0.12 0.10
0.11 0.11
0.05 0.05
0.05 0.04
0.12 0.09
0.11 0.15
0.24 .24
0.26 0.17
0.05 0.03
0.21 0.30
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SoC

0.06

0.0y

0.0v

0.18
0.0y
0.03

0.17
0.06
0.06

0.18
0.10
0.11

0.05
0.06

" 0.10

0.10
.19
0.13

0.03
0.34
0.30

0.10
0.21
0.16

0.03

0.25

NYCC

0.10
0.78
0.33

0.4y
0.3H
0.08

0.70
0.11
0.14

0.23
0.24
0.21

0.10
0.13
0.44

0.32
0.54
0.72

0.10
0.65
0.11

NYCC

0.10
0.76

0.42

0.82
0.38
0.09%

.0.62

0.12
0.13

0.25
0.25

0.23

0.10

0.13

0.33

0.34
0.63
0.70

0.09
0.13



Table A-7:

Table A-8:

FERCENT EXTRACY, PHASE 1

Cak

QAN OUle Ui

10
12

13
14
15

16
1?7
18

19
20
21

FERCENT EXTRACT,

CAK

otns Wr~

voN

FIF

16.0
34.0
18.4

17.7
19.0
16.1

26.0
19.1
20.4

24.7

33.1
26.0

FTP

CFiS HEE T
16.4 14.4
R4.1 L1.4
26.0 J9.4
21 .4 24.1
23.7 27.4
19.5 19.4
33.0 37.5
20.1 20.3
22.7 19.3
29.2 35.4
37.8 36.3
28.3 27.3
10.8 10.9
13.4 12.2
30.0 24.8
21.5% 5.3
64.4 &7.9
63.5 61.4
10.4 9.2
27.0 36.0
62.7 71.3
FHASE 3
CFIis HFET
16.7 15.7
47.2 03.4
29.2 34.0
27.5 30.3
8.5 32.0
20.4 24.5
33.1 36.6
20.7 20.0
24.0 21.9
31.7 1.7
34.9 34.3
27.4 28.1
10.2 10.0
12.8 11.9
24.4 20.6
20.4 24.6
63.0 69.0
62.1 63.6
10.6 8.%
60.1 71.0

1.6
L. ?

34.7

7.1

[SAN
<

.

>

16.4

46.2
21.9
19.5

a47.9
35.3
9.6

11.8
17.2
26.5

29.7
60.4

. 66.2

9.1

AD.D

L

H0.4

15.%
8.7
43.3

31.8
34,5
17.1

a2.%
an

20.0

48.0
31.7
27.3

11.1
14.7

20.2

29.5
67.5
68.9

8.6
77.0

NYCC

18.9
34.7
id.3

20.3
21.5

22.7

30.7
21.9
33.8

33.13
%3.6
23.1

10.46
14,2
37.6

18.8
64,2
70.5

12.5
31.0
20.1



Table A-9: . -

NON-VOLITILE HYDROCARBONS, PHASE 1, (% of Total HC)

CAK Fre CFbs HFET 50C NYCC BAG1 BAG2 HAG3
1 18.9 21.1 19.7 18.7 20.9 17.8 19.5 21.8
2 40.% 638.1 b4.1 H1.3 36.9 42.8 42,7 48.8
3 ’B.6 3v.4 av.o 42.0 24.4 26.3 30.9 -31.8
4 3d.6 HI 47.3 ¥0.6 i8.6 31.5 34.9 48.9
S 29.4 40.1 44,2 ay.4 a%.1 2%.4 30.0 35.3
& 22.3 28,9 22.2 33.0 53.9Y 23.8 23.8 19.6
7 32.? 43.9 37.0 S4.8 40,2 31.3 39.7 37.6
8 23.2 2%.0 3%.4 33.0 20.2 21.9 2%.0 22.7
9 31.7 40.0 27.7 49,2 S51.7 32.9 29.9 33.2
10 3.4 52.4 60.7 H3.6  S8.1 59.1 26.4 45.4

11 35.7 49 .4 62.1 76.¢ 25.8 41.1 30.9 40.7

12 34.4 av.9 47.3 %7.2 37.2 22.9 38.0 47.3

13 31.4 44.0 53.1 66.4 129.7 32.0 30.2 36.5

14 27.0 37.1 43,1 64,1 29.3 21.9 26.4 36.9

15 40.6 41.0 - 3%.7 39.7 46.8 44.6 39.7 40.0

16 28.0 ar,7 48,6 48.5 35.4 24.9 27.1 35.2

1?7 35.8 57.0 70.7 HB.7 20.7 40,1 33.1 38.4

18 2¢.3 28.0 37.4 44.3 16.9 27.5 15.1 24.1

19 33.1 S4.7 $2.7 S6.1 46.4 33.3 27.8 47.2

20 26.4 as.7 43.4 968.4 35.9 19.5 29.5 32.5

21 19.6 11,8 12.9 12.1 29.9 18.6 29.2 12.9

Table A-10:

NON-VOLATILE HYDROCARBONS, PHASE 3, (% of Total HC)

cak  FTP CFLS HFET S0C NYCC RAG1 RAG2 BAG3
1 27.0 23.4 26.0 24.3 24.4 30.1 25.4 26.6
2 43.0 61.5 64.H 79.1 34.0 38.7 42.4 a49.4
3 31.1 42,7 43.4 S6.4 31.3 26.0 32.1 35.8
4 40.4 63.7 74.% 67.2 45.4 36.7 37.3 S3.6
5 31.9 a2,y 44,1 S, 30.5 7.8 31.7 38.5
6 31.3 22,0 30.6 29.2 35.9 23.7 39.7 23.1
7 32.0 43.2 45.1 53.9 28.3 25.6 33.6 35.0
8 21.% 28.0 35.0 3.7 22.7 19.9 21.2 22.2
9 32.0 41.0 37.6 47.7 B7.3 31.3 32.5 32.5

10 45.0 - 67.2 83.9 94.0 46.8 44.3 44.4 a8.4

11 30.7 41.3 $5.8 57.1 23.8 37.4 23.2 35.4

12 29.5 41.1 46.6 53.4 28.4 22.7 30.9 36.0
13 29.2 38.8 47.2 55.3 48.7 23.6 29.6 36.8

14 22.0 28.0 34,2 34.8 24.0 19.1 21.9 26.7

15 36.0 36.89 33.9 3NS5 a8.S 41.6 34.8 34.3

16 27.6 34.% $5.0 46.4 28.5 25.7 25.7 35.1
17 3a.5 47.9 70.C 76.5 22.2 33.1 34.3 36.1

18~ 19.3 24,9 41.4 $0.0 17.2 24.7 - 15.5 25.2
19 “6.1 45.0 4,3 42.7 2.2 30.6 19.9 35.9

2 12.2 12.8 12.5 9.6 34.1 16.2 18.6 6.0



Table A-11l:

GASEOUS HYDROCARRONS,

CAR

v oN oD Wi

Table A-12:

GASEQUS HYDROCARBONS,

CAR

VO DD N e

[T
-

[
I

13
14
15

16
17
i8

19
20

FTe

N )
SRR
N>

Dot W
th o O

SO0 o000 ©OO
PN
W0

0.73

FTP

0.32
0.89

0.L5

0.66
0.5%

0.24

0.77
0.33
0.21

0.39
0.36
0.45

0.21
0.30
0.43

0.51
0.88
2.53

0.17
0.82

CFus

0.28
0.50
0.29

0.31
0.31
0.22

0.42
0.34
0.19

0.31
0.25
0.23

0.11
0.14
0.39

0.27
0.47
0.90

0.08
0.42
1.87

CFOS

0.26
0.55%

0.33

0.40
0.36

.23

0.41
0.34
0.20

0.26
0.28
0.28

0.12
0.18
0.33

0.31
0.50
1.13

0.10
1.67

o/hl, FHASE 1

HFET

0.29
0.41
0.24

0.25
0.24
0.20

0.37
0.2y
0.21

.29
0.17
o.21

0.09
0.11
0.33

0.21
0.33
0.40

0.08

0.346
2.32

G/MT,

HFET

0.22
0.4%
0.2

0.32
0.28
0.20

0.33
0.21
0.20

0.21
0.18
0.23

0.10
0.12
0.27

0.25
0.3%
0.51

0.07
2.43

S0C

LI L L ] LN} .
"N e AN W
L2 WS DN

N .
WO =N
SN Ut

W

NOOC CCO OO0 00 ©oO0 oCo OcCc e
oo

N e > NN

PHASE 3

S0C

0.25
0.64
0.29

0.44
0.29
0.14

0.44
0.29
0.19

0.16
0.19
0.22

0.11
0.15
0.25

0.29
0.33
0.45

0.07
2.60

NYCC

0.47
2.13
1.31

1.25
1.08
0.12

1.73
0.5%

0.31

0.39

1.11

- 0.596

0.12
0.45
0.88

0.93
2.61
4.63

0.23
1.81
0.38

NYCC

0.41
2.28
1.36

1.52
1.25
0.26

2.21
0.55

0.19

BAG1

0.51
1.08
0.76

0.90
0.82
0.32

1.02
0.45
0.32

0.75
0.42
0.635

0.29
0.40
0.46

0.64
1.03
3.26

0.22

1.09

HAG2

0.29
0.72
0.47

0.50
0.50
0.18

0.70
0.26
0.17

0.30
0.31
0.31

0.20
0.22
0.48

0.47
0.74
2.27

0.15
0.67
0.42

BAG2

0.249
0.83
0.54

0.65
0.58
0.20

0.64
0.26
0.16

0.28
0.35
0.43

0.21
0.30
0.42

0.53
0.88

2.85

0.17
0.44

EAG3

0.29
0.60
0.37

0.41

0.25

BAG3

0.29
0.69
0.43

0.4%
0.45
0.26

0.58
0.39
0.2

0.31
0.36
0.33

0.15
0.22
0.43

0.38
0.77
1.37

0.13
1.36



Table A-13:

CARRON MONOXIDE. G/h1, FHASE 1

CAR

(AR5 N

VTN U D

17
20
21

Table A-14:

CARKON MONOXIDE,

CAR

N -

NI N owud

FTp

1.17
1.74
1.48

1.97
1.61
1.04

1.71
1.26
1.05

1.97
1.16
1.21

1.1%
1.27
1.85

1.57
1.68

2.67

0.97
1.75
1.81

CFDS HFET s0C
1.05 1.12 1.42
1.20 0.98 0.94
0.99 0.83 0.82
1.27 1.06 1.07
1.02 0.91 0.93
0.74 0.6Y 0.60
1.11 0.93 0.90
1.16 0.94 0.94
0.81 0.83 0.79
1.60 1.29 1.09
0.82 0.66 0.65
0.90 0.86 0.77
0.64 0.77 0.81
1.02 0.95 1.00
1.43 1.23 1.15
1.01 0.87 0.83
0.96 0.41 0.78
1.40 0.97 0.86
. 0.74 0.71 0.64
1.11 0.97 0.92
1.56 1.46 1.04
G/MI, FHASE 3
CFIS HFET S0(:
1.00 0.94 1.5
1.20 1.02 1.02
1.02 0.87 0.84
1.32 1.07 1.14
1.09 0.92 0.94
0.76 0.65 0.61
1.09 0.91 0.94
1.17 0.88 1.05
0.81 0.75 0.75
1.43 1.10 0.99
0.87 0.67 0.60
0.93 0.87 0.80
0.91 0.89 0.89
1.03 0.94 0.99
1.29 1.10 1.01
1.02 0.87 0.83
0.93 0.85 0.79
1.51 1.03 0.93
0.73 0.68 0.62
1.72 1.56 1.10
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NYCC

2.07
4.22
3.68

4.42
3.54
1.44

4.03

1.92
1.62

2.63
.23
2.09

1.72
2.43
3.49

3.32
4.06
6.00

1.72
a.47
1.88

NYCC

2.01
4.47
3.73

4.67
3.951
1.79

3.99
1.87
1.66

3.45
2.99
2.78

2.00
2.55

2.98

3.60
4.31
6.41

1.76
1.97

BAG1

1.45
1.87
1.63

2.12
1.76
1.22

1.77
1.58
1.82

2.34
1.27
1.54

1.30
1.53
2.11

1.76
1.61
3.16

1.13
2.01
2.21

BAG1

1.47
1.92
1.68

2.10
1.79
1.20

1.48
1.55

1.19

2.43
1.28
1.53

1.37
1.67
1.98

1.67
1.63
2.89

1.14

C2.19

BAG2

1.04
1.87
1.54

2.08
1.69
1.00

1.83
1.04
0.82

1.80
1.15
1.18

1.20
1.26
1.75

1.64
1.74
2.83

0.95
1.81
1.43

(2N
..
[LELES]
(A0 X s o

.
AL N

- O
.

BAG3

1.21
1.50
1.26

1.465
1.35
0.97

1.44
1.44
0.90

2.03
1.07
1.01

0.98
1.10
1.82

1.27
1.13
1.99

0.90
1.43
2.24



B

Table A-15:

NTTROGEN OXIUES, G/Mi, PHASE 1

CAR

CUD LN

e

10
11
12

13
14
15

16
17
i8

19
20

21

Table A-16:

NITROGEN OXINES, G/MI, FHASE 3

CAR

L AN LD W=

i0
12

13
14

15

16
17
18

19
20

Fiy

FTF

0.93

1.7% .

1.53
1.99
1.82
0.H4

1.74

0.96

1.21

3.15
0.88
1.32

1.81
1.50
2.05

- 1.60

1.02

1.10

1.71
1.73

CFus

0.81
1.47
1.29

1.62
1.3y
0.62

1.36
0.8%

1.09

3.14
0.76
1.13

1.48
1.2

1.43

CFDS

0.62
1.47

1.25

"1.64

1.45
0.49

HFET

0.81
1.43

.29

1.62
1.41
0.%7

1.27
0.89
1.12

3.39
0.75
1.06
1.45
1.27

1.40

HFET
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NYCC

1.26
3.19
2.41

3.47
3.00
1.67

2.82
1.45
1.64

4.04
1.45
1.93

2.51
2.17
2.7%

2.83
1.%91
2.17

2.54
2.39
2.98

NYCC

1.35
2.97
2.44

3.42
2.8B4
1.63

2.62
1.37
1.83

4.42
1.44
2.05

2.63
2.23
2.93

2.89
1.60
3.20

2.37
2.87

BAGL

0.92
1.70

1.852

1.91
L.74
0.90

1.64
0.97
1.19

3.66
0.96
1.36

1.85
1.41
1.81

1.56
1.10
0.99

1.77
1.51
1.721

BAG1

0.99
1.62
1.47

1.8%
1.69
0.82

1.40
0.97
1.18

3.44
0.90
1.38

1.91
1.56
1.99

1.45
1.04

1.01
1.95
1.74

RAG2

0.%90
1.86
1.62

2.12
2.02

0.96

1.9%
0.94
1.23

3.07
0.95
1.27

1.77
1.42
2.05

1.71
1.07

1.21

1.65
1.57
1.87

BAG2

0.91
1.81
1.98

2.07
1.92
0.90

1.88
0.96
1.24

2.94
0.87
1.30

1.80
1.51

2.20

1.72
1.05
1.20

1.61
1.77

BAG3

c.89
1.72

" 1.50

1.97
1.77
0.75

1.66
0.945
1.17

3.44
0.89
1.28

1.72
1.35%

. 1.69

1.46
0.91
0.97

1.74
1.%51
1.71

BAG3

0.92
1.68
1.50

1.96
1.72
0.74

1.61
0.96
1.19

3.33
0.88
1.30

1.76
1.43
1.79

1.49
0.95
0.98

1.72
1.63



Table A-17:

FUEL FCONOMY, MFG, FHASE 1

CAR

CEN d LN

Table A-18:
FUEL.

CAR

NON OUd i

10 -
12

13
14

15

16
17
i8

19

-
<

FTE

42.9
20.¢
20.7

19.4
20.7
Aa1.7

18.7

C42.4
- 43.8

18.9
41.7
27.6

22.9
27.8
27.2 -

19.3
27.4
20.2
23.3

19.2
23.1

FCONOMY,

FIk

MFG, FHASE 3

Crhis

$52.0
27.2
28.2

26.4
28.1
57.1

PSR

v e @
oo

WWN [LRLRS
>+ L
R
[ LR 301

HFET

G9.7
30.1
30.4

29.4
31.3
SH.9

30.2
54.0
S56.1

26.0
94.9
36.4

'30.4

34.6

36.8

29.3
35.7
32.0

30.3
28.7
29.9

HFET

55.1
29.8
30.48

29.3
31.2
61.3

29.9
54.7
$8.4

37.4
596.6
36.6

30.2
33.8
36.7

28.9
35.0
31.5

30.3
29.8

S0C

SH.G
32.0
33.6

30.3
33.1
65.3

32.5
S6.4
S57.0

29.1
97.8
37.5

33.0
34.8
39.9

'30.8

36.6
34.0

. 32.4

31.3
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NYCC

29.9
10.6
11.6

10.3
11.4
28.6

10.9
28.3
30.8

13.7
26.7

18.6

17.1
18.5
19.1

10.9
18.9

11.5

15.S
11.2
15.9

NYCC

29.3
10.9
12.0

10.2
11.8
29.6

11.0
31.0
29.6

12.3
27.5
17.4

16.7
18.0
19.3

10.3
18.3

11.3

15.8
16.2

20.3

BAG1

36.7
18.5
19.3

18.2
19.5
40.5

17.8
39.5
39.8

17.1
39.2
24.7

20.2
22.8
24.7

18.0
24.1
18.0

20.4

20.9

BAG2

44.1
19.7
20.5

18.8
20.3
41.7

18.1
43.3
44.2

19.2
41.7
27.8

23.5
28.1
27.1

19.5
27.3
20.1

24.0
19.6
23.7

BAG2

42.6
19.6
20.3

19.0
20.6
43.6

18.1
43.9
44.%

20.2
43.8
27.1

23.9
25.8
26.3

18.9
26.9
1v.8

23.8
25.9

BAG3

44.7
21.8
22.7

21.7
23.2
46.0

20.8
44.4
46.6

19.9
44.6
29.4

24.3
29.3
29.0

21.3
30.7
22.4

24.4
2¢.4
24.6



GoC NYCC

HFFT

CFDG

REVERTANTS FER UGS FARTICULATE, FHASE 1
FTF

CAR

.
:

Table A-19
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Table A-20:
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NYCC

FHASE 1
sSoC

HFET

CFus

REVERTANTS FER UG EXTRACT,
Fie

CAR

Table A-21
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Table A-22:
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REVERTANTS PER MILE x 105, PHASE 1
FTF CFOs HEET s0C Nyee

CAR

.
s

Table A-23
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APPENDIX B TYPICAL DOSE RESPONSE CURVES FOR 7#98(-) AMES TESTS
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APPENDIX C
VEHICLE TEST FUEL ANALYSES

Table C-I: Test Fuel Analysis.

Data for as-received test fuel for all tests are li:ted by test nurﬁber. Average values
and statistics are presented for all as-received fuels. "AEL" denotes Project Reference
Fuel Analysis. Columns are from left to right: Test number; APl gravity at 60YF by
ASTM D287-67; specific gravity at 60°F by ASTM 0287-67; Heatiné Value (BT'l_J./.lb)ﬁby' '
ASTM D240-64; Ash Content (%) by ASTM D482-74; Sultur (S) by ASTM DI552-64;
Carboﬁ (C) and Hydrogen (H) by ASTM D-3178-73 reapproved 1979 - modified (oxidant
purified air instead of oxygen); Nitrogen (N) by ASTM D3179-73 reapproved 1979;
Oxygen (O) by ASTM "Ultimate Analysis Method" D317€-74 reapproved 1979 (mathe-
matical differencing method);_ Percent Saturates (% SAT), % Olefins (% OLEF), and %
Aromatics (% AROM) by ASTM DI319; and caiculated Cetane Index (CETANE INDEX)
by ASTM D976-66 .reapproved 1971. Aftér test 34 ASTM DI319 analyses not available

from EPA/RTP.

Table C-2: Test Fuel Distillation Profile by ASTM D86-67.

Data for as-received test fuel for all tests are listed by tesf number. Average values
and statistics are presented for all as-received fuels. "AEL" denotes Project Reference
Fuel analysis. Columns are from left to right: Test number, initial boiling point, 5%
recovery, 10% recovery, 20% recovery, 30% recovery, 40% recovery, 50%-recovery,
60% recovery, 70% recovery, 80% recovery, 90% recovery. 95% recovery, End Point, %
recovery, % residue, % loss.
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PRBUNC G OIBD IO DS whies

o ot 0= o e

TABLE C-1 ANALYSIS OF TEST FUELS*

M1 60° srectric el
CAAVITY GAAVITY STU/IA SW/GAL ¢ AN %8 “a b1 %0 ® SAT. SOLAYIMS 4 ARON. Iwxmx
0.9329 19428 137978 0.000% 0.1} 12.99 0.0 0.20  §%.4 . 3.9 8.2
0,959 19368 1)74%4 0.000% 6.22 12.72 0.04 0.68  €).¢ . 36.2
0.9473  1%4e9 1)7I%4 C.000% 0.10 13,34 0.0¢ IN] . 1he
0.046) 19278 o 0.001¢ 0.09 12,06 0.04 643 . 35.3
©.8%14 19421 1)767% ©.000% [ 5] 12.5 0.0 2.9 - )s.8
C.84%¢  19)40 1)6249 0.000% c.1) 12.8¢ 0.04 6.4 . 151
0.8)90 19469 1)612Y 0.0C0% .09 1).22 0.06¢ €5.2 . 33.e
0.247% 19323 13710y €.000% 0.14 12.61 c.ce 69.0 . 29.1
19378 136485 0.0008 6.30 13.19 0.04 61.7 . .7
19330 1376428 0.090% 0.2 12.1) 0.0¢ 12.4 . 2%.7
19462 134633 0.000% 0.1¢ 11,56 0.06 75.3 . 4
19821 133%)4  0.000% 0.16 13.23 0.04 59.7 .
19812 137911 o0.C00% [3 ] 13.3¢ 0.06 61.0 .
- 39%2  13636¢Y 0.000% c.29 13,31 0.06 88,4 .
19871 117098 9.00)0 0.21 1).00 0.0¢ €2.7 .
19418 136101 0©.C0)0 0.10 13.06 0.86 62.0 .
18513 137332 0.000% .1 12.9% c.01 61.5 .
19449 134604 0,.C00S e. 14 12.67 0.0 61.7 37,7 6.6
19004 139359 £.0C0% 0.16 12.9¢ 0.0} 60.9 IP.) 45,6
18372 13Je6ed 0.C00S 0.19 1.7 0.04 62.9 36.5 41.%
19743 13e381 0.000% 0.1 12.7¢ 0.0l 62.3 17.0  46.¢

19418 1)6)36 0.000% ©.2%
1s70C 1)007% O0.0CCS .11
19730 139274 0.0003 0.19
19402 136961 0.0C0% 0.4
19449 116726 0©.000% 0.18
19429 136916 C.000% 0. 3¢
19722 119651 0.002% c.29
1974) 138126 C.CCOS 0.3¢
19496  1)849%9 0.CC0% .11
1933 1)616¢ ©.000% c.11
19617 138731 ©.QCOS 0.10
19739 1)92%% G.C0CS 0..0
§984S 1)782) 0.0C30C 0.10
19443 137002 0.CCOS 0.1%
19439 13e87% 0.5CO0% 0.15%
18493 116237 0.000% 0.26
19703 113423 0.CCCS .03
19741 1)6728 0.CCCS 0.20
1968) 137131 0.CC0S 0.13
19649 136641 ©.0CCS c.26
19427 1)1%09 cC.CCCS ¢.21
19794 134426 O0.0CCS .07
1923 1319t18 C.0CCS 0.16
19494 115628 <T.00%0 0.22
19401 1)€%91 (C.000% €.c7
19542 134636 C.CCO% c.13
198572 116924 0.CCOS 0.01
19606 11€339 C.C00% c.2
1947¢ 137910 (C.LC0% 0.19
12439 13748C C.0C0% €.1%
19876 1)6%%7 £.0CC% €.15
19590 136300
19378 131212 T

191€2  114Cee 7. 2(0% 0.16 86.62 13.¢2 c.Ca Q. 1€
19337 137737 ¢.ICes .11 6. 49 12.62 Q.72 0,78
19543 137038 0.000% c.1? 93,94 1).40 .01 0.42
19582 133994 0.C0CCS .16 re. 48 1321 0.C) c.12
19485 116%48 C.90C3 .32 26,28 12,95 0.0 - 0.%2
19%)9 13884 C.OCCS 0.1) 6. 42 3.2 c.03 c.09
19673 136826 0.COCS .12 €6.22 13,47 e.C) 0.17

12.%8 0.0¢ .12 67.9
12.30 0.0) 0.5¢ 68.2

12.62 0.C¢ 1.00 60.1

OO O O 0NN NO AN AN I0GONANOION IO OLONNON000000NORLEDANGOCAIEAYODRLNAOICWE R WO AWERaR

1%.0

13.)4 c.0) c.02
13.07 t.o1 c.1)

12.87 0.013 d.48
13.20 c.ce 0.62

R e

00D ONCUDNODONNONNOONOO0NDVOOONONNOOON0N0VOISOO 00

O NN NN NN AN AN AN AND AR AANAGOONAOABANOONHOONODOMKEONOOOONNONKONO N NOmmO~O000

OO ONNODAN00DN0N00000NOINLOOANBOUNNNOADONO000

10442 1)6C%e¢ 0.0COS C.1% 66.39 13.28 .0 .17 . -
1996 11)793) C.00C8 c.19 B6. 44 13.C4 0.0) .30 . .
1948¢ 13739 C.GOCY .19 86,40 1).18 0.0) c.20 . .
19524 137664 ©€.C0CH 0.2¢ 86.3% 1119 0.¢) .17 . .
19818 137620 ©£.0C20 0.17 84.535 1).12 8.C1 .15 . .
1837 137622 o0.CCCS 0.3 86.8) 1).60 6.C) o.18 . .
184C) 1379%% o©.C00S .24 6. 56 12.¢0 0.0 .29 . .
Js.0 19588 117373 0.000% €. 8€. %3 12.72 c.C) 0.39 . .
3e.0 19472 1)6%%2 o0.0€%0 .12 0e.5%) 13.21 0.03 ©.11 . -
5.1 17020 1122 c.lCeQ .19 26.%2 1321 c.03 c.CS . .
)%.8 194%2 11373} C.0C08 c.12 86.3) 1).%3 0.L) c.19 . -
v 9 19712 1)%8%0 C.CCo8 2.11 85.¢2 13.30 c.03 1.%¢ . .
pL | 15485 1)e€sd C.CI08 0.2% 06.C2 13.8 c.08 0.66 - .
8.y 17187 13871 c.ccos .32 85.%9 13.1¢ c.ce 0.91 . B
1.0 18731 134763 C.C0CS c.c9 £3.C¢ 13.¢1 0.0) 1.3 . .
. 19683 134838 C.CCCS c.07 8s.09 1).6% 0.0} .12 . .
Je.c 1067 134210 0.CC28 C.CY 26.C0 1).138 C.0) [ 1 . -
1) 1043 1)%7¢¢ £.0CCS ©.2) 0s. e 13.1% c.o8 €.72 . .
6.7 19848 13620% o.CC%s  €.2) 26.%3 13.18 c.c) 0.0) . -
3.3 1982¢ 136098 0.1¢CH o.1e 96.J1 12.%¢ 0.Ce 0.%0 €). € <. 35.% 47,2
a8 1)? 118) ¢.iclo c.ce Q.38 <.t .22 J.44 3.t 6.t Y T.€
LN .7 .9 126.4 43,30 0.68 a7 48,72 L2 7) 5.9 §2.) 1.2 5.¢€
36.2 o.tele 1%8%¢ 136717 C.00Q% 0.14 6.3 13.c0 0.¢3 0.47 1.1 €.} 32,6 45,3

ts 1 to 80 are fuels used for Phase 1 only.
designates the control fuel used in Phase 1 and Phase 3.

n
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TABLE C-2:
TEST BOIL PT. S
1 260 F 124
2 244 66
3 ) et
4 279 320
H] 272 %8
L3 28 62
? 295 366
8 291 395
. 23] 291
10 mn 398
1n pI1) ez
12 3%6 es
13 37 414
1) 30 [
1% p114 102
16 3¢5 99
17 366 400
1e se o9
19 e s
20 378 412
21 364 398
22 357 85
23 n 386
2¢ 383 406
25 368 390
26 381 405
217 310 394
2R 3el 410
29 354 3192
30 3%0 o4
1 3e1 406
2 378 406
» 364 392
3 370 a0C
< 3% 411
36 365 394
37 s 389
38 Jae 3s¢
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APPENDIX D
EXPERIMENTAL PROCEDURES

This Section describes the experimental, analytical, and calibration procedures
. used to obtain the emissions data. Procedures for the extract chemical identification
work are presented in Section 8. :

VEHICLE EMISSIONS TESTING

Gaseous emissions and fuel consumption were measured by the 1979 EPA proce-
dures simultaneously with particulate sampling by the 1981 EPA procedures. The
vehicle test bay was maintained at constakt temperature by.two air conditioning/-
heatmg/humldlflcation/dehumldmcatlon"umts with a combined capacity of 106 kw- and
circulating 425 m3/min condmoned air onto the vehicle positioned on the
dynamometer,

Dilution tunnel sampling has come into general use for measurement of diesel
particulate mass emissions, and particulate samples collected by this method have c¢lso
been widely used for further particulaté_characterization. While the potential for
.chemically reactive species to contribute artifacts in dilution tunnel filter collection
has been noted (64-67), dilution tunnel sample collection has become the accepted
choice in lieu of any provén sampling pfotedure. Recent work (68).has provided some
-guidelines for dilution tunnel sampling to minimize the potential artifactual formation
of direct-acting mutagens during the sampling process due to the presence of NOj in
the exhaust gas. Thus while all reasonable experimental care was exercised, it must
be noted that sampling procedures valid for emissions. fheasurement cannot be
extrapolated to be quantitative sampling procedures for all chemical species present.
Since the chemical identity of all emission products are not known, the degree to
which the emission chemistry interacts with sampling procedures cannot be quantita-
tively evaluated.

Particulate Emissions Measurement

Collection Apparatus ~

Particulate emissions were measured according to 1981 EPA procedures (69) for
new vehicle-certification using a positive displacement pump (PDP) for air dilution of
the vehicle exbaust, followed by particulate sampling in a dilution tunnel. To obtain
samples of suffxcxent size for subsequent chemical and bioassay analyses from short
vehicle tests, a scaled-up particulate sampling system was added to the dilution
tunnel. Figure D-1 is a schematic of the exhaust dilution and particulate sampling
equipment. Particulate mass emissions for vehicle tests were determined.by propor-
tional sampling of dilute exhaust by either of two identical 47 mm filter systems.
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Figure D-1. Schematic of Particulate Collection Apparatus.

Each filter could be isolated from the probe and dilution tunnel by smooth-bore ball
valves to permit changing filters during vehicle testing. Each 47 mm f{ilter was
equipped with an identical 47 mm backup filter immediately downstream of the
primary filter. Constant sampling flow was maintained as particulate was progres-
sively deposited on the filter by means of mass flow controllers (Tylan Model FC-202)
capable of maintaining constant mass flow over a wide range of gas temperatures and

~ pressures. These flow controllers operated from a common power supply and display
panel, and had individually adjustable mass flow rate set-points. These independent
probe systems were flow calibrated each week with a Meriam laminar flow element
(#50 M310). :

The particulate sampling system for obtaining bulk samples for extraction used a
filter assembly developed by F_PA employing a 50 cm x 50 cm (20 in x 20 in) square
filter. A nominal flow of 2.8 m3/min (100 cfm) was drawn through this filter to yield
0.5 to 2 g of particulate from typical vehicle tests. The dilute exhaust passing through
the 50 cm x 50 cm filter was measured by a Roots-type totalizing flow meter (Dresser
Industries Model 5M125) mounted on the vent side of the blower used to draw sample
through the filter (Figure D-1). The volume filtered through the 50 cm x 50 cm system
during emissions testing was obtained from a digital accumulator on the Roots meter
actuated in synchronization with other sampling devices by the CVS bag fill switches,
Continuously recorded temperatures at the Roots meter exit were used to correct the
volumetric data to standard conditions. Thus, routine mass emission tests could be
performed simultaneously with bulk particulate collection for further chemical
characterization. Propane tests with both CVS and 50 cm x 50 cm filter operating
venﬁed the flow measurement calibration of the complete system.
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The filter used in both the 47 mm and 50 cm x 50 cm filter systems were Pallflex
Products Corporation Type T60A20 teflon coated glass fiber. The nommal flows of the
47 mm and 50 cm x 50 cm systems were 9 1/min and 2.26 » 103 }/min respectively,
referenced to 0°C. Dilute exhaust flows per area of filter exposure were thus 0.014
I/sec/cm?2 and 0.018 1/sec/cin2 for the 47 mm and 50 cm x 50 cm filters respectively;
both within the EPA specified range for particulate measurement (0.0095] > flow >
0.0272 I/sec/cm?2 at 0°C). Operation of the 50 cm x 50 cm filter in conjuction with
the CVS required the 50 cm x 50 cm systern to be started before the CVS to avoid
filter tearmg This operational constraint made it impossible to select only a portion
of any given driving cycle for buik sample collection since the filter flow had to begin
before CVS start-up and extend past CVS shut-down.

The maximum allowable temperature of dilute exhaust fer particulate sampling
by EPA procedure is 520C; and this constraint directly affects the volume of dilution
air necessery to cool the vehicle exhaust prior to sampling. Sampling requirements for
the variety of vehicles, engine sizes, inertia weights, and vehicle operating modes
encountered in this study were best met by using a range of dilution air flows. The
need to obtain measurable levels of gaseous species simultaneously with particulate
sampling prevented setting the dilution air flow at one high value to satis{y only the
particulate temperature limit sampling requirements. To-accommodate these needs,
an existing PDP - CVS was modified by addition 6f a 7.5 kw variable frequency three-
phase motor controller to give a vanable speed motor drive providing continuous
adjustment of CVS flow between 1.5-15 m3/min (50-525 cfm). In combination with the
2.8 m3/min (190 cfm) butk particulate sampler flow and the conditioned-air ducted to
the dilution air filter box, the range of CVS flows available satisfied the 52°C
maximumn temperature requirement for all vehicle test conditions, Combined CVS and .
50 cm x 50 cm filter flows have been consistently set to give a total dilute exhaust
flow of 1.4 m3/min (400 cfm) for Volkswagen and 17 m /mm (600 cfm) for Mercedes-
Beriz and General Motors vehicles respectively. Strip chart recordings -of dilute
exhaust temperatures were obtained for all tests, --The PDP-CVS blower and Roots
meter for measurement of 50 cm x 50 cm f{filter flow were mass flow calibrated as a -
function of blower speed, using turbine flow neter standards from Autotronics Corp.
(Models IOOP-750 MNYNYV and 100-450-SFN6-8, respectively.

Connection between the vehicle tailpipe and the dilution tunnel was exther by a
short length (approximately 1 m) of 7.6 cm (3 in) uninsulated flexible exhaust tube for
vehicles with tailpipe exhaust near the tunnel (passenger side), or by a longer
connector to vehicles with a tailpipe connector on the side of the vehicle opposite the
tunnel ocation (driver side). Two types of connector were utilized in this latter case.
Through the first 17 vehicle tests, this connector was of the same type as above, but of
sufficient length (# m) to reach the tailpipe. For subsequent vehicle tests a smooth
stainless steel tube (7.6 cm x 3 m), lagged with 5 cm of fiberglass insulation, was used
to link the tunnel to the tailpipe with short flexible uninsulated sections to mmake the
connections. Particulate emission tests with the insulated and uninsulated systems
showed approximately a 5% mass increase for the insulated case. EPA has also
reported (70) on the effect of tailpipe hookup on observed particulate emissions.

After nine months of daily testing the dilution tunnel was carefully cleaned.
From the weight of tunnel scrapings and an estimate of the total mass of particulate
entering the tunnel throughout the course of testing, the particulate losses in the
tunnel were estimated to be 3%.
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Weighing of Filters--

The 47 mm diameter Pallflex filters were placed in a constant humidity chamber
for at least 24 hours before each weighing. Chamber temperature was maintained at
I8 to 2I1°C with a relative humidity range of 55 to 60%. The equilibrated filters
weights, in micrograms, were obtained on a Mettler ME 30 microbalancé. The 50 cm x
50 cm filters were not environmentally equilibrated, but were stored in areas where

the temperature was usually about 20°C and the relative humidity was in the 30 to - -~

50% range. Tare weights were taken by carefully rolling the filters into approximately
15 cm cylinders and placing them on a semicircular weighing pan in a Mettler HIOT
balance. The balance doors were kept open to accommodate the length of the rolled
filters. The balance itself was in a large five-sided box to reduce air currents and the
weighings were performed in a balance room without air circulation. Gross weights
were taken after the filters had been folded into quarters and were performed in a. -
normal manner. Weights were taken to the nearest milligram w1th the uncertainty in
the net wexght estimated to be about + 5 mg.

Extractnon of Filters--

The 50 cm x 50 cm filters used for bulk particle collection were extracted with
dichloromethane to obtain the extract as a percentage of the particulate mass on the
50 cm x 50 cm filters. The filters were folded and placed in 50 mm Soxhlet extractors
without thimbles. Extraction was carried out with approxjmately 300 ml of dichloro--
methane (Burdick and Jackson Laboratories, Distilled in GlassT™ grade) for 24 hours
at three to four cycles per hour.

The extracts were vacuum filtered into 500 ml flasks through an 0.2 um
Fluoropore filter (Millipore FGLP) to remove any particies which may have carried -
over. The solution was heated to boiling before filtering, and the filtering apparatus
was kept hot during filtration to prevent precipitation of any sparingly soluble
material on the filter. The 500 ml flasks were rotary evaporated to about 75 ml
volume and the sample transferred to acid and solvent washed, dried and tared-125 ml
borosilicate glass bottles with Teflon lined caps. These bottles were then partially
immersed in a warm water bath while attached to the rotary evaporator to remove the
remaining solvent to yield the dried extract. The bottles were maintaired overnight at
room temperature and a partial vacuum of about 10 in Hg in- order.to insure complete
solvent removal. Final weighing provided, by difference, tiie mass of extract. Bottles
with dried extract were then stored at -80°C until needed for bioassay.

For each of tests | to 34 there were twenty-one 50 cm x 50 cm filters, 15 of
which were extracted and the remainder kept in -80°C storage. The six unextracted
filters were the CFDS and HFET filters from the afternoon portion of each phase. For
tests 35 to 80 all 12 filters were extracted.

Particulate Backup Filters--

Twelve vehicle tests have been conducted with backup filters for every 47 mm
filter collected to investigate their importance for the various vehicles, fuels, and
driving schedules. Average backup filter contribution to the combined mass (primary
plus backup) was 1.65% (o= 0.95) for 295 individual test.cycles (i.e. 295 separate
filters). The backup contribution for FTP testing was 2.56% (o=1.6) for 96
observations. The group of filters with the highest backup contribution came from the
IDLE test mode, where 35 tests gave backup contributions that averaged 5.68%
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(o= 5.75). Prior to the time of this finding for the IDLE test, the CVS flow setting had
been left at a constant value for all cycles for a given vehicle. This resulted in the
IDLE test sampling being conducted at a significantly higher exhaust dilution ratio -
than the other cycles used. Backup filters trom IDLEs under these conditions
frequently gave higher absolute mass loadings thi:n for those for other (higher speed)
driving cycles. The collection efficiency for filter media is known to be increased by
previously deposited particulate on the filter. With the very dilute exhaust of tke
IDLE the primary filter never received sufficient mass loading for this efficiency
enhancement to occur. A subsequent decision to decrease the dilution ratio for IDLEs
increased the primary filter loadings and decreased the backup filter loading.

In contrast to the general findings that backup filters collected a small per-
centage of the total particulate, tests on a Peugeot (Car {17) exhibited distinctly
different results. Particulate from this vehicle did not mat on the face of the filter
media but penetrated to give a grey appearance on both the front and back of the
filter. Backup filters on 30 Peugeot test cycles averaged 3.4% of the total particulate
mass. In 7 Peugeot tests, two 350 cm x 50 cm sheets were used in series in the same
holder to effect a filter backup for the bulk sampler. The second 50 cm x 5C cm filter
from these tests contained an average of 9.5% of the total. This observation parallels
that of the EPA for a Peugeot vehicle (71, 72). Backup filters have been discontinued
for all vehicles except the Peugeot, but variations in sampling conditions and vehlcle
type can impact the need for backup filters. :

Particulate Emissions Réproducibil_ity-—

Within each test phase of the first 34 tests, the duplicate CFDS and HFET cycles
performed in the afternoon and again the following morning, have been compared to
determine the stability of particulate emissions during the given phase. Table (D-})
shows the reproducibility for these two driving cycles for each vehicle test phase for
all 34 tésts and also by vehicle make subcategory. On the average, the reproducibility -
is in the 1-3% range, but the standard deviations for the sample are in the 5-15% range.
The Volkswagens show a larger standard deviation than other groups, possibly due to
their manual transmissions in contrast to the automatic transmnssxons on mest other
sample group vehicles,

TABLE D-1. PARTICULATE EMISSIONS REPRODUCIBILITY FOR DUPLICATE CYCLES*

Difference Between Duplicate Cycles +1 o

OBS. PHASE 1 PHASE 2 PHASE 3 THREE PHASE
IN EACH _ : - AVERAGE
AVERAGE CFDS _HFET CFDS HFET CFDS HFET CFDS HFET
ALL TESTS » 1.0%¢ 8.8 1.2%10.6  0.1%:10.2  1.3%:3.1 1.2%+ 9.2 0.8%:80 0.7%  1.3%
GENERAL MOTORS 16 0.5%4 7.2 2.7%: 9.0 -12%27.5  0.0%:6.3  0.6%: 5.8 1.3%:55 0.3% 1.7%¥
VOLKSWAGEN 10 1.0%212.3  L8%410.9  3.5%s15.7  0.6%:7.2 2.9%413.6  3.7%:9.2 2.5%  2.0%
MERCEDES-BENZ & 1.8%4 83 -5.7%+ 7.9 -0.3%s 5.6  -2.6%:3.8 3.1%: 8.8 0.2%:2.0 17% -3.2%

*First 34 tests only.

Note: % > 0 indicates first cycle > second cycle.
% < 0 indicates first cycle < second cycle.
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. Filter Pair Corre}s‘p,ondence—

v The two independent 47 mm diameter filter collection systems were routinely
operated simultaneously during all CFDS cycles after vehicle test 14 as an ongoing
check of correspondence and data integrity for these systems. For 126 CFDS tests
with duplicate particulate measurement by both .47 mm systems, the average ratio of
the two results was 0.997+5.4%, indicating acceptable performance of this system.

The 50 cm x 50 cm bulk particulate collection system was designed to obtain
significant quantities of particulate for chemical and biological analyses, and as such
was not designed to insure strict gravimetric correspondence .with the 47 mm diameter
filter system. However, the measurements taken to provide a particulate emission
value can be compared to the 47 mm value used for reported vehicle emissions. While
this comparison could be made on all test cycles, here. we present the comparison for
only the CFDS tests. The mean absolute difference of the 50 cm x 50 ¢cm particulate
emission rate referenced to the 47 mm system for 157 CFDS tests was -0.04 g/mi,
indicating a small but systematic lower collection rate by the bulk.particulate system.
Expressed in terms of a ratio of the 50 cm x 50 c¢m to 47 mm system, this becornes
0.912+6. 596 .

Gaseous Emissions Measurement

Analytical Instrumentation--

Analytical instruments for measurement of gaseous emission components were:

Gas Method Instrument
CO2 NDIR Horiba AlA21
CO NDIR Horiba AIA21AS
NOx Chemiluminescence  Beckman 951
HC-background Unheated FID Scott 215
HC-continuous dilute Heated FID Horiba 1X

Zero and span checks were performed before each test cycle with gases which were
referenced tn primary standards five times during the course of this project.

The heated FID for dilute exhaust HC measurements used a 1/4" diameter
stainless steel heated probe, followed by a heated filter and heated transier line to the
detector unit. The probe system was fitted with an "overflow zero gas/span gas"
system to permit instrument calibration through the heated line input. The sample
pump and FID burner assembly were located in an oven. All sample lines, filter, and"
oven were maintained at [91°C. Thermocouples with digital readouts were used to
monitor all of these temperatures. The sample probe was located just off the
centerline of the dilution tunnel (near to the particulate probes) approximately 8
tunnel diameters downstream from the exhaust inlet. Data from the heated FID were
recorded on an integrating strip chart for visual display and electronically integrated
‘and printed for each vehicle test cycle through circuit controls on the CVS console.

Other gaseous analyses were performed in a console, which contained sample
handling, detectors, strip chart recorders and operator controlled zero/span devices.
All sample handling equipment was either Teflon or stainless steel. Individual
instrument sample ficw was monitored by a flowmeter and regulated in the instrument
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inlet line. All instruments operated with positive pressure at the inlet ports.
Instruments were each individually vented to a common non-pressurized exhaust
system, Dilute exhaust from the CVS reported teflon bag samples was dried and
filtered upon entry to the analytical bench, and filtered once more upon entry to each
particular instrument.

All zero, span, sample, and calibration outputs from the instruments were
continuously recorded for each instrument. The daily schedule of instrument operation
began with a zero and span check before Bag | of the FTP and again in Bag 2. They
were subsequently zeroed/spanned before alternate test cycles throughout the day.
Each instrument main span check was followed by a second span gas check on a
different instrument range to check range-to-range correspondence,

Instrument Calibration

Gaseous instrumentation was calibrated on a monthly basis using laburatory gas
standards referenced to NBS. A Horiba gas divider (Model S-TEC, SGD-78) was used
to provide various calibration gas blends on which the instrument calibration was
fixed. The span gases for daily instrument checks were then named as part of the
calibration process.

Analysis instrumentation was also checked by participation in a subscription
cross-reference service of Scott Research. Seven cross-reference tests were per-
formed during the project, and the results of AEL determinations compared to results
reported by Scott Research are tabulated below as full-scale percentage error:

Cross-reference, % Error

HC 0.7
co -1.02
CO> 119
NO 204
NOy -1.24

Propane Tests--

Each day of vehicle testing began with a propane injection/recovery test that
provided a check of the exhaust handling equipment as measured by the real-time
heated FID detection system. Propane was injected into the exhaust port of the
particulate dilution tunnel by a critical flow orifice device (Horiba CFO-20!) for a.

period of 10 minutes. The injection tesis were performed with the variable speed CVS o

blower operating at the designated speed ior the day's test. The results of 247 propane
tests are presented in Table D-2 below by the two main blower speeds:
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Table D-2. Propane Injection Test Results

LOW SPEED HIGH SPEED
Classification (315 cfm) (508 cfm) Composite
Qbserved Percentages
Total No. of Tests 28 72 100
% Error > 0% 53 C 34 39
% Error < 0% 47 66 61
% Error > +2% 7 6 6
% FError <-2% 1 23 17
-2% < % Error < +2% 91 : , 71 77

Thus 71% and 91% of the respectxve high and low blower speed propane tests were
within +2% recovery limits giving a composite project value of 77%.

DYNAMOMETER

The chassis dynamometer used throughout the project was a Clayton CTES5O0,
equipped with automatic road-load and direct-drive variable inertia (250 lb increments
to 3,000 lb, 500 lb increments above 3,000 ib) features. The dynamometer was warmed
up each day before testing with a 15 min 50 mph cruise, during which time the road-
load setting for that test was established and the drivers aid recorder calibration
checked. Three periodic complete dynamometer calibrations were performed during
this project by a coast-down procedure. Coast-downs were recorded on a strip-chart
recorder and timed to give four load points for each inertia setting. This calibration
was stored as a linear regressxon to permit load/inertia specifications to be readily
selected and checked.

IN-USE VEHICLE HANDLING

Upon delivery to AEL for testing, an in-use vehicle was first checked for
sufficient tank fuel to complete the "as-received" portion of testing. If insufficient,
additional commercial diesel fuel was added, usually 5-10 gallons from a local vendor.
A one liter sample of tank fuel sample was then pumped from the tank and sent out for
fuel analysis. An additional fuel sample was also taken for project archives.

Engine oil and transmission level were then checked to verify acceptance for
testing. The drive tires were removed and replaced with AEL tires of vehicle
manufacturer specification inflated to 45 psig. This procedure guarded against
unnecessary wear on vehicle owners tires during the extensive dynamometer test
(about 200 miles) and aided project results by providing a uniform test tire throughout
the length of the program.

After completion of Phase 1 the ‘engine oil was drained and a sample taken for

project reference. The oil filter was changed ar-1 the crankcase refilled with oil
(Castrol) of proper specifications. The oils used we.
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Summer Winter

General Motors 0w 10w 30

Volkswagen 20w 50 10W 30

Mercedes-Benz 20W 50 10W 30

At the time of oil change, the fuel was also changed to AEL control fuel, A portable
auxiliary fuel tank was connected to the injector pump inlet. The vehicle was then run
for 15 rain ai 50 mph to purge the fuel injection system back into the vehicle tank
through the return line. The return line was then connected tc the auxiliary tank to
complete the switch over to control fuel before the next portion of testing.
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APPENDIX E

EMISSION AND BIOACTIVITY CORRELATIONS

TABLE E-1.
TABLE E-2.
TABLE E-3.
TABLE E-4.
TABLE E-5.

TABLE E-6.
TABLE E-7.
TABLE E-8.
TABLE E-9.
TABLE E-10.

TABLE E-11.
TABLE E-12.
TABLE E-13.
TABLE E-1&4.
TABLE E-15.

FTP Cycle - GM Vehicle Group - All Phases

FTP Cycle - VW Vehicle Group - All Phases
FTP Cycle - MB Vehicle Greup - All Phases .
FTP Cycle - "Other" Vehicle Group - All Phases
FTP Cycle - "All" Vehicle Group - All Phases

" HFET Cycle - GM Vehicle Group - All Phases

HFET Cycle - VW Vehicle Group - All Phases
HFET Cycle - MB Vehicle Group - All Phases
HFET Cycle - "Other" Vehicle Group - All Phases
HFET Cycle - "All" Vehicle Group - All Phases

CFDS Cycle - GM Vehicle Group - All Phases
CFDS Cycle - VW Vzhicle Group - All Phases
CFDS Cycle - MB Vehicle Group ~ All Phases
CFDS Cycle - "Other" Vehicle Group - All Phases
CFDS Cycle - "All" Vehicle Group - All Phases

TABLZ E-le.
TABLE E-i7.
TABLE E-18.
TABLE E-19.
TABLE E-20.

New York City Cycle - GM Vehicle Group - All Phases
New York City Cycle - VW Vehicle Group - All Phases
New York City Cycle - MB Vehicle Group - All Phases- -~
New York City Cycle -"Other" Vehicle Group - All Phases
New Yecrk City Cycle - "All" Vehicle Group - All Phases

TABLE E-21.
TABLE E-22.
TABLE E-23.
TABLE E-24.
.TABLE E-25.

IDLE Cycle - GM Vehicle Group - All Phases
IDLE Cycle - VW Vehicle Group - All Phases
IDLE Cycle - MB Vehicle Group - All Phases
IDLE Cycle - "Other" Vehicle Group - All Phases
IDLE Cycle - "All Vehicle Group - All Phases
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Emission and Bioactivity Correlations
FTP Cycle - GM Vehicle Group - All Phases

TABLE E-1.

EXT‘(ACY RESIDUE EXTRACT EXTRACT RE"‘II!UE RES/EXY 100K REV REL PER REV PER KEV PER 100K REV

ILE  G/MILE  G/N 4 G/KG-F 110 PER Al UG EXT UG RES  PER Kb-F
N 74 74 72 74 72 74 72 72 73 72 70
nEAN 21720 L6707 1.1429 23,5129 3.6168 3. 9188 6 0317 J111 3, 6226 9231 32,5624
STI JEV 1326 1367 8779 9 1.7440 333 a8 2.2 L4171 14,1181

10.0183 676
kSD L 61.0821 20. "855 59,3171 42,4078 18.7156 44,5023 42 0335 48.6719 é2. 9533 45.0816 43.3569

CORRELATION MATRIX
RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 10C” REV REV PER REV PER REV PER 100K PEV

G6/MILE  G/KG-F 1 G/KG-F  KATIO PER NI UG PART U5 EXT UG KES PER KG-F
EXTRACT " n 7 7 n 7 72 7 72 70
G/NIL T QU N L B B R B
L s 0 §$73 S 3 S0 S=3 S=0 Sl=3 5= 3 5= 0 SL= 0
n 7 7 7 7 n 7 72 7
(At SN S S St (R
SL= 0 ST 2 S5 3 S 3 SL=0 S5 1 S5 0 5= 3 8= 0
n 72 72 7 70 70 70 0
EXRACT 945 040 -7 -a22 38 =554 a2 -39
St= 3 S50 S= 3 St= 0 S= 3 SL£3 St= 0 S= 0
KEY: 7 7 72 72 7 72 2
M0. OF DATA FAIRS EXTF{AN -3 -8 - 246 -568 =013 -.130
SA#LE CORR. COEFF. St= 3 S= 3 S= 0 Sl=1 St= 3 S= 0 5= 0
SIGNIF ICANCE LEVEL IOl 7 70 2 % 2 -
. G/KG“ 0‘08 1059 '-210 -023 '.294 -045
SIGNIFICANCE LEVELS: ' St= 3 St= 0 St=1 St= 0 St= 2 SL= ¢
72 7 7 7 70
SL = 1 FOR 0.053ALPHAX0. 01 RES/EXT

» S S L S

SL = 2 FOR 0.013ALPHAX0,005 RATID oo : . . !

SU = 3 FOR 0.0053ALPHA St= 0 S= 0 St= 3 Sl 0 §=
: 72 7 7N
WKEEV o2 55 om0 .
St= 3 S5 3 ST 3 S5 3
REV PER 7 ” 7.
877 970 o4
UG PAKT 273 o= 3 5Lt 3
REV PER 72 70
J5 .83
B LT BT
70

REV PER

145

St= 3



TABLE E-2. Emission and Biocactivity Correlations
FTP Cycle = VW Vehicle Group -~ All Phases

XTPACT  BESS nast Ext
el it A

/Ml 6/nlck
o 47 47 47

0741 957 .B‘A‘S e‘72 3.3690

RE AN
STh BEV 0278

.069
ST 491518 3. us7 . 3365 35 voa 23,3598 38 698 n ‘231 as iR 111

RESIDUE  EXTRACT EAACT

- B/MILE  G/RG-F 6/KG~-F  KATID PER Al UG PART UG EXT S RES
EXTRACY 4?7 Y 47 48 4 ‘7 [} LYY 4
6/NILE £79 0 -3 686 IS8 =119 -84 -.038 018 -.268
SL=JSL=1SL=SSUSSU\SL-3SUOSL-OSL-1~
RESI X I ) 42 4 [} [} 45 AS [}
6/MiLE 452996 783 L0%% -.788 010 -108 -388
Si= 0 %= 3 %= 3 r 0 Sz 3 Sz 0 Si= ¢ s ]
EXTRACY 4 4 Y Y] [} 48 S
6/KG-F 049 -5 . 987 S43 A9 7% B3
, N= 0 = 3 Ss J KUz 3 8= J Ss ¢ Si= )
m._ EXTRALT 9 Y 47 43 G
NO. OF DaTa Pales 1 .78% L0680 770 01 %3 =373
SamPLE (ORR, CL-Z;F. R 3 SL= 0 Sr 3 &= 0 S Q0 Sz 2
SIONIFICANCE LEEL RESING o 9 i % “
6/KG~¢ -.529 =44 =235 -.154 -3
SIGNIF JC4#7E LEVELSe %2 ) XK= 3 S 0 St= 0 Sis 3
= 1 FOR 0,.50A0PHAY0.01 RES/EXT b 45 43 2]
= 2 FOR 0.0 ALPKAN0.00S KAT] L2380 A3 s} R
= 1 FOR 0,005 AP0 0 N 3 8= 3 %= 0 K= 2
100K a5 & s
Pin%flv i) 50 583
Sts 1 8= 1 Ss 3
REV PER L} M
UG pakT 943 871
Stz 3 %= 3
REV PER 4
ue £xt 904
S 3
REV PER
us s

48
334

13
J¥17

éé”?‘ Talo' VR At

4) 49

4,403 6 6690

§.7343

CORRELATION RATRIX
RES/EXT 100k 5V REV PER REV PER FEV PER

RES1DUE

146

v PR Vgl VP(E JtOOKR!V

PoRT
17y 4

43

1,796 10,3921 2. 24) 74,5409
1.1643  B8.3737  1.47°% 36.%7

80.6376 64,0769 71.%0A1

100K KV
MR Ko

43
A
Ste 0

[
018
s 0

S 0

str 3
St 3

S 3



TABLE E-ﬁ. Emission and Bioactivity Correlations
FTP Cycle -~ MB Vehicle Group - All Phases

1TRALT RESIE 1IRACT CRIRACT RES S/EXT 100K REV
/AJL GlinlL‘l &ll&-$ ¢ 1 m&-“)‘ ?Al,ra FEl » PART
L N s 2 Y3} 20 21 19 19
W2 0790 L4%49 8549 19,1317 2.99¢0¢ 574 1.3034 4159 .
S0 LEV  ,034p  L089)  ,0E98  ).2181 L0868  3,0782  1.884) 413 .

kSh 2 49,8484 19,6039 31,3033 42,8343

)
b
3

il
'q“)
s

B/MILE  b/Kb~F

2
~. 448
LT

KESThUE
6/niLt

ExTRalY

6/AILE s .

KEY:

M), OF LaTA PAIPRS -
SamFLE CORR, COEFF,
SIGNIFICAXCE LEVEL

ExtealY
1

SiGalF1CanCE LEVELS:

FOR 0,09>ALPwa0,01
FOd .00y Prid0, 008

L=l
%oe2
SLos 3 FOR 0.005,a0MA

v Ptk

CORRELATION MATLIX
RESINUE  EXTRACT €XTRACT RESIOUE RES/EXT 100K REV REV PER kEV PER REV PER 100K KEV

v PER KV PR 3
bl e MR
20 19 18
NN L 21,8124
G20 .16 11.77el

13,6025 44,2441 50.3720 47,3031 43.434) 45,5120 51.4572

G/X6-F  RATID PER Al UG PART UG EXT UG KES  PEK XG-F
| 19 19 19 19 1
-.ﬁ% -.93; “322 <357 -4 -2 -, xg
S 0 Sz 3 Kr 0 Stz 0 Sts 3 Sle 0 SUs O
20 7 19 19 19 19 18
B85 L4846 W8S 008 269 -.080 .14
t 3 Sr 3 Ss 0 Sl= 0 St 0 Sx 0 Sx 0
20 ) 18 8 1 8 1
“38 0 .98 3200 331 -84 -.xh -.193
Ste 0 Sle 3 Str 0 Slx O Ss 3 SLs 0 Sx O
2 2 19 19 19 19 18
<380 =962 -850 ~.303  -.048 -5 -2
Sty } Str ) S0 Sr O Re d S0 KRr 0
: 20 18 18 18 18 1
%‘,ﬁ‘s‘.‘;" J200 L2683 032 108 -.008 .24%
Ste 0 Stz 0 SLz 0 Stz 0 Sz @0 Si= 0
RES/ENY 19 19 19 19 18
airm J8 3300 e a8l o
* 0 Sr 0 S 3 St 0 f= 0

v 9 9

e VR SR S
St= 3 St 3 S= 3 Ss 3
REV PER 19 19 ‘8.
PaLT 091 582 7Y
WPAT ) wr3 we
REV PR 19 18
v EXt J768 48
» 3 S 3
REV PER 18
Ut &L9 L9458
Stz 3

147



TABLE E-4.

.Emission and Biocactivity Correlations

FTP Cycle - “"Other"™ Vehicle Group - All Phases

YTRACT RSS]M XTRACT  EXTRACT KES! RES/EXY 100K REV REV PER  REV PER R 1
EII\II?E 6/nlLE EIKS$ 1 6/Kb V f PR :\T UG PART U6 E;‘ Pt KH
" 33 35 p 3 34 35 32 1 n 32 31
nEA 2569 L3781 1.6254 39,4125 2.4355  1.9543  7.84131  1.1869 3,754 2.1107 $0.807)
STL LEv 1506  .1de& 7581 16.560B  .9893 1.1892 5,350  .7015 2,752 1.5152 33.aei%
kSD X 5816080 19.4561 44,6372 41.B087 40.6202 40.8442 6B.4708 59.1056 73.4623 71.7881 45.32%9

CORRELATION MATRIX

RESIDUE EXTRACT EXTRACT RESIDUE

RES/EXT 100K REV KEV PER REV PER REV PER 100K KEV

G/MLE  G/KGf T G/keF  RATIO PER Al UG PART UG EXT UG RES PEK KG-f
EXTRACT S TR S TR - SUNNE. SUS:- SN S S I
TR L s e B e B U (R
s 0 S 3 Ss 3 Se 1 S5 3 Sal S= 0 Ss 2 SL= 3 Stz 0
T T (NS S S .- SRR .|
MSIME o1 -8 0 4 2@ 08 3 -8 0
S 1 S= 3 Se 3 SE 3 SLs O S2 O Sr 1 SO Sv A
TS TR TN TN | S N | 1
et LB -Je8 808 M6 -035 -a78 g5 174
I Sis 1 S8 3 Ss 1 Ss 0 Ss 3 S 3 oSts 0
KEYs ‘
O TR S - TN SN S
V0. OF [4TA PAIRS ETRACT o5t -5 074 -0 -5S9 83 -0
s“‘-‘LE CoAR. COZFF. St= 3 Sl= 3 S= 0 Si= 0 Si= 3 St= 1 S= 0
SIGRIFICANCE LEVEL 3 3 1 1 ] 3
WOME 7y a% A% I 35
SIGNIFICANCE LEVELS: Sts 3 Sl= 0 Sl= 0 Stz 2 Sl= 0 =1
2 0n : R n
% 1 FOR 0.05MPU0.01 RES/EXT 3
.03 a8 L8 3% a2
&:g ok 0000651;-1&:%)000‘5 RATIO Sts 0 SL: O 1tz 3 Sis | Stz 0
R » » oy
RV 8 .82 .89 9
S 3 S 3 S 3 S 3
REV PER 33 32 k)
: IO IR 1)
W g3 s skl
REV PER 32 3
36 g
BB T s s
REV PER 31
RER
Us RES 1%

148



TARBLE E-5. Emission and Bicactivity Correlations
FTP Cycle - "All" Vehicle Group - All Phases

A T mk“-&“ g R ?S’r»%ﬁ'% W't ?‘ A

N 1 177 179 173 177 170 172 168 164

nCAN .1706 ‘873 ..0903 2, 9990 32501 40381 62385 10848 S.6988  1.4748 46,9007
STh IEV 8575 5.4758  1.2135 39.5901

018 13,25 2.309 0300
kSDT 78, 3824 41, 4117 81, 0331 53 0370 26. 8871 St 1986 64.5785 7900020 99.9833 82.2820 84.4126
CORRELATION MATRIX

. KESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV KEV PER REV PER REV PER 100K REV
$/uILE  B/KG-F X 6/Ke-F  RATI0 PER MWl UG PAKT U6 EXT UG RES PER K6—F

EXTRACT 17 173 177 173 in 168 168 148 168 164
S/AILE 218 940 808  -177 .45 A5 2218 -7 L62 -2
Stz 3 St= 3 S= 3 S= 2 Sl= 3 Sl=f Sz 3 Stz 3 Sz 0 Sz 0
. KESTIVE 1n 177 173 177 148 148 168 148 164
G/AILE =007 ~.292 486 - 223 02 -383 -2 -430 -8
St= 0 Sl= 3 S= 3 S=3 S= 0 Si= 3 S= 3 5= 3 Sl= 3
EXTRACT 173 11 RYL] 144 164 154 164 164
6/KG-F 889 -.203 =782 A7 =102 -39 174 001
St= 3 St= 3 St= 3 Sl={ Sl= 0 SL= 3 SL=1 S= 0

KEY: ‘
EXTRACT 173 177 188 170 170 149 164
0. OF DATA PAIRS b3 -.567  -.83¢ L9 087 - I L2380 -.058
SaLE CORR, COTFF, St= 3 Stz 3 = 0 Stx 0 Si= 3 Stz 3 Sts O

SIONIFICANCE LEVEL

RESIDUE 1 144 154 164 164 164
© B/XG-F A2 152 007 206 -. 149 .89
SIGNIFICANCE LEVELS: Stx 3 St= . e 0 SL= 3 = 2 S= 2
SL = § FOR 0.052APHA0.01 RES/EXT Pl 168 168 168 164
SL = 2 FOR 0.01)ALPHAY0,005 KaT10 st 050 A3 =16 036
U= 3 FOR 0.00524 FRA St- v %= 0 Si= 3 =1 St= 0
100K 168 148 148 164
PER M| 793 404 .838 B4
Sts 3 Stz 3 Sis 3
REV PER 170 148 164
UG PART .870 914 952
=3 &= 3 =3
REV PER 188 164
- w6 et .66} .832
=3 S= 3
REV PER 164
U5 KES .87
Siz 3

149



TABLE E-6. Emission and Bioactivity Correlations
HFET Cycle - GM Vehicle Group - All Phases
RACT RESINE EXTRACT EXTAACT RESIWE RES/EXT 100K REV REV PIR BEW PER REVPER 100K REV
6/RILE  6/KG-F RATIO 'PER AL UG PART UG EXT UG RES PER K6+
N 7 n 7 7B n n 70 70 70 70 70
AN LI sl 2200 2398 28885 .00 2109 10950 2L
STU IEw_ L1763 L1069 10164 14,4505 L3228 1.235  1.7010 €563 13,3765
KSDT 757550 3706568 794913 A1.6085 ISBEIN S2.4968 $9:3005 SA/008 66,1509 509566 78114
CORRELATION KATRIX
RESIDUE EXTRACT EXTRACT RESIDUE RES/EKT 100K REV REV PER REV PER REV PER 100K REU
B/MILE  6/KF 1  6/KG-F  RATI0 PER I US PART UG EXT- UG KES PER KG-F
EXTRACT 7 n 7 73 73 7 7 70 70 20
G/MILE 404 =071 815 623 -.083  -573 168 =150 -.331 .00
S 3 Sl= 0 St=3 S=3 St=0 S=3 S= 0 S=0 S= 3 Sz 0
KESTIUE 73 73 73 73 73 70 70 70 70
G/MILE 069 .99 878 068 -.704 09 -9  -.514 089
Ss 0 SL= 3 Ste 3 SL= 0 SL= 3 8= 0 Sl= 2 SL= 3 SL= 0
- : 73 73 73 73 70 70 0 .00
ERALT 064 =318 .95 .35 L) -8 -] a9
l* 0 S= 3 Sl=3 SL=3 5= 0 Sl= 2 S= 0 SL= 3
KEY: :
7 73 7 70 20 70 70
¥0. OF DATA PAIRS EXTRACT 65 .09 - .7 -.302 -.515 079
SAMPLE CORR. CGEFF. S 3 S 0 St= 3 Sz 0 S= 2 Sl=3 5= 0
SIGNIF ICANCE LEVEL :
73 73 70 70 7 70
: RESIWE 337 -903 .01 -0 -89 289
SIGHIFICANCE LEVELS: St= 3 Si= 3 St= 0 Sl= 0 St= 3 SL= )
s f0R 0. PHASD. 73 0 7 70 70
L S D0l RESENT 88 a2 255 -1 -2
SU = 3 FOR 0.0052ALFNA 8= 3 St= 0 St= 2 St= 0 SL= 3
' 20 70 70 70
100K REV
J50 008 A2 -.350
PER NI 0 SE 0 5= 3 SLE3
70 20 70
REV PER
: JE0 S 779
U PakT N A SR
REV PER ] 70
872 901
BT gy gt
REV PER 0
BRES g3
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TABLE E-7. Emissica and Bioactivity Correlations
HFET Cycle - VW Vehicle Group - All Phases

Mk RIS ENEFT BT B "&E{E&' TR SERE IR R A

N 46 46 46 47 ) 46 45 43 4 A5 45
WEAN L0847 2348 9767 22,1757  3.5ACS  A4.1434 50425 1.8982  9.6739  2.1392 76.2151
STD LEV (.0268 L0670 L4102 B.4923 1.0020 1.7618 4.0125 (1,337 B.8747 1.5760 59.8309
YSD X 41,3699 28,5412 41.9131 38.2954 28.2621 42.5157 79.5728 78.8057 91.7387 73.7682 78.%027

CORRELATION MATRIX

RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV
6/MILE  6/KB-F 1 ° G/KG-F  RATI0 PER MI UG PART UG EXT UG RES  PER Ko

EXTRACT 44 46 46 44 46 A5 A5 A . & 45
6/MILE -,038 992 .78 -.038 -1 -.2027  -29% -3l 219 -2
St= 0 St=3 Sl= 3 S=0 S= 3 Sl= 0 S=1 Sl=3 S= 0 St= 0

KESTDUE 46 46 AS 46 45 45 43 45 435

G/MILE -.054  -,403 983 633 Al4 414 313 .038 397
St= 0 SL=3 S= 3 S5=3 S5=3 S=0 S=1 Sl= 0 SL=3

EXTRACT 4 A4 Ab A5 A5 45 45 A5

8/K6-F JBY -033  -720 =212 -50  -.428 -.208 -0

Y St= 3 St= 0 SL= 3 St= 0 Sl=1 Sl= 3 St= 0 St= 0

) ~ EXTRACT m m 45 45 45 45 a5

NO. OF DATA PAIRS 1 -.59 -.938 -.391  -.308 -.513  -.200 0 -.393

ss"iﬂx% CC%RR'E cusg?. St= 3 St=-3 6= 3 Sl=1 Sl=3 St= 0 SL= 3
ICANCE LEVEL

RESIDUE 44 45 43 45 45 45

B/KG-F bbb A4 129 325 055 .A08

SIGNIF ICANCE LEVELS: = 3 St= 3 St=0 St=1 Sl= 0 St= 3

SL = 1 FOR 0.055ALPHAY). 01 RES/EXT 15 45 45 45 45

= 2 FOK 0.01DALPHAYD. 005 RATIO A4 291 937 .189 415

= 3 FOR 0.0053ALPHA St= 3 St=1 SL= 3 Sl= 0 SL= 3

100K REV 45 43 4 45

922 948 .89) 997

PER NI S5 3 S5 3 S 3

REV PER 45 45 45

956 993 930

UG PAKT g5 3 st 3

15 15

Y S8

St= 3 St= 3

REV PER 43

U RES -706

151



TABLE E-8.

Emission and Biocactivity Correlations

HFET Cycle - MB Vehicle Group - All Phases

EXTRACT RESIDUE RAET EXTRACY RESI RES/EXT 100K REV REV VER REV PER RSV R 100K REY
6/MILE  6/MILE  6/K6-F 3 6/K6 KATIO  PER Ml U6 PART I.KE ; £R K6+
22 22 22 22 2 2 20 20 29 20 20
ngm L0573 L3299 .5298 14,9793  2.88B4  7.5872 1.9613 4988 47100 L5716 14.9145
o1 eVt 0320 0569 J3A19 85686 L3517 3,7352 L9456 L2294 2.9410 2494 B,33s]

%D 1 55.8909 17.2457 64.5285 57.2030 12.1747 49.2306 49.2323 45.9930 62.3765 43,6342 49.2849

CORRELATION MATRIX
RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV

‘6/MILE G/KG-F 1 G/KG-F  RATIO “PER I UG PART UG EXT UG RES PER Kif

EXTRACT 2 /B 2 22 20 2 2 2 20

G/MILE -5 99 976 -89 -9 =207 -2l -7 <132 -.09

S="3 St='3 Sl=3 6= 0 St=3 SL= 0 SL=0 SL=3 St= 0 SL= 0

I G G S S . B B R

. 5L 63 TR BES S SR ST S SV

EXTRACT 22 7 22 20 2 2 2 2

6/K6-F 9B -y -928 0 -2 -89 -.8%  -50  -.13

. Sl= 3 Sl= 0 =3 St= 0 S= 0 Sl=3 S= 0 Sz 0

KEY:

EXTRACT 2 22 20 20 20 20 2

ND. OF DATA PAIRS 2 T St T S T ST L ST

SARPLE CORR. COEFF. =0 8= 3.8t= 0 SL= 0 S= 3 S8iF =9
SIGNIF ICANCE LEVEL _

RESIDUE 22 20 20 20 20 20

G/KG-F 230 ASS 265 24 26 A8

SIGNIF ICANCE LEVELS: L= 0 5= 1 S= 0 S=0 S= 0 S= 1

SL = 1 FOR 0.0S)ALPHAY).01 RES/EXT 20 20 2 20

SL = 2 FOR 0.01ALFHA>0,005 RATIO A8 215 2] .oes 053

= 3 FOR 0.005)ALPHA SL= 0 8= 0 Sl=3 S=0 S0

100K REV 2 20 20 20

PER Al 72 948 982

=3 6= 3 6= 3 8= 3

R S

Dt BRI

U B

53 8= 3

REV PER 5

UG RES Al
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TABLE E-9.

Emission and Bioactivity Correlations

HFET Cycle - "Other” vVehicle Group - All Phases

R R B Wi

EXTRACT RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV
G/RILE  G/MILE  G/xG z G/KkG-+ ATI0 PER A
S 00 LA G400 L0 Lo LR L2
. . . . L8384 4.9655 1.26
SID IEV  .0723 1206 ,6372 21.0105 1.1951 1.5448 3.899} .285156

KSD X 45,5895

$7.2121 45,0684

33
4,2182

3
2,4515

kR
46.3749

4,144}

1.8843  39.40t8

CORRELATION MATRIX

b
81,5696 84,0298 78.5262 47.0804 98.2434 74.8430 84.9787

KESIDUE EXTRACT EXTRACT RESIDUE KES/EXT 100K REV REV PER REV PER KEV PER 100K REV

153

6/MILE  6/KG~F I 6/KG-F  RATIO PER Kl UG PART UG EXT UG RES PEK KG-F
EXTRACT . ” n » ” 13 33 33 33 13
6/MILE -A492 L9 795 -5 =783 =006 .16 -T2 A36 =183
Stl= 3 Sz 3 St=3 Sl=3 Sl=3 S=0 5L=0 St=3 S= 2 SL= O
KESIDUE LY} Kyj 7 ” 1 13 K] 33 13
G/NILE -478 -.888  .973  .B40  .5A2 .35 831 -~.233 .566
St= 3 5= 3 Sl= 3 Sl=3 S=3 S= 1 Sl=3 St= 0 =3
EXTRACT kY] kY] kY] 33 kS S 3 13
6/KG-F 765 -.473  -.687  .007  -.041  -.381 442 ~,0%2
St= 3 6= 3 8= 3 &= 0 S= 0 S=1 S= 3 Sl= 0
KEY: . EXTRACT Y} kY] k] i 13 K] 1
¥0. OF DATA PAIRS 1 ~. 894 =940  -.407 -.274 -.654 361 - 463
SARPLE CORR, COEFF. St= 3 Sl= 3 St= 2 Sl= 0 St= 3 St= 1 Sl= 3
SIGNIF ICANCE LEVEL RESILAE - - 3 3 5 -
6/KG-F 875 609 405 T4 -.178 454
SIGNIFICANCE LEVELS: St= 3 Sl= 3 Sl= 2 St= 3 Sl= 0 Si= 3
SL = 1 FOR 0.05)ALPHAY0.0L RES/EXY 33 3 33 k3] 33
6L = 2 FOR 0.013ALPKAY0.005 RATIO 434 J11 307 - 209 480
5L=§F0R 0.0052ALPHA =2 Stz 1 Sl= 3 Sl= 0 Si= 3
00K 3 33 33 33
PER M 944 B4 .608 989
t St= 3 St= 3 St= 3 5= 3
REV PE k] kas 33
UG PART 818 19 L9
=3 S= 3 &= 3
REV PER 33 33
) :x% 279 85
Si= 0 Si= 3
REV PER 33
UG RES A3



TABLE E-10. Emission and Biocactivity Correlations
HFET Cycle - “All" Vehicle Group - All Phases
XTRACT  RESID TRACT EXTRACT RESILUE RES/EXT 100K REV REV PER REV PER REV PER 100K REY
/8IL Bll\ll.gE /K6-F 1 G/K6-F  RATI0 FtR Kl UGS PART UG EXT UGB RES FPERK
¥ 178 18 178 179 178 178 168 148 169 g169
3 . 7 1645 31,2021 2.4368 3.3558 1. 7547 1.0568 5.0141 1.5788 41.1794
513‘220 .§251 %52 t L8032 17.4162 1. 0392 2.6141 314 L9402 5.9407  1.3882 43.1931
kSy ¥ B81.1938 39. ‘4291 48,9763 55.8174 42,0033 77.8973 3. 8347 88,9642 118.4791 87.9235 104.8900

CORRELATION MATRIX

‘RESIDUE  EXTRACT EXTRACY %FSEEE{ RES/EXT 100K REV REV PER REV PER REV PER 100K REV

G/MILE  G/KG-F 1 RATIO PEK KL UG PART UG EXT UG RES PEK G-
78 18 w8 B 178, 168 168 148 168
EORACT 08 960 97 307 59 -.080 -6 -7 0% -1
S= 0 S5 3 S5 3 SIS 3 S5 3 SF 0 SS3 S S0 St i
E 8 W78 178 B 18 148 18 188 168
ESTWE -39 546 30 483 LSS -.103 .07 -.300 .08
S= 1 S5 3 S5 3 S5 3 S5 1 SEO0 St 0 S5 3 &t 0
- U8 18 8 18 168 18 168
ETRACT 85 -1 B 002 -i%0 -0 41b .00
S= 3 S5 3 S5 3 ST 0 SLF1 ST 3 SS 0 StE O
KEY:
EXTRACT 178 178 168 148 168 168 168
ND. OF DATA PAIRS X ~60 =795 AN -48 AR 20 -2
SARFLE CORR. COEFF. S= 3 st 3 St 1 osE1 8E 3 sf 3 s
SIGNIF ICANCE LEVEL
RESTTUE 178 168 168 148 168 168
B/KG-F S B ek -.080 48
SIGNIF ICANCE LEVELS: S5°3 853 Sl 3 S5 3 SF 0 si 3
SL = 1 FOR 0.037ALPKAY0.01 RES/EXT 168 18 18 168 168
SL = 2 FOR 0.013ALPHA0.005 RATIO 061 075 LAk -0 .id1
§L = 3 FOR 0.009)ALFHA St= 0 ST 0 SLE 3 SLE 1 SR i
. 1004 REV 168 168 168 168
PER AL 897 805 .97 94
3 oss3 stF 3 ose 3
KEV PER 18 18 168
UG PAKT 902 L8486  .53b
S5 3 S 3 St 3
REV PER 18 168
U EXI 4B 8
23 oai 3
REV PER 168
Ve RES R
S 3
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TABLE E~11. Emissicn and Bioactivity Correlations
CFDS Cycle - GM Vehicle Group - All Phases
EXTRACT RESID XTRACT EXTRACT RES T1 U v Pl V PER REV PER
7L ot T el L S et Sor T HEWE
N 73 73 73 74 73 73 71 72 72 n "N
nEAN 1922 40..7 1.4259 30,3232 2. 9879 2.8229  4.0074 L7175 27917 1.0361 29.4410
ST DEY_ L3410 12,7268 1,3655  1.8604 1528 1,7873 L4741 13,1042

9819 .811
RSD 173, 3105 8. 9346 §9.5407 40 6583 77, 1487 43.3719 46,4241 49,1701 84,0237 47,6899 44 6797

CORRELATION MATRIX

KESIDUE EXTKACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER KEV PER 100K REV
6/MILE  6/KG-F 1 G/KE-F  RATIO PER NI UG PART UG EXT US RES PER KG~F
YTRACT on 7 7 7% 7n 7 N 7” 72 n
EXTRAC S55  -.012 540 L555  -.055  -.503 185 =092  -.280  .948
G/KILE =3 S1=0 Stz 3 S=3 St= 06 S=3 5= 0 5= 0 S= 2 5= 0
73 7 73 73 3. n n n 7
KESIDUE 2 994 R4 139 =721 228 -7 -.515  .050
G/miLE S= 1 8= 3 S=3 S= 0 8= 3 S=1 St= 1 S= 3 = 0
73 7 73 7 N 7i n 7
smagx A2 =93 976 76 L1300 -3 -3 -.387

6/KG- 6= 0 St= 0 6= 3 Sz 2 St= 0 Stz 3 Sz 0 &=
KEY: 7 n 7 7 n N 7
¥0. G DATA PAIRS BOKACT 908 . 13 -8B - -SIS 0%

§‘}'§4§§1%%R& C%E)EFL Si= 3 SL= 0 S5 3 S0 S5 2 S53 sf
NCE L 73 7 7 72 7?2 n
RESLOUE e B O U S L St T
SIGNIFICANCE LEVELS: k=1 %= 3 8= 0 8= 0 Si= 3 8= 1
73 n n n 7
SL =1 FOR 0.05)ALFKA>0,01 RES/EXT 119 046,  -.330 -.135 -.452
= 2 FOK 0.01ALPHAY0. 005 RATIO : : N N 2 4ig
R IEER & hediira =3 8= 0 S=3 S=0 S=3
n N 71 71

150K REV
S 40 086 545 -.252
PER NI S0 T 0 SF 3 SEl
" n n
REV PER J87 563 .BSe
US FAKT St= 3 St= 3 SL= 3
7 7
REV PER

843 .98
U6 EXI SL= 3 Si= 3
REV PER i

419
UBRES g3

Reproduced from
est_availabl: copy, é
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TABLE E-12.

EXTRACT RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT
/MILE  G/MILE  G/KG-F i 6/KG-t  RATIO

N 48 48
NEAN 0759 .-5‘0
STh pev !

Emission and Bioactivity Correlations
CFDS Cycle - VW Vehicle Group - All Phases

o7
Logs 2.

kSD 2 39, 5685 2. 227A 9. 9272 3

194 2

i

1.4438
8312

5.5555

CORRELATI

4B

PER 1

46
3 7813 6 1675

ON MATRIX

100K REV REV PER KEV PER
UG PART U5 EXT

44
1.8827 9. 7768

1.33

460 _4,3358 B 6.2
38.;936 70.3004 7! 9066 A, 1"03 67, 7561

REU PER 100K REV
US RES PER Kb

45

89 6097
4. 6038
72 0947

2 4250

" RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV

6/8ILE  B/KG-F

A8 &?
078 994
St= 0 St= 3

RESIIWE 47
6/MILE <049

EXTRACT
G/RILE

EXTRACY
6/KG-F

KEY:
NO. OF DAYA

PLE CORR, CO£FF
SIBNIFXCANCE LEVEL
SIGNIFICANCE LEVELS:

SL = 1 FOR 0.053ALPHAY0.01

= 2 FOK 0.01ALPRAC, 005

S
SL = 3 FOR 0.005)ALPHA

156

1 G/KG-F  RATID PER NI UG PART UG EXT UG RES PER KG~F
A8 I A8 % m m m 5
92 043 -7 -8 =209 -Al% -.084  ~.07

S 3 SLE 0 ST 3 S0 S50 S=3 S= 0 S= 0.
48 7 a8 mn 8 m 48 45
980  .S01 .38 .098 235 .023  .370

g% gty gy a3 ste sss sbd a2
4 “ Y, S 45 45 45 S
D85 073 =767 -8 -am =387 =052 -.055
2% SF 0 S=3 S0 S= 0 S=3 SL= ) SL= 0
XTRA 47 A5 m 4 ab " A5
ERCT ey AL B L R UG
853 653 SF 1 &= 1 853 SEF O SE 1

3 a7 5 85 588 45
RESWE  si9 .44 s % 07 A0
§='3 6= 3 S= 0 S 1 St 0 St= 3

RES/EXT A6 4% 4 & 45

Eore a5 .80 S50 L 3%

BLE 1 S5 1 S 3 SE o0 StT ot

100K REV Ad 44 44 45

932 807 .95 9%

T T ST S

REV PER 44 46 45

: 952 987 948

WK g™y i3 wb s

895 .91

! T

REV PER 45

. 930

vp RS ¢ %%



TABLE E-13.

XTRACY RES}&)E EXTRA T EXT{ACT

Emission and Bioactivity Correlations

CFDS Cycle - MB Vehicle Group - All Phases

RES] 100K REV QEV PER

B T

/MLt 6/ /K6~ PER K1 U PART
N 22 22 22 22 22 22 20 20 20
meav L0663 3019 5823 14,0082  2.9613  6.4285 3.2047 7480  4.3900
SYB BEV 1.0323 L0606 L3374 B.0719 L3362 3.0424  2.6735 4778 5.B607

PER 100K

PER Kg—Ety

20 20

8681 26,4824

904 19,8239

RGp Y 48.8104 17.1347 357. 9327 50.4234 11,3539 45.8968 80.6063 63.8795 91 7161 9. 9459 74,2957

CORRELATION WATRIX

. RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV KEV PER REV PER REV PER 100K KEV

' B/MILE  G/KG-F 1 G/KG-F  RATID PER K1 UB PART UG EXT UG RES

EXTRACT N 2 2 22 2 20 20 20 20

G/NILE -648 997 990 =296 -.907  -91  -.212  -.395  -aid

S8l= 3 Sl= 3 S=3 S=0 Sl=3 S= 0 SL= 0 &L= stz 0

KESTD 2 2 2 22 20 20 20 20

Y R A - R O T

St 3 5= 3 S= 3 Si= 3 S= 3 S= 1 8= 3 SL= 1

EXTRACT n ) 20 20 20 2

6/KG-F . 295 <917 =212 <230 -5 -8

o 853 S-0 S= 3 S50 Ss 0 St i S0

) - EXTRACT 2 2 20 20 2 20

NO. OF DATA PAIRS 1 a3 -94 =282 280 -.4%6  -a79

SAWPLE CORR. COEFF. S5 1 S5 3 S50 S5 0 SE1 SE 0
SIGNIF ICANCE LEVEL :

RESIOUE 2 2 20 20 2

6/K6~F 492 L5 La5S 565 A7

SIGNIF ICANCE LEVELS: St= 2 St= 3 Sl= 1 St= 3 St= i

SL = 1 FOR 0.05)ALPHAY0.01 RES/EXT 20 2 20 20

SL = 2 FOR 0.017ALPHAYD.005 RATIO 328 .278 315 .183

= 1 FOR 0.003ALPHA 8= 0 St= 0 5= 2 St= 0

0 20 20 2

100K o 877 550 el

St= 3 St= 3 St= 3

V PER 20 20

ffs PaE'T 942 .99

Sz 3 Stz 3

REV PER 2

U6 EXT .505

St= 3

KEV PER

U RES

157
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TABLE E-14, Emission and Bioactivity Correlations
CFDS Cycle - "Other"™ vehicle Group - All Phases

6/Kb-F  RATI0 PER M1 U6 PART U6 EXT U6 RES PER K&-F

N 7 3 3 37 ¥ - 3 33 3 LX) 32 33
nEAN 1944 (2562  1.4373 45.2053 2.1958 1.7078 6 0494  1,2956 3.9242 2.4133 52,4203
STD DEV 0721 L1225 6053 18.3256 1.11B0 1.2532 A.0479 490 3.8315 1.3676 3B.1549
RsD 1 3701071 47.8131 34.9674 40.5386 50.9154 73. 3774 66.9149 S53.9501 92.5391 54.1591 22.7903

EXTRM{‘T RESIDé,( TRACY EXTR“CT RESIDYE RES/EXT 100K REV REV PER REV PER REV PER 100K REV
/HILE  G/KIL

CORRELATION MATRIX

"RESIDUE  EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV
~ 6/KILE  G/KG-F 1 6/KG-F  RATID. PER BI U6 PART UG EXT UG RES PER XKGF

EXTRACT 38 37 LY 38 38 13 33 33 32 3
6/MILE -.581 943 872 -.610 -.821 -.128  ~.134 -.4B0 A2 =N
St= 3 Sl= 3 Sl=3 St= 3 S 3 Sl= 0 Sl= 0 St= 3 St= 2 = 0

KESIDUE 36 36 38 36 32 32 32 32 32

G/NILE  --S51 -.690  .959 .53  .569  .308 .68 -.287 _ .573
: SLt= 3 St= 3 6= 3 S=3 SF 3 S5 1 S=3 S5 0 S 3

EXTRACT 37 k! 34 3 3 3R 33
6/KG-F 823 -502 -7 -.04B -.062 -.ADb A28 047
sis 3 se 3 Sl=3 S=0 S=0 S=2 S 2 St= 0
KEY: EXTRACT ¥ % ¥ 00BW W @ n
NO. OF DATA PAIRS 1 -.884 -942 -0 =223 -.605 A - 405
SAMPLE CORR. COEFF. St= 3 S= 3 Sl= 1 S= 0 Si= 3 6S= 2 = 2
NIF ICANC

SIGNIF ICANCE LEVEL RESIIUE 1 2 n- n 12 1
G/KG-F 866 422 391 A9 -2 664
SIGNIF ICANCE LEVELS: Sl= 3 Sl=3 St=1 S=3 Sl=0 SL= 3
SL=1 roa 0.053ALPHAY0. 01 RES/EXT 32 32 32 32 32
SL = 2 FOR 0.01)ALPHA>0.005 RATI A3 306 X ] AN
sL=3 oaooo JALPHA 0 St= 2 Sl=1 S=3 S=1 S5L= 3
' 00K REV 13 k4 k7] 33
1PER Ml .18 877 943 Ry,
Sl= 3 St= 3 S= 1 St= 3
S R R

i . - .
UG PAKT =3 St= 3 St=3

REV PER 32

299 .BBb
Us EXI t= 1 St= 3
REV PER 32
495
Ub RES gt
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TABLE E-15.

Emission and Biocactivity Correlations

" CFDS Cycle - "All" Vehicle Group - All Phases

XTRACT RES)D TRACT EXTRACT RESIDUE RES/EXT 100K REV V PER REV PER 100K REY

/8IL G/H} EE E/ E 1 6/K6-F ¢ Rzlm PER M] SE ParRT U6 EXT U6 RES  PER NG
N 180 179 179 181 178 179 170 171 172 169 149
WEAN 14 62 3286 1. 267’ 29. 7437 2. 9975 3.3233  4.8997  1.1483  5.3340 1 4588 47,6271
STB VY 113 3.4156 44,3657

1230 15.4 2.1786
kSD % 7?..:317 1. 4253 62. 5662 51 8394 3. 2892 65 5552 49,7105

. CORRELATICN MATRIX
+ RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV

.9498  5.8708
82.8740 110.0215

3092
78 3212 93.4780

G/MILE G/X6F T G/KG-F  RATI0 PER I UG PART UG EXT UG RES PEK KG-F
EXTRACT 79 % 180 178 19 170 10 10 169 19
E/MILE A6 SM 770 =201 631 -008 -4 -.396 -.038 =170
Sl= 1 = 3 =3 =3 673 S0 Sl=3 S=3 S= 0 =1
KESTIUE 178 179 178 19 189 149 149 19 168
GMILE ~-003 -394 Lea4 311 065 -.254 =075 =397 -.106

SL= 0 SL= 3 Sl= 3 SL= 3 5= 0 SF 7 SE O SF 3 SO

179 18 18 19 189 18 18 169
DORACT 816 -1 697 068 -128  -.332 084 -.0%8
Sl 3 S< 1 St=3 6= 0 S=1 S=3 S= 6 S= 0
KEY: EXTRACT 7w M 1 18
W0. OF DLATA PAIRS 1 -.607 -8 -.065 -.137 -.431 206 -.163
SAMPLE CORR. COEFF. = 3 S= 3 5= 0 St=1 Sl= 3 S= 3 Sl= |
SIGNIFICANCE LEVEL RESIDUE 78 18 148 18 168 168
6/KG-F - 440 336 .193 364 -.049 A0
SIGNIFICANCE LEVELS: Sl 3 SL= 3 L= 2 SL= 3 Sl 0 Sl= 3
SL =1 FOR 0.05)ALPHAYD. 01 RES/EXT 169 189 e 168 148
SL = 2 FOR 0.01)ALPHAYD. 095 RATI0 049 04 456 -3 12
§t = 3 FOR 0,0057ALPHA St= 0 S= 0 Sl= 3 S=§ Si= 0
170 170 169 169
A S T Bt
=3 S5 3 ST 3 sl 3
M 1

REV PER

896 917949
WA 523 ar'3 st 3
REV PER 169 149
49 870
VBT g% a3
REV PER 148
837
RS .8
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TABLE E-16.

Emission and Bioactivity Correlations

NY City Cycle - GM Vehicle - All Phases

RACT RFS PACT ERTRACT 8ES I 1000
i I&‘ e A L S RISl {1l A el e
" rs B » 3 » » 2% N ) 2 2%
ni L5422 10047 19934 20,048  4.1800  3.0048 7.B294 L3998 1.48%2 5937 23,3432
ST IEVE 2072 2035 3721 (L6769 L7408 1.2276 DAl LABID  L97e5 L3395 10,
ksa'3, 3002187 173357 3SIT0 32,0598 177160 406541 48718 4541 S9AEA 430G 46,8920
CORRELATION MTRIX
GESIOUE EXTRACT EXTRACT RESIDUE RES/EXT 100K RV REV PER BEV PR BEV PER 100K PEV
6/AILE  B/RGF T GG RATIO MER AL UG FMRT UG EXT UG RES  HER KGF
29 2 P 2 - 2 6 2 N
i AN JY N SRt SRR+ S T QR SRS
_ St* 0 Stsr 3 Sz 3 Slr 0 Ss 3 s O s € S+ 3 s 0 S 0
Pl 9 29 b 8 2% 2 2%
o TS + S Y S S ST G SRNY . St
* 0 Siv § R+ 3 S 0 Sst K= 0 S0 Ks 0 Sz
R YAl bl 9 2% 2 2 3 %
i A X NPYY SRt SRS ST\ R S T ¥
Str J Sr 0 Sle 3 Se 0 Sle H Sls ] e 0 Sts -
KEY: '
Pl by 2% 27 2 2 %
0. OF DATA PATFS BT 87 -5 -0l ad) ~si) i -aR
So€1E (GR. COEFF. S 3 Sts 3 Six 0 Stz 0 Sz 3 S 0 0
F
SIGAIFICANCE LEVEL RES1IVE i ° Py b 2% 26
6/XG5-F JI92 389 128 .oB6 -G53 06
SI5AIFJCANCE LEVELS: s 1 Ste 1 e 0 5= 0 S 0 e}
SLs | FOR 0,050APR20.01 RES/ENT 28 26 2 28 s
: 9638 0.0 94 -3 101 832 -8 030
& i { iR oAl o Ml qv0 sv 0 83 S 0 &% 8
2 2 2 2
‘%ﬁ :?' S92 el 57 8L
r3 S+ 3 e 3 Qa3
REV PER 27 2 %
W PaiT 867 882 90
* 3 =) =3
. REV PER 2% 2
us Ex1 737 782
= 3 Se 3
[ N
v R 2%
t;{s;{s T



TABLE-K-17. Emission and Bioactivity Correlations
NY City Cycle - VW Vehicle Group - All Phases

I:EL' '!S‘I&E ngj‘ [XTM ns&( D&S/f“ 1&%“ v 2\%2" Vu'fl Vu ® P’ioa(l:i-y

'?“ "“: 33"!‘ t l"u ) 910‘96 2 IO" 9. aw: 9 o 9“ 14 18
ey b9t Likedy 1960 -,a& Y ,oia L 4l 1RY %D m,
LR IR PR RIS W79 2001530 .76k 636005 24190 118.9744 50.3712 44,7818

CORRELATION PATRIX

. GESIDUE EXTRACT EITGACT ESIDUE RES/EXT 100K REV REV PER REV PER REV PIR 100K REV
G/MLE  B/EF 1 6/k6F  KATI0 FEK Ml UG PART U6 EXT UG KES KRk KGF

133004 ) 14 18 14 16 14 (L] 14 14 14

S/AILE - -.802 994 KoY AN Y ) BN TN .84 A0 -3 433 108
€s 2 v ) S5 3 S0 ) NI M 0 S0 S & SLs 0 S= O
KSIME 16 16 16 16 14 14 14 14 14
e/RlLE Tei¥  ~.754 980 240 A - BAT TN & A04
&s 3 e 3 Sz 3 S+ 3 Ss 0 8= 0 Sz 1 Sur ¢ S 0
gxtealt 16 % 24 14 14 1" e 14
6/ne-f S8 =678 ~.cEd .20 R BN 2 AL Jdo8
KEY SLe 3 OSs 3 S 3 Sus Qs 0 Sz 0 S 0 e O
:
£XTRALY M) ) 18 18 14 ) "
. &MUEE 9&’95 1 -8 -.94] A1 e -0 28 Bt}
» Gr'3 5t 3 S%r 0 HKe O Sz} ST 1 Sur 0
smmutl LEWEL
KESTOUE 1% 14 1 1t 14 8
B/nG-f bse L0003 Ais =108 43
SIGNIFICAE LEVELSS Gz 3 St 0 Sup 0 Sus 2 Sz 0 S 0
SL = 1 FOR 0,058 PHA0.01 RES/EXT 34 AL 1 ‘4
L= ; FOR .01 A Pwa>0.005 RATIO .0%8 S L899 <0335 A3
S = § FIR 0005 2ALFwA We ¢ & 0 Se= 3_s;= 0 S0
100 oEV 1] U 14 14
PER ol 07 .73 78 AT
S 3 U= 3 S 3 S 3
REV PER 14 it T4
UG PakT | 5 RTY
z 3 &= ] Sr )
REV PER [ 14
e Xt n IS
"2 Sz 3
Ky X0 4
ub RES 319

Reproduced irom o
best avaran'e copy. ~
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TAL.E E~18. Emission and Bioactivity Correlations
NY City Cycle - MB Vehicle Group - All Phases

i R i e St wl VS T /- A B A

Ry : J? 1' mg 50170 3 ; 5.7 . 2" ) 3 1 4 '
BT BT LY 44 JEW 189 .,¢32 BAL 6667 Ji06 2.1%60 14N 9
LRI R AL YRR ) L B I Y B PRGN R TR 15 SR A Y ‘i.ss w9

~30 1 37.3647 14,1670 43,5675 34.5108 \6.447‘ n.14 “.SvVG 19,9997 32,5400 441333 90.9768
CORRELATION PATRIX

GESIDUE EYTRACT EXTRACT RESIUE RES/EXT 100K REV REV PER  REV PER REV PER 100K REV
O/MLE  6/kGF 3 6/x6-F  RATI0 PERAL U6 PART UG EXT UG RES  PER KG6-F

£YI8ACY 9 ] ? 9 9 7 7 7 7. ?
S/NILE Sud J9BS 960 L0902 -.913 490 421 =026 L9 .32
S%r 0 Sr 3 Sr Y K+ 0 Red Ss 0 Ste 3 SLe 0 S 0 Ke O
9 9 9 9 ? 7 7 7 ?
2‘,’:}’12‘5 =20 =508 LE1 ST -0 -3 -] - W7 -4l
S 0 5z 0 Se 3 S*r 0 Sr 0 S2 0 SN2 0 Sr 2 S 0
9 [ 9 7 ? 7 7 7
?,12'.? 857 a3 -ST0 A% Lale =053 455 408
= 3 S* 0 S= 3 Stz 0 Sts O SLx 0 SUs 93 SLr ¢
KeY: i '

- § Y 7 8 8 ? )
0. OF D4TA PAIRS Bt N2/ ST I N YL SR 7 S ¢
SA%AE COAR. COEFF. ) R= 0 K= 3 5= 0 Sz 0 Sz 0 Sz 0 S 0
S15W;F JCAMCE LEVEL A — 0 . . . ; ,

. 6/he—F 207 U -0As 82 =085 292

S1GNIF JCANCE LEVELS: : Sr 0 Str 0 St 0 Sz 0 Sis 0 Sir O
SL= § FOR 0.050M Pa>0.01 RES/EXT 7 7 4 ? ?
S s 2 FOR o.oxﬁ&m»o.oos RATI0 =54 -85 -89 -7 889
S ¢ 3 FOR 0.00534U0mA ' Qs 0 We 0 Stz 0 Sx i W=z D
: ? 7 7 7

1o v K SR SR s B

+ 3 Sz 2 Si= 3 S 3

REV PER -8 7 7

- .804 m 929

UG Pais S 2 1 6:3

7 7

e L g

REV PER .

U5 RES S M‘;

1¢2



TABLE E-19.

Emigsion and Bjioactivity Correlations

NY City Cycle - "Other®™ Vehicle Group = All Phases

Ay

St St

UWACY “5155( RS‘/'S“ lm ESV ﬁv'm

AN Y4

R

. 2 2" 2 2 2 22 18 18 T 18 19
o A7 a0 19810 43,6088 2,185 14530 4300 L4402 L0000 12299 10.94)
STL IV .86 L20i] LEATD 19.61.3  1.2043  1.0BS3 S.3740  L4%d 128 LE0IS 300675
W30 T S.S05 45,7034 427479 40.3471 S5.9672 74.7352 BI.4A16 0.416 49.4875 710195 9.7910

 CORELATION MTRIX
| GESIE ENTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER KEV PER REV PER 100K REV
OALE 6/KGF 1 6/R6F  RATIC PER AL UG PART UG EXT UG RES PER KG-F
TeAlt 2 n 2 NN 19 8 18 18 13
Emfg ST SRCt S S WY SO | SR ST .\ oAa
S 1 S53 S5 3 SA 1 S5 3 St 0 ST O SLsi S0 St
o ! ” 2 i® 18 18 18 8
gz’x{“f SRS LY S YT AT A T . S SN | RV
b Srl Six 3 OSr 3 STl OSr 0 &K S 0 Str 1
RAZ ” 2 2 18 18 18 ‘8 .3
by I I I - T ARt AR S 13
3203 330 S.203 Sl T 0 S0 Sr2 S
KeY:
' EXTRACT 22 22 8 18 18 -9
SPET- SR T SO ¥ ST S NP | ST
St Coen, CLEer. ! G: 3 Sr 3 ST O Sy SE Y SF 0 S0
A
SIAIFICANCE (BAL RESTIVE *2 1) 18 18 18 18
6/K6-F .48 423 915 839 131 631
C1GNIF ICANCE | EVELS: 21 R: 3 Sl SF3 S0 St 3
SUL =1 FOR 0.053APHAX0, 08 RES/EXT 8 i 18 Ry i
FOk -0 075 L83 =320 004
& d i S RGeS0 KATID 00”0 s 0 S5t s 6 SO
18 '3 18 18
108 eV K YR T Y SE B
€< 3 S 3 ST 3 S 3
REV PER 19 -3 8
. J‘ .8‘9 .95‘
W PART o) 403 533
) REV PER 18 1
ot:é vF"J‘
Us Exi STl S
REV PER i3
820
UG KES 03

163

Reproduced from
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TABLE E-20. Emission and Bioactivity Correlations

NY City Cycle - "All" Vehicle Group - All Phases

REV PIR 100K REV

EXTRACT RESIDUE (ﬂRﬁC! EXTRACT RESIDUE RES/EXT IO“EW REV PER REV PTR
5 UG PAKT UG EXT  UB RES  PEN XG-F

/AILE  G/AILE  G/KG-F 1 6/Xe~F  RATID Ptk al

" 76 7 18 18 2% 78 83 82 69 63 63
nEW 39"9 8310 1, 3143 32,9703 3.1600  2.7922  6.348% L4190 2 8817 1.0149 28,4897
STP DEV 2458 5103 18,9977 1,2487  1,8459 4.21M4 $257  4.2793 11,0201 23,3070
kSh 1 6‘2 5636 61,409 49, 1698 S1.S545 39,4513 64,8219 66.4497 84,9349 168.‘?91 100.5141 81.86%9

CORRELATION mATRIX : ,
, RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER  JOOK WEV

G/AILE  G/KG-F 1 6/kG~F  RATIO PER Al UG PART UG EXT UG RES PER KG—F

EXTRACT % % % %8s 56 656
/RILE J78 L824 586 oso -.588 288 -.267 -85  -.08%  -.067
S 3 Sls 3 SLs 3 SLE OS5 3 S= 1 S= 1 S5 3 Sxr 0 Sz 0
KESTILE 7 7% 7% 78 65 65 65 65 65
GAILE 008 sl B 309 3 3B 2B S a8

Stz O St= 3 Sz 3 St= 3 Sl= 3 Stz 3 Sl=1 Sis 3 U=
CYTRACY 7% 76 76 65 4% 45 (M 6%
6/KGF 9 -.188 =079 L35 L056 -39 269 .248
Sts 3 Sis 0 Ss 3 s 3 Sz 0 =3 Sts 1 Se

KEY: '
& EXTRACT 76 76 6% &7 &7 45 45
W0, DF DATA PAIRS 1 -.438 -840 019 133 .38  .420 089
SaMLE CORR, CGEFF. SE 3 ST 3 ST 0 K0 Sk 2 S= 3 SO
SIGNIFICANCE LEVEL eI % . " " . s
6/R6-F 505 JA12 =197 L0500 <371 .08%
SIGNIFICANCE LEVELS: 73 S 3 K= 0 S 0 Ss 3 St= 0
SLx 1 FOR 0.05)8LPHAYD. 0 RES/EXT 85 85 65 65 65
SL = 2 FON 0.01)aLPHA>0,005 RATIO ~179 .18 .248 J712 =90
SL= 3 FOR 0.5k PHA = 0 S= 0 Si= 1 s 3 : §
65 £5 65 65
‘m ﬁ" S61 0 412 a1 807
S 3 Stz 3 Sl= 3 S= 3
¥EV PER 87 85 83
: g% 816 .50
BRI g3 mE 3 a3
REV PER 43 83
S5% 700
U Exi S S
.48
KEV PER

.810
us RS o819
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TABLE E-21. Emission and Bioactivity Correlations
IDLE Cycle - GM Vehicle Group - All Phases

P vl e A Sl SO il H A 3 I A M A

¥ 72 72 ol n Pad n 49 0 70 8 24
NEM .0393 .1455 2.2700 20,7310 4.4888  4.4498 82‘5 .4412 2 3286 .5658 18.9137
STh 1 0200 209298 7.4753  1.0045  1.86B% L4789 3130 17,4401

kSD l §9.9708 15. 3906 40,9506 37,0236 15,4806 41.8113 58 0893 53. 0913 56 1652 $3.3219 44.8438

CORRELATION BATRIX

RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV
6/AILE  6/KG-f Z 6/KG-F  RATI0 PER Rl UG PART UG EXT UG KES PER IGF

EXTRACT 9 I ) 69 69 9 &9
6/NILE .os% 593 94% <247 .913 TR S, S .331
St= 0 Sl= 3 Stz Sl 0 Sts Stz 3 Sl= 1 Sl=1 St= 3 SL= 1

RESIIVE 29 72 29 72 69 69 34 49 26

G/RILE S -2 872 263 274 079 22 039 A2

o St= 0 Sl= 1 Sl= 3 Si= 1 Sl=1 Sl= 0 S=1 S= 0 3= 1

EXTRACT 9 29 29 26 - 2 26 28 26

6/K6-F 94 -.199  -.8%) o9 272 ~.457 <362 406

XEY Stz 3 = 0 S= 3 S= 3 St= 0 St= 2 Sl= 3 S= %

EXTRACT 29 2 49 70 0 89 26

N0, OF DATA PAIRS 1 -.488  -.921 .18 205 -3% 393 .203

SaMPLE CORR, COEFF. Sl= 3 S= 3 St= 3 Sl= 1 S=3 Sl= 3 5= 0
SIOGNIFICANCE LEVEL

. RESTDUE 29 26 26 28 26 2

G/KG-F ) A4 377 439 169 Aud

SIGNIFICANCE LEVELS: St= 3 Sl= 1 = €= 3 St= 0 SL= 2

SL £ 1 FOR 0.053ALPHA0. 04 . RES/EXT 69 69 43 49 26

=2 FOR O, OI)ALPMW 005 ' RATIC =333 -.268 287 -4l -,138

SL 3 3 FOR 0.0033ALPHA St= 3 St= 1 Sl= 2 St= 3 S= 0

100K REV 49 19 69 {

PER K +94 T8 963 KT

St= 3 5= 3 =3 8=3

REV PER 70 89 28
UG PAKT 821 SN 549
St= 3 S= 3 5= 3

REV PER 69 2%
U EXI A9 575
St= 3 St= 3

BTt D "\l
n n

US KES 938
SL= 3
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TABLE E-22. Emission and Bioactivity Correlations
IDLE Cycle - VW Vehicle Group - All Phases

XTRALT RES EXTRACT EXTRACT RESIIVE  RES/EXT lOOK V REV PER REV PER REV PER 100K K
10 R

/AILE  G/A 6/KG- 6/h6-F  CATI0 PER Wl UG PART UG EXT UG RES
N A5 4 17 4 17 A5 43 43 45 43 15
AN 0118 L0064 1 6534 54,9287 1, 1119 1. 4058 .2225 1.2073  2.4889  3.4785 44,0289
STD DEV L0114 0030 1.40B5 21.8928 4505 2.521 L3061 2,0093  J.6484 5,878 49.1145

RSD L (96,7161 43,4463 85.1908 19, 8.;81 40.5214 179, 3810 137, 5820 166.4265 146.5085 159.8201 112.0094

COXRELATION MTRIX

, RESIDUE  EXTRACT EXTRACT RESIDUE RES/EXT lOOK REV KEV PER REV PER REV PER 100K KEV
" G/MILE  G/KG-F b4 6/KG-F  RATIO . PER Al UG PART UG EXT UG KES PER KG—F

EXTRACT 4 - 17

- a4 17 m 3 3 Q 15
6/NILE 22 997 .15 L1150 -351 513 .ozs 120 26 Al
S0 St=3 St= 3 Sl=0 SL=2 S= 1 S=0 St=0 Sl=1 St= 0
KESIDUE 17 m 17 mn a3 3 38 15
G/MILE A9 =260 977 159 .40 -.08L  -,078  -.190 =217
S50 SLE 1 SE3 S50 S=0 S50 SEO0 S=EO SEO
EXTRACT V) 17 17 15 15 15 15 15
6/XG+F J88 L107 =398 L35 -aid =23 A 3%
r SL= 3 SL= 0 S50 SL=0 S=0 S0 S0 S0
) XTRACT 17 4 a3 3 A3 a3 15
ND. OF DATA PAIRS E e -Alk =595 . W12 106 -.082 .43 .S20
SARLE CORR. COEFF. St= 1 Si= 3 5= 3 S=0 S= 0 SL=3 Stz 1
STGNIFICARCE LEVEL ' RESTDUE 17 15 15 15 15 15
6/XG-F 268 -.282  -.506  -.A76 -.498 =278
SIGNIF ICANCE LEVELS: Sl= 0 S= 0 SL= 1 S= 1 SL= = 0
SL = 1 FOR 0.053ALPHAY0.01° RES/EXT 3 a3 a3 3 15
SL = 2 FOR 0.012ALFHAX. 005 RATIO -2 =19 L0122 -.204 =300
SU = 3 FOR 0.0053APHA SL= 0 SL=0 St=0 SL=0 S0
3 43 43 15
‘3?;‘; fﬁ" 0y I L N
§Ll= 3 SL= 3 S 3 SL= 3
REV PER a3 A3 15

PaKT 974 .808 T4
Us P Sl 3 Sl= 3 &= 3

3 1

f,%";’ﬁ“ J06 W8S
- Sl= 3 St= 3
15
REVEE  a88
= Sis 3
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Emission and Bioactivity Correlations
IDLE Cycle - MB Vehicle Group - All Phases

TABLE E-23.

1 RES) YTRACT  EXTRACT S/ ( REV REV V. PER REV PER
Toce! SESIOE EXT EXRACT KSIWE RENET R ATV G QP B N

2 2 10 22 100 22 20 20 2 2 8
.é'm .00721 L0408 L7966 15.3691  4.0652 6.0448 L1823 L4105 2.8800  .4B25 17.8519
SYR DEV ., .0022 L0103 L3517 4.6047  .B976 2,0176 1125  .2807 1.8875 3309 B.7418

65,5392 48.5924 48.9684

kSh Y 31.1607 25.6887° 44,1536 29.9611 22,0812 33.3860 61.7247 48.37%0

-RESIDUE  EXTRACT EXTRACT RECIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV

6/MILE  6/KGF 4

EXTRACT 22 10 22
6/RILE 068 951 749
St= 0 St= 3 St= 3
RESIDUE 10 22
G/MILE -.100 -.586
St= 0 St= 3
EXTRACT 10
6/X6-F 898
L= 3
KEY:

) : EXTRACY

W0, OF DaTA PAIRS 1

SAMPLE CORR. COEFF,
SIGNIF ICANCE LEVEL

SIGNIFICANCE LEVELS:

St OR 0.057ALPHA0 .01
SL = 2 FOR 0.013ALFrA>0.005
SL = 3 FOR 0,0053AL-HA

CORRELATION MATRIX

6/K6-F  RATI0 PER NI UG PART UG EXT UG RES  PER KG—F
10 7 2 20 2 20 8
J%0 821 =009 .2'*9 <371 =205 L107
St= 0 St= 3 S= 0 Sie Sl= 0 Sl= 0 St= 0
64‘3 68212 1123 333 233 ‘33 132

s[:x S5 3 SLE 0 S5 1 S50 S5 1 S5
10 8 8 8 8 8
o -B37 - .284 L0664  -.0A1  .080  .437
St= 0 St= 3 SL= 0 SL= 0 SL< 0 SL= 0 SL= 0
10 p7) 20 20 20 20 8
022 -93%  -.020 .04 .41 144 354
S 0 SL= St= 0 Stz 0 Stz 0 St= 0 ST o
RESIIUE 10 8 8 8 8 8
6/K6-F 002 287 -.088 -.049 -.001 349
St= 0 St= 0 Sl=0 SL=0 St= 0 St= 0
RES/EXT 20 20 20 2. 8
RATIO -410 =230 011 =267 =35
L= St= 0 SL= 0 SL= 0 ST D
100K REV 20 20 20 8
PER NI S50 .949 A
=3 SF 3 s8Le 5= 3
REV PER 20 20 8
UG PAKT .96 .9 .88
= - SL= SL=

REV PER 2 8
U6 EXT K7 BV
= 3 St 3
REV PER 8
US KES . .885
stz 3
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TABLE E-24. Emission and Bioactivity Correlations
IDLE Cycle - "Other" Vehicle Group - All Phases
XTRACT RES] EXTRACT EXTRACT RESI RES/EXT 100K REV REV PER REV FIR REV PER 100K
Elnl&: 6/ul 6/X6~F 1 6/KG- Rﬁ’lh PER NI UG PARY wo EXT UG RES PR KH
N kY) n 22 37 22 3 3 3 3 18
ﬂEM L0431 L0160 3.4040 40.76%0 1.2593 9148 2417 .6292 1.3192  1.7427 21,4140
ST LOA440 L0094 3,0905 20,3677 L6961 L9380 L1547 AR 1477 §.1737 120470
RSD l 151 9776 58.6159 90.7895 33.5146 33.2808 102.5426 3. 9899 49.5827 67.0860 67 3488 57,7076

CORRELATION MATRIX
RESIDUE EXTRACT EXTPACT RESIDUE RES/EXT 100K REV REV PER REV PER REV PER 100K REV

B/MILE  G6/K6~F 1 G/KG-F  RATI0 PER Ml UG PART UG EXT UG RES  PER KG-f
EXTRACT ” 22 3 2 3 3 3 o on 18
E/NILE 260 828 .87 ~a7 -.584 S4B -5 -.573 44 a0
St= 0 St= 3 S=3 St= 0 S=3 Sl=3 Sl=3 Sl=3 S=0 SL= 0
i R G R S RO R . S
JHIL . - . . . - -020 =292 .13
St= 0 St= 0 Sl= 3 Str 1 Si= sL= St= 0 SL= 1 SL= O
EXTRACT 2 2 2 18 18 - 18 18 18
6/K6-F J58 L055 =532 265  -.499 -,5Bs  .0BS .30
- Sl 3 Stz 0 St= 3 St= 0 6= St= 3 St= 0 SL= 0
) EXTRACY 2 Y] 13 3 n 1 18
¥0. OF DATA PAIRS 1 -486  -.8B0 499 -.259  -.623 41 232
SAMPLE CORR. CGEFF. St= 1 Si= 3 5= 3 S=0 Sz 3 SL=3 S 0
SIGNIF ICANCE LEVEL ~
RESIDUE 2 18 18 18 18 18
: 6/KG-F 98 198 -.167 408 -.408 258
SIGNIF JCANCE LEVELS: St= 3 Sl= 0 St= 0 S=1 Sl= 1 SL= 0
SL = 1 FOR 0,055ALPHAX).01 RES/EXT k3 gt n n 18
o = 2r0Rom LPHA. 005 RATIO =256 50 .44 -.385  -a07
& = 3 FOR 0.009%AL =0 St= 0 S=3 =1 S= 0
109K REV 13 i 3318 .
PER H[ 19 -02% S16 .58
=0 S=0 S=3 Sl= 3
REV PER S SRR ¢ 18
UG PAKT B 7S AW
St= 3 Sl= 3 Sz 1
REV PER k| 18
U6 EXT 277 AW
St= 0 SL= 0
REV PER 18
U RES XYl]
Sz 3 )
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TABLE E-25.
TR T
EARE SR
N 177 177
Kool 0289 L0693
STD LEV 0285 L0459

kSD I 98.6226 95.133]

Emission and Bioactivity Correlations
IDLE Cycle - "All" Vehicle Group - All Phases

XTRACT EXTRRCT
1K6-F

78 178
2.2666 37,2272 3.5312
2.0197 24,5281 2.5950

89.1091 63.8875 73,4879

78

B _"&9(&" B B P

v PER
RS
177 165 166 168 165
3. 1263 .!732 .6733 2.2388  1.4023
2.7032 1.0967 2.2594  3.3034
B6.4437 97, 9312 162 8839 100 $273 206.16%4

R

67
32,9041
28.0038
85.1074

CORRELATION M’RIX

 RESIDUE EXTRACT EXTRACT RESIDUE RES/EXT IOOK REV REV PER REV PER REV PER 100K REV

S/MILE  6/K6F 1 G/KGF RATID PERKI U5 PART UG EXT UG RES PER IG-F
TRACT 177 78 177 78 Y 1865 xss 149 145 &
&ms 300 LB LM 129 =27 ABY -.125  ~.218 -.040  L144
=3 St=3 S=3 5= 0 St= 3 S=3 Sl= 0 S= 3 Sl= 0 St= 0
5] 78 17 78 177 165 165 165 165 67
.EEM'&’E =020 =827 957 513 0 661 0200 07 - 303,161
=0 S=3 S= 3 S= 3 St= 3 Sl= 3 S= 0 SL= 3 S= 0
RAT 78 78 78 87 87 . . & 87 &7
E’}{‘é“.;? L .452 -.098  -.485 236 -.104 0 -.281 046 .21l
- St= 3 St= 0 Sl= 3 S= 1 5= 0 &= St= 0 St= 1§
) SR Ry S R
. T“ Ph . ) e - e . .
§'§§'§1€3RR- cégrSF. : =3 S=3 S=3 S=3 St= 3 &= I St= 0
KIFICANCE LEVEL : '
RESIDUE 78 87 67 67 87 67
6/KG~F RIL L0680 <260 -.08% -.340 4t
SIGNIF ICANCE LEVELS: =3 6= 3 5= S=0 S=3 8= 0
SL = 1 FOR 0.053ALPHAY0.01 RES/EXT 165 5 5 185 87
SL = 2 FOR 0.C13ALPHAY0,005 RATI0 J01 -220 .80 -3 -8
§ = 3 FOR 0.0053ALFHA Sl= 0 Sl= 3 St= 1 S= 1 St=1
145 185 165 67
‘3%';‘; f&" 201 386 JA14 L689
St= 3 Sl= 3 SL= 0 St= 3
"REV PER 164 145 8
B2 820 .660
WP 923 a3 st3
REV PER 16 &
R 604
. U6 EXI 2
REV PER 67
UB RES 138
CO 1
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