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Abstract

The objective of this project was to measure and characterize particulate emissions from light-duty
dternative fud vehides (AFVs) and equivaent gasoline-fueled vehicles Thiswork is part of amore
extensive research program co-sponsored by the Coordinating Research Council, the South Coast Air
Quadity Management District, and the Nationa Renewable Energy Laboratory (NREL) to augment the
current database of particulate emissons from conventiond vehicles and light-duty AFVs. It includes
particulate emission testing of afleet of 129 gasoline-fueled vehicles and 19 diesel vehicles (Norbeck,
Durbin, and Truex 1998). Particulate measurements were obtained over Federd Test Procedure (FTP)
and US0D6 cyclesfor totd particulate, as well as the fraction of particulate below 1.0, 2.5, and 10.0 pum.
Chemicd characterization of the exhaugt particulate was dso performed, including determination of
organic and dementa carbon fractions, andysis for trace e ements and ions, and speciation of
polynuclear aromatic hydrocarbons (PAHS), hopanes, and steranes.

FTP average particulate emissions for compressed natura gas (CNG) and 85% methanol/15% gasoline
(M85) fueed vehicles were 1.40 and 0.70 mg/mi, respectively. These values are low and comparable
to those of their gasoline counterparts. CNG vehicles produced lower non-methane hydrocarbon
(NMHC) and carbon monoxide (CO) emissions than gasoline vehicles for both the FTP and the US06.
Oxides of nitrogen (NO,) emissonsfor CNG vehicles were comparable to those for the gasoline
vehiclesfor the fleet average, and dightly lower when the highest-emitting CNG vehicle was removed
from the average. M85 produced lower NO, emissions but higher CO and organic materia
hydrocarbon equivaent (OMHCE) emissions than did reformulated gasoline (RFG) over the FTP. M85
produced lower emissions than RFG for tota hydrocarbons (THC), NMHC, CO, and NO, over the
US06 cycle. Particulate, NO, and CO emissons were higher from the more aggressive US06 cycle
than from the FTP for dl vehicdle/fue combinations, with some vehicles having significant increasesin
particulate emissions over the USD6. Average US06 particulate emissons were 7.76 and 3.62 mg/mi,
respectively, for the CNG and M85 vehicles, or afactor of more than 5 greater than the FTP vaues.
Most of the particulate mass was below 10 um in aerodynamic diameter (77%-92%) with 58%-82%
of the mass below 2.5 um, and 42%-77% below 1.0 pm.

Particulate samples were andyzed for organic and eementd carbon, trace dements and ions. Elementa
and organic carbon were primary congtituents. Other species identified include possible fuel-derived
components (SO,%, S) and oil/wear derived components (Mg, P, Ca, Zn, Fe, Si, and Al). Low
emissons levels and large sample-to-sample variability made it difficult to differentiate between the
species profiles for different vehicle/fue combinations. PAH emissons were highest for the RFG
vehicles over the FTP and the US06. PAH emissions for M85 vehicles were considerably lower than
RFG over the US06; PAH emissions for CNG vehicles were considerably lower than those for RFG
vehicles over both the FTP and USD6.




Glossary and Abbreviations

ACNAPE ..o, acenaphthene

ACNAPY oo acenaphthylene

AFV e dterndtive fud vehide

A MFLU ..o a methylfluorene

ANTHRA ... anthracene

ATMNAP ..o atrimethylngphthdene

A MPHT .o a methylphenanthrene

2] 2 S benzo(b+j+k)fluoranthene
BIPHEN......cccoiiiiieeeeeee e biphenyl

BTMNAP ..o b-trimethylnaphthaene

C DMPH.....ccieeeeeeeeeceee e c-dimethylphenanthrene
CE-CERT ..o College of Engineering: Center for Environmenta Research and
Technology

C MFLU ..o, c-methylfluorene

C MPYR...cooieeeeeeeeee c-methylpyrene
CNG...oieee e compressed natural gas

CO it carbon monoxide

CTMNAP ... c-trimethylngphthalene

CVS e congtant volume sampler

D14523......oo e 2,3+1,4+1,5-dimethylnaphtha ene
DMNI2 ... 1,2-dimethylnaphthaene
DMNZ267 ... 2,6+2,7-dimethylngphthaene
DMNL367 ...c.oeoeieiieienieeieeee e 1,7+1,3+1,6-dimethylngphthalene
DNPH. ..o dinitrophenyl-hydrazine

DRI .ot Desart Research Indtitute

Bl e electron impact

EM 12N 1-ethyl-2-methylngphthaene
ETMNAP. ... e-trimethylngphthdene

FRV e flexible-fud vehide

FLUORA ... fluoranthene
FLUORE........cooieee e fluorene

FTMNAP. ... f-trimethylngphthaene

FTP e Federal Test Procedure

GCIMS ... gas chromatography/mass spectrometry
GTMNAP ... g-trimethylngphthdene

HPLC....oo e high-performance liquid chromatography
[PML e liters per minute

1Y O 1-methylfluorene

M _IPHT e 1-methylphenanthrene

M _2BPH.....ccooieeeeeeeeere e 2-methylbiphenyl




M _2PHT ..o 2-methylphenanthrene

M _3BPH.....coooe e 3-methylbiphenyl

M_4ABPH.....coiiiieeeee 4-methylbiphenyl

MBS 85% methanol/15% gasoline fuel

MNAPHL ..o 1-methylnaphthalene

MNAPH2 ..o, 2-methylnaphthalene

NAPHTH. ... naphthalene

NMHC.....ci e non-methane hydrocarbons

NOK it oxides of nitrogen

OC. . oxidation catalys

OMHCE ...t organic materia hydrocarbon equivaent

PAH ..o polynuclear aromatic hydrocarbons

PHENAN.....ccooeee e phenanthrene

PM e particul ates

PTFE. ... polytetrafluoroethylene

PUF .o polyurethane foam plugs used for measuring semi-volatile
organic compounds

PYRENE......coo e pyrene

] C TR Cdifornia Phase |1 reformulated gasoline

S 011 0 TSRS gtandard cubic feet per minute

TOR ..o Therma/Optica Reflectance andyss

1 [ total hydrocarbons

TWEC.. e three-way catalyst

VERL. ..ot Vehicle Emission Research Laboratory

XAD ..ot polymer resin used for measuring semi-volatile organic
compounds

XRF oot x-ray fluorescence




1.0 Introduction

Although significant improvementsin air quality have been made over the past 20 years, many parts of
the country ill do not comply with Nationd Ambient Air Quaity Standards (NAAQS). To hep
address this problem, Congress enacted the Clean Air Act Amendments of 1990, with provisonsto
force broad changesin fuds and vehicles. Asthe trangportation industry struggles to comply with these
regulations, dternative fuds and reformulated gasolines have emerged as important components of many
ar pollution reduction plans. Alternative fudls, in particular, offer the potentid dua benefits of energy
independence and an improvement in air quaity. For dternative fuelsto be viable replacements for their
petroleum-based counterparts, however, their impact on air quaity must be assessed. Although much
research has shown potentid air quaity benefits from dternative transportation fuels, many uncertainties
dill exig in the technica community about the impacts of dterndtive fuds, and the emissons rates and
composition of some combustion products.

One pollutant that has received considerable atention recently is particulate matter. Recent studies
indicate that increases in human mortality and morbidity are associated with particulate (PM) pollution
levels significantly lower than those previoudy bdieved to affect human hedlth (Dockery and Pope,
1994; Hedlth Effects Indtitute, 1995). Limited studies have shown that particulate emission rates from
properly functioning modern gasoline-fuded vehiclesare smdl: on the order of 2-10 mg/mi (Hammerle
et d.,1991; Siegd et d.; 1994; Zinbo, Karniski, and Weir, 1995). Severd recent studies have shown,
however, that high carbon monoxide (CO) emitting and smoking vehicles can have particulate emisson
rates severa orders of magnitude higher than properly functioning modern gasoline-fuded vehicles
(Dickson, Henning, and Oliver, 1991; Sagebid et d., 1997; Cadle et d., 1997; Durbin et a., 1999).

The objective of this project was to messure particulate emissions from light-duty dternative fuel
vehides (AFVs) and equivaent gasoline-fueled vehicles. Particulate measurements were obtained over
Federa Test Procedure (FTP) and US0D6 cycles. Measurements included total particulate as well asthe
fraction of particulates below 1.0, 2.5, and 10.0 pm. Chemica characterization of the exhaust
particulate was aso performed, including determination of organic and dementd carbon fractions,
andydsfor trace dements and ions, and speciation of polynuclear aromatic hydrocarbons (PAHS),
hopanes, and steranes. Thiswork is part of a more extensive research program co-sponsored by the
Coordinating Research Council, the South Coast Air Quality Management Didtrict, and the Nationa
Renewable Energy Laboratory to augment the current database of particulate emissons from
conventiona and dternative fud light-duty vehicles, and includes particulate emission testing of afleet of
129 gasoline-fueled vehicles and 19 diesd vehicles (Norbeck, Durbin, and Truex, 1998).




2.0 Experimental Procedures

2.1 Vehicle Fleet Description and Recruitment

Table 1 lists and describes the vehicles tested in this program. For each fue category, five vehicles with
the same make, model, and modd year were sdected for testing. In conjunction with each AFV tested,
control tests aso were performed. Control tests were run on Cdifornia Phase |1 Reformulated Gasoline
(RFG) usng the same engine or vehicle for M85, and on vehicles with the same make, modd, and
mode year for the CNG vehicles. To the extent possible, CNG and RFG control vehicleswith smilar
mileages were sought. Although there were some differences in the mileages for the CNG and RFG
control vehicles, the effect of mileage on the emissions results is expected to be small in comparison with
the effects observed for vehicles operating on different fud types. Where possible dl vehicdleswithin a
specific fud group were obtained from the same fleet operator. The CNG Dodge Caravans were
obtained from the University of Cdifornia, Riverside, fleet services department. The RFG Dodge
Caravanswere dl obtained from VPSl Inc., acommuter van service. The Ford flexible-fud Tauruses
were dl obtained from private owners.

Table 1. AFV Testing Matrix
Model Make Model Odometer  Engine SizeType Catalyst Type

Y ear (miles)
CNG Vehicles
1 1994 Dodge Caravan 30,793 3.3L V6 TWC+OC
2 1994 Dodge Caravan 38,154 3.3L V6 TWC+0OC
3 1994 Dodge Caravan 21,321 3.3L V6 TWC+0OC
4 1994 Dodge Caravan 14,117 3.3L V6 TWC+OC
5 1994 Dodge Caravan 46,765 3.3L V6 TWC+0OC
RFG Control Vehicles
1 1994 Dodge Caravan 40,834 3.3L V6 TWC
2 1994 Dodge Caravan 48,478 3.3L V6 TWC
3 1994 Dodge Caravan 65,335 33L V6 TWC
4 1994 Dodge Caravan 73,354 3.3L V6 TWC
5 1994 Dodge Caravan 74,379 3.3L V6 TWC
M85 and RFG Control Vehicles (operated on M85 and RFG)
1 1994 Ford FFV Taurus 98,328 3.0L V6 TWC
2 1994 Ford FFV Taurus 31,660 3.0L V6 TWC
3 1994 Ford FFV Taurus 47,973 3.0L V6 TWC
4 1994 Ford FFV Taurus 61,499 3.0L V6 TWC
5 1994 Ford FFV Taurus 51,988 3.0L V6 TWC

2.2 Test Fuels

The three test fuels used for this project were CNG, M85, and RFG. M85 and RFG were both
obtained from Phillips Petroleum Company in Borger, Texas. The M85 for testing was produced by
gplash-blending 85% pure methanol with 15% RFG. The fuel for the CNG vehicles was obtained from




the local campus supply station, which was common to dl the CNG test vehicles. Appendix A presents
fuel specifications and andyses on fuel samplesfor the CNG, M85, and RFG.

2.3 Vehicle Testing

Each vehicle/fud combination was tested for total hydrocarbons (THC), non-methane hydrocarbons
(NMHC), CO, oxides of nitrogen (NOy), and particulate emissions over back-to-back FTPs on
consecutive days. Immediately following the completion of the second FTP for each vehicleffud
combination, each vehicle was tested over 2-4 iterations of the USO6 cycle for gaseous and particulate
emissions. Four iterations of the US06 were used to collect sufficient particulate samples for chemica
andyss. Alcohol and carbonyl emissons were aso collected on a subset of the tests on the M85 and
RFG vehicles. The details of the particulate and acohol sampling are presented in Sections 2.4 and 2.6,
respectively. All M85 and RFG vehicles were refueled and preconditioned using the procedures
developed through Auto/Oil program (Burns et d., 1991). The heat build steps were excluded from the
preconditioning because evaporative emissions tests were not conducted. The CNG Dodge Caravans
were preconditioned over oneiteration of the LA4 driving schedule. All vehicles were soaked overnight
between 72+2°F after preconditioning and prior to testing.

All tests were conducted in CE-CERT' s Vehicle Emission Research Laboratory (VERL) equipped with
aBurke E. Porter 48-inch single-roll dectric dynamometer and a Pierburg congtant volume sampler
(Cv9Y)/dilution tunnd system. Sampling was conducted with VERL's 10-inch-diameter dilution tunnel.
CV Sflow rates of 350 and 493 standard cubic feet per minute (scfm), respectively, were used for FTP
and US06 testing for gasoline vehicles. CV S flow rates of 693 and 856 scfm were used for FTP and
US06 testing for M85 and CNG-fueled vehicles. Higher flow rates were used for the USD6 cycle to
provide greater exhaugt dilution due to larger exhaust volumes expected for the more aggressive driving
schedule. Some tunnel temperatures in excess of 52°C were gtill recorded, however, during the most
aggressive portions of the USD6 cycle. Higher flow rates were used for CNG and M85 vehicles
because combustion of these fudls produce higher concentrations of water in the exhaudt.

2.4 Particulate Sample Collection

The particulate sampling protocol for this project was designed to provide mass emissions rates, Sze
digtributions, and samples for analysis for organic and dementa carbon fractions, metals and inorganic
ions, and speciation of the organic fraction of the particulate. The particulate sampling and analysis plan
for this project follows:

» For each of the 20 vehicle/fud combinations, FTP particulate mass emisson rates were determined,
aswell asthe fraction of mass below 1.0, 2.5, and 10.0 nm in aerodynamic diameter.

» For each of the 20 vehicle/fud combinations, particulate samples were collected for analysis of
organic and inorganic carbon, and determination of trace eements and ions. FTP samples were
andyzed for dl five vehicles within each fud/vehicle group (i.e, CNG Dodge Caravan, RFG Dodge
Caravan, M85 Ford Taurus, and RFG Ford Taurus); US06 samples were andyzed for two
vehides within each fue/vehicle group.




» For each of the four vehicle/fud groups, samples were collected for detailed speciation of the
PAHSs, hopanes, and steranes. The samples for each fud/vehicle group were * pooled” by
combining individua samples from within each group. Samples for the FTP for each fud/vehicle
group were “pooled” using samples from al five vehicles. Samples for the US06 for each
fud/vehicle group were “pooled” usng samples from only two vehicles.

The dilution tunnel used for sampling was fitted with three sampling probes located about 100 inches
downstream of the exhaust mixing flange. The sampling configuration, filter media, and andyses are
summarized below.

» Probe 1 wasfitted with 47 mm, 2.0 um Geman Teflon membrane filters usng a Fierburg particle
sampling system to obtain total mass particulate emission rates for each phase of the FTP. This
probe holds three filter assemblies with automatic sampling for each phase of the FTP. Each filter
assembly was fitted with a primary and a backup filter.

»  Probe 2 wasfitted with atwo-way flow splitter. Onefilter holder wasfitted with prefired Pdlflex
2500 QAT-UP quartz fiber filters for organic and lementd carbon andyses, and detailed
gpeciation of the particulate PAHS, hopanes, and steranes. Thin stainless-sted rings were placed in
front of the quartz fiber filters to provide amore uniform and well-defined deposit for carbon
anaysis. The quartz filters were backed up using a vapor-phase trgp for PAHs conssting of XAD-4
resin (polystyrene divinylbenzene polymer) sandwiched between two polyurethane foam (PUF)
plugs for callection of semi-volatile PAHs. The other filter holder was fitted with 47 mm Geman
Teflon membrane filters for analyses of trace dements, and determination of sulfate, nitrate,
ammonium, and chlorideions.

* Probe 3 wasfitted with aMOUDI cascade impactor for collection of size segregated samples.
Uncoated auminum foils were used for impaction substrates together with 47 mm, 2.0 um pore Size
Geman Teflon membrane after-filters. For each test, the MOUDI was configured using the stages
corresponding to cut-points of >18, 10, 3.2, 1.8, and 1.0 um aerodynamic diameter and fitted with
an after-filter to determine the total mass below 10.0, 2.5, and 1.0 pm aerodynamic diameter.
Although there is no specific impaction substrate for the collection of 2.5 mm particulate, the mass of
particulate below 2.5 mm can be obtained by assuming that haf of the mass collected on the 1.8 nm
impaction subgtrate is from sub-2.5 mm particles.

For each test, mass emission rates were determined for each bag of the FTP, using two iterations of the
FTP. Samplesfor chemica analysis on quartz-fiber filters and the PUF/XAD substrate, and Teflon
membrane filters were collected cumulatively over both back-to-back FTPs. MOUDI samples were
aso collected cumulatively over both back-to-back FTPs. Each FTP sequence was performed twice to
obtain sufficient sample for mass andyss by bag and chemical andyss. All samples were collected
cumulatively over the two to four USD6 cycles. Four iterations of the USD6 cycle were performed on
two vehicles within each fud/vehicle group to obtain samples for andyss of dementa and organic
carbon, trace elements, and ions and “pooled” samples for PAH, hopane, and sterane analyses. Only
two iterations were performed on the remaining three vehicles in each fud/vehicle group to obtain
samplesfor mass anayss.




For the CNG Dodge Caravans and the Ford Tauruses operated on M85, sampling rates for tota
particulate mass by bag of the FTP (Probe 1) were collected at 80 Ipm. Polytetrafluoroethyelene
(PTFE) and quartz fiber filters for chemica analyses were sampled at 60 |pm. For the conventiona
RFG vehicles, sampling rates for total particulate mass by bag of the FTP (Probe 1) were collected at
47 Ipm. PTFE and quartz fiber filters for chemica andyses were sampled a 30 and 60 |pm,
respectively. MOUDI samplesfor al tests were collected at 30 |pm. It should be noted that higher
sampling rates were used for the AFV s to compensate for the increased dilution for these vehicles. All
particulate sampling was performed under isokinetic sampling conditions using removable probe tips of
different diameters.

2.5 Particulate Sample Analysis

Teflon membrane and auminum MOUDI substrates were weighed before and after sampling to
determine the collected mass using an ATI Orion ultra-microbaance. The microbaance islocated in an
environmenta weighing chamber maintained at atemperature of 25°+0.5°C and ardative humidity of
40+5%. Before and at the completion of sample collection, substrates were preconditioned for at least
24 hours in the environmental chamber before weighing. Particul ate mass emission rates were corrected
based on the daily tunndl blank measurements, which averaged 0.07+0.11 mg/mi with arange from0.00
to 0.49 mg/mi. Tunnel blanks were collected daily over aperiod of time roughly corresponding to Bag 2
of the FTP. The precison for particulate mass emissons measurements is 0.13 mg/mi & one Sgmafor
the FTP tests. Minimum detection limits are about two to three timesthe measurement precision.

The Teflon membrane filters collected from Probe 2 were utilized for chemicd anadyss of metds and
other trace dements, and sulfate, nitrate, ammonium, and chloride ions. All analyses were conducted by
the Desert Research Ingtitute (DRI). Samples were stored in petri dishes in arefrigerator before
shipment to DRI. Shipment to DRI was in a cooler with blue ice packs. Metals and other trace elements
were andyzed using X-ray fluorescence (XRF). Filters were then extracted in a 60:40 mixture of
isopropyl acohol and didtilled, deionized water for nitrate and sulfate analyses using ion
chromatography. A separate extraction with digtilled, delonized water was used for andysis of chloride
and ammonium ions, because the isopropyl acohol causes interference in the measurements of these
two ions. Chloride ions were measured using ion chromatography; ammonium ions were measured usng
automated colorimetry.

The quartz fiber filters collected a Probe 2 were used for elemental and organic carbon analyses.
Quartz fiber filters were obtained from DRI after prefiring at 900°C for three hours to reduce
background carbon levels. Thefilters were shipped in blue ice to the College of Engineering: Center for
Environmenta Research and Technology (CE-CERT) and stored in arefrigerator until use. After
sampling, filters were stored in arefrigerator in petri dishes lined with duminum foil prior to return
shipment to DRI in acooler with blue ice packs. Elementa and organic carbon analyses were
performed by DRI using the therma optical reflectance method (Chow et d., 1993). Analyses were
performed on a0.512 cn? punch from the filter.

PAH/hopane/sterane analyses were performed on the PUF/XAD vapor-phase trap and quartz fiber
filters. PUR/XAD backup cartridges were utilized to collect semi-volatile PAH/hopanes/steranes. XAD
resin and PUF cartridges were obtained precleaned from DRI. The XAD resin was cleaned by washing
with didtilled water, followed by Soxhlet extraction for 24 hours with methanol. The resin was then




drained and Soxhlet extracted for an additiona 24 hours with dichloromethane (CH>Cl). The resn was
dried in avacuum oven at 40°C. PUF cartridges were cleaned by first washing with distilled water
followed by Soxhlet extraction for 24 hoursin acetone, followed by Soxhlet extraction for 24 hoursin
10% diethyl ether in hexane. The extracted PUFs were dried in a vacuum oven connected to a water
aspirator and dried at room temperature for approximately 2-4 hours. XAD resin and PUF cartridges
were stored in afreezer prior to sampling and after sampling prior to return to DRI. XAD and PUF
filters were shipped from DRI to CE-CERT and from CE-CERT back to DRI in a cooler with blueice.

The PUF/XAD vapor trap was combined with the quartz fiber filter from the corresponding test for
extraction. This provides a combined sample of semi-volatile and particulate phase
PAH/hopanes/steranes. Filter samples from more than one test were combined to provide an adequate
sample for anadyses, as discussed in section 2.4. Filters were extracted in CH,CL, for 8 hours. Prior to
extraction, deuterated internal standards were added to each sample. Extracts were analyzed by
electron impact (El) gas chromatography/mass spectrometry (GC/MS) technique.

2.6 Alcohol and Carbonyl Analysis

Methanol and carbonyl measurements were collected on a subset of the tests performed on the RFG
and M85 test vehicles. For each RFG and M85 vehicle/fud combination, acohol and carbonyl
measurements were collected on the first of the back-to-back FTPs. Additiona acohol and carbonyl
measurements were collected on one US06 test for two of five RFG Dodge Caravans, and two of the
five FFV Ford Tauruses on both RFG and M85. Exhaust methanol was collected using water impingers
and andyzed with a gas chromatograph/flame ionization detector. Dilute exhaust gas ddehydes and
ketones collected on dinitrophenyl-hydrazine (DNPH)-coated silicagel cartridges. DNPH cartridges
were anayzed by high performance liquid chromatography (HPLC). Methanal, dehydes, and ketones
were dl sampled through a hegted line (110°C).




3.0 Emissions Test Results and Discussion

The testing results for particulate and gas phase emissions are summarized in Sections 3.1 and 3.2,
respectively. The complete particulate and gas-phase emissons for individua tests are presented in
Appendix B. The complete methanol and carbony! results are presented in

Appendix C.

3.1 Emissions Results

The FTP emissions results for the CNG and RFG Dodge Caravans are presented in Table 2 and Figure
1. The particulate emisson results are obtained from cumul ative particulate samples; the gaseous
emissions are the averages over both tests. These results show that the particulate emissions from the
RFG and CNG test vehicles are both relatively low and comparable. The resulting particulate emissions
are dso comparable to those found for newer gasoline vehiclesin the more comprehensive sudy of in-
use gasoline vehicles (Norbeck, Durbin, and Truex, 1998). In thiswork, the average FTP emission rate
for 1991-1997 gasoline vehicles was 2.5 mg/mi with amedian of 1.2 mg/mi.

For gaseous emissions, the CNG vehicles produced lower NMHC and CO emissions than the RFG
vehicles: NMHC emissons from the CNG vehicles were 83% lower than those from the RFG vehicles.
CO emissions were 38% lower for the CNG fleet than for the RFG vehicles. Averages were dso
presented excluding CNG vehicle #1. Although no particular problems were noted with this vehicle,
emissions consderably higher than expected for its ultralow emisson vehicle (ULEV) certification
indicate that this may not have been a representative test vehicle. Excluding CNG vehicle #1, the
average CO emission rate for CNG is reduced further to 0.527 g/mi or an overdl reduction of about
76%. NO, emissons for the CNG vehicles were comparable to those for the RFG vehicles for the flegt
average, and dightly lower than RFG when CNG vehicle #1 was excluded.

The results for the US06 tests for CNG and RFG Dodge Caravans are presented in Table 3 and Figure
2. Overdl, theemissons of CO, NOy, and PM are d| higher then for the FTP, with relatively sgnificant
increases in particulate mass emission rates for some of the CNG (#1 and #4) and RFG (#1, #3, and
#4) vehicles. Increases relative to the FTP of 72% and 103% were observed for CO and NO;,
respectively, for CNG vehicles over the US06. USO6 particulate emissions increased by more than a
factor of 5 over the FTP, to 7.76 mg/mi for the CNG vehicles and 6.63 mg/mi for the RFG vehicles. In
comparing the CNG and RFG vehicles, trends smilar to those observed for the FTP were found. In
particular, emissons for NMHC and CO were lower for the CNG vehicles, while emissons for the
particulate were smilar between the two vehicle groups. Emissions of NMHC were 93% lower for the
CNG vehicles than the RFG vehicles, and CO emissions were gpproximately 85% lower for the CNG
vehides. Excluding CNG vehicle #1 resulted in even further reductionsin CNG vehicles, with average
emission rates of 0.008 g/mi for NMHC and 1.294 g/mi for CO. NO, emissons for the USO6 were
comparable for CNG and RFG over the fleet average, and lower for CNG with CNG vehicle #1
excluded.




Table 2. FTP Weighted Average Emission Results for CNG and RFG Dodge Caravans

1994 CNG Dodge Caravan Results

Bag 1 Bag 2 Bag 3 Weighted

THC NMHC CO NO, PM |THC NMHC CO NO, PM |[THC NMHC CO NO, PM | THC NMHC CO NO, PM

gm dgm dgm gm mgm| gm gm gm gm mygm| gm gm gm gm mym | gm gm gm gm nmgym
CNG#1 1062 0098 5626 1434 130 (0969 0082 4271 1142 109 (0758 0065 5106 1380 048 (0930 0081 4780 1268 096
CNG#2 0661 0051 1405 0729 311 |0259 0049 0272 0316 234 |0318 0029 0681 0309 147 [0358 0044 0618 039 226
CNG#3 0413 0042 1382 0189 130 |0095 008 0359 0008 209 |0171 0009 0789 0041 140 | 0182 0055 0689 0054 174
CNG#4 0468 0024 0893 0677 104 |0122 0031 0012 0394 1360204 0022 0047 0418 085 [0216 0027 0204 0459 116
CNG#5 0470 0007 2183 0406 191 |0083 0007 0071 0140 063 0177 0004 039 0112 055 |0188 0006 059% 0187 0.87
Average 0615 0044 2298 0687 173 |0305 0050 0997 0400 1500325 0026 1403 0452 095 | 0375 0043 1377 0473 140
AveageExduding 0503 0031 1466 0500 184 |0140 0043 0178 0214 161 |0217 0016 0478 0220 107 | 0236 0033 0527 0275 151
CNG#1

1994 RFG Dodge Caravan Results
Bagl Bag2 Bag3 Weighted

THC NMHC CO NO, PM [THC NMHC CO NO, PM |THC NMHC CO NO, PM | THC NMHC CO NO, PV

gm gm gm gm mgmi|gm ogm gm gm mgm|gm ogm gm gm nmgm| gm  gm  gm  gm  ngmi
RFG #1 0875 0816 5973 0865 9.06 |0055 0032 0577 0189 044 |0146 0111 1864 0317 094 | 0250 0216 2047 0364 236
RFG#2 1023 0970 7.749 0.764 135 |0031 0010 0275 0169 0.15 (0098 0078 1270 0282 028 | 0255 0227 2093 0323 044
RFG #3 1308 1250 6941 0870 421 (0037 0010 0505 0153 034 (0121 0121 1535 0194 109 (0322 0297 2117 0312 135
RFG #4 1060 1005 5453 0948 251 |0062 0038 0957 0224 053 (0147 0117 2216 0345 132 | 0292 0259 2231 0407 116
RFG #5 1029 0969 6952 0945 249 (0061 0038 0964 0223 055 (0133 0101 2225 0379 046 (0281 0248 2548 0415 092
Average 1059 1002 6613 0878 392 [0049 0025 0655 0191 040 [0129 0105 1822 0303 082 | 0280 0249 2207 0364 125
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Figure 1. FTP Weighted Average Emission Results for CNG and RFG Dodge Caravans
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THC, NMHC, CO, & NOx Emission Results (g/mi)

Figure 2. US06 Average Emission Results for CNG and RFG Caravans
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Table 3. US06 Average Emission Results for CNG and RFG Dodge Caravans

1994 CNG Dodge Caravans Results

THC NMHC CO  NO, PM
gm gm gm  gm  mgm

#1 0.577 0055 6.685 3134 12.46
#2 0.173 0012 1806 0.622 5.24
#3 0.118 0.003 1515 0.254 4.74
#4 0.145 0.007 0423 0458 13.77
#5 0.122 0.008 1432 0335 2.60

Average 0.227 0017 2372 0961 7.76
Average 0.140 0.008 1294 0417 6.59

Exduding
Vehicle#l
1994 RFG Dodge Caravans Results
THC NMHC CO NO, PM
gm  dgm gm  gm mg/mi
#1 0236 0194 9.085 0.712 7.99
#2 0.160 0126 10.760 0.487 1.83
#3 0294 0243 17.362 0.563 11.63
#4 0410 0339 25451 0.761 7.95
#5 0.290 0238 18.780 0.878 3.74
Aveaage | 0.278 0.228 16.288 0.680 6.63

The FTP emissons results for the FFV Ford Tauruses are presented in Table 4 and Figure 3.
Particulate emission rates for the FFV Ford Tauruses were relatively low and near the detection limits
for some vehicles, but were comparable for M85 and RFG. These particulate mass emisson rates are
a0 comparable to those observed for newer gasoline vehiclesin CE-CERT’ s more comprehensive
study of in-use vehicles (Norbeck, Durbin, and Truex, 1998). For gaseous emissions, the Ford
Tauruses produced 27% lower NO, and 36% higher CO emissions on M85 than on RFG. Organic
materid hydrocarbon equivaent emissons (OMHCE), calculated using oxygenated carbon mass as
CH, g5, were 38% higher on M85 than on RFG. Tota hydrocarbons excluding methanol were lower for
M85 than RFG, however. As expected, both methanol and formal dehyde emissions were consderably
higher for M85 than for RFG. For the M85 vehicles, methanol emissons can primarily be attributed to
Bag 1 cold-gart emissons. FTP methanol and forma dehyde emissions results for the Ford Tauruses
are presented in Table 5.
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Table 4. FTP Average Emission Results for FFV Ford Tauruses on M85 and RFG

Bagl Bag 2 Bag3 Weighted
OMHCE THC CO NO, PM [OMHCE THC CO NO, PM |OMHCE THC CO NO, PM |OMHCE THC CO NO, PM
gmi gm dgm dm ngm gm gm dm dm mgm gm gm dm dm nmgm gmi gm dgm dgm mgm
M85#1 | 0716 0335 6372 0451 077 | 0025 0019 1619 0199 006 | 0057 0034 2005 0317 026 | 0177 0088 2709 0284 0.26
M85#2 | 0604 0247 5645 0346 144 | 0033 0029 0478 0165 070 | 0035 0030 0949 0220 030 | 0152 0074 1675 0218 0.75
M85#3 | 0.777 0258 5775 0372 053 | 0034 0023 0824 0167 056 | 0056 0046 1940 0177 027 | 0194 0078 2152 0212 047
M85#4 | 0674 0266 6868 0373 269 | 0021 0014 1001 0175 094 | 0052 0040 1567 0253 101 [ 0165 0073 2369 0238 132
M85#5 | 1086 0352 9286 0151 126 | 0025 0016 1110 0058 050 | 0029 0024 1807 0114 069 | 0245 0088 2995 0093 0.71
Aveage | 0772 0309 6789 0338 135 | 0028 0021 1006 0153 057 | 0050 0038 1653 0216 052 | 0187 0.080 2380 0209 0.70
Bag1l Bag 2 Bag 3 Weighted
OMHCE THC CO NO, PM |OMHCE THC CO NO, PM |OMHCE THC CO NO, PM [OMHCE THC CO NO, PM
gmi gm dom om nmgm gmi gm dgm om mgm gmi gm dom om nmgm gmi gm dgm gm mgm
RFG#1 | 0648 0640 5808 0641 055 | 0021 0020 0838 0161 0.09 | 0089 0089 1327 0502 005 | 0169 0167 2000 0354 017
RFG#2 | 0479 0473 6370 0415 178 | 0010 0009 0128 0132 013 | 0032 0032 0371 0299 003 | 0113 0111 1491 0237 045
RFG#3 | 0513 0507 5740 0533 109 | 0019 0018 0451 0180 033 | 0076 0076 0953 0340 044 | 0137 0135 1680 0297 052
RFG#4 | 0604 059 5413 0469 253 | 0011 0008 0736 0163 200 | 0080 0079 0908 0355 049 | 0152 0149 1767 0281 1.69
RFG#5 | 0420 0413 5981 0479 068 | 0016 0015 0624 0136 041 | 0043 0043 0967 0353 032 | 0107 0104 1826 0266 044
Avaage | 0533 0526 5862 0507 133 | 0015 0014 0555 0154 059 | 0064 0064 0905 0370 027 | 0136 0133 1.753 0287 0.65

Note: THC = Tota flameionization detector (FID) hydrocarbons excluding methanal

OMHCE = cdculated using the oxygenated carbon massas CH1 g5
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Figure 3. FTP Weighted Average Emission Results for M85 and RFG FFV Ford Tauruses
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Table S. FTP Methanol and Formaldehyde Results for Ford Tauruses on M85 and RFG

1994 FFV Ford Taurus (on M85) Results

Bag 1 Bag2 Bag3 Weighted
Methanal Formadehyde | Methanol  Formaddehyde | Methanol ~ Formddehyde Methanal Formadehyde
mg/mi mg/mi mg/mi mg/mi mg/mi mgmi mg/mi mg/mi
M85 #1 825.7 49.7 18 110 51.8 22 185.6 16.6
M85 #2 s 436 00 9.3 10.7 18 164.4 144
M85 #3 1140.1 55.2 123 124 199 23 2481 185
M85 #4 2481 54.6 24 125 26.1 20 1912 183
M85 #5 1585.9 1032 51 132 104 15 3328 286
Avaage 9155 61.3 43 117 238 20 2244 193
1994 FFV Ford Taurus (on RFG) Results
Bag 1l Bag 2 Bag3 Weighted
Methanal Formadehyde | Methanol Formadehyde | Methanol Formadehyde | Methanol ~ Formadehyde
my/mi mg/mi mg/mi mg/mi mg/mi my/mi mg/mi mg/mi
RFG #1 74 91 0.0 27 0.0 13 15 36
RFG #2 71 7.6 0.0 20 0.0 09 15 29
RFG #3 54 78 00 28 00 0.8 11 33
RFG #4 74 133 00 70 00 10 15 6.6
RFG #5 109 6.0 00 18 00 05 23 23
Aveaage 7.6 88 00 33 00 09 16 3.7

US06 emissions results are presented in Table 6 and Figure 4 for the FFV Ford Tauruses on M85 and
RFG, respectively. Tota and non-methane hydrocarbons are presented in these tables without
correction for the FID response to methanol because these emissons were collected only on alimited
number of US06 tests and not for dl vehicles. CO, NOy, and PM were al higher for the US06 cycle
than for the FTP. Increases relative to the FTP of 212% and 143% were observed for CO and NO,
respectively, for M85 vehicles over the US06. USO6 particul ate emissionsincreased by afactor of 5-6
over the FTP, to 3.62 mg/mi for the M85 vehicles and 4.11 mg/mi for the RFG vehicles. Particulate
emissions were comparable for M85 and RFG over the USO6, while THC, NMHC, CO, and NO
emissons were dl lower for M85 compared with RFG. The reductions for M85 rdlative to RFG were
68%, 72%, 33%, and 44%, respectively, for THC, NMHC, CO, and NO,. Methanol and

formal dehyde emissions were very low for the US06 for both the M85 and RFG.
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Table 6. USO6 Average Emission Results for FFV Ford Tauruses on M85 and RFG

1994 FFV Ford Tauruses (on M85) Results
THC* NMHC* CO NOy PM Methanol Formaldehyde

gm gm gm mgm_ mgm mg/mi
#1 0019 0016 2395 0947 291 0.0 6.0
#2 0031 0024 2136 0567 350 3.0 34
#3 0072 0057 7751 0356 2.9 - -
#4 0050 0038 5615 0466 163 - -
#5 0083 0057 19234 0201  7.08 - -
Average | 0051 0038 7426 0507 362 15 4.7

1994 FFV Ford Tauruses (on RFG) Results
THC* NMHC* CO NOy PM Methanol Formaldehyde

gmi gm gm mg/mi mg/mi mg/mi
#1 0.259 0.233 7381 1374 2.62 4.0 2.1
#2 0.069 0.060 2679 0988 2.47 0.0 2.1
#3 0.159 0.130 10.659 0.671 3.04 - -
#4 0.138 0.116 8935 0.788 4.12 - -
#5 0.182 0136 25449 0.672 8.32 - -
Average | 0.161 0135 11.020 0.898 4.11 2.0 2.1

* uncorrected for regponse of F D to methanol

3.2 Particle Size Distributions

Average particulate sze digtributions for total mass below 10, 2.5, and 1.0 um aerodynamic diameter
are presented in Figures 5 and 6, respectively, for the FTP and US06, aong with the standard deviation
between tests. Results for individua tests are presented in Appendix D. The results show that the
mgority of the particulate mass was below 10 um in aerodynamic diameter (77%-92%) with 58%-
82% of the mass below 2.5 pum, and 42%-77% below 1.0 pm. Thefractions of massin the smdler sze
regions, however, are generaly less than those observed in other studies of smoking, diesd and gasoline
vehicles (Durbin et d., 1999; Norbeck, Durbin, and Truex 1998; Whitney, 1998). Inthisregard, it is
important to note that it is difficult to measure accurate Size didtributions from such low-emitting vehicles,
because the mass collected on individua impaction substratesis often near or at the minimum detection
limits (~4 ng). This problem has been noted in other studies (Whitney, 1997), and isindicated by the
large errors associated with some test results, as presented in Appendix D. Thisis particularly rdevant
for the FTP testing with relatively low-mass emissions. It is dso possible that the contribution of the re-
entrained particulate, which has been attributed to a coarse mode between 1 and 10 um in aerodynamic
diameter (Marple et d., 1986), is greeter for low-emitting vehicles or when vehicles are driven over
more aggressve cycles. Appendix E presents a comparison of mass emisson rates for the Teflon filters
with those for the MOUDI. Differences in particulate mass emissons rates for the MOUDI and PTFE
filters were generdly less than 25%. Particulate emisson rates did differ by afactor of two or more,
however, for some tests, with the grestest discrepancies observed for FTP tests with relatively [ow-
mass emissons.
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Figure 4. US06 Average Emission Results for M85 and RFG FFV Ford Tauruses
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Figure 5. Average Particle Size Distributions for FTP
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Figure 6. Average Particle Size Distributions for US06
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4.0 Chemical Analysis Results and Discussion

4.1 Chemical Species

Chemica anayses were conducted for samples from each fuel/vehicle group. The average FTP
emission results for individua chemica species are presented in Table 7 and Figure 7 for the CNG/RFG
Dodge Caravans and in Table 8 and Figure 8 for the M85/RFG Ford Tauruses. The average US06
emisson results for individua chemical species are presented in Table 9 and Figure 9 for the CNG and
RFG Dodge Caravans and in Table 10 and Figure 10 for the M85 and RFG Ford Tauruses. Tables 7-
10 include average emisson rates, sandard deviations of the rates, maximum and minimum vaues, and
average uncertainties for the FTP. The emission rates are corrected for the contribution of trace species
detected in the dilution tunndl, and as aresult, include some negetive values. The error for each
measurement is caculated by propagating the uncertainty for the chemicd andysis and sampling
volumes. Chemical components whaose concentrations are at least twice the average uncertainty are
shown in bold. Only chemica species with concentrations that were at least twice the average
uncertainty for at least one fuel/vehicle group are presented in Figures 7-10. Full chemicd andysis
resultsfor individua vehicle tests are presented in Appendices F and G, respectively, for the FTP and
US06.

For the FTP, emisson rates for the individua chemica species are dl rdatively low. Elemental and
organic carbon are prominent species observed for the CNG, RFG, and M85 vehicles. It should be
noted, however, that average organic carbon emissions are only grester than twice the average
uncertainty for the CNG Dodge Caravans because of the high blank levels of organic carbon. Other
species with average concentrations that were at |least twice the average uncertainty include NOsy,, SO,*
,Mg, Al, Si, P, S, Cl, Ca, Fe, Cu, and Zn. These speciesinclude possible fudl derived (SO,*, S) and
oil- (Mg, P, Ca, Zn) and wear- (Fe, Al) derived components, most of which have been observed in
previous studies (Cadle et al., 1997; Sagebid et a., 1997, Hildemann, Markowski, and Cass, 1991,
and Watson et d., 1994). These dements are al observed in trace quantities, however, with emissons
levels exceeding 0.05 mg/mi for only the RFG Dodge Caravans.

The chemica species emisson levels are higher for the US06, as expected based on the mass emission
rates. Elementa and organic carbon were again prominent congtituents of the particulate for the US06
cycles. Other speciesidentified at least twice the average uncertainty for at least one of the vehicle fued
groupsincdlude NOs, SO,%, CI, NH,", Mg, Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, Br, Zr,
and Pb. Thisincludes many of the same dementsidentified for the FTP tests. S emissons rates were
relatively high for the US06 cycle. The S mass emisson rates are Smilar to those observed in the
Orange County Remote Sensing study (Cadle et al., 1997), where the average pre-repair emission rate
of dementd S was 1.27 mg/mi (0.65 mg/mi with outliers removed). Fe emissons rates were o
prominent for the CNG and RFG Dodge Caravans indicating a wear-derived contribution to the
particulate.
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Figure 7. PM Chemical Mass Emission Rates for CNG/RFG Dodge Caravans for FTP
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Figure 8. PM Chemical Mass Emission Rates for M85/RFG Ford Tauruses for FTP
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Figure 9. PM Chemical Mass Emission Rates for CNG/RFG Dodge Caravans for US06
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Figure 10. PM Chemical Mass Emission Rates for M85/RFG Ford Tauruses
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Table 7. Statistics for CNG and RFG Dodge Caravans for FTP PM
Chemical Species Emission Rates (mg/mi)

CNG Dodge Caravans RFG Dodge Caravans
Soecies Avg. | S.Dev.| Awvg Max. Min. Avg. S.Dev.| Awvg Max. Min.
Uncert. Uncert.

Organic Carbon 0.2777| 02585 | 0.1095 | 0.6870 | 0.0034 01875 | 03523 | 0.1033 | 0.7405 | -0.1465
Elementd Carbon [ 0.2376 | 02591 | 0.0381 | 0.6768 | -0.0001 0.9998 | 09358 | 0.1021 | 2.5819 | 0.2865
Totd Carbon 0.5153| 04053 | 0.1299 | 0.9230 | 0.0033 1.1876 | 1.2840 [ 0.1728 | 3.3239 | 0.1400
NO; 0.0351| 0.0363 | 0.0156 | 0.0942 | -0.0044 0.0955 | 0.2049 | 0.0343 | 04612 | -0.0135
0~ 0.0459| 0.0576 | 0.0153 | 0.1483 | 0.0144 0.1162 | 02363 | 0.0336 | 0.5380 | -0.0104
cr -0.0015| 0.0040 | 0.0134 | 0.0033 | -0.0059 00321 | 00880 | 0.0314 | 0.189% |-0.0100
NH," 0.0203 | 00167 | 0.0136 | 0.0493 | 0.0079 00411 | 00717 | 0.0311 | 0.1687 | 0.0037
Na -0.0019| 0.0043 | 0.0250 | 0.0030 | -0.0063 -0.0047 | 0.0035 | 0.0831 | 0.0016 | -0.0063
Mg 0.0063 | 0.0087 | 0.0083 | 0.0217 | 0.0003 0.0798 | 01724 | 0.0174 | 0.3882 | 0.0006
Al 0.0049 | 0.0058 | 0.0038 | 0.0113 | -0.0005 0.0376 | 00791 | 0.0079 | 0.1791 | 0.0002
S| 0.0124| 00114 | 0.0018 | 0.0294 | 0.0020 0.0868 | 01859 | 0.0094 | 04193 | 0.0004
P 0.0020 | 0.0025 | 0.0012 | 0.0060 | -0.0007 0.0488 | 0.0987 | 0.0057 | 0.2253 | 0.0003
S 0.0165| 0.0144 | 0.0018 | 0.0414 | 0.0067 0.0584 | 01160 | 0.0060 | 0.2658 | 0.0011
c 0.0043 | 0.0037 | 0.0028 | 0.0105 | 0.0017 0.0276 | 0.0559 | 0.0056 | 0.1276 | 0.0001
K 0.0016 | 0.0022 | 0.0023 | 0.0042 | -0.0014 0.0001 | 0.0019 | 0.0087 | 0.0034 | -0.0009
Ca 0.0046| 0.0049 | 0.0018 | 0.0131 | 0.0012 0.0260 | 0.0388 | 0.0042 | 0.0947 | 0.0008
Ti 0.0008 | 0.0007 | 0.0129 | 0.0019 | 0.0000 0.0024 | 00044 | 0.0308 | 0.0103 | 0.0000
vV 0.0003 | 0.0003 | 0.0061 | 0.0009 | 0.0000 0.0016 | 00032 [ 0.0129 | 0.0073 | 0.0000
Cr 0.0010 | 0.0012 | 0.0017 | 0.0029 | 0.0000 0.0002 | 0.0003 [ 0.0035 | 0.0006 | 0.0000
Mn 0.0005 | 0.0004 | 0.0010 | 0.0009 | 0.0000 0.0010 | 0.0019 | 0.0025 | 0.0043 | -0.0001
Fe 0.0440| 00112 | 0.0040 | 0.0569 | 0.0274 0.1070 | 01798 | 0.0097 | 04284 | 0.0190
Co 0.0001 | 0.0001 | 0.0010 | 0.0002 | 0.0000 0.0000 | 0.0000 [ 0.0025 [ 0.0000 | 0.0000
Ni 0.0003 | 0.0006 | 0.0006 | 0.0013 | -0.0001 0.0011 | 0.0024 | 0.0017 | 0.0053 | -0.0001
Cu 0.0003 | 0.0003 | 0.0006 | 0.0007 | 0.0000 0.0109 | 0.0231 | 0.0016 | 0.0523 | 0.0000
Zn 0.0054| 0.0037 | 0.0007 | 0.0111 | 0.0018 0.0804 | 01652 | 0.0074 | 0.3759 | 0.0010
Ga -0.0001| 0.0001 | 0.0010 | 0.0001 | -0.0002 -0.0001 | 0.0000 | 0.0025 |-0.0001 | -0.0002
As 0.0000 | 0.0000 | 0.0012 | 0.0000 | 0.0000 0.0003 | 0.0006 [ 0.0030 | 0.0014 | 0.0000
S 0.0000 | 0.0000 | 0.0006 | 0.0001 | 0.0000 0.0000 | 0.0001 [ 0.0015 | 0.0001 | 0.0000
Br 0.0000 | 0.0001 | 0.0006 | 0.0001 | -0.0001 0.0002 | 0.0006 | 0.0014 | 0.0013 | -0.0001
Rb -0.0001| 0.0000 [ 0.0005 | 0.0000 | -0.0001 0.0002 | 0.0005 | 0.0013 | 0.0011 | -0.0001
S 0.0001 | 0.0001 | 0.0006 | 0.0002 | 0.0000 0.0000 | 0.0001 [ 0.0014 | 0.0001 | 0.0000
Y -0.0001| 0.0001 [ 0.0007 | 0.0000 | -0.0001 0.0005 | 00011 | 0.0018 | 0.0024 | -0.0001
Zr 0.0001 | 0.0001 | 0.0008 | 0.0003 | 0.0000 0.0005 | 0.0011 [ 0.0020 | 0.0024 | 0.0000
Mo 0.0001 | 0.0001 | 0.0015 | 0.0002 | 0.0000 0.0007 | 0.0017 [ 0.0038 | 0.0037 | 0.0000
Pd 0.0007 | 0.0009 | 0.0043 | 0.0018 | 0.0000 0.0005 | 0.0006 [ 0.0103 | 0.0013 | 0.0000
Ag -0.0007| 0.0007 [ 0.0050 | 0.0002 | -0.0012 0.0063 | 00145 | 0.0124 | 0.0323 | -0.0010
cd -0.0002| 0.0004 [ 0.0051 | 0.0002 | -0.0007 0.0005 | 00013 | 0.0126 | 0.0025 | -0.0007
In -0.0002| 0.0007 [ 0.0062 | 0.0010 | -0.0007 0.0048 | 00113 | 0.0153 | 0.0250 | -0.0007
S 0.0003 | 0.0006 | 0.0080 | 0.0014 | 0.0000 0.0051 | 00107 | 0.0198 | 0.0242 | 0.0000
D 0.0006 | 0.0006 | 0.0093 | 0.0014 | 0.0000 0.0092 | 00198 [ 0.0227 | 0.0445 | 0.0000
Ba -0.0113| 0.0029 | 0.0343 | -0.0065 | -0.0132 -0.0023 | 0.0224 | 0.0846 | 0.0378 | -0.0132
La -0.0094| 0.0086 | 0.0456 | 0.0060 | -0.0133 -0.0004 | 00219 | 01118 | 0.0377 | -0.0133
Au -0.0001| 0.0002 | 0.0017 | 0.0002 | -0.0002 -0.0002 | 0.0001 | 0.0054 |-0.0001 | -0.0002
Hg -0.0002| 0.0000 | 0.0014 | -0.0002 | -0.0002 -0.0002 | 0.0000 | 0.0034 |-0.0002 | -0.0002
Ti -0.0002| 0.0000 | 0.0013 | -0.0002 | -0.0002 -0.0002 | 0.0000 | 0.0032 |-0.0002 | -0.0002
Pb 0.0005 | 0.0003 | 0.0017 | 0.0007 | 0.0000 0.0010 | 0.0021 [ 0.0043 | 0.0047 | 0.0000
U 0.0000 | 0.0001 | 0.0013 | 0.0001 | 0.0000 0.0007 | 0.0016 [ 0.0031 | 0.0035 | 0.0000
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Table 8. Statistics for M85 and RFG Ford Tauruses for FTP PM
Chemical Species Emission Rates (mg/mi)

M85 Ford Tauruses RFG Ford Tauruses
Soecies Avg. | S.Dev.| Awvg Max. Min. Avg. |S.Dev.| Avg Max. Min.
Uncert. Uncert.

Organic Carbon 0.0380 | 0.1106 | 0.1049 | 01813 | -0.1139 0.0292 | 02694 | 01037 | 04974 | -0.1405
Elementd Carbon [ 0.0537 | 0.0540 | 0.0247 | 0.1255 | -0.0048 0.2104 | 0.1000 | 0.0285 | 0.3697 | 0.1283
Totd Carbon 00921 | 01628 | 0.1134 | 0.3068 | -0.1170 0.2395 | 0.3217 | 0.1135 | 0.7383 | -0.0079
NO; 0.0022 | 00109 | 0.0144 | 0.0175 | -0.0088 0.0013 | 0.0128 | 0.0141 | 0.0197 | -0.0136
0~ 00128 | 00220 | 0.0139 | 0.0374 | -0.0217 0.0046 | 0.0302 | 0.0136 | 0.0421 | -0.0267
cr -0.0035| 0.0038 | 0.0134 | 0.0025 |-0.0073 -0.0071 | 0.0023 | 0.0130 (-0.0045| -0.0096
NH," 0.0075 | 00125 | 0.0137 | 0.0218 | -0.0116 0.0033 | 0.0141 | 0.0133 | 0.0238 | -0.0116
Na 0.0102 | 00026 | 0.0222 | 0.0139 | 0.0065 -0.0015 | 0.0042 | 0.0233 | 0.0039 | -0.0063
Mg -0.0017| 0.0027 | 0.0095 | 0.0025 |-0.0049 0.0002 | 0.0043 | 0.0088 | 0.0064 | -0.0054
Al -0.0021| 0.0011 | 0.0047 | -0.0007 | -0.0037 0.0005 | 0.0010 | 0.0038 | 0.0019 | -0.0007
S| 0.0020 | 0.0029 | 0.0015 | 0.0050 | -0.0015 0.0097 | 0.0090 | 0.0014 | 0.0204 | 0.0020
P 0.0046| 0.0031 | 0.0012 | 0.0074 | -0.0005 0.0023 | 0.0016 | 0.0011 | 0.0045 | 0.0006
S 0.0087| 0.0082 | 0.0013 | 0.0174 | -0.0050 0.0031 | 0.0040 | 0.0010 | 0.0095 | -0.0009
c 0.0066| 0.0056 | 0.0028 | 0.0136 | 0.0008 0.0035 | 0.0030 | 0.0028 | 0.0087 | 0.0012
K 0.0006 | 0.0010 | 0.0022 | 0.0019 | -0.0006 0.0010 | 0.0014 | 0.0022 | 0.0034 | -0.0003
Ca 0.0127| 00068 | 0.0021 | 0.0187 | 0.0024 0.0128 | 0.0061 | 0.0020 | 0.0229 | 0.0081
Ti 0.0009 | 0.0009 [ 0.0129 | 0.0019 | 0.0001 0.0010 | 0.0010 | 0.0127 | 0.0021 | 0.0000
Vv 0.0001 | 0.0001 | 0.0062 | 0.0003 | 0.0000 0.0001 | 0.0002 | 0.0062 | 0.0004 | 0.0000
Cr 0.0013 | 0.0024 | 0.0018 | 0.0056 | 0.0000 0.0001 | 0.0002 | 0.0018 | 0.0005 | 0.0000
Mn 0.0006 | 0.0015 | 0.0011 | 0.0034 | -0.0001 -0.0001 | 0.0000 | 0.0010 | 0.0000 | -0.0001
Fe 0.0257| 0.0084 | 0.0023 | 0.0346 | 0.0149 0.0098 | 0.0055 | 0.0011 | 0.0166 | 0.0042
Co 0.0002 | 0.0001 | 0.0008 | 0.0004 | 0.0000 0.0000 | 0.0001 | 0.0007 | 0.0001 | 0.0000
Ni 0.0005 | 0.0008 | 0.0006 | 0.0018 | 0.0000 0.0000 | 0.0001 | 0.0006 | 0.0001 | -0.0001
Cu 0.0020| 0.0012 | 0.0006 | 0.0035 | 0.0004 0.0019 | 0.0016 | 0.0006 | 0.0044 | 0.0000
Zn 0.0066| 0.0030 | 0.0008 | 0.0098 | 0.0025 0.0027 | 0.0010 | 0.0006 | 0.0041 | 0.0016
Ga -0.0001| 0.0001 | 0.0010 | 0.0000 | -0.0002 -0.0002 | 0.0000 | 0.0010 (-0.0002| -0.0002
As 0.0000 | 0.0001 | 0.0012 | 0.0001 | 0.0000 0.0000 | 0.0000 | 0.0012 | 0.0001 | 0.0000
S 0.0001 | 0.0000 | 0.0006 | 0.0001 | 0.0000 0.0000 | 0.0000 | 0.0006 | 0.0000 | 0.0000
Br 0.0000 | 0.0001 | 0.0006 | 0.0001 | -0.0001 0.0000 | 0.0001 | 0.0006 | 0.0001 | -0.0001
Rb -0.0001| 0.0000 | 0.0005 | 0.0000 | -0.0001 0.0000 | 0.0000 | 0.0005 | 0.0000 | -0.0001
s 0.0001 | 0.0001 [ 0.0006 | 0.0003 | 0.0001 0.0001 | 0.0001 | 0.0006 | 0.0002 | 0.0000
Y -0.0001| 0.0000 | 0.0007 | 0.0000 | -0.0001 0.0000 | 0.0001 | 0.0007 | 0.0000 | -0.0001
Zr 0.0003 | 0.0002 | 0.0008 | 0.0005 | 0.0000 0.0003 | 0.0003 | 0.0008 | 0.0006 | 0.0000
Mo 0.0002 | 0.0002 | 0.0015 | 0.0005 | 0.0000 0.0001 | 0.0002 | 0.0015 | 0.0006 | 0.0000
Pd 0.0001 | 0.0002 | 0.0043 | 0.0004 | 0.0000 0.0002 | 0.0004 | 0.0042 | 0.0010 | 0.0000
Ag -0.0006| 0.0005 | 0.0050 | 0.0001 | -0.0012 -0.0005 | 0.0006 | 0.0049 | 0.0000 | -0.0012
cd -0.0004 | 0.0005 | 0.0051 | 0.0004 | -0.0007 -0.0003 | 0.0005 | 0.0050 | 0.0004 | -0.0007
In -0.0007 | 0.0000 | 0.0063 | -0.0007 | -0.0007 -0.0007 | 0.0000 | 0.0061 |-0.0007 | -0.0007
S 0.0009 | 0.0007 | 0.0080 | 0.0018 | 0.0000 0.0006 | 0.0005 | 0.0079 | 0.0010 | 0.0000
D 0.0008 | 0.0007 [ 0.0093 | 0.0019 | 0.0001 0.0007 | 0.0007 | 0.0091 | 0.0016 | 0.0000
Ba -0.0128| 0.0007 | 0.0343 | -0.0115|-0.0132 -0.0089 | 0.0060 | 0.0336 (-0.0004| -0.0132
La -0.0045| 0.0045 | 0.0455 [ -0.0016 | -0.0123 -0.0065 | 0.0063 | 0.0447 | 0.0032 | -0.0133
Au -0.0001| 0.0002 | 0.0017 | 0.0002 | -0.0002 -0.0002 | 0.0000 | 0.0016 (-0.0002| -0.0002
Hg -0.0002| 0.0000 | 0.0014 | -0.0002 | -0.0002 -0.0002 | 0.0000 | 0.0013 (-0.0002| -0.0002
Ti -0.0002| 0.0001 | 0.0013 | -0.0001 | -0.0002 -0.0002 | 0.0000 | 0.0013 (-0.0001| -0.0002
Pb 0.0006 | 0.0002 | 0.0017 | 0.0009 | 0.0004 0.0001 | 0.0001 | 0.0016 | 0.0003 | 0.0000
U 0.0000 | 0.0001 | 0.0013 | 0.0002 | 0.0000 0.0000 | 0.0001 | 0.0012 | 0.0002 | 0.0000
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Table 9. Statistics for CNG and RFG Dodge Caravans for US06 PM
Chemical Species Emission Rates (mg/mi)

CNG Dodge Caravans RFG Dodge Caravans
Soecies Avg. | S.Dev.| Awvg Max. Min. Avg. | S.Dev.| Awvg Max. Min.
Uncert. Uncert.

Organic Carbon 4.2170| 35173 | 04475 | 6.7041 | 1.7299 0.9517 | 04863 | 0.1429 | 1.2955 [ 0.6078
Elementd Carbon [ 1.3191| 04662 | 0.1314 | 1.6487 | 0.98%4 1.9788 | 23408 | 0.1972 | 36341 | 0.3236
Totd Carbon 5.5361| 39834 | 05510 | 83528 | 27194 2.9305 | 28272 | 03155 | 4.9296 | 0.9314
NO; 0.0408| 0.0120 | 0.0146 | 0.0493 | 0.0323 0.0697 | 01033 | 0.0255 | 0.1428 | -0.0033
0~ 0.0417| 00038 | 0.0135 | 0.0444 | 0.03%0 0.1552 | 01632 | 0.0282 | 0.2706 | 0.0397
cr -0.0017| 0.0009 | 0.0124 |-0.0011 |-0.0023 0.0371 | 00328 | 0.0234 | 0.0603 | 0.0139
NH," 0.0501| 0.0277 | 0.0135 | 0.0697 | 0.0305 0.0781 | 0.0786 | 0.0242 [ 0.1337 [ 0.0225
Na -0.0063| 0.0000 | 0.0284 | -0.0063 | -0.0063 -0.0063 | 0.0000 [ 0.0732 |-0.0063| -0.0063
Mg 0.0373| 0.0022 | 0.0092 | 0.0389 | 0.0357 0.1115 | 00432 | 0.0160 | 0.1421 [ 0.0810
Al 0.0620| 0.0297 | 0.0070 | 0.0830 | 0.0409 0.0350 [ 0.0424 | 0.0073 [ 0.0650 [ 0.0050
S| 0.3351| 02194 | 0.0301 | 0.4903 | 0.1800 0.1373 | 01165 | 0.0131 | 0.2196 | 0.0549
P 0.0206| 00104 | 0.0022 | 0.0280 | 0.0132 0.1084 | 00474 | 0.0102 | 0.1419 [ 0.0748
S 0.0607| 00189 | 0.0055 | 0.0740 | 0.0474 0.1234 | 00890 | 0.0113 | 0.1863 | 0.0604
c 0.0211| 00088 | 0.0034 | 0.0273 | 0.0149 0.0508 [ 0.0055 | 0.0060 | 0.0546 | 0.0469
K 0.0194| 0.0140 | 0.0028 | 0.0294 | 0.0095 0.0036 | 0.0046 | 0.0026 | 0.0069 | 0.0003
Ca 0.0203| 00076 | 0.0025 | 0.0257 | 0.0150 0.1005 | 0.0991 | 0.0095 | 0.1706 | 0.0305
Ti 0.0045 | 0.0039 | 0.0118 | 0.0072 | 0.0017 0.0004 | 0.0006 | 0.0216 | 0.0008 | 0.0000
vV 0.0013 | 0.0013 | 0.0055 | 0.0023 | 0.0004 0.0002 | 0.0003 | 0.0091 | 0.0004 | 0.0000
Cr 0.0082| 0.0062 | 0.0018 | 0.0126 | 0.0038 0.0063 | 0.0062 | 0.0019 | 0.0107 [ 0.0020
Mn 0.0014 | 0.0008 | 0.0009 | 0.0020 | 0.0008 0.0025 | 0.0023 | 0.0012 | 0.0041 [ 0.0009
Fe 0.1559| 0.0864 | 0.0140 | 0.2169 | 0.0948 0.3782 | 04323 | 0.0339 | 06838 | 0.0725
Co 0.0000 | 0.0000 | 0.0026 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0063 | 0.0000 | 0.0000
Ni 0.0034| 0.0008 | 0.0006 | 0.0040 | 0.0029 0.0063 [ 0.0039 | 0.0009 | 0.0091 [ 0.0036
Cu 0.0019| 0.0001 | 0.0006 | 0.0020 | 0.0018 0.0189 | 0.0004 | 0.0019 [ 0.0192 | 0.0187
Zn 0.0320| 0.0162 | 0.0029 | 0.0434 | 0.0206 0.1602 | 0.0455 | 0.0144 [ 0.1924 [ 0.1281
Ga -0.0002| 0.0000 | 0.0010 | -0.0002 | -0.0002 -0.0002 | 0.0000 [ 0.0018 |-0.0002 | -0.0002
As 0.0000 | 0.0000 | 0.0011 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0024 | 0.0000 | 0.0000
S 0.0000 | 0.0000 | 0.0006 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0010 | 0.0000 | 0.0000
Br 0.0007 | 0.0000 | 0.0005 | 0.0008 | 0.0007 0.0018 | 0.0020 | 0.0007 | 0.0033 | 0.0004
Rb 0.0001 | 0.0000 | 0.0005 | 0.0001 | 0.0001 -0.0001 | 0.0000 [ 0.0009 |-0.0001 | -0.0001
S 0.0001 | 0.0001 | 0.0005 | 0.0002 | 0.0001 0.0001 | 0.0000 | 0.0010 | 0.0001 | 0.0001
Y -0.0001| 0.0000 [ 0.0007 | -0.0001 | -0.0001 0.0001 | 0.0002 | 0.0012 | 0.0002 | -0.0001
Zr 0.0020| 0.0015 | 0.0008 | 0.0031 | 0.0010 0.0006 | 0.0006 | 0.0014 | 0.0011 | 0.0001
Mo 0.0006 | 0.0003 | 0.0014 | 0.0008 | 0.0004 0.0011 | 0.0005 | 0.0025 | 0.0015 | 0.0008
Pd 0.0017 | 0.0023 | 0.0040 | 0.0033 | 0.0000 0.0002 | 0.0003 | 0.0073 | 0.0005 | 0.0000
Ag -0.0012| 0.0000 [ 0.0047 |-0.0012 | -0.0012 0.0007 | 0.0024 | 0.0085 | 0.0024 | -0.0009
cd -0.0007| 0.0001 [ 0.0048 | -0.0006 | -0.0007 0.0003 | 0.0002 | 0.0087 | 0.0004 | 0.0001
In -0.0007 | 0.0000 [ 0.0058 | -0.0007 | -0.0007 0.0006 | 0.0018 | 0.0104 | 0.0019 | -0.0007
S 0.0007 | 0.0002 | 0.0075 | 0.0008 | 0.0005 0.0055 | 0.0071 | 0.0135 | 0.0205| 0.0006
D 0.0010 | 0.0006 | 0.0087 | 0.0014 | 0.0005 0.0040 | 0.0023 | 0.0151 | 0.0056 | 0.0024
Ba -0.0078| 0.0006 | 0.0320 | -0.0074 | -0.0082 0.0145 | 00391 | 0.0583 | 0.0422 | -0.0132
La -0.0133| 0.0000 | 0.0426 | -0.0133|-0.0133 -0.0133 | 0.0000 [ 0.0760 |-0.0133| -0.0133
Au 0.0000 | 0.0000 | 0.0021 | 0.0000 | -0.0001 0.0002 | 0.0006 | 0.0067 | 0.0006 | -0.0002
Hg -0.0002| 0.0000 | 0.0013 | -0.0002 | -0.0002 -0.0002 | 0.0000 [ 0.0024 |-0.0002 | -0.0002
Ti -0.0002| 0.0000 | 0.0012 | -0.0002 | -0.0002 -0.0002 | 0.0000 [ 0.0022 |-0.0002 | -0.0002
Pb 0.0006 | 0.0000 | 0.0015 | 0.0007 | 0.0006 0.0061 | 0.0061 | 0.0019 | 0.0105 | 0.0018
U 0.0001 | 0.0000 | 0.0012 | 0.0001 | 0.0000 0.0000 | 0.0000 | 0.0021 | 0.0000 | 0.0000
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Table 10. Statistics for M85 and RFG Ford Taurus for US06 PM
Chemical Species Emission Rates (mg/mi)

M85 Ford Tauruses RFG Ford Tauruses
Soecies Avg. | S.Dev.| Awvg Max. Min. Avg. | S.Dev.| Awvg Max. Min.
Uncert. Uncert.

Organic Carbon 0.3797| 00207 | 0.1178 | 0.3944 | 0.3650 0.2515 | 01039 | 0.1077 | 0.3250 [ 0.1781
Elementd Carbon | 0.4435( 0.2839 | 0.0472 | 0.6442 | 0.2428 0.7554 | 03951 | 0.0728 | 1.0348 | 0.4760
Totd Carbon 0.8232| 02631 | 0.1404 | 1.0093 | 0.6371 1.0069 | 02913 | 0.1491 | 1.2129 | 0.8009
NO; -0.0081| 0.0038 | 0.0136 |-0.0054 |-0.0107 -0.0151 | 0.0057 | 0.0136 |-0.0111| -0.0191
0~ 0.0415| 0.0546 | 0.0144 | 0.0802 | 0.0029 0.0035 | 00175 | 0.0130 | 0.0158 | -0.0089
cr 0.0852| 0.0891 | 0.0182 | 0.1482 | 0.0223 -0.0087 | 0.0027 | 0.0126 |-0.0068| -0.0105
NH," 0.0814| 0.0047 | 0.0202 | 0.0847 | 0.0781 0.0087 | 0.0100 | 0.0130 | 0.0158 | 0.0016
Na -0.0044| 0.0027 | 0.0284 | -0.0025 | -0.0063 -0.0063 | 0.0000 [ 0.0248 |-0.0063| -0.0063
Mg 0.0016 | 0.0090 | 0.0101 | 0.0080 | -0.0048 0.0008 | 0.0011 | 0.0097 | 0.0016 | 0.0000
Al -0.0027| 0.0015 | 0.0063 | -0.0017 | -0.0037 -0.0025 | 0.0018 [ 0.0054 |-0.0013| -0.0037
S| 0.5004| 01144 | 00449 | 05812 [ 04195 0.3646 | 01809 | 0.0327 | 0.4925 | 0.2368
P 0.0105| 0.0022 | 0.0016 | 0.0121 | 0.0089 0.0045 | 0.0027 | 0.0012 | 0.0064 | 0.0026
S 0.0387| 0.0413 | 0.0037 | 0.0680 | 0.0095 0.0105 | 0.0023 | 0.0013 | 0.0122 | 0.0089
c 0.1386| 01031 | 0.0129 | 0.2114 | 0.0657 0.0049 | 0.0004 | 0.0027 | 0.0052 [ 0.0046
K 0.0000 | 0.0009 | 0.0022 | 0.0007 | -0.0007 -0.0009 | 0.0003 | 0.0024 |-0.0007| -0.0011
Ca 0.0289| 0.0071 | 0.0031 | 0.0339 | 0.0239 0.0198 | 0.0071 | 0.0024 | 0.0248 | 0.0148
Ti 0.0000 | 0.0000 | 0.0124 | 0.0000 | 0.0000 0.0006 | 0.0008 | 0.0123 | 0.0012 [ 0.0000
vV 0.0000 | 0.0000 | 0.0060 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0059 | 0.0000 | 0.0000
Cr 0.0001 | 0.0001 | 0.0018 | 0.0002 | 0.0000 0.0001 | 0.0002 | 0.0017 | 0.0002 [ 0.0000
Mn 0.0000 | 0.0000 | 0.0010 | 0.0000 | -0.0001 -0.0001 | 0.0000 | 0.0010 |-0.0001]| -0.0001
Fe 0.0290| 0.0245 | 0.0027 | 0.0463 | 0.0116 0.0184 | 00182 | 0.0018 [ 0.0313 [ 0.0055
Co 0.0001 | 0.0000 | 0.0008 | 0.0001 | 0.0001 0.0000 | 0.0000 | 0.0007 | 0.0000 | 0.0000
Ni 0.0002 | 0.0002 | 0.0006 | 0.0004 | 0.0001 0.0001 | 0.0001 | 0.0006 | 0.0001 | 0.0000
Cu 0.0021| 0.0025 | 0.0006 | 0.0039 | 0.0003 0.0011 | 0.0011 | 0.0006 | 0.0018 | 0.0003
Zn 0.0148| 0.0032 | 0.0014 | 0.0170 | 0.0125 0.0065 [ 0.0034 | 0.0008 | 0.0089 [ 0.0040
Ga -0.0001| 0.0001 | 0.0010 | -0.0001 | -0.0002 -0.0002 | 0.0000 [ 0.0010 |-0.0002 | -0.0002
As 0.0000 | 0.0000 | 0.0011 | 0.0000 | 0.0000 0.0000 | 0.0001 | 0.0011 | 0.0000 | 0.0000
S 0.0000 | 0.0000 | 0.0006 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0006 | 0.0000 | 0.0000
Br 0.0013| 0.0004 | 0.0006 | 0.0016 | 0.0010 0.0002 | 0.0001 | 0.0005 | 0.0003 | 0.0001
Rb -0.0001| 0.0000 | 0.0005 | -0.0001 | -0.0001 0.0000 | 0.0000 | 0.0005 | 0.0000 | -0.0001
S 0.0002 | 0.0002 [ 0.0005 | 0.0003 | 0.0001 0.0002 | 0.0001 | 0.0005 | 0.0003 [ 0.0001
Y -0.0001| 0.0000 | 0.0007 | -0.0001 | -0.0001 -0.0001 | 0.0000 | 0.0007 | 0.0000 | -0.0001
Zr 0.0002 | 0.0003 | 0.0008 | 0.0005 | 0.0000 0.0001 | 0.0002 | 0.0008 | 0.0003 | 0.0000
Mo 0.0001 | 0.0001 | 0.0014 | 0.0001 | 0.0000 0.0001 | 0.0001 | 0.0014 | 0.0001 [ 0.0000
Pd 0.0001 | 0.0001 | 0.0041 | 0.0001 | 0.0000 0.0000 | 0.0000 | 0.0041 | 0.0000 [ 0.0000
Ag -0.0008| 0.0001 | 0.0048 | -0.0007 | -0.0008 -0.0011 | 0.0000 | 0.0047 |-0.0011]| -0.0011
cd -0.0003| 0.0006 [ 0.0049 | 0.0002 | -0.0007 -0.0003 | 0.0006 | 0.0048 | 0.0001 | -0.0007
In -0.0007 | 0.0000 | 0.0059 | -0.0007 | -0.0007 -0.0002 | 0.0007 | 0.0059 | 0.0003 | -0.0007
Sl 0.0020 | 0.0012 [ 0.0074 | 0.0029 | 0.0011 0.0005 | 0.0007 | 0.0076 | 0.0010 [ 0.0000
D 0.0013 | 0.0004 | 0.0088 | 0.0016 | 0.0010 0.0004 | 0.0006 | 0.0088 | 0.0008 [ 0.0000
Ba -0.0008| 0.0091 | 0.0315 | 0.0056 |-0.0073 -0.0060 | 0.0102 | 0.0314 | 0.0013 | -0.0132
La -0.0028| 0.0008 | 0.0431 | -0.0023 | -0.0034 -0.0038 | 0.0059 [ 0.0429 | 0.0004 | -0.0080
Au -0.0002| 0.0000 | 0.0017 | -0.0002 | -0.0002 -0.0002 | 0.0000 [ 0.0016 |-0.0002 | -0.0002
Hg -0.0002| 0.0001 | 0.0013 | -0.0001 | -0.0002 -0.0002 | 0.0001 [ 0.0013 |-0.0001 | -0.0002
Ti -0.0002| 0.0000 | 0.0012 | -0.0002 | -0.0002 -0.0002 | 0.0000 [ 0.0012 |-0.0002 | -0.0002
Pb 0.0008 | 0.0006 | 0.0016 | 0.0012 | 0.0004 0.0002 | 0.0002 | 0.0016 | 0.0003 | 0.0001
U 0.0000 | 0.0000 | 0.0012 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0012 | 0.0000 | 0.0000
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It should be noted that the low emissons levels and the large sample-to-sample variahility (as indicated
by the large standard deviations) make it difficult to differentiate between the species profiles for
different vehicle/fud combinations or to compare the US06 and FTP. It should aso be noted that mass
identified from the chemica andyses was generaly less than that obtained from the gravimetric
measurements, as shown in Appendices F and G. This could be because of to the higher blank levels for
the chemica analyss and organic carbon measurements, the fact that not al species that contribute to
the particle composition are measured, or the difficulties in determining total carbon based on TOR from
asmdl section of the filter, as has been observed in previous studies (Sagebid et a., 1997; Watson et
al., 1994).

4.2 PAH, Hopane, and Sterane Emission Results

Tota PAH emission rates were obtained for each fuel/vehicle group. The FTP PAH emission results are
presented in Table 11 and Figure 11 for the CNG and RFG Dodge Caravans and in Table 12 and
Figure 12 for the M85 and RFG Ford Tauruses. These results were obtained by grouping samples for
al five vehiclesin each vehicle/fue group into asingle sample for extraction and subsequent andysis.
The US06 emission results for PAHs are presented in Table 13 and Figure 13 for the CNG and RFG
Dodge Caravans and in Table 14 and Figure 14 for the M85 and RFG Ford Tauruses. These results
were obtained by grouping samples from two of the vehiclesin each group into a single sample for
extraction and subsequent andlysis. The emisson rates are corrected for the contribution of trace
Species detected in the dilution tunndl, and as aresult, include some negetive values. For Tables 11-14,
chemica components whose concentrations are at least twice the average uncertainty are shown in
bold.

PAH emissions were highest for the RFG fueled vehicles. Total FTP PAH emissons rates were 1,142.0
pg/mi for the RFG Dodge Caravans and 352.5 pug/mi for the RFG Ford Tauruses. Tota PAH
emissions were lower over the USD6 with an emission rate of 965.1 ug/mi for the RFG Dodge
Caravans and 203.1 pg/mi for the RFG Ford Tauruses. These levels are comparable to those reported
by Segd et d. (1994) for anorma-emitting vehicle, but are dightly less that those reported by Sagebid
et d. (1997) for high-emitting gasoline vehicles in Nevada These levels are dso dightly higher than
those measured by Whitney (1997), Snce emisson rates of semi-volative PAHs such as naphthalenes,
methyl napthaenes and dimethylnaphthal enes were not quantified in that study. The digtribution of PAHs
for the gasoline vehiclesis smilar to that reported previoudy (Segd et ., 1994; Sagebied et d., 1997)
with ngphthaene, 2-methylnaphthaene, 1-methylnaphthaene, and dimethylnaphtha enes being the
primary condituents.

Tota PAH emission rates for the M85 Ford Tauruses were lower for the FTP (160.6 pug/mi) and
considerably lower for the US06 (21.7 pg/m) compared with the RFG Ford Tauruses. Nephthalene
and methylnaphtha enes were the most prominent PAHs for the M85 vehicles. Other PAHSs detected at
levels below 10 pg/mi include biphenyl, phenanthrene,

C-methylfluorene, anathracene and pyrene. Totd FTP PAH emissions for the CNG vehicles were
considerably lower (50.5 pg/mi) than those for ether the RFG or M85 vehicles. For the USD6, total
PAH emissons for the CNG vehicles (31.6 pg/mi) were lower than those for the RFG vehicles but
comparable to those for the M85 vehicles. Unlike the RFG and M85 vehicles, naphthaenes, 2-
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methylnaphthaene, and 1-methylnaphthaene were not detected for the CNG vehicles. The only PAHS
detected at levels greater than 3 pg/mi for CNG on both the FTP and US06 cycles were pyrene,
fluoranthene, phenanthrene, and C-methylfluorene,

Analyses were aso conducted for hopane and sterane emissions using the same sample groupings used
for the PAH analyses. No hopane or sterane compounds were measured above detectable levels,
however, for any of the vehicle/fud/driving-cycle groups. Because hopanes and steranes are primarily
oil tracers, this indicates that none of the test vehicles were excessve oil burners. It should be noted,
however, that some dements that can be attributed to oil sources were identified in the XRF andyss
(Mg, P, Ca, and Zn).
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PAH Emissions (ng/mi)

Figure 11. PAH Mass Emission Rates for CNG/RFG Dodge Caravans for FTP
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Figure 12. PAH Mass Emission Rates for M85/RFG Ford Tauruses for FTP
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Figure 13. PAH Mass Emission Rates for CNG/RFG Dodge Caravans for US06
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Figure 14. PAH Mass Emission Rates for M85/RFG Ford Tauruses for US06
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Table 11. Statistics for CNG and RFG Dodge Caravans for FTP PAH Emissions (ng/mi)

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
2,6+2,7-Dimethylnaphthalene
1,7+1,3+1,6-
Dimethylnaphthalene
2,3+1,4+1,5-
Dimethylnaphthalene
1,2-Dimethylnaphthalene
1,8-Dimethylnaphthalene
Biphenyl
2-Methylbiphenyl
3-Methylbiphenyl
4-Methylbiphenyl
A-Trimethylnaphthalene
1-Ethyl-2-methylnaphthalene
B-Trimethylnaphthalene
C-Trimethylnaphthalene
2-Ethyl-1-methylnaphthalene
E-Trimethylnaphthal ene
F-Trimethylnaphthal ene
G-Trimethylnaphthalene
H-Trimethylnaphthal ene
1,2,8-Trimethylnaphthalene
Acenaphthylene
Acenaphthene
Phenanthrene

Fluorene
A-Methylfluorene
1-Methylfluorene
B-Methylfluorene
C-Methylfluorene
A-Methylphenanthrene
2-Methylphenanthrene
B-Methylphenanthrene
C-Methylphenanthrene
1-Methylphenanthrene
3,6-Dimethylphenanthrene
A-Dimethylphenanthrene
B-Dimethylphenanthrene
C-Dimethylphenanthrene
1,7-Dimethylphenanthrene
D-Dimethylphenanthrene
E-Dimethylphenanthrene
Anthracene
9-Methylanthracene
Fluoranthene

Pyrene

A-Methylpyrene
B-Methylpyrene
C-Methylpyrene
D-Methylpyrene
E-Methylpyrene
F-Methylpyrene

Retene
Benzonaphthothiophene
Benz(a)anthracene
7-Methylbenz[a]anthracene
Chrysene
Benzo(b+j+k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
7-Methylbenzo[a] pyrene
Indeno[1,2,3-cd] pyrene
Dibenz(ah+ac)anthracene
Benzo(b)chrysene
Benzo(ghi)perylene
Coronene

Total

CNG Dodge Caravans
-2.51 +/- 2.02
0.51 +/- 1.99
0.71 +/- 1.07
0.17 +/- 2.70
-0.31 +- | 359
0.22 +/- 5.12
0.05 +- | 314
0.00 +/- 2.59
0.52 +/- 0.62
7.23 +/- 1.82
3.54 +/- 0.84
2.55 +/- 0.68
0.52 +/- 0.48
0.10 +/- 0.48
0.06 +/- 0.48
-0.03 +/- 0.48
-0.03 +/- 0.48
0.17 +/- 0.49
0.35 +/- 0.48
-0.06 +/- 0.49
-0.11 +/- 0.48
0.02 +/- 0.48
-0.15 +/- 3.11
0.16 +/- 1.40
7.87 +/- 1.13
0.35 +/- 0.56
0.53 +- | 050
0.47 +/- 0.49
-1.96 +- | 057
7.77 +/- 1.20
1.12 +/- 0.57
2.43 +/- 0.56
-0.31 +/- 0.48
0.57 +/- 0.53
1.12 +/- 0.51
0.24 +/- 0.49
0.65 +/- 0.49
0.05 +/- 0.48
1.11 +/- 0.52
0.40 +/- 0.48
0.27 +/- 0.48
-0.31 +/- 0.35
1.93 +/- 0.57
-5.63 +/- 1.10
3.57 +/- 1.00
13.62 +/- 1.54
-0.24 +/- 0.48
0.03 +/- 0.48
1.00 +/- 0.49
0.17 +/- 0.48
0.39 +/- 0.48
0.27 +/- 0.68
0.00 +/- 0.95
-0.01 +/- 1.40
0.10 +/- 0.50
-0.14 +/- 0.71
0.08 +/- 0.79
-0.01 +/- 0.48
0.00 +/- 1.53
-0.02 +/- 0.50
-0.11 +/- 1.29
-0.01 +/- 1.87
-0.03 +- | 097
-0.09 +/- 1.67
-0.45 +/- 0.54
0.02 +/- 0.05
50.50

RFG Dodge Caravans
531.99 +/- 55.89
232.29 +/- 24.52
120.31 +/- 12.77
41.46 +/- 5.17
57.55 +/- 7.03
17.51 +/- 5.42

6.56 +/- 3.22
0.09 +/- 2.58
16.33 +/- 1.85
-13.65 +/- 1.67
1.67 +/- 0.73
1.80 +/- 0.62
10.40 +/- 1.23
1.97 +/- 0.54
7.79 +/- 1.04
7.15 +/- 0.95
0.19 +/- 0.48
4.22 +/- 0.78
5.15 +/- 0.76
1.88 +/- 0.68
0.39 +- 0.48
0.35 +/- 0.52
12.64 +/- 3.44
3.47 +/- 1.45
20.26 +/- 2.32
11.61 +/- 1.43
2.07 +/- 0.59
1.60 +/- 0.54
-1.53 +- 0.56
9.05 +/- 1.35
1.70 +/- 0.63
2.75 +/- 0.58
-0.20 +/- 0.48
0.43 +/- 0.52
1.31 +/- 0.51
0.31 +/- 0.49
0.66 +/- 0.49
-0.10 +/- 0.48
0.64 +/- 0.49
0.37 +/- 0.48
0.14 +/- 0.48
-0.34 +/- 0.34
4.49 +- 0.83
-5.55 +/- 1.10
3.34 +- 0.98
12.60 +/- 1.44
-0.18 +/- 0.48
0.04 +/- 0.48
1.22 +/- 0.50
0.45 +/- 0.48
0.34 +/- 0.48
0.30 +/- 0.68
-0.01 +/- 0.95
0.00 +/- 1.39
0.44 +/- 0.49
-0.15 +/- 0.71
0.49 +/- 0.79
1.54 +/- 0.55
0.42 +/- 1.53
0.55 +/- 0.49
-0.10 +/- 1.29
0.41 +/- 1.87
-0.02 +- 0.96
-0.07 +/- 1.66
0.53 +- 0.54
0.68 +/- 0.17
1142.00




Table 12. Statistics for M85 and RFG FFV Ford Taurus for FTP PAH Emissions (ng/mi)

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
2,6+2,7-Dimethylnaphthalene
1,7+1,3+1,6-
Dimethylnaphthalene
2,3+1,4+1,5-
Dimethylnaphthalene
1,2-Dimethylnaphthalene
1,8-Dimethylnaphthalene
Biphenyl
2-Methylbiphenyl
3-Methylbiphenyl
4-Methylbiphenyl
A-Trimethylnaphthalene
1-Ethyl-2-methylnaphthalene
B-Trimethylnaphthalene
C-Trimethylnaphthalene
2-Ethyl-1-methylnaphthalene
E-Trimethylnaphthal ene
F-Trimethylnaphthal ene
G-Trimethylnaphthalene
H-Trimethylnaphthalene
1,2,8-Trimethylnaphthalene
Acenaphthylene
Acenaphthene
Phenanthrene

Fluorene
A-Methylfluorene
1-Methylfluorene
B-Methylfluorene
C-Methylfluorene
A-Methylphenanthrene
2-Methylphenanthrene
B-Methylphenanthrene
C-Methylphenanthrene
1-Methylphenanthrene
3,6-Dimethylphenanthrene
A-Dimethylphenanthrene
B-Dimethylphenanthrene
C-Dimethylphenanthrene
1,7-Dimethylphenanthrene
D-Dimethylphenanthrene
E-Dimethylphenanthrene
Anthracene
9-Methylanthracene
Fluoranthene

Pyrene

A-Methylpyrene
B-Methylpyrene
C-Methylpyrene
D-Methylpyrene
E-Methylpyrene
F-Methylpyrene

Retene
Benzonaphthothiophene
Benz(a)anthracene
7-Methylbenz[a] anthracene
Chrysene
Benzo(b+j+k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
7-Methylbenzo[a]pyrene
Indeno[1,2,3-cd] pyrene
Dibenz(ah+ac)anthracene
Benzo(b)chrysene
Benzo(ghi)perylene
Coronene

Total

M85 Ford Taurus

84.38 +/- 9.38
32.61 +/- 4.01
15.25 +/- 1L L5
5.14 +/- 2.76
6.77 +/- 3.66

2.23 +/- 5.12

0.61 +/- 3.14
0.00 +/- 2.59
1.59 +/- 0.64
-5.31 +/- 1.33
-1.07 +/- 0.66
-0.42 +/- 0.55
0.56 +/- 0.48
-0.03 +/- 0.48
0.39 +/- 0.49
0.35 +/- 0.48
0.07 +/- 0.48
0.40 +/- 0.49
0.61 +/- 0.48
0.03 +/- 0.48
-0.09 +/- 0.48
-0.07 +/- 0.48
-0.18 +/- 3.10
0.15 +/- 1.40
5.22 +/- 0.93
0.61 +/- 0.56
0.47 +/- 0.49
0.24 +/- 0.48
-2.01 +/- 0.57
4.38 +/- 0.81
-0.13 +/- 0.49
0.86 +/- 0.49
-0.36 +/- 0.48
-0.17 +/- 0.49
0.24 +/- 0.48
-0.10 +/- 0.48
0.18 +/- 0.48
-0.21 +/- 0.48
0.17 +/- 0.48
0.04 +/- 0.48
0.02 +/- 0.48
-0.57 +/- 0.35
2.53 +/- 0.61
-5.00 +/- 1.09
0.57 +/- 0.82
8.10 +/- 1.02
-0.08 +/- 0.48
0.00 +/- 0.48
0.90 +/- 0.49
0.12 +/- 0.48
0.06 +/- 0.48
0.08 +/- 0.68
0.02 +/- 0.95
0.05 +/- 1.40
0.41 +/- 0.51
0.03 +/- 0.72
0.21 +/- 0.79
0.10 +/- 0.48
0.03 +/- 1.53
0.19 +/- 0.50
-0.11 +/- 1.29
0.01 +/- 1.87
-0.03 +/- 0.97
-0.10 +/- 1.67
-0.40 +/- 0.54
0.07 +/- 0.05
160.58

RFG Ford Taurus
195.27 +/- 20.80
75.54 +/- 8.23
37.21 +/- 4.10
11.86 +/- 2.98
16.05 +/- 3.97
4.68 +/- 5.12
1.49 +/- 3.13
1.32 +/- 2.67
4.95 +/- 0.82
-9.96 +/- 1.45
-2.09 +/- 0.65
-0.64 +/- 0.54

2.17 +/- 0.53
0.28 +/- 0.48
1.25 +/- 0.51
1.27 +/- 0.51
0.08 +/- 0.48
0.92 +/- 0.50
1.17 +/- 0.50
0.34 +/- 0.49
-0.09 +/- 0.48
0.00 +/- 0.48
1.48 +/- 3.10
0.55 +/- 1.40
6.13 +/- 0.99
1.28 +/- 0.58
0.49 +/- 0.49
0.25 +/- 0.48
-1.99 +/- 0.57
3.09 +/- 0.67
0.02 +/- 0.50
0.94 +/- 0.49
-0.36 +/- 0.48
-0.25 +/- 0.48
0.18 +/- 0.48
-0.10 +/- 0.48
0.15 +/- 0.48
0.28 +/- 0.48
0.08 +/- 0.48
-0.04 +/- 0.48
-0.04 +/- 0.48
-0.60 +/- 0.34
1.35 +/- 0.52
-5.61 +/- 1.10
-3.05 +/- 0.76
5.33 +/- 0.78
-0.21 +/- 0.48
-0.22 +/- 0.48
0.46 +/- 0.48
0.03 +/- 0.48
0.09 +/- 0.48
0.06 +/- 0.68
-0.01 +/- 0.95
-0.01 +/- 1.39
0.15 +/- 0.48
-0.16 +/- 0.71
0.05 +/- 0.78
0.09 +/- 0.48
0.01 +/- 1.53
0.16 +/- 0.48
-0.11 +/- 1.29
0.00 +/- 1.87
-0.03 +/- 0.95
-0.10 +/- 1.66
-0.40 +/- 0.52
0.04 +/- 0.02
352.52




Table 13. Statistics for CNG and RFG Dodge Caravans for USO6 PAH Emissions (ug/mi)

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
2,6+2,7-Dimethylnaphthalene
1,7+1,3+1,6-
Dimethylnaphthalene
2,3+1,4+1,5-
Dimethylnaphthalene
1,2-Dimethylnaphthalene
1,8-Dimethylnaphthalene
Biphenyl
2-Methylbiphenyl
3-Methylbiphenyl
4-Methylbiphenyl
A-Trimethylnaphthalene
1-Ethyl-2-methylnaphthalene
B-Trimethylnaphthalene
C-Trimethylnaphthalene
2-Ethyl-1-methylnaphthalene
E-Trimethylnaphthal ene
F-Trimethylnaphthal ene
G-Trimethylnaphthalene
H-Trimethylnaphthalene
1,2,8-Trimethylnaphthalene
Acenaphthylene
Acenaphthene
Phenanthrene

Fluorene
A-Methylfluorene
1-Methylfluorene
B-Methylfluorene
C-Methylfluorene
A-Methylphenanthrene
2-Methylphenanthrene
B-Methylphenanthrene
C-Methylphenanthrene
1-Methylphenanthrene
3,6-Dimethylphenanthrene
A-Dimethylphenanthrene
B-Dimethylphenanthrene
C-Dimethylphenanthrene
1,7-Dimethylphenanthrene
D-Dimethylphenanthrene
E-Dimethylphenanthrene
Anthracene
9-Methylanthracene
Fluoranthene

Pyrene

A-Methylpyrene
B-Methylpyrene
C-Methylpyrene
D-Methylpyrene
E-Methylpyrene
F-Methylpyrene

Retene
Benzonaphthothiophene
Benz(a)anthracene
7-Methylbenz[a] anthracene
Chrysene
Benzo(b+j+k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
7-Methylbenzo[a] pyrene
Indeno[1,2,3-cd] pyrene
Dibenz(ah+ac)anthracene
Benzo(b)chrysene
Benzo(ghi)perylene
Coronene

Total

CNG Dodge Caravans

-4.27 +/- 1.94
2.10 +/- 2.02
2.00 +/- 1.10
0.29 +/- 2.72
0.77 +/- 3.62

0.51 +/- 5.17

0.42 +/- 3.17
0.04 +/- 2.62
0.69 +/- 0.63
-9.57 +/- 1.45
-2.55 +/- 0.67
-0.75 +/- 0.55
0.46 +/- 0.49
0.08 +/- 0.48
-0.04 +/- 0.49
0.03 +/- 0.49
0.01 +/- 0.48
0.18 +/- 0.49
0.39 +/- 0.49
0.11 +/- 0.49
-0.06 +/- 0.48
0.01 +/- 0.49
0.12 +/- 3.14
0.33 +/- 1.41
6.24 +/- 1.00
0.45 +/- 0.57
0.22 +/- 0.49
0.27 +/- 0.49
-2.02 +/- 0.57
6.42 +/- 1.03
0.29 +/- 0.51
1.15 +/- 0.50
-0.36 +/- 0.48
0.15 +/- 0.50
0.54 +/- 0.49
-0.01 +/- 0.49
0.28 +/- 0.49
-0.16 +/- 0.48
0.91 +/- 0.51
0.27 +/- 0.49
0.21 +/- 0.49
-0.37 +/- 0.35
1.69 +/- 0.55
-5.30 +/- 1.09
5.25 +/- 1.13
15.32 +/- 1.71
0.45 +/- 0.49
0.01 +/- 0.48
1.19 +/- 0.50
0.22 +/- 0.49
0.54 +/- 0.49
0.41 +/- 0.69
0.15 +/- 0.96
0.15 +/- 1.40
0.78 +/- 0.56
-0.13 +/- 0.72
1.03 +/- 0.82
2.69 +/- 0.67
0.85 +/- 1.54
0.11 +/- 0.55
-0.10 +/- 1.29
0.27 +/- 1.88
-0.01 +/- 1.01
-0.08 +/- 1.67
0.06 +/- 0.60
0.24 +/- 0.10
31.60

RFG Dodge Caravans
431.97 +/- 45.47
177.02 +/- 18.75
89.26 +/- 9.51
31.63 +/- 4.32
44.49 +/- 5.91
13.84 +/- 5.33
5.07 +/- 3.20
0.46 +/- 2.61
15.08 +/- 1.73
-13.65 +/- 1.67
0.76 +/- 0.69
0.98 +/- 0.58
6.90 +/- 0.89
1.33 +/- 0.51
5.87 +/- 0.85
5.35 +/- 0.78
0.12 +/- 0.48
3.59 +/- 0.71
4.27 +/- 0.69
1.96 +/- 0.70
0.31 +/- 0.48
0.34 +/- 0.52
8.68 +/- 3.27
2.24 +/- 1.43
31.11 +/- 3.45
11.18 +/- 1.38
1.59 +/- 0.55
2.20 +/- 0.60
-1.51 +/- 0.56
31.65 +/- 4.24
2.74 +/- 0.75
4.03 +/- 0.68
-0.35 +/- 0.48
0.94 +/- 0.57
2.00 +/- 0.55
0.54 +/- 0.50
0.97 +/- 0.51
0.16 +/- 0.48
1.17 +/- 0.52
0.51 +/- 0.48
0.38 +/- 0.48
-0.08 +/- 0.35
8.82 +/- 1.41
-5.22 +/- 1.09
9.28 +/- 1.48
19.21 +/- 2.11
-0.06 +/- 0.48
0.36 +/- 0.48
1.56 +/- 0.51
0.35 +/- 0.48
0.53 +/- 0.48
0.37 +/- 0.68
0.11 +/- 0.95
0.11 +/- 1.40
0.60 +/- 0.52
-0.16 +/- 0.71
0.61 +/- 0.80
1.01 +/- 0.51
0.35 +/- 1.53
0.12 +/- 0.50
-0.11 +/- 1.29
0.12 +/- 1.87
-0.03 +/- 0.97
-0.10 +/- 1.67
-0.02 +/- 0.55
0.20 +/- 0.07
965.10




Table 14. Statistics for M85 and RFG FFV Ford Taurus for USO6 PAH Emissions (ug/mi)

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
2,6+2,7-Dimethylnaphthalene
1,7+1,3+1,6-
Dimethylnaphthalene
2,3+1,4+1,5-
Dimethylnaphthalene
1,2-Dimethylnaphthalene
1,8-Dimethylnaphthalene
Biphenyl
2-Methylbiphenyl
3-Methylbiphenyl
4-Methylbiphenyl
A-Trimethylnaphthalene
1-Ethyl-2-methylnaphthalene
B-Trimethylnaphthalene
C-Trimethylnaphthalene
2-Ethyl-1-methylnaphthalene
E-Trimethylnaphthal ene
F-Trimethylnaphthal ene
G-Trimethylnaphthalene
H-Trimethylnaphthalene
1,2,8-Trimethylnaphthalene
Acenaphthylene
Acenaphthene
Phenanthrene

Fluorene
A-Methylfluorene
1-Methylfluorene
B-Methylfluorene
C-Methylfluorene
A-Methylphenanthrene
2-Methylphenanthrene
B-Methylphenanthrene
C-Methylphenanthrene
1-Methylphenanthrene
3,6-Dimethylphenanthrene
A-Dimethylphenanthrene
B-Dimethylphenanthrene
C-Dimethylphenanthrene
1,7-Dimethylphenanthrene
D-Dimethylphenanthrene
E-Dimethylphenanthrene
Anthracene
9-Methylanthracene
Fluoranthene

Pyrene

A-Methylpyrene
B-Methylpyrene
C-Methylpyrene
D-Methylpyrene
E-Methylpyrene
F-Methylpyrene

Retene
Benzonaphthotiophene
Benz(a)anthracene
7-Methylbenz[a] anthracene
Chrysene
Benzo(b+j+k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
7-Methylbenzo[a] pyrene
Indeno[1,2,3-cd] pyrene
Dibenz(ah+ac)anthracene
Benzo(b)chrysene
Benzo(ghi)perylene
Coronene

Total

M85 Ford Taurus
9.34 +/- 2.40
9.71 +/- 2.28
4.76 +/- 1.20

2.73 +/- 2.75
3.85 +/- 3.65

1.21 +/- 5.18

0.38 +/- 3.18
0.00 +/- 2.62
0.70 +/- 0.63
-10.27 +/- 1.49
-3.49 +/- 0.69
-1.26 +/- 0.56
1.12 +/- 0.50
0.08 +/- 0.48
0.64 +/- 0.50
0.51 +/- 0.49
0.00 +/- 0.48
0.43 +/- 0.49
0.71 +/- 0.49
0.21 +/- 0.50
-0.13 +/- 0.48
-0.06 +/- 0.49
0.06 +/- 3.14
0.13 +/- 1.42
3.74 +/- 0.83
0.27 +/- 0.57
0.21 +/- 0.49
0.25 +/- 0.49
-2.02 +/- 0.57
4.25 +/- 0.80
-0.26 +/- 0.50
0.51 +/- 0.49
-0.32 +/- 0.48
-0.34 +/- 0.49
0.05 +/- 0.49
-0.18 +/- 0.48
-0.01 +/- 0.48
-0.30 +/- 0.48
0.06 +/- 0.49
-0.09 +/- 0.48
-0.07 +/- 0.48
-0.66 +/- 0.36
0.69 +/- 0.49
-5.68 +/- 1.11
-3.65 +/- 0.78
4.69 +/- 0.74
-0.19 +/- 0.49
-0.34 +/- 0.48
0.29 +/- 0.49
-0.06 +/- 0.48
0.05 +/- 0.48
0.02 +/- 0.68
0.02 +/- 0.96
0.00 +/- 1.40
0.10 +/- 0.54
-0.14 +/- 0.72
0.04 +/- 0.79
0.03 +/- 0.50
0.03 +/- 1.53
-0.02 +/- 0.55
-0.11 +/- 1.29
-0.02 +/- 1.88
-0.02 +/- 1.01
-0.10 +/- 1.67
-0.45 +/- 0.60
0.03 +/- 0.09
21.65

RFG Ford Taurus
110.81 +/- 12.07
34.50 +/- 4.18
15.90 +/- 2.01

6.51 +/- 2.79
8.85 +/- 3.72
2.68 +/- 5.13
0.81 +/- 3.14
0.00 +/- 2.59
3.92 +/- 0.75
-12.65 +/- 1.60
-3.60 +/- 0.69
-1.31 +/- 0.55
1.42 +/- 0.50
0.13 +/- 0.48
0.83 +/- 0.50
0.77 +/- 0.49
0.01 +/- 0.48
0.55 +/- 0.49
0.92 +/- 0.49
0.27 +/- 0.49
-0.16 +/- 0.48
-0.07 +/- 0.48
0.69 +/- 3.11
0.25 +/- 1.40
11.70 +/- 1.47
2.25 +/- 0.62
0.49 +/- 0.49
0.72 +/- 0.49
-1.90 +/- 0.57
10.10 +/- 1.48
0.22 +/- 0.51
1.22 +/- 0.50
-0.36 +/- 0.48
-0.15 +/- 0.49
0.37 +/- 0.48
-0.08 +/- 0.48
0.11 +/- 0.48
-0.24 +/- 0.48
0.13 +/- 0.48
0.00 +/- 0.48
-0.01 +/- 0.48
-0.60 +/- 0.35
2.88 +/- 0.65
-5.47 +/- 1.10
0.48 +/- 0.82
8.89 +/- 1.09
-0.17 +/- 0.48
-0.17 +/- 0.48
0.67 +/- 0.48
0.00 +/- 0.48
0.14 +/- 0.48
0.18 +/- 0.68
0.02 +/- 0.95
0.02 +/- 1.40
0.15 +/- 0.50
-0.15 +/- 0.71
0.14 +/- 0.79
0.13 +/- 0.48
0.05 +/- 1.53
-0.02 +/- 0.50
-0.11 +/- 1.29
-0.01 +/- 1.87
-0.02 +/- 0.97
-0.10 +/- 1.67
-0.41 +/- 0.55
0.04 +/- 0.05
203.08
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5.0 Summary of Results
The findings of this sudy are asfollows:

Average FTP particulate emissions for CNG and M85 fueled vehicles were 1.40 and 0.70
mg/mi, respectively. These particulate emission vaues are low and comparable to those of thelr
gasoline counterparts.

CNG vehicles produced consderably lower NMHC than RFG vehicles, with reductions of
83% for the FTP and 93% for the US06. CO emissions for CNG vehicles were also lower
compared with RFG, with reductions of 38% and 85%, respectively, for the FTP and the
US06. Reductionsin NMHC and CO were even greater when the contribution from the
highest-emitting CNG Dodge Caravan was removed from the average. NO, emissons for
CNG vehicles were comparable to those for the gasoline vehicles for the fleet average, and
lower than RFG when CNG vehicle #1 was excluded.

M85 produced 27% lower NO, and 36% higher CO emissions than RFG over the FTP.
OMHCE emissions were 38% higher on M85 compared with RFG. Totd hydrocarbons
excluding methanol were lower for M85 than RFG, however.

M85 produced lower emissions than RFG for THC, NMHC, CO, and NO, over the US06
cycle. Thereductions for M85 relative to RFG were 68%, 72%, 33%, and 44%, respectively,
for THC, NMHC, CO, and NO.

FTP average mass-emission rates for methanol and forma dehyde were 224 mg/mi and 19
mg/mi, respectively. Methanol emissons were primarily attributable to cold-gart emissons.
Methanol and formal dehyde emissions were very low for RFG over the FTP and US06, and for
M85 over the US06.

Particulate, NO,, and CO emissions were sgnificantly higher for the more aggressve US06
cydethan the FTPfor dl vehicleffud combinations, with some vehides having Sgnificant
increases in particulate emissions over the USD6. Average US06 particulate emissons were
7.76 and 3.62 mg/mi, respectively, for CNG and M85 vehicles, or afactor of more than 5
greater than the FTP values. Increases relative to the FTP of 72% and 103% were observed
for CO and NOy, respectively, for CNG vehicles over the US06. Increases reletive to the FTP
of 212% and 143% were observed for CO and NO,, respectively, for M85 vehicles over the
US06.

Most of the particulate mass was below 10 um in aerodynamic diameter (77%-92%) with
58%-82% of the mass below 2.5 um, and 42%-77% below 1.0 um. The fractions of
particulate in the smdlest Size regions are dightly lower than those observed in previous sudies,
which could indicate a grester contribution of re-entrained particulate. It should also be noted
that low particulate emissions made the measurement of particulate size ditributions difficult,
especidly over the FTP cycle.




Anaysis of particulate samples for organic and eementd carbon, trace eements, and ions
reveded that eementa and organic carbon were prominent congtituents for dl three vehicle
groups. Other species identified include possible fud-derived components (S04, S) and
oil/wear-derived components (Mg, P, Ca, Zn, Fe, S, and Al). Low emissionslevels and large
sample-to-sample variability made it difficult to differentiate between the species profiles for
different vehideffud combinations.

PAH emissions were highest for the RFG vehicles over the FTP and the US06. Naphthalene,
methylnaphthalenes, and dimethylnaphtha enes were the primary PAH condtituents for the RFG
vehicles. PAH emissons for M85 vehicles were lower than for RFG vehicles over the FTP and
considerably lower over the US06. Naphthal ene and methylnaphtha enes were the most
prominent PAHs for M85 vehicles. PAH emissons for CNG vehicles were lower than for RFG
vehicles over the FTP and US06 cycles, and lower than those for M85 vehicles over the FTP.
For CNG, most PAH compounds were identified in relatively low concentrations, and

naphtha ene and methylngphthal enes were not identified.

Hopane and sterane emissions were not measured above the detectable levels for any of the
vehicleffud groups, indicating that no test vehicles were excessve oil burners
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6.0 Conclusions and Recommendations

Overdl, particulate emissions from modern technology CNG and M85 vehicles were low, but
comparable to those of smilar technology gasoline vehicles. These results indicate thet the replacement
of gasoline vehideswith AFVswill probably not provide adramatic reduction in particulate emissonsin
urban areas. Previous studies have shown more dramatic reductionsin PM for dternative fuelsused in
diesdl gpplications, and research in this area should continue (Wang et a., 1993; Unnasch et al, 1993).
AFVsdso can provide reductions in gaseous emissions compared with gasoline vehicles. This should
be congdered in developing air quaity management plans.

The results of this study indicate that driving conditions can have aimportant impact on particulate
emissons. This gpplies even for low-emitting gasoline and dternative fud vehicles, which showed
ggnificant increases over the USD6 compared with the FTP. It is recommended that additiond studies
comparing particulate emissions for the FTP and more aggressive cycles be conducted. Such sudies
should include larger fleets of vehicles and chemical analysesto help identify the source of the
particulate.

The reults of this study highlight the difficulty of measuring PM emissons from modern technology low
emitting gasoline and dternative fud vehides Thisis particularly true in the case of measuring size
digributions and for chemicd analyses, but it dso gppliesto mass emissons. In each case, multiple
cycles are required to obtain sufficient mass for anayss.

As particulate emissions from modern technology vehicles continue to decrease to near detectable limits,
more advanced methodol ogies for measuring particulate must be investigated. In this regard, more
extendve research in the development of red-time particulate measurement techniques, such asa
condensation nucle counter or spectrophone, should be conducted. Further development of such
techniques will dso be useful in measuring and determining the origin of particulate emissions from higher
emitting gasoline and diesdl vehides
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Appendix A: Fuel Properties




Table A-1. Fuel Properties for RFG

Fuel Parameter Units Cdifornia Phase 2 Gasoline
Specs. Phillips Verification
Andyses Andyses
Octane - 91 Min. 91.7
Didtillation
10% Point Deg. F 130-150 139 150
50% Point Deg. F 200-210 203 205
90% Point Deg. F 290-300 300 296
End Point Deg. F 390 max. 379 378
Sulfur Ppmw 3040 325 345
RvP Psi 6.7-7.0 6.9 6.74
Olefins Va % 4-6 5.8 5.29
Aromatics Val % 22-25 24.2 2344
Multi-Substituted Vol % 12-14 14
Alkyl Aromatics
Benzene Vol % 0.8-1.0 0.95 0.88
MTBE Vol % 10.8-11.2 10.92 10.86

Table A-2. Fuel Properties for M8S Blend (w/RFG)

Fudl Parameter Units
API Gravity - 454
Sulfur ppmMw 25
RVP Psi 52
Oléfins Vol % 0.60
Aromaics Vol % 299
Methanol Vol % 88.3
Pardffins Vol % 512
Benzene Vol % 011
MTBE Vol % 1.39

Table A-3. Fuel Properties for CNG (% Mass)

Fuel Species % of tota hydrocarbons (by

Mass)
Methane 95.8%
Ethane 2.8%
Propane 0.7%
Butane 0.3%
Pentane 0.2%
2,2-Dimethylpropane 0.0%
2-Methylbutane 0.2%
Propene 0.1%

Note: inert compounds were not messured in this study, but average gpproximately
1.41% CO, and 0.46% N, by volume &t the Riversde distribution point (Sinclair)
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Appendix B: Particulate and Gas-Phase
Emissions Summary for FTP and US06




Table B-1. Particulate and Gas-Phase Emissions Summary for FTP

Bag 1l Bag2 Bag 3 Weghted
THC NMHC CO NO;, PM |THC NMHC CO NO, PM |THC NMHC CO NO, PM |THC NMHC CO NO, PM
gm gm gm gm mgm |gm gm  gm gm mgmi|gm  gm gm gm mgm |gm  gm gm gm nmgm
CNG#1 FTP#1 1075 009 5648 1460 130 (0986 0082 4226 1163 109 |0.754 0065 5041 1390 048 |0941 008 4744 1287 096
FTP#2 1049 0101 5603 1407 0951 0081 4315 1120 0.762 0.065 5171 1.369 0919 0081 4816 1248
CNG#2 FTP#1 0729 0083 1392 07/5 312 |0271 0044 0273 0357 234 |0324 0034 0808 0320 147 | 038 005 0651 0433 226
FTP#2 0592 0018 1418 0682 0247 004 0270 0275 0311 0.023 0553 0.297 0336 0038 058 0.365
CNG#3 FTP#1 0487 0041 1595 0222 130 |0101 0126 0375 0007 209 |0164 0018 0751 0043 140 |0.198 0078 0.731 0061 174
FTP#2 0339 0043 1169 0.156 0039 0043 0343 0.008 0178 0.000 0826 0.039 0165 0031 0646 0.047
CNG#4 FTP#1 0476 0010 0751 0673 104 (0126 0034 0013 0414 136 | 021 0017 0033 0424 085 |0221 0024 0171 0470 116
FTP#2 046 0037 1035 0681 0118 0027 0.010 0374 0197 0026 0061 0412 0211 0029 0236 0.448
CNG#5 FTP#1 0486 0013 2159 0412 191 |0071 0000 0061 0104 063 |0173 0000 0429 0110 055 |0.184 0003 0595 0169 0.87
FTP#2 0454 0000 2206 0.39 004 0013 008L 0176 018 0008 0361 0114 0192 0009 0597 0.205
RFG #1 FTP#1 0875 0816 5973 0865 9.06 [0055 0032 0577 0189 044 |0146 0111 1864 0317 094 | 025 0216 2047 0364 236
FTP#2 N.A. N.A. N.A. N.A.
RFG #2 FTP#1 0861 0818 7269 079 135 (0024 0013 0276 0159 016 |0085 0062 1297 0287 028 |0214 0193 199 0326 044
FTP#2 1184 1121 8228 0.729 0038 0006 0274 0178 0111 0.094 1243 0277 0295 0261 2186 0.320
RFG #3 FTP#1 1214 1151 7570 0859 421 (0026 0013 039 0165 034|012 0111 1457 019% 109 |0297 0275 217 0317 135
FTP#2 1402 1348 6311 0881 0047 0007 0614 0140 0121 013 1612 0191 0347 0318 2064 0.307
RFG #4 FTP#1 1181 1125 5555 0957 251 (0069 0045 086 0224 053 |0149 0121 2150 0313 132 |0321 0289 2184 0400 1.16
FTP#2 0939 0.884 5350 0939 0054 0030 1054 0223 0145 0112 2282 0377 0262 0229 2277 0413
RFG #5 FTP#1 1126 1062 7.606 0979 249 |0059 0036 0954 0232 0550121 0089 1910 0374 046 (0297 0263 2591 0425 092
FTP#2 0931 0875 6297 0911 0062 0039 0973 0.213 0145 0112 2539 0.383 0265 0232 2505 0404
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Table B-1. Particulate and Gas-Phase Emissions Summary for FTP (concluded)

Bag 1l Bag2 Bag 3 Weghted

THC NMHC CO NO, PM |THC NMHC CO NO, PM |THC NMHC CO NO, PM [THC NMHC CO NO, PM

gm gm gm gm mgm gm gm gm gm mgm | gm  gm gm gm nmgm|gm gm gm  gm  mgmi

M85 #1 FTP#1 0547 0524 5997 0417 077 |0028 001 1772 0178 006 |0058 0043 1931 0304 026 |0144 0125 2704 0262 0.26
FTP#2 0781 0761 6.746 0484 0015 0002 1466 0220 0042 0033 2028 0.330 0181 0.168 2714 0305

M85 #2 FTP#1 0515 0491 6443 0332 144 |0026 0015 0450 0165 070 |0031 0019 0957 0239 030 |0129 0114 1828 0220 0.75
FTP#2 0467 0445 4847 0.360 0034 002 0506 0165 0039 0027 0941 0201 0125 0110 1521 0.215

M85 #3 FTP#1 0627 0598 5840 0372 053 |0031 0017 0778 0173 056 |0045 0033 1364 0190 027 |0158 02141 1982 0219 047
FTP#2 064 063 5710 0372 0028 0015 0870 0.161 0067 0053 2516 0164 0168 0152 2321 0205

M85 #4 FTP#1 0514 0492 5294 0383 269 (0013 0002 0948 02181 094 |0053 0039 1529 0251 101 (0128 0113 2007 0242 132
FTP#2 0710 0678 8441 0.362 0024 0009 1053 0.169 0045 0028 1604 0.255 0171 0152 2731 0233

M85 #5 FTP#1 0879 0834 9403 0153 126 |0019 0015 0930 0055 05 |0027 0016 1712 0117 069 |0199 018 2900 0092 0.71
FTP#2 0848 0811 9169 0148 0019 0009 1290 0061 0030 0019 1901 0111 0194 0178 3.089 0.093

RFG #1 FTP#1 0641 0606 5894 0654 055 (0029 0014 0906 0174 009 |0090 0068 1326 0493 005 (0172 0151 2052 0361 017
FTP#2 0655 0617 5722 0628 0015 0001 0.769 0.147 0094 0071 1328 0511 0169 0.148 1948 0.346

RFG #2 FTP#1 0494 0463 6.8 0413 178 (0008 0003 0108 0112 013 |0028 0016 0301 0290 003 (0114 0101 1416 0223 045
FTP#2 0465 0434 6554 0417 0011 0005 0148 0152 0040 0.028 0440 0.308 0114 0101 1566 0.250

RFG #3 FTP#1 0518 0481 5958 0512 109 |0018 0.007 0423 0201 033 |0080 0062 0995 0330 044 |0138 0120 1723 0301 052
FTP#2 0510 0475 5522 0553 0019 0009 0478 0158 0076 0.057 0910 0.350 0136 0.118 1636 0.292

RFG #4 FTP#1 0604 0574 5032 0454 253 |0000 0000 0788 0159 200 |0068 0053 0734 0371 049 |0149 0138 1685 0283 169
FTP#2 0600 0566 5793 0484 0018 0.004 0684 0.166 0.0% 0.073 1081 0.338 0159 0139 1848 0.279

RFG #5 FTP#1 0433 0394 6141 0499 068 (0015 0005 0631 0136 041 |0039 0023 0971 0370 032 (0108 0090 1863 0275 044
FTP#2 0411 0372 5820 0459 0017 0007 0616 0.135 0051 0035 0963 0.336 0108 0.090 1789 0.257
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Table B-2. Particulate and Gas-Phase Emissions Summary for US06

Dodge Caravans

THC NMHC CO NO, PM THC NMHC CO NO, PM
gmi gm gm gm mgm gm gmi gm gm ngm
CNG#1 US6#1 0583 0057 5809 2944 1246 RFG#1 US06#1 0300 0252 15483 0.761 7.9
Us6#2 0580 0052 7.047 3011 Us6#2 0200 0168 5302 0.697
US6#3 0575 0055 7.018 3.260 US6#3 0195 0151 5242 0.715
Uo6#4 0569 0056 6.866 3.320 Usoe#4 0250 0205 10313 0.674
CNG#2 USD6#1 0169 0000 1757 059% 524 RFG#2 US6G#1 0183 0146 1082 0594 183
Uso6#2 0199 0012 1727 0.632 Uso6#2 0139 0113 8805 0440
US06#3 016 0013 1912 0634 US06#3 0135 0103 7932 0462
uUse#4 0163 0022 1829 0.627 Us6#4 0181 0143 15483 0453
CNG#3 US6#1 0109 0000 1365 0281 474 RFG#3 US06#1 0333 0277 20494 0589 11.63
Ue#2 0127 0006 1664 0.226 Ue#2 0255 0209 14229 0536
CNG#4 US6#1 0157 0012 0494 0455 1377 RFG#4 US06#1 0449 0371 29526 0.739 7.95
U06#2 0133 0002 0352 0461 Uo6#2 0370 0307 21.375 0.783
CNG#5 US06#1 0122 0006 1381 0353 260 RFG#5 US6B#1 0283 0235 15922 0872 374
Uo6#2 0122 0009 1483 0.316 U06#2 0296 0241 21637 0.884
Ford Tauruses
M85#1 US06#1 0018 0014 2257 1053 291 RFG#1 US6B#1 0304 0276 81838 1442 262
U06#2 0023 0020 2208 1.036 US06#2 0275 0246 9552 1.204
U6#3 0018 0016 2672 0.85 US6#3 0232 0211 4885 1414
Use#4 0015 0013 2441 0.848 Use#4 0223 0198 6.897 1435
M85#2 USD6#1 0020 0.013 2237 0639 350 RFG#2 US06#1 0073 0062 3194 0922 247
Us6#2 0036 0031 1760 0541 US6#2 0064 0055 2491 094
US06#3 0041 0035 2364 0543 US06#3 0064 0055 258 1.000
Uso6#4 0025 0018 2184 0545 Usoe#4 0076 0066 2446 1.035
M85#3 US06#1 0060 0046 7.775 0357 296 RFG#3 US6B#1 0144 0119 9969 0728 3.04
Uo6#2 0083 0068 7.727 0.355 Uso6#2 0173 0141 11.349 0.614
M85#4 UD6#1L 0073 0058 7311 0437 163 RFG#4 U06#1 0126 0105 8728 0842 4.12
U6#2 0026 0017 3918 0495 Us6# 0149 0126 9141 0734
M85#5 UD6#1 0103 0073 2225 0182 7.08 RFG# US06#1 0184 0137 25656 0670 8.32
U6#2 0063 0041 16.223 0.220 Us6#2 0180 0135 25242 0.673
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Appendix C: Emissions Summary of Alcohols, Aldehydes, and
Ketones for FTP and US06




Table C-1. Emissions Summary of Alcohols, Aldehydes, and Ketones for FTP

RFG Dodge Caravan #1
Phase 1 Phase 2 Phase 3 Wghtd

RFG Dodge Caravan #2
Phase 1 Phase 2 Phase 3 Wghtd

RFG Dodge Caravan #3
Phase 1 Phase 2 Phase 3 Wghtd

RFG Dodge Caravan #4
Phase 1 Phase2 Phase3 Wghtd

RFG Dodge Caravan #5
Phase 1 Phase 2 Phase 3 Wghtd

mgmi mg/mi mg/mi mg/mi [ mgmi mg/mi mg/mi mg/mi | mg/mi mg/mi mg/mi mg/mi [ mg/mi mg/mi mg/mi mg/mi | mg/mi mg/mi mg/mi mg/mi
Methanol 1242 000 000 259 | 677 000 271 215 | 650 000 000 135 | 831 0.00 122 206 | 466 000 0.00 096
Aldehydes
Formaldehyde | 1246 000 154 302 | 950 238 035 332 | 731 28 165 347 | 238 527 112 354 6.74 345 136 3.63
Acetaldehyde 540 000 106 142 | 463 08 000 141 | 28 039 100 107 | 064 045 086 0.60 532 066 101 172
Propionaldehyde] 026 000 028 013 | 000 000 000 000 | 000 021 049 024 | 000 0.00 0.00 0.00 000 000 000 0.00
Acrolein 433 000 266 163 | 431 170 000 178 | 209 051 235 135 | 019 0.33 181 071 560 202 039 232
Methacrolein 000 003 000 000 | OOO O0OOO OO0 00O | 176 000 000 037 | 052 0.00 000 011 000 000 000 0.00
n-Butyraldehydel 000 000 000 000 | 00O 000 000 000 | OOO 000 000 000 | 00O 0.00 0.00 0.00 000 000 000 0.00
Crotonaldehyde | 0.00 000 000 000 [ 000 000 000 000 | OO0 000 017 000 [ 000 0.00 0.00 0.00 261 000 000 054
Pentanaldehyde | 000 000 000 000 | 000 000 000 000 | 00O 000 000 000 | 000 0.00 0.00 0.00 282 000 000 0.58
Hexanaldehyde | 244 000 000 051 | 000 000 000 000 | 00O 000 000 000 | 00O 0.00 0.00 0.00 000 000 000 0.00
Aromatic
Aldehydes
Benzaldehyde 000 000 000 000 | 181 000 000 038 | 000 028 000 014 | 044 000 0.00 0.09 000 000 000 0.00
p-Tolualdehyde | 298 000 000 062 | 236 000 000 049 | 000 000 000 0.00 | 049 0.00 0.00 0.10 000 000 000 0.00
Ketones
Acetone 000 000 000 000 | OOO 000 000 000 | OOO 000 000 000 | 00O 000 0.00 0.00 000 000 000 0.00
Butanone 000 000 000 000 | OOO 000 000 000 | OOO 000 000 000 | 00O 0.00 0.00 0.00 000 000 000 0.00
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Table C-1. Emissions Summary of Alcohols, Aldehydes, and Ketones for FTP (continued)

RFG Ford Taurus #1
Phase 1 Phase2 Phase 3 Wghtd

RFG Ford Taurus #2
Phase 1 Phase 2 Phase 3 Wghtd

RFG Ford Taurus #3
Phase 1 Phase 2 Phase 3 Wghtd

RFG Ford Taurus #4
Phase 1 Phase2 Phase3 Wghtd

RFG Ford Taurus #5
Phase 1 Phase 2 Phase 3 Wghtd

mgmi mg/mi mg/mi mg/mi [ mg/mi mg/mi mg/mi mg/mi | mg/mi mg/mi mg/mi mg/mi | mg/mi mg/mi mg/mi mg/mi | mgmi mg/mi mg/mi mg/mi
M ethanol 73 000 000 152 | 705 000 000 145 | 544 000 000 112| 7.38 0.00 000 152 | 1089 000 000 225
Aldehydes
Formaldehyde 914 269 126 363 | 759 201 091 286 | 7.80 280 077 328 1328 6.99 095 6.64 599 180 054 232
Acetaldehyde 294 015 113 099 | 19 019 081 072 | 216 017 038 064 ]| 295 0.55 044 102 18 057 032 0.76
Propionaldehydd 0.19 000 000 004 | 000 000 000 000 | 016 000 000 0.03]| 0.00 0.00 000 000 | 000 000 000 0.00
Acrolein 288 041 208 138 | 198 019 121 084 | 250 074 138 128| 314 0.9 157 158 230 100 231 163
Methacrolein 000 000 000 000| 0OO 000 000 000 ]| 133 000 000 0.28]| 0.60 0.00 017 017 000 000 000 0.00
n-Butyraldehydd¢ 0.00 000 000 000 | 000 000 000 000 (| 000 000 000 000]| 0.00 0.00 000 000 | 000 000 000 0.00
Crotonaldehyde| 0.00 000 000 000 | 000 000 000 000 (| 000 000 000 000]| 0.00 0.00 000 000 | 000 000 000 0.00
Pentanaldehyde| 000 000 000 000 | 000 000 000 000 | 00O 000 0.00 0.00| 000 0.00 000 000 | 000 000 000 0.00
Hexanaldehyde | 000 000 000 000 | 000 000 000 000 | 0OO 000 0.00 0.00| 000 0.00 000 000 | 000 000 000 0.00
Aromatic
Aldehydes
Benzaldehyde 100 000 000 O021| O46 000 000 010 | 054 000 000 011 077 0.00 000 016 | 050 000 000 0.10
p-Tolualdehyde| 045 000 000 009 | 000 000 000 000 (| 000 000 0.00 000]| 0.00 0.00 000 000 | 000 000 000 0.00
Ketones
Acetone 000 000 000 00O0| 0OO 000 000 000 | 0OO 000 0.00 0.00| 000 0.00 000 000 | 000 000 000 0.00
Butanone 108 000 000 022| 060 000 000 012 | 000 000 000 0.00]| 0.00 0.00 000 000 | 055 000 000 011
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Table C-1. Emissions Summary of Alcohols, Aldehydes, and Ketones for FTP (concluded)

M85 Ford Taurus #1
Phase 1 Phase2 Phase 3 Wghtd

M85 Ford Taurus #2
Phase 1 Phase 2 Phase 3 Wghtd

M85 Ford Taurus #3
Phase 1 Phase2 Phase3 Wghtd

M85 Ford Taurus #4
Phase 1 Phase2 Phase3 Wghtd

M85 Ford Taurus #5
Phase 1 Phase 2 Phase3 Wghtg

mgmi mg/mi mg/mi mg/mi [ mgmi mg/mi o mg/mi mg/mi | mg/mi mg/mi mg/mi mg/mi| mg/mi - mg/mi mg/mi mg/mi [ mg/mi mg/mi mg/mi mg/mi
Methanol 825,68 1.82 51.84 18555|777.68 0.00 10.67 164.43|1140.05 1232 1993 248.08 88548 244 26.06 191.16 (1585.86 5.07 1043 332.81
Aldehydes
Formaldehyde | 49.71 11.01 215 1662 | 4363 926 184 1440 | 5515 1241 229 1854| 5464 1248 200 1832 (10319 1319 152 2857
Acetaldehyde 384 117 1.45 181 | 1463 000 163 349 2.95 0.47 132 122 | 181 0.95 0.90 111 2.10 0.96 0.62 110
Propionaldehyd| 1.13  0.00 000 023 | 287 000 0.00 060 1.44 1.27 0.00 096 | 053 0.00 0.00 0.11 0.00 0.00 0.00 0.00
e
Acrolein 163 0.83 452 201 166 098 583 246 1.32 0.49 542 202 | 314 1.40 4.68 2.65 2.72 2.38 362 279
Methacrolein 0.00 0.00 000 000 | 000 000 037 010 0.00 0.00 044 012 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n- 0.00 0.00 000 000 | 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Butyraldehyde
Crotonaldehyde| 0.00  0.00 000 000 | 000 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pentanaldehyde | 0.00  0.00 000 000 | 000 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hexanddehyde | 0.00 0.00 000 000 | 000 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aromatic
Aldehydes
Benzaldehyde 0.00 0.00 0.00 000 | 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 035 0.10
p-Tolualdehyde| 0.00  0.00 0.00 000 | 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ketones
Acetone 0.00 0.00 0.00 000 | 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Butanone 0.00 0.00 0.00 000 | 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table C-2. Emissions Summary of Alcohols, Aldehydes, and Ketones for US06

RFG Dodge Caravans
Vehicle#1l Vehicde#2 Vehide#l Vehide#2 Vehicde#l Vehide#2

RFG Ford Taurus

M85 Ford Taurus

(mgm)  (mgm)  (mgm)  (mgm)  (mg'm)  (mg/mi
Methanol 0.00 0.00 4.00 0.00 0.00 3.00
Aldehydes
Formaldehyde 0.19 1.01 2.07 212 6.00 3.37
Acetddehyde 0.20 0.64 1.00 4.16 0.00 1.86
Propionaldehyde 0.00 0.00 0.00 0.58 5.00 0.00
Acrolen 0.02 0.75 0.10 0.81 0.00 1.10
Methacrolein 0.00 0.00 0.00 0.00 0.00 0.00
n-Butyradehyde 0.00 0.00 0.00 0.00 0.00 0.00
Crotonadehyde 0.00 0.00 0.00 0.00 0.00 0.00
Pentand dehyde 0.00 0.00 0.00 0.00 0.00 0.00
Hexanddehyde 0.00 0.00 0.00 0.00 0.00 0.00
Aromatic
Aldehdyes
Benzadehyde 0.10 0.44 0.27 0.00 0.00 0.00
p- Tolualdehyde 0.00 0.00 0.14 0.00 0.00 0.00
Ketones
Acetone 0.00 0.00 0.00 0.00 0.00 0.00
Butanone 0.08 0.00 0.00 0.00 0.00 0.00
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Appendix D: Particulate Size Distributions




gabrwdNPEF

Average
St. Dev.

Table D-1. Particulate Size Distributions (in % of Total Mass)
Vehide# CNG Dodge Caravans over FTP

<10 pm
67.9+28.9
92.0+18.6
71.2+12.9
67.4+17.6
86.5+23.7
77.0
11.4

<2.5pum
41.1+31.1
77.0x23.4
60.6+16.9
52.2+18.7
66.2+24.4
59.4
13.6

<1.0um
17.9+22.8
64.0£25.2
44.2+15.3
34.8+15.4
48.6+22.8
41.9
17.1

RFG Dodge Caravans over FTP

96.9+5.9
85.1+7.5
92.6+6.2

92.6+8.0
59.1+9.6
83.2+6.9

87.7+9.3
43.0+10.1
75.2+8.0

92.2+11.9 84.4+135 77.9+16.0

84.7£12.0 72.9+13.1 65.3+14.6
90.3 784 69.8
5.3 12.9 17.0

g wWNPEF

Average
St Dev.

FFV Ford Tauruses (M85) over FTP

1
2
3
4

5

Average

St Dev.

1
2
3
4

5

Average

St. Dev.

69.4+22.5
81.1+22.8
80.5+10.9
100.0+34.1
36.2+13.9
77.0
23.5

85.0+14.5
94.4+13.2
81.6+17.3
97.0+£9.7
84.5+6.7
87.0
6.8

44.4+24.0
56.8+23.4
74.0£12.4
93.1+39.0
25.4+13.9
58.4
26.2

61.7+14.7
87.3+15.1
63.3+18.1
79.8+10.1
83.7+8.0
70.8
119

33.3+19.4
54.1+24.5
67.5+14.0
72.%+39.6
20.3+9.3
51.6
22.3

FFV Ford Tauruses (RFG) over FTP

51.7+14.6
78.9+17.5
36.7+14.8
62.6+10.2
76.7+9.4
55.8
17.7

Vehide CNG Dodge Caravans over US06
#
<10.0 pm  <2.5pum <1.0pum
1 88.8+t14 58.0+1.8 46.8+18
2 85.1+9.0 62.9+114 39.6+12.3
3 70.9+10.3 53.8+109 24.1+8.2
4 90.0+5.3 73.2¢5.6  58.8+5.7
5 77.0£13.6 62.3+t145 41.0+125
Average 824 62.0 42.1
St. Dev. 8.2 7.2 12.6
RFG Dodge Caravans over US06
1 89.5+15 63.6£1.9 51.8+20
2 86.4+7.7 34.3+11.7 18.6+12.1
3 95.8+2.2 77.0+2.3  56.7+2.2
4 98.6+3.3 79.9+34  65.2+35
5 87.7+49 58.7+49  32.4+3.9
Average 91.6 62.7 44.9
St. Dev. 53 18.2 19.0
FFV Ford Tauruses (M85) over US06
1 78.1+79 652+85  59.0+9.2
2 81.2+59 59.7#7.5 50.0+£7.9
3 93.5+20.2 79.3+21.6 50.0+18.6
4 50.0+22.6 50.0+22.6 50.0+22.6
5 96.8+7.7 82.0+8.1 66.4+85
Average 84.3 68.1 53.0
St. Dev. 185 134 7.4
FFV Ford Tauruses (RFG) over US06
1 91.2+53 81.9+59 77.2+7.1
2 91.1+6.3 829+8.3 76.7+94
3 NA NA NA
4 92.9+7.3 90.1+8.7  79.4+9.9
5 96.6+4.1 85.6t45  78.5+5.3
Average 91.2 824 77.0
St. Dev. 2.6 3.7 12

Note: Theerror barsfor individud tests account for only the error in the mass measurements of the impaction substrate, and
does not include the error in sample volume measurements or replicate vehicletests. The mass errors were determined using
standard techniques for propagetion of errors and the mass measurement precision for sngle MOUDI substrates devel oped from

replicate weighings of test filters.
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Appendix E: Comparison of PTFE Filter and
MOUDI Mass Emission Rates




Table E-1. Comparison of PTFE Filter and MOUDI Mass Emission Rates
PTFE mass emission rate MOUDI mass emission rate

mg/mi mgmi
CNG Dodge Caravans
FTP#1 0.95 0.89
FTP#2 2.29 14
FTP#3 157 1.96
FTP#4 1.08 161
FTP#5 1.01 125
US06 #1 12.46 14.35
US06 #2 524 4,01
US06 #3 474 4.68
US06 #4 1377 17.94
US06 #5 2.60 323
RFG Dodge Caravans
FTP#1 3.39 521
FTP#2 0.58 14
FTP#3 183 204
FTP#4 142 112
FTP#5 114 0.98
US06 #1 7.99 9.60
US06 #2 183 1.82
US06 #3 11.63 12.03
US06 #4 7.95 853
US06 #5 374 5.06
M85 Ford Tauruses
FTP#1 0.35 112
FTP#2 0.81 122
FTP#3 0.52 2.62
FTP#4 1.56 0.88
FTP#5 0.80 2.25
US06 #1 291 250
US06 #2 350 395
US06 #3 2.96 2.30
US06 #4 163 1.85
US06 #5 7.08 6.20
RFG Ford Tauruses
FTP#1 0.22 0.66
FTP#2 0.63 0.92
FTP#3 0.61 0.77
FTP#4 1.66 142
FTP#5 0.46 191
US06 #1 2.62 221
US06 #2 247 195
US06 #3 304 N.A.
US06 #4 412 357
US06 #5 8.32 7.70

Note: FTP emission rates are unweighted or cumulative over entire cycle
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Appendix F: Chemical Mass Emission Rates for FTP Tests




Test Type

FTP Weight PM
FTP cumulative PM
Organic Carbon
Elemental Carbon
Total Carbon
NO;7

0,2

cr

NH,*

Na

Mg

Al

S

P

S

cl

K
Ca
Ti
\%

Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
As
Se
Br
Rb
S
Y
Zr
Mo
Pd
Ag
Cd
In
S
D
Ba
La
Au
Hg
Tl
Pb
U

Table F-1. Chemical Mass Emission Rates for FTP Tests
CNG Caravan #2
FTP
2.26 mg/mi
2.29 mg/mi

CNG Caravan #1
FTP
0.96 mg/mi
0.95 mg/mi
0.0034 +/- 0.0956
-0.0001 +/- 0.0324
0.0033 +/- 0.1108
-0.0044 +/- 0.0142
0.0182 +/- 0.0135
0.0033 +/- 0.0130
0.0079 +/- 0.0130
-0.0063 +/- 0.0247
0.0045 +/- 0.0082
0.0007 +/- 0.0036
0.0034 +/- 0.0013
0.0012 +/- 0.0011
0.0090 +/- 0.0012
0.0048 +/- 0.0027
0.0028 +/- 0.0024
0.0020 +/- 0.0017
0.0005 +/- 0.0129
0.0002 +/- 0.0064
0.0004 +/- 0.0019
0.0007 +/- 0.0011
0.0441 +/- 0.0040
0.0000 +/- 0.0008
-0.0001 +/- 0.0006
0.0001 +/- 0.0006
0.0067 +/- 0.0008
-0.0002 +/- 0.0010
0.0000 +/- 0.0012
0.0000 +/- 0.0006
-0.0001 +/- 0.0006
-0.0001 +/- 0.0005
0.0000 +/- 0.0006
-0.0001 +/- 0.0007
0.0003 +/- 0.0008
0.0000 +/- 0.0015
0.0015 +/- 0.0042
0.0002 +/- 0.0050
0.0001 +/- 0.0051
-0.0007 +/- 0.0062
0.0000 +/- 0.0080
0.0000 +/- 0.0092
-0.0132 +/- 0.0340
-0.0133 +/- 0.0452
-0.0002 +/- 0.0017
-0.0002 +/- 0.0014
-0.0002 +/- 0.0013
0.0002 +/- 0.0017
0.0000 +/- 0.0013

0.6870
0.2291
0.9162
0.0942
0.1483
0.0021
0.0493
-0.0009
0.0217
0.0110
0.0294
0.0060
0.0414
0.0105
0.0042
0.0131
0.0019
0.0009
0.0012
0.0009
0.0409
0.0002
0.0006
0.0007
0.0111
0.0001
0.0000
0.0001
0.0001
-0.0001
0.0002
-0.0001
0.0002
0.0002
0.0000
-0.0001
-0.0006
-0.0007
0.0000
0.0005
-0.0110
-0.0133
0.0002
-0.0002
-0.0002
0.0007
0.0001

+/- 0.1304
+/- 0.0327
+/- 0.1489
+/- 0.0193
+/- 0.0216
+/- 0.0140
+/- 0.0148
+/- 0.0285
+/- 0.0088
+/- 0.0039
+/- 0.0031
+/- 0.0014
+/- 0.0039
+/- 0.0030
+/- 0.0022
+/- 0.0021
+/- 0.0130
+/- 0.0059
+/- 0.0016
+/- 0.0009
+/- 0.0037
+/- 0.0010
+/- 0.0006
+/- 0.0006
+/- 0.0011
+/- 0.0011
+/- 0.0012
+/- 0.0006
+/- 0.0006
+/- 0.0005
+/- 0.0006
+/- 0.0007
+/- 0.0008
+/- 0.0015
+/- 0.0044
+/- 0.0051
+/- 0.0052
+/- 0.0064
+/- 0.0082
+/- 0.0095
+/- 0.0349
+/- 0.0466
+/- 0.0018
+/- 0.0014
+/- 0.0013
+/- 0.0017
+/- 0.0013

CNG Caravan #3
FTP
174 mg/mi
157 mg/mi

0.3212
0.1553
0.4766
0.0356
0.0306
-0.0033
0.0184
0.0030
0.0003
0.0113
0.0179
0.0010
0.0067
0.0025
0.0021
0.0029
0.0010
0.0004
0.0029
0.0006
0.0569
0.0000
0.0013
0.0004
0.0036
-0.0002
0.0000
0.0000
0.0000
-0.0001
0.0002
-0.0001
0.0000
0.0001
0.0018
-0.0012
0.0001
-0.0007
0.0000
0.0012
-0.0132
-0.0133
-0.0001
-0.0002
-0.0002
0.0006
0.0001

+/- 0.1110
+/- 0.0288
+/- 0.1263
+/- 0.0153
+/- 0.0141
+/- 0.0134
+/- 0.0135
+/- 0.0234
+/- 0.0082
+/- 0.0039
+/- 0.0021
+/- 0.0011
+/- 0.0011
+/- 0.0027
+/- 0.0021
+/- 0.0017
+/- 0.0128
+/- 0.0058
+/- 0.0016
+/- 0.0009
+/- 0.0051
+/- 0.0012
+/- 0.0006
+/- 0.0006
+/- 0.0006
+/- 0.0010
+/- 0.0012
+/- 0.0006
+/- 0.0006
+/- 0.0005
+/- 0.0006
+/- 0.0007
+/- 0.0008
+/- 0.0015
+/- 0.0043
+/- 0.0051
+/- 0.0052
+/- 0.0063
+/- 0.0081
+/- 0.0094
+/- 0.0346
+/- 0.0459
+/- 0.0017
+/- 0.0014
+/- 0.0013
+/- 0.0017
+/- 0.0013

CNG Caravan #4

FTP

1.16 mg/mi
1.08 mg/mi

0.2461
0.6768
0.9230
0.0231
0.0179
-0.0036
0.0148
-0.0063
0.0014
0.0021
0.0093
0.0027
0.0168
0.0017
-0.0014
0.0040
0.0005
0.0002
0.0003
0.0002
0.0274
0.0002
-0.0001
0.0004
0.0037
-0.0001
0.0000
0.0000
0.0001
-0.0001
0.0001
0.0000
0.0000
0.0001
0.0000
-0.0012
0.0002
0.0010
0.0014
0.0014
-0.0129
-0.0133
0.0000
-0.0002
-0.0002
0.0007
0.0000

+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.1066
0.0704
0.1473
0.0146
0.0137
0.0132
0.0132
0.0243
0.0083
0.0037
0.0015
0.0011
0.0018
0.0027
0.0027
0.0017
0.0125
0.0057
0.0016
0.0010
0.0025
0.0008
0.0006
0.0006
0.0006
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0042
0.0049
0.0050
0.0061
0.0079
0.0091
0.0335
0.0446
0.0016
0.0013
0.0013
0.0017
0.0012

CNG Caravan #5

FTP

0.87 mg/mi
1.01 mg/mi

0.1306
0.1267
0.2573
0.0267
0.0144
-0.0059
0.0110
0.0011
0.0038
-0.0005
0.0020
-0.0007
0.0087
0.0018
0.0001
0.0012
0.0000
0.0000
0.0000
0.0000
0.0507
0.0000
-0.0001
0.0000
0.0018
-0.0002
0.0000
0.0000
-0.0001
0.0000
0.0000
0.0000
0.0001
0.0001
0.0000
-0.0012
-0.0007
0.0002
0.0002
0.0001
-0.0065
0.0060
-0.0002
-0.0002
-0.0002
0.0000
0.0001

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-

0.1042
0.0263
0.1165
0.0144
0.0135
0.0132
0.0132
0.0241
0.0082
0.0037
0.0012
0.0011
0.0012
0.0027
0.0021
0.0016
0.0131
0.0065
0.0020
0.0011
0.0046
0.0011
0.0006
0.0007
0.0005
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0043
0.0051
0.0051
0.0062
0.0080
0.0093
0.0343
0.0458
0.0017
0.0014
0.0013
0.0017
0.0013
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Test Type

FTP Weight PM
FTP cumulative
PM

Organic Carbon
Elemental Carbon
Total Carbon
NOg

0%

cr

NH,*

Na

Mg

Al

S

P

S

cl

K
Ca
Ti
\%

Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
As
Se
Br
Rb
S
Y
Zr
Mo
Pd
Ag
Cd
In
S
D
Ba
La
Au
Hg
TI
Pb
U

Table F-1. Chemical Mass Emission Rates for FTP Tests (continued)

RFG Caravan #1

FTP

2.36 mg/mi
3.39 mg/mi

0.7405 +/-
25819 +/-
3.3239 +/-
0.4612 +/-
0.5380 +/-
0.1896 +/-
0.1687 +/-
-0.0063 +/-
0.3882 +/-
0.1791 +/-
0.4193 +/-
0.2253 +/-
0.2658 +/-
0.1276 +/-
0.0034 +/-
0.0947 +/-
0.0103 +/-
0.0073 +/-
0.0000 +/-
0.0043 +/-
0.4284 +/-
0.0000 +/-
0.0053 +/-
0.0523 +/-
0.3759 +/-
-0.0002 +/-
0.0014 +/-
0.0001 +/-
0.0013 +/-
0.0011 +/-
0.0000 +/-
0.0024 +/-
0.0024 +/-
0.0037 +/-
0.0000 +/-
0.0323 +/-
0.0025 +/-
0.0250 +/-
0.0242 +/-
0.0445 +/-
0.0378 +/-
0.0377 +/-
-0.0002 +/-
-0.0002 +/-
-0.0002 +/-
0.0047 +/-
0.0035 +/-

0.1307
0.2536
0.3435
0.1150
0.1143
0.1050
0.1037
0.3191
0.0540
0.0251
0.0415
0.0235
0.0258
0.0167
0.0336
0.0134
0.1039
0.0409
0.0106
0.0085
0.0388
0.0092
0.0058
0.0053
0.0339
0.0087
0.0101
0.0053
0.0048
0.0044
0.0048
0.0060
0.0069
0.0129
0.0349
0.0424
0.0430
0.0521
0.0677
0.0773
0.2885
0.3802
0.0204
0.0118
0.0111
0.0147
0.0107

RFG Caravan #2

FTP

0.44 mg/mi
0.58 mg/mi

-0.1465 +/-

0.2865
0.1400
0.0138
0.0317

+/-
+/-
+-
+-

-0.0100 +/-

0.0072
0.0016
0.0006
0.0002
0.0012
0.0003
0.0053
0.0001

+/-
+/-
+/-
+/-
+-
+-
+-
+/-

-0.0004 +/-

0.0008
0.0000
0.0000
0.0000

+/-
+/-
+/-
+-

-0.0001 +/-

0.0190
0.0000

+-
+/-

-0.0001 +/-

0.0000
0.0010

+/-
+/-

-0.0002 +/-

0.0000
0.0000

+-
+-

-0.0001 +/-
-0.0001 +/-

0.0000
0.0000
0.0000
0.0000
0.0000

+/-
+/-
+/-
+/-
+/-

-0.0010 +/-

0.0008

+-

-0.0003 +/-

0.0005
0.0014

+/-
+/-

-0.0132 +/-
-0.0133 +/-
-0.0002 +/-
-0.0002 +/-
-0.0002 +/-

0.0000
0.0000

+/-
+/-

0.0940
0.0359
0.1057
0.0142
0.0138
0.0130
0.0130
0.0234
0.0082
0.0036
0.0011
0.0011
0.0010
0.0029
0.0024
0.0016
0.0126
0.0058
0.0016
0.0010
0.0018
0.0007
0.0006
0.0007
0.0005
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0042
0.0050
0.0051
0.0062
0.0079
0.0092
0.0339
0.0452
0.0016
0.0014
0.0013
0.0017
0.0013

RFG Caravan #3

FTP

1.35 mg/mi
1.83 mg/mi

0.2978
1.1033
14011
-0.0034
-0.0104
-0.0050
0.0043
-0.0063
0.0021
0.0002
0.0115
0.0062
0.0121
0.0057
-0.0009
0.0158
0.0008
0.0002
0.0004
0.0003
0.0211
0.0000
0.0000
0.0010
0.0081
-0.0002
0.0000
0.0000
0.0000
-0.0001
0.0000
0.0000
0.0000
0.0000
0.0006
0.0001
0.0003
0.0005
0.0001
0.0000
-0.0132
-0.0129
-0.0002
-0.0002
-0.0002
0.0002
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-

0.1019
0.1104
0.1752
0.0139
0.0132
0.0130
0.0129
0.0249
0.0083
0.0036
0.0016
0.0013
0.0014
0.0028
0.0026
0.0022
0.0125
0.0057
0.0016
0.0010
0.0020
0.0007
0.0006
0.0006
0.0009
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0042
0.0049
0.0050
0.0061
0.0079
0.0091
0.0334
0.0445
0.0017
0.0013
0.0013
0.0017
0.0012

RFG Caravan #4

FTP

1.16 mg/mi
1.42 mg/mi

0.1021 +/-
0.5760 +/-
0.6781 +/-
0.0193 +/-
0.0190 +/-
-0.0071 +/-
0.0214 +/-
-0.0063 +/-
0.0061 +/-
0.0040 +/-
0.0016 +/-
0.0077 +/-
0.0079 +/-
0.0024 +/-
-0.0008 +/-
0.0122 +/-
0.0000 +/-
0.0000 +/-
0.0000 +/-
0.0001 +/-
0.0291 +/-
0.0000 +/-
0.0000 +/-
0.0005 +/-
0.0118 +/-
-0.0002 +/-
0.0001 +/-
0.0000 +/-
0.0000 +/-
0.0000 +/-
0.0000 +/-
-0.0001 +/-
0.0002 +/-
0.0000 +/-
0.0013 +/-
-0.0002 +/-
-0.0004 +/-
-0.0007 +/-
0.0009 +/-
0.0000 +/-
-0.0096 +/-
-0.0011 +/-
-0.0002 +/-
-0.0002 +/-
-0.0002 +/-
0.0000 +/-
0.0000 +/-

0.0960
0.0609
0.1263
0.0143
0.0135
0.0130
0.0132
0.0247
0.0082
0.0036
0.0012
0.0013
0.0012
0.0027
0.0024
0.0020
0.0129
0.0064
0.0019
0.0011
0.0027
0.0008
0.0006
0.0006
0.0012
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0042
0.0050
0.0051
0.0062
0.0080
0.0092
0.0340
0.0452
0.0017
0.0014
0.0013
0.0017
0.0013

RFG Caravan #5

FTP

0.92 mg/mi
1.14 mg/mi

-0.0564 +/-
0.4512 +/-
0.3948 +/-
-0.0135 +/-
0.0027 +/-
-0.0068 +/-
0.0037 +/-
-0.0063 +/-
0.0022 +/-
0.0045 +/-
0.0004 +/-
0.0045 +/-
0.0011 +/-
0.0024 +/-
-0.0006 +/-
0.0067 +/-
0.0011 +/-
0.0004 +/-
0.0006 +/-
0.0004 +/-
0.0376 +/-
0.0000 +/-
0.0001 +/-
0.0007 +/-
0.0051 +/-
-0.0001 +/-
0.0000 +/-
0.0000 +/-
-0.0001 +/-
-0.0001 +/-
0.0001 +/-
-0.0001 +/-
0.0000 +/-
0.0000 +/-
0.0006 +/-
0.0002 +/-
-0.0007 +/-
-0.0007 +/-
0.0000 +/-
0.0000 +/-
-0.0132 +/-
-0.0126 +/-
-0.0001 +/-
-0.0002 +/-
-0.0002 +/-
0.0002 +/-
0.0000 +/-

0.0939
0.0497
0.1131
0.0139
0.0133
0.0130
0.0130
0.0232
0.0082
0.0036
0.0012
0.0011
0.0009
0.0027
0.0023
0.0017
0.0123
0.0057
0.0015
0.0009
0.0034
0.0009
0.0006
0.0006
0.0007
0.0010
0.0011
0.0006
0.0006
0.0005
0.0005
0.0007
0.0008
0.0015
0.0041
0.0049
0.0050
0.0060
0.0078
0.0090
0.0330
0.0439
0.0016
0.0013
0.0012
0.0016
0.0012

F-2



Test Type

FTP Weight PM
FTP cumulative
PM

Organic Carbon
Elemental Carbon
Total Carbon
NOg

0%

cr

NH,*

Na

Mg

Al

S

P

S

cl

K
Ca
Ti
\%

Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
As
Se
Br
Rb
S
Y
Zr
Mo
Pd
Ag
Cd
In
S
D
Ba
La
Au
Hg
TI
Pb
U

Table F-1. Chemical Mass Emission Rates for FTP (continued)

M85 Taurus #1

FTP

0.26 mg/mi
0.35 mg/mi

0.0536
0.0678
0.1214
0.0066
0.0374
-0.0056
0.0118
0.0104
-0.0049
-0.0037
0.0048
0.0066
0.0103
0.0035
-0.0006
0.0141
0.0018
0.0000
0.0001
-0.0001
0.0291
0.0004
0.0004
0.0004
0.0055
0.0000
0.0001
0.0001
0.0001
0.0000
0.0001
0.0000
0.0000
0.0005
0.0000
-0.0012
-0.0007
-0.0007
0.0018
0.0002
-0.0132
-0.0025
-0.0002
-0.0002
-0.0001
0.0005
0.0002

+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-

0.1062
0.0238
0.1147
0.0154
0.0154
0.0146
0.0148
0.0209
0.0108
0.0054
0.0014
0.0013
0.0014
0.0028
0.0026
0.0022
0.0138
0.0070
0.0021
0.0012
0.0027
0.0009
0.0006
0.0006
0.0007
0.0011
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0016
0.0045
0.0053
0.0054
0.0066
0.0084
0.0097
0.0362
0.0478
0.0017
0.0014
0.0013
0.0018
0.0013

M85 Taurus #2

FTP

0.75 mg/mi
0.81 mg/mi

0.1813
0.1255
0.3068

+/-
+/-
+/-

-0.0078 +/-

0.0228

+-

-0.0022 +/-

0.0120
0.0065

+/-
+/-

-0.0022 +/-
-0.0025 +/-
-0.0003 +/-

0.0056
0.0110
0.0115
0.0014
0.0187
0.0001
0.0000
0.0056
0.0001
0.0312
0.0003
0.0018
0.0015
0.0058

+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+/-
+/-
+/-
+/-

-0.0002 +/-

0.0000
0.0000

+/-
+-

-0.0001 +/-
-0.0001 +/-

0.0002

+/-

-0.0001 +/-

0.0003
0.0004
0.0000

+/-
+/-
+/-

-0.0012 +/-
-0.0007 +/-
-0.0007 +/-

0.0000
0.0010

+/-
+/-

-0.0115 +/-
-0.0016 +/-
-0.0002 +/-
-0.0002 +/-
-0.0002 +/-

0.0009
0.0000

+/-
+/-

0.1110
0.0256
0.1191
0.0141
0.0138
0.0132
0.0136
0.0250
0.0101
0.0048
0.0012
0.0012
0.0014
0.0029
0.0021
0.0024
0.0130
0.0064
0.0017
0.0011
0.0029
0.0009
0.0006
0.0006
0.0007
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0043
0.0050
0.0051
0.0063
0.0080
0.0093
0.0342
0.0454
0.0017
0.0014
0.0013
0.0015
0.0013

M85 Taurus #3

FTP

0.47 mg/mi
0.52 mg/mi

-0.1139 +/-
-0.0048 +/-
-0.1170 +/-
0.0036 +/-
0.0175 +/-
0.0025 +/-
0.0218 +/-
0.0095 +/-
0.0025 +/-
-0.0007 +/-
0.0019 +/-
0.0040 +/-
0.0174 +/-
0.0136 +/-
0.0005 +/-
0.0098 +/-
0.0007 +/-
0.0000 +/-
0.0000 +/-
0.0034 +/-
0.0346 +/-
0.0002 +/-
0.0000 +/-
0.0035 +/-
0.0094 +/-
-0.0002 +/-
0.0001 +/-
0.0000 +/-
0.0000 +/-
-0.0001 +/-
0.0001 +/-
-0.0001 +/-
0.0005 +/-
0.0000 +/-
0.0003 +/-
-0.0005 +/-
-0.0007 +/-
-0.0007 +/-
0.0004 +/-
0.0005 +/-
-0.0132 +/-
-0.0018 +/-
-0.0002 +/-
-0.0002 +/-
-0.0002 +/-
0.0004 +/-
0.0000 +/-

0.1037
0.0231
0.1128
0.0141
0.0137
0.0133
0.0141
0.0209
0.0082
0.0047
0.0013
0.0012
0.0018
0.0030
0.0021
0.0019
0.0128
0.0063
0.0019
0.0010
0.0032
0.0009
0.0006
0.0007
0.0010
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0007
0.0015
0.0042
0.0049
0.0050
0.0061
0.0079
0.0091
0.0336
0.0446
0.0017
0.0013
0.0013
0.0017
0.0012

M85 Taurus #4

FTP

1.32 mg/mi
1.56 mg/mi

0.0848
0.0754
0.1602
0.0175
0.0083
-0.0073
0.0037
0.0104
-0.0025
-0.0014
0.0050
0.0074
0.0097
0.0036
0.0019
0.0186
0.0019
0.0003
0.0005
-0.0001
0.0188
0.0003
0.0001
0.0026
0.0098
-0.0002
0.0000
0.0001
0.0000
0.0000
0.0003
-0.0001
0.0004
0.0000
0.0000
0.0001
-0.0003
-0.0007
0.0011
0.0001
-0.0132
-0.0123
-0.0002
-0.0002
-0.0002
0.0005
0.0001

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-
+/-
+/-
+/-
+/-
+/-

+/-
+/-

0.1075
0.0240
0.1153
0.0144
0.0135
0.0132
0.0133
0.0207
0.0102
0.0050
0.0014
0.0013
0.0013
0.0027
0.0021
0.0024
0.0127
0.0058
0.0016
0.0010
0.0018
0.0007
0.0006
0.0006
0.0010
0.0010
0.0012
0.0006
0.0006
0.0005
0.0005
0.0007
0.0007
0.0015
0.0043
0.0050
0.0051
0.0062
0.0080
0.0092
0.0340
0.0452
0.0017
0.0014
0.0013
0.0017
0.0012

M85 Taurus #5

FTP

0.71 mg/mi
0.80 mg/mi

-0.0156
0.0045
-0.0111
-0.0088
-0.0217
-0.0048
-0.0116
0.0139
-0.0016
-0.0021
-0.0015
-0.0005
-0.0050
0.0008
0.0000
0.0024
0.0002
0.0000
0.0006
0.0000
0.0149
0.0000
0.0002
0.0019
0.0025
0.0000
0.0000
0.0001
0.0000
-0.0001
0.0001
0.0000
0.0002
0.0002
0.0004
-0.0004
0.0004
-0.0007
0.0015
0.0019
-0.0132
-0.0040
0.0002
-0.0002
-0.0002
0.0008
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-

0.1053
0.0231
0.1135
0.0141
0.0135
0.0132
0.0131
0.0203
0.0081
0.0043
0.0011
0.0010
0.0009
0.0030
0.0021
0.0016
0.0126
0.0061
0.0018
0.0010
0.0014
0.0007
0.0006
0.0006
0.0006
0.0010
0.0011
0.0006
0.0006
0.0005
0.0005
0.0007
0.0008
0.0014
0.0042
0.0049
0.0050
0.0060
0.0078
0.0090
0.0331
0.0441
0.0016
0.0013
0.0012
0.0015
0.0012

F-3



Test Type

FTP Weight PM
FTP cumulative
PM

Organic Carbon
Elemental Carbon
Total Carbon
NOg

0%

cr

NH,*

Na

Mg

Al

S

P

S

cl

K
Ca
Ti
\%

Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
As
Se
Br
Rb
S
Y
Zr
Mo
Pd
Ag
Cd
In
S
D
Ba
La
Au
Hg
TI
Pb
U

Table F-1. Chemical Mass Emission Rates for FTP Tests (concluded)
RFG Taurus #4

RFG Taurus #1
FTP
0.17 mg/mi
0.22 mg/mi

-0.1102 +/- 0.0960
0.1283 +/- 0.0243
0.0181 +/- 0.1046
0.0008 +/- 0.0140
0.0421 +/- 0.0142
-0.0081 +/- 0.0130
0.0100 +/- 0.0133
-0.0003 +/- 0.0232
0.0008 +/- 0.0082
0.0001 +/- 0.0036
0.0028 +/- 0.0012
0.0029 +/- 0.0011
0.0023 +/- 0.0009
0.0012 +/- 0.0027
0.0004 +/- 0.0021
0.0121 +/- 0.0020
0.0000 +/- 0.0128
0.0000 +/- 0.0063
0.0000 +/- 0.0019
0.0000 +/- 0.0011
0.0166 +/- 0.0016
0.0000 +/- 0.0007
0.0000 +/- 0.0006
0.0000 +/- 0.0006
0.0018 +/- 0.0005
-0.0002 +/- 0.0010
0.0001 +/- 0.0012
0.0000 +/- 0.0006
0.0001 +/- 0.0006
0.0000 +/- 0.0005
0.0002 +/- 0.0006
-0.0001 +/- 0.0007
0.0000 +/- 0.0008
0.0006 +/- 0.0015
0.0001 +/- 0.0042
-0.0002 +/- 0.0049
0.0004 +/- 0.0050
-0.0007 +/- 0.0061
0.0000 +/- 0.0079
0.0000 +/- 0.0091
-0.0004 +/- 0.0336
-0.0054 +/- 0.0446
-0.0002 +/- 0.0016
-0.0002 +/- 0.0013
-0.0002 +/- 0.0013
0.0001 +/- 0.0017
0.0000 +/- 0.0012

RFG Taurus #2

FTP

0.45 mg/mi
0.63 mg/mi

0.0206
0.3697
0.3895
-0.0136
-0.0118
-0.0096
-0.0065
0.0039
0.0064
0.0001
0.0046
0.0045
0.0006
0.0022
-0.0003
0.0229
0.0000
0.0000
0.0000
-0.0001
0.0042
0.0000
-0.0001
0.0013
0.0041
-0.0002
0.0000
0.0000
-0.0001
0.0000
0.0000
0.0000
0.0001
0.0001
0.0010
0.0000
0.0000
-0.0007
0.0009
0.0000
-0.0046
-0.0063
-0.0002
-0.0002
-0.0002
0.0001
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.0987
0.0401
0.1139
0.0139
0.0132
0.0130
0.0129
0.0243
0.0082
0.0036
0.0013
0.0012
0.0009
0.0027
0.0024
0.0027
0.0128
0.0063
0.0019
0.0011
0.0006
0.0006
0.0006
0.0006
0.0006
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0008
0.0015
0.0042
0.0049
0.0050
0.0061
0.0079
0.0092
0.0337
0.0448
0.0016
0.0014
0.0013
0.0017
0.0012

RFG Taurus #3

FTP

0.52 mg/mi
0.61 mg/mi

-0.1405
0.1326
-0.0079
0.0197
0.0315
-0.0047
0.0238
0.0003
-0.0013
-0.0007
0.0020
0.0010
0.0095
0.0087
0.0005
0.0081
0.0012
0.0004
0.0005
0.0000
0.0049
0.0000
0.0001
0.0013
0.0025
-0.0002
0.0000
0.0000
0.0001
-0.0001
0.0000
0.0000
0.0003
0.0001
0.0000
-0.0012
-0.0007
-0.0007
0.0010
0.0016
-0.0132
-0.0133
-0.0002
-0.0002
-0.0002
0.0003
0.0001

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.0958
0.0245
0.1044
0.0143
0.0138
0.0130
0.0141
0.0228
0.0095
0.0036
0.0012
0.0011
0.0012
0.0028
0.0021
0.0018
0.0124
0.0057
0.0015
0.0010
0.0006
0.0006
0.0006
0.0006
0.0006
0.0010
0.0011
0.0006
0.0006
0.0005
0.0006
0.0007
0.0007
0.0015
0.0042
0.0049
0.0050
0.0061
0.0078
0.0091
0.0333
0.0442
0.0016
0.0013
0.0012
0.0016
0.0012

FTP

1.69 mg/mi
1.66 mg/mi

0.4974
0.2408
0.7383
0.0063
-0.0122
-0.0045
0.0006
-0.0051
-0.0054
0.0010
0.0204
0.0006
0.0041
0.0018
0.0034
0.0126
0.0021
0.0000
0.0000
-0.0001
0.0140
0.0001
-0.0001
0.0044
0.0016
-0.0002
0.0000
0.0000
-0.0001
-0.0001
0.0000
-0.0001
0.0006
0.0000
0.0000
-0.0003
-0.0007
-0.0007
0.0010
0.0011
-0.0132
0.0032
-0.0002
-0.0002
-0.0002
0.0000
0.0002

+/-
+/-
+/-
+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+/-
+/-

0.1226
0.0307
0.1313
0.0140
0.0132
0.0130
0.0130
0.0260
0.0100
0.0037
0.0023
0.0011
0.0010
0.0027
0.0022
0.0020
0.0130
0.0065
0.0020
0.0011
0.0014
0.0007
0.0006
0.0007
0.0005
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0007
0.0015
0.0043
0.0050
0.0051
0.0062
0.0080
0.0093
0.0343
0.0456
0.0017
0.0014
0.0013
0.0017
0.0013

RFG Taurus #5

FTP

0.44 mg/mi
0.46 mg/mi

-0.1213
0.1807
0.0594
-0.0067
-0.0267
-0.0084
-0.0116
-0.0063
0.0006
0.0019
0.0185
0.0024
-0.0009
0.0033
0.0011
0.0081
0.0017
0.0001
0.0001
-0.0001
0.0091
0.0000
0.0000
0.0023
0.0033
-0.0002
0.0000
0.0000
0.0000
0.0000
0.0001
0.0000
0.0004
0.0000
0.0000
-0.0012
-0.0007
-0.0007
0.0000
0.0007
-0.0132
-0.0108
-0.0002
-0.0002
-0.0001
0.0001
0.0001

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.0961
0.0270
0.1052
0.0139
0.0133
0.0130
0.0129
0.0234
0.0082
0.0036
0.0021
0.0011
0.0009
0.0027
0.0021
0.0018
0.0125
0.0057
0.0016
0.0010
0.0009
0.0006
0.0006
0.0006
0.0006
0.0010
0.0012
0.0006
0.0006
0.0005
0.0006
0.0007
0.0007
0.0015
0.0042
0.0049
0.0050
0.0061
0.0079
0.0092
0.0336
0.0448
0.0016
0.0014
0.0013
0.0017
0.0012

F-4



Appendix G: Chemical Mass Emission Rates for US06 Tests




Test Type
USso6 PM
Organic Carbon
Elemental Carbon
Total Carbon
NOz
0*

(o

NH,*

Na

Mg

Al

S

P

S

cl

K

Ca

Ti

\%

Cr

Mn

Fe

Co

Ni

Cu

Zn

Ga

As

Se

Br

Rb

S

Y

Zr

Mo

Pd

Ag

Cd

In

S

D

Ba

La

Au

Hg

TI

Pb

U

Table G-1. Chemical Mass Emission Rates for US06 Tests

CNG Caravan #1

US06

12.46 mg/mi

6.7041
1.6487
8.3528
0.0323
0.0390
-0.0011
0.0697
-0.0063
0.0389
0.0830
0.4903
0.0132
0.0740
0.0273
0.0294
0.0150
0.0072
0.0023
0.0126
0.0020
0.2169
0.0000
0.0040
0.0020
0.0206
-0.0002
0.0000
0.0000
0.0007
0.0001
0.0001
-0.0001
0.0031
0.0008
0.0033
-0.0012
-0.0006
-0.0007
0.0005
0.0005
-0.0082
-0.0133
0.0000
-0.0002
-0.0002
0.0006
0.0001

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.6865
0.1632
0.8129
0.0141
0.0134
0.0123
0.0142
0.0267
0.0092
0.0085
0.0439
0.0017
0.0067
0.0037
0.0034
0.0021
0.0116
0.0054
0.0019
0.0010
0.0194
0.0035
0.0007
0.0006
0.0019
0.0010
0.0011
0.0006
0.0005
0.0005
0.0005
0.0007
0.0008
0.0014
0.0039
0.0046
0.0047
0.0058
0.0074
0.0086
0.0316
0.0421
0.0018
0.0013
0.0012
0.0015
0.0012

CNG Caravan #2

US06

5.24 mg/mi

1.7299
0.9894
2.7194
0.0493
0.0444
-0.0023
0.0305
-0.0063
0.0357
0.0409
0.1800
0.0280
0.0474
0.0149
0.0095
0.0257
0.0017
0.0004
0.0038
0.0008
0.0948
0.0000
0.0029
0.0018
0.0434
-0.0002
0.0000
0.0000
0.0008
0.0001
0.0002
-0.0001
0.0010
0.0004
0.0000
-0.0012
-0.0007
-0.0007
0.0008
0.0014
-0.0074
-0.0133
-0.0001
-0.0002
-0.0002
0.0007
0.0000

+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-

0.2085
0.0997
0.2890
0.0151
0.0136
0.0126
0.0129
0.0300
0.0092
0.0054
0.0162
0.0028
0.0044
0.0031
0.0023
0.0028
0.0121
0.0056
0.0016
0.0009
0.0085
0.0017
0.0006
0.0006
0.0039
0.0010
0.0011
0.0006
0.0005
0.0005
0.0005
0.0007
0.0007
0.0014
0.0041
0.0048
0.0049
0.0059
0.0076
0.0088
0.0323
0.0431
0.0024
0.0013
0.0012
0.0015
0.0012

RFG Caravan #1

US06

7.99 mg/mi

1.2955
3.6341
4.9296
-0.0033
0.0397
0.0139
0.0225
-0.0063
0.0810
0.0050
0.0549
0.0748
0.0604
0.0469
0.0003
0.0305
0.0008
0.0004
0.0020
0.0009
0.0725
0.0000
0.0036
0.0187
0.1281
-0.0002
0.0000
0.0000
0.0004
-0.0001
0.0001
-0.0001
0.0001
0.0008
0.0005
-0.0009
0.0001
-0.0007
0.0006
0.0024
-0.0132
-0.0133
-0.0002
-0.0002
-0.0002
0.0018
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.1684
0.3558
0.4897
0.0134
0.0134
0.0127
0.0126
0.0425
0.0114
0.0038
0.0052
0.0069
0.0055
0.0051
0.0021
0.0032
0.0120
0.0056
0.0016
0.0009
0.0065
0.0014
0.0007
0.0018
0.0115
0.0010
0.0012
0.0006
0.0005
0.0005
0.0005
0.0007
0.0008
0.0014
0.0040
0.0047
0.0048
0.0058
0.0076
0.0087
0.0321
0.0427
0.0049
0.0014
0.0012
0.0015
0.0012

RFG Caravan #2

uSo6

1.83 mg/mi

0.6078
0.3236
0.9314
0.1428
0.2706
0.0603
0.1337
-0.0063
0.1421
0.0650
0.2196
0.1419
0.1863
0.0546
0.0069
0.1706
0.0000
0.0000
0.0107
0.0041
0.6838
0.0000
0.0091
0.0192
0.1924
-0.0002
0.0000
0.0000
0.0033
-0.0001
0.0001
0.0002
0.0011
0.0015
0.0000
0.0024
0.0004
0.0019
0.0105
0.0056
0.0422
-0.0133
0.0006
-0.0002
-0.0002
0.0105
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.1174
0.0386
0.1413
0.0376
0.0431
0.0342
0.0358
0.1039
0.0205
0.0109
0.0210
0.0136
0.0172
0.0070
0.0032
0.0159
0.0312
0.0126
0.0022
0.0014
0.0613
0.0112
0.0012
0.0020
0.0173
0.0026
0.0035
0.0015
0.0008
0.0013
0.0014
0.0017
0.0020
0.0037
0.0106
0.0123
0.0126
0.0150
0.0195
0.0216
0.0845
0.1093
0.0086
0.0035
0.0031
0.0023
0.0030
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Table G-1. Chemical Mass Emission Rates for US06 Tests (concluded)
M85 Taurus #1

Test Type
US06 PM
Organic Carbon
Elemental Carbon
Total Carbon
NO3
0,2

(o

NH,*

Na

Mg

Al

S

P

S

cl

K

Ca

Ti

\Y

Cr

Mn

Fe

Co

Ni

Cu

Zn

Ga

As

Se

Br

Rb

S

Y

Zr

Mo

Pd

Ag

Cd

In

S

D

Ba

La

Au

Hg

TI

Pb

U

USo6

2.91 mg/mi

0.3944
0.2428
0.6371
-0.0054
0.0029
0.1482
0.0847
-0.0063
-0.0048
-0.0017
0.4195
0.0089
0.0095
0.2114
0.0007
0.0239
0.0000
0.0000
0.0000
0.0000
0.0463
0.0001
0.0001
0.0003
0.0125
-0.0002
0.0000
0.0000
0.0016
-0.0001
0.0003
-0.0001
0.0000
0.0000
0.0000
-0.0007
-0.0007
-0.0007
0.0029
0.0010
0.0056
-0.0034
-0.0002
-0.0002
-0.0002
0.0004
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-
+/-
+/-
+/-
+/-
+/-
+-
+-
+-

0.1187
0.0313
0.1289
0.0136
0.0130
0.0232
0.0206
0.0286
0.0116
0.0061
0.0376
0.0015
0.0013
0.0192
0.0021
0.0027
0.0126
0.0061
0.0018
0.0010
0.0042
0.0010
0.0006
0.0006
0.0012
0.0010
0.0011
0.0006
0.0006
0.0005
0.0005
0.0007
0.0008
0.0015
0.0041
0.0048
0.0049
0.0060
0.0073
0.0089
0.0309
0.0435
0.0017
0.0013
0.0012
0.0016
0.0012

M85 Taurus #2

USs06

3.50 mg/mi

0.3650
0.6442
1.0093
-0.0107
0.0802
0.0223
0.0781
-0.0025
0.0080
-0.0037
0.5812
0.0121
0.0680
0.0657
-0.0007
0.0339
0.0000
0.0000
0.0002
-0.0001
0.0116
0.0001
0.0004
0.0039
0.0170
-0.0001
0.0000
0.0000
0.0010
-0.0001
0.0001
-0.0001
0.0005
0.0001
0.0001
-0.0008
0.0002
-0.0007
0.0011
0.0016
-0.0073
-0.0023
-0.0002
-0.0001
-0.0002
0.0012
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.1169
0.0631
0.1519
0.0136
0.0157
0.0133
0.0197
0.0283
0.0085
0.0064
0.0521
0.0017
0.0062
0.0066
0.0023
0.0035
0.0122
0.0059
0.0017
0.0010
0.0011
0.0006
0.0006
0.0007
0.0016
0.0010
0.0011
0.0006
0.0005
0.0005
0.0005
0.0007
0.0007
0.0014
0.0041
0.0047
0.0048
0.0059
0.0076
0.0088
0.0322
0.0427
0.0017
0.0013
0.0012
0.0015
0.0012

RFG Taurus #1
USs06
2.62 mg/mi
0.3250 +/- 0.1115
0.4760 +/- 0.0486
0.8009 +/- 0.1349
-0.0111 +/- 0.0138
0.0158 +/- 0.0134
-0.0068 +/- 0.0129
0.0158 +/- 0.0135
-0.0063 +/- 0.0263
0.0016 +/- 0.0113
-0.0037 +/- 0.0062
0.4925 +/- 0.0442
0.0026 +/- 0.0011
0.0122 +/- 0.0014
0.0046 +/- 0.0027
-0.0011 +/- 0.0025
0.0148 +/- 0.0021
0.0000 +/- 0.0125
0.0000 +/- 0.0061
0.0000 +/- 0.0018
-0.0001 +/- 0.0010
0.0313 +/- 0.0029
0.0000 +/- 0.0008
0.0000 +/- 0.0006
0.0003 +/- 0.0006
0.0040 +/- 0.0006
-0.0002 +/- 0.0010
0.0000 +/- 0.0011
0.0000 +/- 0.0006
0.0003 +/- 0.0005
0.0000 +/- 0.0005
0.0003 +/- 0.0005
0.0000 +/- 0.0007
0.0000 +/- 0.0008
0.0000 +/- 0.0014
0.0000 +/- 0.0041
-0.0011 +/- 0.0048
0.0001 +/- 0.0049
0.0003 +/- 0.0060
0.0010 +/- 0.0077
0.0000 +/- 0.0089
0.0013 +/- 0.0309
0.0004 +/- 0.0435
-0.0002 +/- 0.0016
-0.0001 +/- 0.0013
-0.0002 +/- 0.0012
0.0003 +/- 0.0016
0.0000 +/- 0.0012

RFG Taurus #2

Uso6

2.47 mg/mi

0.1781
1.0348
1.2129
-0.0191
-0.0089
-0.0105
0.0016
-0.0063
0.0000
-0.0013
0.2368
0.0064
0.0089
0.0052
-0.0007
0.0248
0.0012
0.0000
0.0002
-0.0001
0.0055
0.0000
0.0001
0.0018
0.0089
-0.0002
0.0000
0.0000
0.0001
-0.0001
0.0001
-0.0001
0.0003
0.0001
0.0000
-0.0011
-0.0007
-0.0007
0.0000
0.0008
-0.0132
-0.0080
-0.0002
-0.0002
-0.0002
0.0001
0.0000

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-

0.1039
0.0969
0.1634
0.0134
0.0126
0.0124
0.0124
0.0234
0.0082
0.0047
0.0213
0.0012
0.0012
0.0027
0.0022
0.0028
0.0120
0.0058
0.0017
0.0010
0.0007
0.0006
0.0006
0.0006
0.0009
0.0010
0.0011
0.0006
0.0005
0.0005
0.0005
0.0007
0.0007
0.0014
0.0040
0.0047
0.0048
0.0058
0.0075
0.0087
0.0319
0.0424
0.0016
0.0013
0.0012
0.0016
0.0012
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