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I. INTRODUCTION

There are a number of areas in the United States that do not meet the national
ambient air quality standards, despite increasingly stringent highway motor vehicle exhaust
regulations. To help meet these ambient standards, other mobile sources of pollution are
being examined. There are a number of sources of air pollution that can be classed as mobile,
but that are not currently subject to regulations. Some of these sources, such as locomotives,
are transportation related; others, such as construction equipment and lawn and garden
equipment, are not. The pollution from all these sources is related to their combustion
engine.

The Clean Air Act Amendments of 1990 directed the EPA to "...conduct a study of
emissions from non-road engines and non-road vehicles (other than locomotives or engines
use in locomotives) to determine if such emissions cause, or significantly contribute to, air
pollution which may reasonably be anticipated to endanger public health or welfare."(l'ls As
part of the work to fulfill the requirements of the Clean Air Act, this report is the second of
two reports under this project on emission factors from non-road sources.

A, Objective

There are two objectives of this project. The first objective was to examine the non-
road source categories (exclusive of aircraft and locomotives) currently listed in the EPA
document commonly referred to as "AP-42" (I-2) and the categories being used by California
in their current work in regulating non-road mobile sources, to determine if the individual
sources are properly categorized.

The second objective was to obtain the "best currently available” emission factors for
each of these categories. For the gaseous emissions of HC, CO, and NOx, this work was to
be completed and reported to EPA within 30 days from the start of work. For particulates
and toxics the emission factors were to be compiled and reported with 90 days after the start
of work.

B. Approach

The work was to be divided into two phases with a report the end of each phase. The
first phase was to develop the categories of non-road mobile sources and determine the “"best
currently available" emission factors for HC, CO, and NOyx. The second phase was to develop
a list of toxic emissions from non-road mobile sources and determine the emission factors
from non-road mobile sources for these toxic emissions and for particulate matter.

Because of the limited time allotted for this work, a thorough review of the literature
and other data sources was not possible. Therefore, the project utilized the reports that were
on hand (which were many of the most useful non-road emission reports) and contacts with
those persons in EPA and CARB that are working on non-road emission factors to obtain
their latest information. For the toxic emissions, computerized searches were made of SAE,
ASME, and NTIS literature.




C.  Reports

This report is the second of two reports required for this study. The first report
presented an analysis of the non-road categories currently used, and recommended a new set
of categories. The first report also presented the "best currently available” HC, CO, and NOx
emission factors for these categories. This report presents a list of compounds that are
emitted from non-road mobile sources that are considered toxic. Where there were measured
emissions of these compounds, the report presents emission factors for these toxic compounds
for the non-road categories. Where no measured non-road values could be found, emission
rates from measurements of other sources are presented. Often these rates are from one or
a small group of engines with operating cycles very different from those encountered in non-
road equipment. These rates should be used with great care. This report also presents
particulate emission factors for the non-road mobile source categories.
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II. SELECTION OF TOXIC POLLUTANTS FOR EMISSION
FACTOR INVESTIGATION

In the broadest sense, all air pollutant emissions of concern to EPA are ultimately
toxic, using the dictionary definition of toxic as a synonym of "poisonous.” Within the EPA,
to groups concerned with mobile source pollutants, the term "toxic" has, in general, come to
mean air pollutants that do not have NAAQS levels, but are of concern because of health
risks associated with long-term, low-level, exposure. These pollutants include carcinogens,
mutagens, and reproductive toxins. Title III of the 1990 Clean Air Act Amendments lists 189
pollutants as "air toxics". These amendments also directed EPA to conduct a study of on-road
vehicle air toxics. That study is being conducted by the EPA at their Mobile Source
Laboratory at Ann Arbor. The main pollutants being examined are listed in Table II-1, A
secondary list of air tomcs which mobile sources may emit that are mentioned in Title III is
shown in Table 13-2.(II-1

For mobile sources, all pollutants that fall into the category "air toxics" are emitted
at much lower levels than the regulated emissions of HC, CO and NOy. In an extreme
situation, such as a large group of vehicles running in a poorly ventilated parking garage, it
might be possible for some of the toxic emissions to reach concentrations which could cause
short term health effects such as eye irritation or nausea. Before these levels would be
reached however, CO would already be at such high concentrations that major adverse health
effects would be occurring from the CO levels.

Thus, past studies have examined unregulated pollutants which may exhibit adverse
health effects from long term exposure. Mobile source studies have concentrated on
carcinogens. The results of a group of studies were reported by EPA in 1989.(II-2) That
report examined several air toxics and evaluated their potential as carcinogens. Table II-3,
adapted from Reference II-1, lists the cancer-causing potential of several air pollutants. This
table and Table II-1 can be used to identify which air toxic emission factors are the most
important to obtain for non-road mobile sources.

Based on Table 11I-3, the five gaseous and two particulate emissions listed in Table II-1
should definitely be included in non-road toxic emission factors. Of the metals listed in Table
II-1 only iron (as engine wear products or rust from exhaust systems) might be emitted in
sufficient magnitude from non-road engines to warrant inclusion in this study. Engine
emissions of copper are much lower than iron, therefore copper was not included in this
study. Selenium, platinum, and cerium are associated with catalytic converters, which are
not currently installed on non-road sources, with the exception of some diesel mining
equipment. Therefore selenjum, platinum, and cerium were not included in this study.

The list in Table 1I-2 includes some compounds that are known to be highly toxic;
however, based on studies from highway vehicles, the non-road emissions of these compounds
will be exceedingly small, and are not recommended for inclusion in this study. There are
several species of hydrocarbons listed in Table II-2, that, taken together, constitute a fair
percentage of the total engine exhaust hydrocarbons. However, the long term health effects

of these compounds are still under investigation, and these hydrocarbon species were not
included in this study.




TABLE II-1. ON-ROAD MOBILE SOURCE AIR TOXICS TO BE EXAMINED BY

EPA
Benzene Metals:
Formaldehyde Iron
Acetaldehyde Copper -
1,3-Butadiene Selenium
Diesel Particulate Platinum i
Gasoline Particulate Cerium :

Gasoline Vapors

TABLE II-2. OTHER MOTOR VEHICLE TOXICS MENTIONED IN
TITLE II1 OF THE 1990 CAAAs.

Acetonitrile Hexane

Acrolein Lead compounds
Acrylic acdd Manganese compounds
Carbon disulfide Methanol

Carbonyl sulfide Methyl ethyl ketone
Catechol Methyl tert. butyl ether
Chlorine Naphthalene
Cresols/Cresylic acid (isomers and mixture) Phenol

Dibenzofurans Polycyclic organic matter
Diethyl sulfate Propionaldehyde
Dimethyl sulfate Styrene

1,4-Dioxane (1,4-Diethyleneoxide) Toluene

Ethyl benzene 2,2,4-Trimethylpentane
Ethylene dibromide Xylenes

Ethylene dichloride




TABLE II-3. SUMMARY OF RISK ESTIMATESa

U. S. Cancer Incldences/Yeard

Motor Vehicle Pollutant 1986 | 199_5__ 2005
1,3-Butadiene 236 - 269 J 139 - E_ 144 - 171
Diesel Particulate 178 - 860 106 - 662 104 - 518
Benzene 100 - 155 60 - 107 67 - 114
Formaldehyde 46 - 86 24 - 43 27 - 48
Gasoline Vapors 17 - 68 24 - 95 30- 119
Asbestos 5-33 NDC ND
Acetaldehyde 2 1 1
Gasoline Particulate 1-176 1-156 1-146
Ethylene Dibromide 1 <1 <1
Cadmium <1 <1 <1
Dioxins ND ND ND
Vehicle Interior Emissions ND ND ND

CND = Not Determined.

8The risk estimates are 95% upper confidence limits
bThe risk estimates for asbestos, cadmium and ethylene dibromide are for urban exposure
only. Risks for the other pollutants include both urban and rural exposure.

Note: The risk estimates are upper bound estimates; therefore, they are not intended to
represent actual numbers of cancer cases but rather can be used to rank the mobile
source poilutants and to guide further study.

TABLE 11-4 AIR TOXICS RECOMMENDED FOR INCLUSION IN
NON-ROAD EMISSION FACTOR STUDY

Benzane
Formaldehyde
Acetaldehyde
1,3-Butadiene
Gasoline Vapors
Diesel Particulate
Gasoline Particulate
iron




Lead has been mentioned as a possible toxic to include in this study. Lead is definitely
highly toxic , but lead is essentially being regulated out of fuels, even fuels for off-highway
vehicles. The additives available over-the-counter for engines that were built to use leaded
fuel do not contain lead. While "leaded” gasoline is still available in some areas, the lead
content and concentrations of the lead scavengers, ethylene dibromide and ethylene
dichloride, are extremely low. Since leaded fuel will not be available in the future, lead and
the lead scavengers were not included in this study.

Based on the reasoning outlined above, the toxic compounds for which emission factors
should be determined from non-road mobile sources are listed in Table II-4. While these are
considered to be the most important compounds for which to obtain emission factors, for some
of the compounds there were no measured emission rates available from non-road sources.
In those cases, emissions from on-highway vehicles were used to provide at least some
indication of emission rates from engines.

i e—
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were far less when expressed as a percent of total hydrocarbon emissions. Thus, it was
decided that the best way to express benzene emissions was a weight percent of total
hydrocarbon emissions. Table III-1 presents the benzene emissions from these four studies.

B. Aldehydes

While two aldehydes, formaldehyde and acetaldehyde, are listed in Section I as toxics,
the discussion here will include aldehydes in general since some of the early testing of non-

- road sources measured only total aliphatic aldehydes, expressing the result as formaldehyde

using a technique known as the "MBTH Method.”" While some of the data is almost 20 years
old, aldehyde measurements constituted the largest amount of emissions data found of the
air toxins considered in this study. AP-42 lists total aldehydes (RCHO), expressed as
formaldehyde (HCHO) for several classes of non-road mobile sources. For the most part, these
aldehyde emissions were taken directly from the Final Reports for a series of non-road
equipment emission measurements made at SwRI in the early nineteen seventies. Work
done in 1990 at SwRI on small utility engines for the California Air Resources Board also
included aldehyde measurements, as did the tests of diesel forklift engines done for the U.S.
Army at SwRI in mid-nineteen eighties., These studies measured individual aldehydes
including formaldehyde and acetaldehyde using the DNPH/LC Method. Other than these
studies, no aldehyde measurements made specifically on non-road engines were found.

To provide additional information that would be useful in estimating the aldehyde
emissions, work done at SwRI over the past 25 years using on-highway vehicle engines was
reviewed for aldehyde measurements. Where possible, these aldehyde measurements have
been included in study. Tables III-2 to III-7 present the aldehyde emissions by non-road-
categories. The units of measure have been converted where possible to a consistent set
within each category. Sometimes, however, there was insufficient information to convert the
measured emission data to a consistent set of units. The aldehyde emissions are presented
by individual engine type to the extent possible. Where emissions from a speed and load
condition or test cycle are used, the condition or cycle is identified. Where the measurements
have been aggregated considering operating time in mode and percent of engines in a
category, the values have been designated as "emission factors.”

Some aldehyde emission information was found for each of the non-road equipment
categories (except marine outboard engines) recommended in the first report for this project.
Note, however, that no aldehyde measurements were found for marine slow speed diesel
engines. For outboard motors, Reference III-15 contains aldehyde concentrations in ppm, but
the calculations to convert these concentrations to mass units and emission factors were not
carried out in that study.

C.  l3-Butadiene

The hydrocarbon 1,3-butadiene was almost never measured in engine exhaust prior
to the late nineteen eighties, because the usual sample collection and analytical techniques
did not permit the determination of 1,3-butadiene separately from butane. Once 1,3-
butadiene was determine to have a high carcinogenic potency, a procedure was developed to
selectively measure 1,3-butadiene(!II-11), This procedure is relatively new. Only one study
was found with measurements from diesel engines and one study with measurements from
non-catalyst gascline automobiles tested on unleaded gasoline. None of the studies found
involved measurement from non-road equipment engines. The gasoline car study was
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conducted at SwRI for a commercial firm in 1989. The project consisted of light duty FTP
tests on eight non-catalyst cars using unleaded gasoline. We have received authorization to
use the data from that study. The 1,3-butadiene emission rates found are presented in Table
1I1-8. These emissions rates may not be usable for all non-road equipment duty cycles. The
recommended uses are indicated in the table.

D. Exhaust Particulates

All exhaust particulates, that is, steam, gas turbine, diesel, and gasoline were
considered together, The only use of steam boilers in non-road mobile sources is in marine
inboard vessels. Exhaust particulate emissions for marine vessels using steam boilers are
presently contained in AP-42. These emissions factors are almost 20 years old, and were
taken from stationary power plant boiler measurements. Considering, however, that steam
powered vessels are becoming fewer in number, the AP-42 emission factors should be
sufficient for this study. Marine gas turbine particulate emission factors were estimated from
the aircraft gas turbine factors in AP-42.

Particulate measurements on gasoline non-road engines were made at SwRI in the
mid-seventies as part of the measurements made for EPA on non-road sources. The emission
rates from these studies were determined from measurements made with leaded gasoline
which generally contained between 1.5 and 2 grams of lead per gallon. Such fuel is not
available commercially today. Because the lead in the exhaust is the predominant exhaust
particulate mass when using leaded fuel, the particulate emission rates from these studies
should not be used for current emission factors. In particular, the gasoline particulate
emission factors for non-road sources listed in AP-42 should not be used. A search of the
literature, and test data from projects conducted by the department of Emissions Research
at SwRI, revealed only one study which measured particulate from gasoline engines running
on unleaded gasoline. This study is the same commercial study which measured 1,3-
butadiene. Again, while we are authorized to use the data, we are unable to reference it.

The tests of non-road diesel engines conducted at SwRI in the mid-seventies for EPA
do have particulate measurements that are probably still valid to a great extent. These
measurements are the basis for the particulate emission factors in AP-42 for agricultural and
construction diesel equipment, which are presented in this report without change. The AP-42
diesel emission factors for all non-road source categories were supplemented with particulate
measurements from other studies done at SwRI. Tables III-9 to I1I-13 present the particulate
emissions by non-road equipment category.

E. Gasoline Vapors

No measurements of gasoline vapor emissions from non-road equipment could be
found. There are evaporative emission factors in AP-42 for general utility engines, farm, and
construction equipment. The information in AP-42 was based on the SwRI studies conducted
for EPA in the early nineteen seventies(III-'10), A review of that data found that the
evaporative emissions were based only on estimates of diurnal losses from automobile tests
of that era. To understand the basis for the estimates in AP-42, several paragraphs from

Reference 10 describing the reasoning behind the evaporative emission estimates are quoted
below.
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"Regarding emission of hydrocarbons due to evaporation, it will first be
assumed that evaporation of diesel fuel is negligible, although doubtless some
spillage losses do occur. Evaporation of gasoline includes spillage losses,
running losses from fuel tank and carburetor, "hot soak" losses from fuel tank
and carburetor, and diurnal breathing losses from the fuel tank. Spillage and"
venting during tank filling is probably significant, but analysis of these losses
is beyond the intended scope of the subject work. All losses from the
carburetor will be neglected due to lack of information, but it is probable that
these losses are not large because the carburetors most commonly used are
updraft {ypes, located well to the side of the engine and (as much as possible)
out of the path of natural convection heat transfer from the engine block.

Although fuel tanks on tractor-type equipment are located directly over
the engine in many cases, no information is available on running or hot soak
losses from them, It is possible, however, to estimate diurnal breathing losses.
In the case of engines used for industrial purposes, the end usage is so varied
that an estimate for fuel tank size will have to be made, but better data will
be available on this point for tractors and similar equipment. Diurnal losses
are primarily functions of fuel vapor pressure, vapor space in the tank, and the
range of tank temperatures during the day.

The best available information on gasoline evaporative emissions (7: 8,
9, 10} was developed for passenger cars, and consequently no specific data are
given for fuel tanks exposed to direct sunlight or positioned directly over the
engine. Comparison of shaded and unshaded storage tank losses has been
made, however, indicating that 4 times as much evaporation can occur from an
unshaded tank as from a shaded one (10). This comparison study was based
on a 4-week observation period of 300-gallon tanks, each initially full, with
removal of 75 gallons of fuel at the end of each week. It seems apparent that
the evaporative loss factor for tractor-type equipment and power units having
their tanks over the engine and at least partially exposed to sunlight should
be higher than that for units having protected fuel supplies. Determining the
fractions of power units in each of the two groups (exposed tank and protected
tank) will be done later in the report.

The diurnal emission rate which seems most reasonable for
automobiles, assuming a fuel RVP (Reid vapor Fressure) of 9.0 psi(s), is about
(2.0g hydrocarbons)(gallon tank volume day) {7; 8 9, 10), This rate means
that a car with a 20 gallon tank would lose 40 g/day, or that one with a 10
gallon tank would lose 20 g/day, and so on. This factor is based on a
temperature swing of 25°F to 30°F, with a maximum of 85°F to 90°F. An
increase in the maximum temperature would cause greater evaporation, of
course, and it is felt that the conditions encountered by tractor fuel tanks
would include these higher maximum temperatures. A conservative estimate
for unprotected tanks, based on available information (9), would be about (4.0g
hydrocarbons)/(gallon tank volume day), or double the rate for a protected
tank. Should better information on evaporative losses from off-road equipment
become available, the estimates can be revised. For the present, however, the
factors of 2g and 4g per gallon tank volume day wiil be used for protected and
unprotected tanks, respectively. Some seascnal and regional variations in

12
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evaporative emissions undoubtedly occur, and attempts to include these
variations will be made when emissions impact is estimated.”

The references cited in the quote are:

6. Petroleum Products Survey Neo. 73, U.S. Department of the Interior,
Bureau of Mines, January 1972.

7. D. T. Wade, "Factors Influencing Vehicle Evaporative Emissions.”

8. P. J. Clarke, et al, "An Adsorption-Regeneration Approach to the
 Problem of Evaporative Control." SAE Paper No. 670127, 1967.

9. Edwin E. N eléon, "Hydrocarbon Control for Los Angeles by Reducing
Gasoline Volatility." Sae Paper No. 690087, 1969.

10.  Marvin W. Jackson and Robert L. Everett, "Effect of Fuel Composition
on Amount and Reactivity of Evaporative Emissions.” SAE Paper No.
690088, 1969.

Other information such as size of gas tank, etc. was used to get evaporative emission
estimates for the individual categories of non-road equipment. Since these estimates do not
include refueling losses, running losses, or hot soak losses, they probably underestimate the
gasoline vapor losses to the atmosphere. Nevertheless, they are presented here because they

are all that are available. For ease of reference, the evaporative emissions from AP-42 are
included in this report in Table I1I-14.

F. Iron

No measurements of iron in exhaust particulate of non-road equipment engines were
found. Three studies conducted at SwRI were found that determined the percent of iron in
exhaust particulate. Two of these studies were chassis dynamometer tests of automobiles.
One study was an engine dynamometer test of a heavy duty diesel engine. The iron
emissions from these studies are presented in Table I1I-15. As was the case with the 1,3-
butadiene emissions, these iron emissions rates may not be usable for all non-road equipment
duty cycles. The recommended uses are indicated in the table.

13
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TABLE llI-8.

1,3-BUTADIENE EMISSION FACTORS

Engine and Fuel | As Tested Recommended Test 1,3- Reference
Used Use Non-Road Cycle butadlene Number
Category % of FID HC

Diesel 4-S DI automobile | marine, high ETP 1.7 HI-11
(mid-1980's) speed diesel,
Emissions 2D agricuftural,

construction,

large utiiity
Diesel 4-S IDI automobile | marine, high ETE 1.5 H-41
{mid-198Q's) speed diesel,
Emissions 2D agricultural,

construction,

large utility
8 gasoline automobile | marine otto e 1.3 commaerical
non-catalyst cycle, proprietary
unleaded gas agricultural,

construction,

large utility
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TABLE llI-9. PARTICULATE EMISSIONS FOR MARINE CATEGORY

Recommended
Engine and Fuel As Tested Non-Road Test Cycle and Total Reterence
Used Use Category Units Particulates Number
Steam Boilers stationary | marine hoteling Ib/1000 gal | 10.0 -5
residual oil boilers steam cruise [b/1000 gal 20.0 (AP-42)
full 1b/1000 gal 56.5
Steam Boilers stationary | marine hoteling Ib/1000 gal ¢ 15 {I1-5
distillate oil boilers steam cruise [b/1000 gal 15 {AP-42)
full /1000 gal 15
1 G.E. Gas turbine aircraft marine hoteling 1b/1000 gal | 0.81 ii-5
gas turbine cruise Ib/1000 gal 0.34 (AP-42)
full 1Ib/1000 gal 0.28
3 P&WA Gas Turbines | aircraft maring hoteling 1b/1000 gal | 8.6 -5
gas turbine cruise |b/1000 gal 3.9 (AP-42)
.| full Ib/1000 gal 3.4
EMD and GE locomotive | marine diesel Emis. Fac. n-13
Diesels (1989) (line haul} | med. Speed g/hp-hr 0.27
{ASTM 2D Fuel jb/1000 gal 12
EMD and GE Diesels locomotive | marine diesel Emis. Fac. -14
{mid 1980's) {switch & med. Speed g/hp-hr 0.5
/RR diesel line haul) 1b/1000 gal 20
Unknown unknown marine diesel Emis. Fac. i-14
(mid 1980's) high speed g/hp-hr 0.6
ib/1000 gal 24
Diesel 4-S DI truck marine diesel HD TRANS n-12
{early 1980's) engine high speed g/hp-hr 0.52
Ib/1000 gal 175
Diesel 4-S DI automotive | marine diesel HFET n-2
{mid 1980's) high speed Ib/1000 gal 15.6
Diesel 4-S DI automotive | marine diesel HFET -2
{mid 1980’s} high speed 1b/1000 gal 11.6
8 gasoline automotive | marine FTP Commercial
non-catalyst otto cycle [b1000 gal 1.64 proprietary
I unleaded gas
o
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TABLE 1ll-10. PARTICULATES FROM SMALL UTILITY CATEGORY

AVERAGE EMISSION FACTORS FOR ALL ENGINES

{GR/MBMRY

. HC co NOX W
AVEGAGE SMALL ENGINE {1) . 37.68 | 43033 202 0.74 |
AVERGAE MIOSIZE ENGINE (2) . 928 | 352921 203 Q.08 i
"AVERAGE LARGE ENGINE {2} ' 960 ! 35767' 230 0.21 '
1) ASSUMES $5% SIDE VALVE AND 5% OHV
(21 ASSUMES 90w SIOE VALYE AND 10% OKV
3) NO DATA AVAILABLE FOR LARGE OMY ENQINES
" RESIDENTAIL EMISSION FACTORS FOR UTIUTY ENGINES
__(GRAMS PER HP-HOUR)
4 CYCLE 2 CYCLE
PRAODUCT CATEGORY | HC co NOX | PART HC 1 _co NOX PARY
WALK BEFIND MOWERS 377 430 { 202 ‘ 078 208 a8e 0.29 71
RIDING MOWER (FRT ENG) 91 153 2.03 ‘008
RIDING MOWER {REAR ENG} 913 153 2.02 003
GARDEN TRACIOR 28 387 2.3 021
TILLERS 377 430 2.02 .74
SNOWTHROWERS 3r7 430 2.02 0.74 208 488 0.29 1.7
GEMERAL UTILITY 177 430 2.02 0.74 208 a8 029 17
SHREDDERS/GRINDERS 317 430 2.02 0.74 208 488 0.29 17
SPECIALIZED TURF CARE 93 183 2.03 0.08
A-CYC BLOWERS/NVACUUMY 3737 430 2.02 o.74
4-CYC EDGEAS/TRIMMERS arz 430 2.02 0.14
2-CYC EDGERS/TRIMMERS 207 920 . 0.9 38
2-CYC SLOWERSNACUUMS 283 08 0.98 18
CHAIN SAWS I S 298 89 0.98 38
COMMERCIAL EMISSION FACTORS FOR UTILITY ENGINES
(GRAMS PER HP-HOURM
4 CYCLE 1 2CYCLE ‘
PRODUCT CATEGORY HC co NOX oM HE co NOX PART
WALK BEMIND MOWERS 3.7 430 2.02 0.74 208 [T 0.2% 1.7
RIDING MOWER (FRT ENG) 2.3 1s3 203 neos
RIDING MOWER (REAR ENG) 23 153 2.03 008
GARDEM TRACTOR Y] as? 23 021
TILLERS rr 430 202 074
SNOWTHROWERS n 430 2.02 0.74 208 a8 029 17
GENERAL UTILITY 9.3 133 202 0.08 208 488 0.29 7
SHREDDERS/GRINDERS 913 151 202 003 208 1Y 0.29 17
SPECIALIZED TURF CARE 91 p13] 2.03 003
4-CYC BLOWERSNACUUMS 9.3 153 2.03 0.08
4-CYC EDGERS/TRIMMERS .y 430 202 0.T4
2-CYC EDOERS/TRIMMERY 198 P 0.98 38
2-CYC BLOWERS/NACULUMS 283 9ot 0.9 is
CHAIN SAWS 152 13 0.9 38

NOTE:EMISSION FACTORS FOR FOUR STROKE ENGINES ARE BASED ON AVERAGE EQUIPMENT HORSEPOWER RATINGS LISTED

N EXHIBIT 2-13, AND ON THE EMISSION FACTORS LISTED (N EXHISTT 2.17,

EMISSION FACTORS FOR HAND HELD TWO STROKES ARE BASED ON THE HEIDEN ASSOCIATES REPORT TO PPEMA.

EMISSION FACTORS FOR WALK BEHIND TWO STROKES ARE BAMED ON CARS TESTING AT SWHY.
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TABLE lll-11. PARTICULATES FROM AGRICULTURAL EQUIPMENT CATEGORY

unleaded gas

Englne and Fuel As Tested Recommended Test Cycle Total Reference
Used Use Non-Road Category | and Unlts | Particulates Number
8 Diesel engines non-road agricuttural Emis. Fac. -5
engine equip. diesel tractor g/hp-hr 1.28
Ib/1000 gal | 45.7
8 Diesel engines non-road agricultural Emis. Fac. -5
engine equip.diesel non- g/hp-hr 1.51
tractor b/1000 gal | 51.3
Diesel 4-S DI automotive agricuttural HFET It-2
(mid 1980's) equip. diesel all b/1000 gal | 15.6
Diesel 4-s 1DI automotive agricuttural HFET -2
(mid 1980's) equip. diesel all Ib/1000 gal | 11.6
Diesel 4-S DI truck engine | agricultural 7 MODE? 1-12
{early 1980’s) equip. diesel all g/hp-hr 0.53
Ib/1000 gal 18.7
8 Gasoline automotive agricultural FTP commercial
non-catalyst equip. diesel all b/1000 gal | 1.64 proprietary

a: 7 modes of 13 mode cycle weighted per agricultural weighting factors from Reference I11-10.
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TABLE Hll-12, PARTICULATES FOR CONSTRUCTION EQUIPMENT CATEGORY

unleaded gas

Engine and Fuel | As Tested Recommended Test Cycle Total Reference
Used Use Non-Road Category | and Units | Particulates Number
Diesel nen-road construction Emis. Fac. -5
engine tracked tractor a/hp-hr 0.69
b/1000 gal 25.3
Diessl non-road construction Emis. Fac. -5
enging wheeled tractor g/hp-hr 1.27
Ib/1000 gal | 465
Diesel non-road construction Emis. Facﬁ n-5
engine wheeled dozer g/hp-hr 0.41
/1000 gal 148
Diesel non-road construction Emis. Fac. -5
engine scraper o/hp-hr 0.79
/1000 gal | 27.3
Diesel non-road construction Emis, Fac. 115
enging motor grader g/hp-hr 0.63
Ib/1000 gal | 22.2
Diesel non-road construction Emis. Fac. Hi-5
engine tracked loader g/hp-hr 0.66
Ib/1000 gal | 24.0
Diesel non-road construction Emis. Fac. n-5
engine wheeled loader g/hp-hr 0.81
Ib/1000 gal 29.3
Diesel non-road construction Emis. Fac. -5
engine non-road truck g/hp-hr 0.50
Ib/1000 gal | 17.7
Diesel non-road construction Emis. Fac. -5
engine roller o/hp-hr 0.78
/1000 gal | 24.2
Diesel non-road construction Emis. Fac. -5
: engine misc. g/hp-hr 0.90
Ib/1000 gal | 30.1
Diesal 4-5 DI automotive construction NYCC -2
(mid 1980's) all lb/1000 gal | 20.3
Diesel 4-S 1DI automotive construction NYCC -2
{mid 1980's) all 1b/1000 gal 14.3
Diesel 4-S DI truck engine | construction HD TRANS -12
{early 1980's) all g/hp-hr 0.52
Ib/1000 gal 17.54
8 Gasoline automotive construction FTP Commercial
non-catalyst all Ib/1000 gal | 1.64 Proprietary
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TABLE lI-13. PARTICULATES FOR LARGE UTILITY CATEGORY

Englne and As Tested Recommended | Test Cycle Total Reference
Fuel Use Non-Road and Units | Particulate Number
Used Category

2 Diesel 4-S DI } forklift large utility Rated hp k-1
{mid-1980's) engines cont. power g/hp-hr 0.40

Emissions 2D Ib/1000 gal | 16.0

2 Diesel 4-S IDI | forklift large utility Rated hp -1
{mid-1980's) engines cont. power g/hp-hr 0.12

Emissions 2D Ib/1000 gal | 3.9

Diesel 4-S DI automotive large utility HFET -2
(mid-1980's) cont. power Ib/1060 gal | 15.6

Emissions 2D

Diesel 4-S IDI automotive large utility HFET mn-2
{mid-1980's) cont. power Ib/1000 gal | 11.6

Emissions 2D

8 Diesel non-road large utility Emis. Fac. n-10
{pre 1974) engines cyclic power g/hp-hr 1.00

Diesel 4-S DI automotive large utility FTP -2
(mid-1980's) cyclic power Ib/1000 gal | 19.0

Emissions 2D

Diesel 4-S DI automotive large utility FTP -2
(mid-1980's) cyclic power /1000 gal | 15.6

Emissions 2D

8 Gasoline automotive large utility FTP , commercial
non-catalyst cyclic power ib/1000 gal 1.64 proprietary

unleaded gas
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TABLE lll-14 . GASOLINE VAPOR EMISSION FACTORS

Engine and | As Tested Recommended Test Cycle | Gasoline Vapor | Reference
Fuel Used Use Non-Road Category g/unit year Number

None none small utility FTP evap 113 -5
4-stroke lawn (AP-42)
and garden

None none small utility FTP evap 290 -5
4-stroke (AP-42)
misc.

None none small utility FTP evap 113 -5
2-stroke lawn (AP-42)
and garden

None none agricultural FTP evap 15,600 -5

: gasoline {AP-42)
(tractor)

None none agricultural FTP evap 1,600 {I-5
gasoline (AP-42)
(non-tractor)

None none construction FTP evap 22,900 n-5
gasoline (AP-42)
wheeled tractor

None none construction FTP evap 24,900 -5
gasoline {AP-42)
motor grader

None none construction FTP evap 33,900 -5
gasoline {AP-42)
wheeled loader

None none construction FTP evap 20,900 -5
gasoline (AP-42)
roller

None none construction FTP evap 25,400 -5
gasoline (AP-42)
misc.
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TABLE lil-15. IRON EMISSION FACTORS

—

——

utility

Engine and Fuel | As Tested Recommended Test Iron % of Reference
Used Use Non-Road Category Cycle Tot. Part. Number
Diesel 4-stroke automohile marine high speed FTP 1.10 -2
DI {mid-1880's) diesel, agricultural, HFET 0.29
Emissions 2D construction, large NYCC 0.67
utility
Diesel 4-Sroke automobile marine high speed FTP 0.56 -2
(DI (mid-1980's) diesel, agricultural, HFET 0.47
Emissions 2D construction, large NYCC 0.89
utility
Diesel 4-Stroke truck engine | marine high speed Rated hp | 0.32 ni-12
diesel, agricultural,
construction, large
utility
4 Gasoline automobile | marine otto cycle, FTP 2.90 -3
non-catalyst agricultural, SET 1.84
leaded gas construction, large HFET 0.68
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IV. DISCUSSION AND RECOMMENDATIONS

There is so little information available on toxic emissions from non-road sources, that
any regional and national impact estimates or exposure estimates calculated from them
should be viewed as extremely tentative. One of the tasks of this project was to identify
those emission factors that would benefit from updating that can be accomplished over the
next four to six months; recommend the specific work to be done; and explain how the work
would improve the emission factor value. It should be obvious from the discussions in this
report that non-road emission factors for all of the air toxics investigated are inadequate and
require more work. There is, however, little that can be done in the next four to six months.

For the long term, a comprehensive plan to acquire the necessary measurements of
air toxics from representative non-road equipment is strongly recommended. This plan
should include a series of programs similar in nature to the EPA efforts in non-road
equipment emissions conducted in the early nineteen seventies, but in keeping with the new
emphasis on non-road emissions, be broader in scope. Such a series of projects should include
measurements of hydrocarbon speciation in as much detail as possible (not just benzene and
1,3-butadiene), all aldehydes ( not just formaldehyde and acetaldehyde), particulate trace
metals, particulate organic fraction, Ames bioassay tests, and other unregulated emissions
analysis. Equipment tested should include a’iarge number of engines and duty cycles for all
categories of non-road sources. There is no question that such a comprehensive series of
projects would be costly. Since the decisions which will be made based on these emission

factors can possibly result in high total costs to society, the cost to obtain accurate non-road
emission factors of air toxics seems justified.
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EQUIPMENT ,
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Results of a laboratory assessment of catalyzed ceramic diesel particulate (DPFs)
filters are reported. Catalyzed DPFs are shown to substantially reduce diesel
particulate emissions, carbon monoxide (CO) and gaseous hydrocarbons as well as
particulate ignition temperatures. Sulfate production is discussed in relation to
sulfates presently emitted into the mine environment. Field experience is reported
on the application of the ceramic diesel particulate filter to control diesel particulate
emitted from underground diesel powered vehicles. The vebicle has been operated
in mine production service over typical load-haul-dump duty cycles. Field tests have
been carried out using the filters assisted with both fuel additive and precious metal
catalyst coating techniques. The structural integrity of the filter appears satisfactory
with approximately 250 hours of field experience. Both manganese fuel additive and
precious metal catalyst coating were shown to provide satisfactory regeneration
assist. Exhaust backpressures over a 250-hour test were lower than the original
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CONSTRUCTION & INDUSTRIAL MACHINERY, TRACTORS, AND MILITARY
EQUIPMENT '
Society of Automotive Engineers Technical Paper No. 850150.

Also published in SAE TRANSACTIONS Vol 94 (1985).

The performance of a ceramic wallflow diesel particulate trapis described in relation
to regeneration behaviour and emissions reduction from a typical mines heavy duty
diesel engine. The use of fuel additives lowered particulate ignition temperature
thresholds by approximately 150\mDC, and allowed frequent regeneration of the trap
to occur when the engine was operated on a computer controlled engine dynamometer
over simulated mine vehicle duty cycles. Thermal stress on the trap during
regeneration was minimal. Use of the fuel additive had little effect on changing the
trap efficiency for particulate emission reduction which remained generally in excess
of 90% efficient. In addition, the fuel additives did not increase sulphate emissions,
and reduce Ames mutagenic activity. This approach appears to offer a practical and
effective means of diesel emissions control, for most mine LHD vehicles, without the
need for additional trap regeneration systems, other than the use of fuel additives.

770623

A study of visible smoke reduction from a small two-stroke engine using various
engine lubricants

Sugiura, Kensuke; Kagaya, Mineo

Nippon Qil Co., Ltd. (Japan); Nippon Oil Co., Ltd. (Japan)

Exhaust emissions: Engine lubricants; Motorcycles; Two stroke cycle engines;
Synthetic lubricants
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Society of Automotive Engineers Technical Paper No. 770623.

This paper relates the smoke reducing characteristics of two-cycle engine lubricants
containing polybutene. Making use of these oils instead of conventional ones, not
only smoke but also particulate emissions were reduced, while hydrocarbon
concentrations were not affected at all. More than ninety percent of the particulates
were unburned lubricant, which account for visible smoke. Diluents such as kerosene

and leaner fuel/oil ratios also contributed to the reduction of both smoke and
particulates.

770258 .

Unregulated emissions from diesels used in trucks and buses
Springer, Karl J.; Stahman, Ralph C.

Southwest Research Institute; Environmental Protection Agency
QOdors; Diesel engines; Exhaust emissions; Diesel smoke; Truck tractors
EMISSIONS

Society of Automotive Engineers Technical Paper No. 770258. Also published in SAE
TRANSACTIONS Vol 86 (1977).

A wide variety of exhaust emissions are reported for three diesel engines typically
used in heavy-duty intercity truck and intracity bus operation. Particulate, odor,
sulfate, sulfur dioxide, and selected non-reactive hydrocarbons were measured in .
addition to the regulated pollutants from Detroit Diesel 6V-71 and 8V-71TA engines
and a turbocharged Cummins 885 cu in research engine, The 855-TC engine was run
in standard and a variable injection timing configuration, while the 6V-71 city bus
engine was run with two types of injector designs. Emission rates are summarized
in terms of grams per unit of fuel consumed and per unit of power output. The data
allows direct comparison between engines and engine configurations, as well as a
function of engine speed and load condition.

740737

Exhaust emissions from 2-stroke outboard motors and their impact

Hare, Charles T.; Springer, Karl J.; Huls, Thomas A.

Southwest Research Institute; Southwest Research Institute; Environmental
Protection Agency : i

Environment; Exhaust emissions; Exhaust emissions control; Tw-o stroke cycle
engines

Lincoln, R. H. Qutboard Marine Corporation

EMISSIONS

Society of Automotive Engineers Technical Paper No. 740737.

Also published in SAE TRANSACTIONS Vol 83 (1974).

To characterize exhaust emissions from water-cooled 2-stroke outboard motors (the
predominant type), four new motors were tested on dynamometer stands. The engines
ranged from 4-65 hp in size, and operating conditions were chosen along lines of
simulated boat loading. All the measurements were taken at steady-state conditions.
Emission concentrations were measured in raw exhaust gas and after the gases had
been bubbled through water in a specially constructed tank. Constituents measured
included hydrocarbons, CO, CO2, NO, NOx, 02, light hydrocarbons, and aldehydes.
Emissions of sulfur oxides (SOx) were estimated on the basis of fuel consumed, and
all the exhaust emissions data were used with available information on population
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emcils:if;ie' of motors‘ to estlmgte exhaust emission factors and national exhaust
mpact. This study did not address the fate of pollutants in either air or

water as a fu_nctlon of . .
: residence time, nor did it include
énvironmental effects due to outboard emissions, any assessment of
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Snowmobile engine emissions ir i
. and their impact
Hare, Charles T.: Springer, Karl J.; Huls, 'I}?h;mas A.
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EMISSIONS

Society of Automotive Engineers Technical Paper

Also published in SAE TRANSACTIONS Vol 85 (1074 >

This paper describes a research program on exhaust emissions from snowmobil
engines, including both emissions characterization and estimation of nationa?l
emissions impact. Tests were conducted on three popular 2-stroke twins and on one
rotary (Wankel) engine. Emissions that were measured included total hydrocarbons
(paraffinic) hydrocarbons by NDIR, CO, CO2, NO (by two methods), NOx, 02
aldehydes, light hydrocarbons, particulate, and smoke. Emissions of SOx 'wen;
estimated on the basis of fuel consumed, and evaporative hydrocarbons were
projected to be negligible for actual snowmobile operation. During emissions tests,
intake air temperature was controlled to approximately 7°C (20°F), and room air at
approximately 24°C (75°F) was used for engine cooling. Based on test results and the
best snowmobile population and usage data available, impact of snowmobile
emissions on a national scale were computed to be minimal.

740627

Motorcycle emissions, their impact, and possible control techniques

Hare, Charles T.; Springer, Karl J.; Oliver, William Rogers; Houtman, William H.;
Huls, Thomas A. : -

Southwest Research Institute; Southwest Research Institute; Environmental
Protection Agency; Environmental Protection Agency; Environmental Protection
Agency

Motorcycles; Exhaust emissions; Exhaust emissions control; Aircooled engines
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Society of Automotive Engineers Technical Paper No. 740627.

Also published in SAE TRANSACTIONS Vol 83 (1974).

Seven motorcycles, ranging in size from 100 to 1200 em3, were tested for emissions
characterization purposes. They were operated on the federal seven-mode test
procedure (for 1971 and older light-duty vehicles), the federal LA-4 test procedure (for
1972 and later LDVs), and under a variety of steady-state conditions. Four of the
machines tested had 4-stroke engines, and the other three had 2-stroke engines.
Emissions which were measured included hydrocarbons, CO, CO2, NO, NOx, 02,
aldehydes, light hydrocarbons, particulates, and smoke. Emissions of SOx were
estimated on the basis of fuel consumed, and evaporative hydrocarbon losses were
also estimated. Crankcase "blowby" emissions from one 4-stroke machine were




measured. The impact of motorcycles on national pollutant totals was estimated,
based on the test results and information from a variety of sources on national
population and usage of motorcycles. In addition, a brief overview of emisson control
technology which might be applicable to motorcycles is presented. This discussion
indicates that control of hydrocarbon emissions from 2-stroke machines and CO
emissions from large motorcycles of both 2-stroke and 4-stroke types are immediate
priorities for meeting the tentative 1976 EPA motorcycle emission standards.






