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Executive Summary

Executive Summary

The Environmental Protection Agency (EPA) is proposing requirements to reduce emissions
of hydrocarbon (HC) and oxides of nitrogen (NOx) from nonroad small spark ignited engines
below 19kW (“Small Sl engines’) and marine spark ignited engines (“Marine Sl engines’). This
proposed rule includes exhaust and evaporative emission standards for these engines as well as
related gasoline fuel tanks and fuel lines.

This executive summary describes the relevant air-quality issues, highlights the new exhaust
and evaporative emission standards, and gives an overview of the analysesin the rest of this
document.

Air Quality Background and Environmental | mpact of the Proposed Rule

Emissions from Small Sl engines and equipment and Marine Sl engines and vessels
contribute to a number of serious air pollution problems and will continue to do so in the future
absent further reduction measures. Such emissions lead to adverse health and welfare effects
associated with ozone, particulate matter (PM), NOX, volatile organic compounds (VOC),
including toxic compounds, and carbon monoxide (CO). These emissions also cause significant
public welfare harm, such as damage to crops, eutrophication, and regional haze.

Millions of Americans continue to live in areas with unhealthy air quality that may endanger
public health and welfare. As of October 2006 approximately 157 million people live in the 116
areas that are designated as nonattainment for the 8-hour ozone National Ambient Air Quality
Standards (NAAQS). In addition, approximately 88 million people livein areas that are
designated as nonattainment for the PM2.5 NAAQS. Federd, state, and local governments are
working to bring ozone and PM levelsinto attainment with the NAAQS. The reductions
included in this proposed rule will be useful to states in attaining and maintaining the ozone, CO,
and PM NAAQS.

In 2001, emissions from land-based nonroad Small SI engines and Marine S|
engines were estimated to be about 28 percent of the total mobile-source inventory of VOC
emissions and 1 percent of the NOx inventory. As presented in Figures 1 and 2, this rule assures
NONROAD inventories from rules to date are maintained or continue to decrease.
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Figure 1: Small SI VOC+NOx NONROAD Inventoriesfor Baseline and
Phase 3 Control (Exhaust plus Evapor ative)
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Figure2: Marine Sl VOC+NOx NONROAD Inventoriesfor Baseline
and Phase 3 Control (Exhaust plus Evaporative)
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Proposed Exhaust and Evapor ative Emission Standards

Tables 1 through 4 show the exhaust and evaporative emission standards and when they are
proposed to apply. For Small Sl engines, the standards are expected to require the use of
aftertreatment systems with some use of electronic fuel injectionin Class |1 engines. Asshown
in Tables 1 through 4, we are phasing in many of the standards over time to address
considerations of lead time, workload, and overall feasibility. In addition, the proposed rule
includes other provisions designed to address the transition to meeting the standards.

Table1: Small SI Engine HC+NOx Exhaust Emission Standards and Schedule

HC+NOx co?
Engine Class Model Y ear [g/kW-hr] [g/kW-hr]

Class | (80cc-225c¢c) 2012 10.0 610
Class | (<80cc) 2012 Handheld standards Handheld
standards

Class|| 2011 8.0 610

a5 g/kW-hr CO for Small SI engines powering marine generators.

Table2: Small SI Equipment Evaporative Emission Standards and Schedule

Fuel Line Tank Diffusion Running General Evaporative
Permeation Permeation Loss Requirements
Standard Level 15 15 0.80 g/day Design Design standards and
o/m?day g/m?/day Standard good engineering
judgment
Handheld 2012* 2009-2013°¢ NA NA 2010
Class| 2008 2012 2012 2012 2012
Classl| 2008 2011 2011 2011 2011

82013 for small-volume families; cold weather applications are excluded.

® 2.5 g/m¥day for structurally integrated nylon fuel tanks.

© 2009 for families certified in California, 2013 for small-volume families, 2010 for remaining families.
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Table3:. Marine Sl Eng

ine HC+NOx Exhaust Standards and Schedule

Engine Power Model Y ear HC+ NOx [g/kW-hr] CO
[g/kW-hr]
OB/PWC™ <40 kw 2009 28-03x P 500-5.0 x P
> 40 kW 2009 16 300
SD/I* al 2009 5 75

&Seeking comment on modest phase-in for these new standards.
b P = maximum engine power in kilowatts (KW).
¢SD/I and OB/PWC aso have NTE requirements; seeking comment on aternative standards for high-performance

engines (>373kW).

Table4. Marine Sl Engine Evaporative Emissions Standar ds and Schedule

Fuel Line Tank Diurnal General Evaporative
Permeation Permeation Requirements
Standard Level 15 1.5 g/m?day 0.40 Design standards and good
g/m?day o/gal/day engineering judgment
Portable Tanks 2009 2011 2009% 2009
PWC 2009 2011 2009 2009
Other Installed Tanks 2009 2012 2010° 2010

@ Design standard.
® Fuel tanks installed in non-trailerable boats (> 26 ft. in length) may meet a standard of 0.16 g/gal/day over an
alternative test cycle.

EPA has also taken steps to ensure that engines built to these standards achieve more
accurate emissions reductions and is upgrading the test requirements to those listed in
40CFR1065 as outlined in Preamble Section IX General Test Procedures.

Feasibility of M eeting the Proposed Small SI Engine Exhaust Emission Standar ds

Since 1997, exhaust emission control development for Small SI engines has concentrated on
engine redesign including carburetor design, improved engine combustion and engine cooling.
The primary technical focus of the proposed new emission standards will be engine upgrades as
needed, catalyst application to the majority of Small SI engines and electronic fuel injection on
some Class |1 engines. Related information isin Chapter 4.

We are proposing new, more stringent exhaust HC+NOx standards for Class | and |1 Small
Sl engines. We are also proposing anew CO standard for Small Sl engines used in marine

ES4



Executive Summary

generator applications. The standards differ by engine size. Class| engines have atotal engine
displacement of < 225cc. Class |l engines have atotal engine displacement of >225cc.

In the 2005 model year, manufacturers certified over 500 Class | and 11 engine familiesto the
Phase 2 standards using a variety of engine designs and emission control technology. All Class|
engines were produced using carbureted air-fuel induction systems and are air cooled. An
extremely small number of engines used catal yst-based emission control technology. Similarly,
Class |1 engines were predominantly carbureted and air cooled. A limited number of these
engines used catalyst technology, electronic engine controls and fuel injection, and/or water
cooling.

The market focus has alarge part to play in the engine design and quality. The large number
of residential and commercial applications have led to awide variety of engine qualities and
designsin the marketplace today. Some of the more durable engine designs already incorporate
the base design requirements needed to incorporate a catalyst to meet the Phase 3 emission
standards. In addition, several engine familiesin both classes are currently certified at levels that
would comply with the proposed Phase 3 standards.

Based on our own testing of advanced technology for these engines, our engineering
assessments, and statements from the affected industry, we believe the proposed requirements
will lead many engine manufacturers to adopt exhaust aftertreatment technology using
catalyst-based systems. Other likely engine changes include improvements in engine designs,
cooling system designs and fuel delivery systems. The addition of electronic controls and/or fuel
injection systems to some Class |1 engine families may obviate the need for catalytic
aftertreatment, with the most likely candidates being multi-cylinder engine designs.

Information herein on the feasibility assessment of exhaust emissions on Small Sl engines
includes the emission evaluation of current product and advanced technology engines. Areas
covered include laboratory and field evaluations, review of patents of existing catalyst/muffler
designsfor Class | engines, discussions with engine manufacturers and suppliers of emission
control-related engine components regarding recent and expected advances in emissions
performance, and an analysis of catalyst/muffler units that were already in mass production by an
original equipment manufacturer for use on European walk-behind lawn mowers.

EPA used this information to design, build and emission test prototype catal yst-based
emission control systems that were capable of effectively and safely achieving the proposed
Phase 3 emission standards on both Class | and Class |1 engines. Chapter 4 projects that in some
cases manufacturers of Class| and Class Il engines may need to improve the durability of their
basic engine designs, cooling system designs, ignition systems, or fuel metering systems for
some engines in order to comply with the Phase 3 emission regulations over the useful life. EPA
also built and tested electronic fuel injection systems on two twin cylinder Class Il engines and
emission tested them with and without catalysts. EFI improves the management of air-fuel
mixtures and ignition spark timing and each of the engines achieved the requisite emission limit
for HC+NOx (e.g., 8.0 g/kW-hr). Based on thiswork and information from one manufacturer of
emission controls, we believe that either a catalyst-based system or electronic engine controls
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appear sufficient to meet the standard. Nonetheless, some applications may require the use of
both technologies. Manufacturers adopting the EFI approach will likely realize other advantages
such as easier starting, more stable and reliable engine operation, and reduced fuel consumption.

We also used the information and the results of our engine testing to assess the potential need
for improvements to engine, cooling and fuel system designs. A great dea of this effort was
conducted in association with our more in-depth study regarding the efficacy and safety of
implementing advanced exhaust emission controls on Small Sl and recreational Marine S|
engines, as well as new evaporative requirements for these engines, equipment, and vessels. The
results of that study are also discussed in Chapter 4.

There are anumber of Class || engines that use gaseous fuels (i.e., liquid propane gas or
compressed natural gas). Based on our engineering evaluation of current and likely emission
control technology for these engines, we conclude that these engines will use catalysts, or larger
catalysts than current, in order to achieve the proposed Phase 3 HC+NOx standard. Some
engines currently meet the Phase 3 emission standards.

Regarding the marine generator CO standard, two manufacturers that produce the majority of
marine generators have announced that as a result of boat builder demand, they are converting
their marine generator product lines to new designs which can achieve more than a 99 percent
reduction in CO emissionsin order to reduce the risk of CO poisoning. These low CO emission
designs used closed-loop electronic fuel injection and catalytic control on engines which are
water cooled using the lake or seawater. Both of these manufacturers have certified some low
CO engines and have expressed their intent to convert their full product lines in the near future.
These manufacturers also make use of electronic controls to monitor catalyst function.

Feasibility of Meeting the Proposed Marine SI Exhaust Emission Standards

The technology is available for marine engine manufacturers to use to meet the proposed
standards. Thistechnology isthe same that manufacturers are anticipated to use to meet the
Cadlifornia ARB standardsin 2008. For outboards and personal watercraft (OB/PWC) this
largely means extended use of lower-emitting engine technology widely used today. For
sterndrive and inboard (SD/I) marine engines, this means the use of catalytic convertersin the
exhaust system. Chapter 4 includes detailed descriptions of low emission technologies for
marine engines, including emissions test data on these technol ogies.

OB/PWC

Over the past several years, manufacturers have demonstrated their ability to achieve
significant HC+NOx emission reductions from OB/PWC engines. This has largely been
accomplished through the introduction of two-stroke direct injection engines in some
applications and conversion to four-stroke engines. Current certification datafor these types of
engines show that these technologies may be used to achieve emission levels significantly below
the existing exhaust emission standards. In fact, California has adopted standards requiring a 65
percent reduction beyond the current federal standards beginning in 2008.
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Our own analysis of recent certification data shows that most four-stroke outboard engines
and many two-stroke direct injection outboard engines can meet the proposed HC+NOXx
standard. Similarly, although PWC engines tend to have higher HC+NOx emissions,
presumably due to their higher power densities, many of these engines can also meet the
proposed HC+NOx standard. Although thereis currently not a CO emission standard for
OB/PWC engines, OB/PWC manufacturers are required to report CO emissions from their
engines. These emissions are based on test data from new engines and do not consider
deterioration or compliance margins. Based on this data, all of the two-stroke direct injection
engines show emissions well below the proposed standards. 1n addition, the majority of
four-stroke engines would meet the proposed CO standards as well.

We therefore believe the proposed HC+NOx and CO emission standards can be achieved by
phasing out conventional carbureted two-stroke engines and replacing them with four-stroke
engines or two-stroke direct injection engines. This has been the market-driven trend over the
last five years. Chapter 4 compares current certification data to the proposed standards.

SD/I

Engine manufacturers can adapt readily available technologies to control emissions from
SD/1 engines. Electronically controlled fuel injection gives manufacturers more precise control
of the air/fuel ratio in each cylinder, thereby giving them greater flexibility in how they calibrate
their engines. With the addition of an oxygen sensor, electronic controls give manufacturers the
ability to use closed-loop control, which is especially valuable when using a catalyst. In
addition, manufacturers can achieve HC+NOx reductions through the use of exhaust gas
recirculation. However, the most effective technology for controlling emissionsis a three-way
catalyst in the exhaust stream.

In SD/I engines, the exhaust manifolds are water-jacketed and the water mixes with the
exhaust stream prior to exiting the vessel. Manufacturers add a water jacket to the exhaust
manifold to meet temperature-safety protocol. They route this cooling water into the exhaust to
protect the exhaust couplings and to reduce engine noise. Catalysts must therefore be placed
upstream of the point where the exhaust and water mix. This ensures the effectiveness and
durability of the catalyst. Because the catalyst must be small enough to fit in the exhaust
manifold, potential emission reductions are not likely to exceed 90 percent, asis common in
land-based applications. However, as discussed in Chapter 4, demonstration programs have
shown that emissions may be reduced by 70 to 80 percent for HC+NOx and 30 to 50 percent for
CO over the various modes of the proposed test cycle. Larger reductions, especially for CO,
have been achieved at lower speed operation.

Chapter 4 discusses issues that have been addressed in catalyst designs for SD/I engines such
as sustained operation at high load, potential saltwater effects on catalyst efficiency, and thermal
shock from cold water contacting a hot catalyst. Test programs have been performed to evaluate
catalystsin the laboratory and on the water. In addition, we are currently engaged in testing that
includes accumulating hours on catalyst equipped SD/I engines in boats operating in saltwater.
Earlier thisyear, one SD/I engine manufacturer began selling engines equipped with catalysts.
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They have certified their enginesto the California ARB standards, and are selling their
catalyst-equipped engines nationwide. This manufacturer indicated that they have successfully
completed durability testing, including extended in-use testing on saltwater.

Feasibility of M eeting the Proposed Evapor ative Emission Standards

There are many feasible control technologies that manufacturers can use to meet the
proposed evaporative emission standards. We have collected and will continue to collect
emission test data on a wide range of technologies for controlling evaporative emissions.
Chapter 5 presents a description of the evaporative emission sources which include permeation,
diurnal, running loss, hot soak, and refueling emissions. In addition, Chapter 5 presents
evaporative emission test datafor current Small SI and marine fuel systems and on awide range
of evaporative emission control technologies. Below is an overview of technologies that are
available for meeting the proposed evaporative emission standards.

Low-permeation fuel lines are in production today. One fuel line design, already used in some
marine applications, uses athermoplastic layer between two rubber layers to control permeation.
This thermoplastic barrier may either be nylon or ethyl vinyl acetate (EVOH). Barrier
approaches in automotive applications include fuel lines with fluoroelastomers such as FKM and
fluoroplastics such as Teflon and THV. In addition to presenting data on low-permeation fuel
lines, Chapter 5 lists several fuel-system materials and their permeation rates. Molded rubber
fuel line components, such as primer bulbs and some handheld fuel lines, could meet the
standard by using a fluoroelastomer such as FKM.

Plastic fuel tanks used in Small Sl and Marine Sl applications can be molded using several
processes. While no fuel tank permeation control strategy will work for all production processes
and materials, there are multiple control strategies available for fuel tanks manufactured with
each of the molding processes. These molding processes include blow-molding, injection-
molding, thermoforming, rotational-molding, and hand built constructions (fiberglass).

Multi-layer fuel tanks can be formed using most of these molding processes. These fuel tank
constructions include a barrier layer of alow permeation material such as ethylene vinyl alcohol
(EVOH) or nylon. Thistechnology has been used in blow-molded fuel tanks for automotive
applications for many years and can achieve emission levels well below the proposed standard.
For thermoformed fuel tanks, asimilar barrier formed into the plastic sheet that islater molded
into afuel tank. Rotationally-molded fuel tanks can be produced with an inner barrier layer such
as nylon or polybutylene terephthalate (PBT). Asan aternative, in the blow-molding process, a
low-permeabl e resin can be blended with polyethylene and extruded it with a single screw.
Although the barrier is not continuous, this strategy can still be used to meet the proposed
permeation standard. A similar strategy may be used for fiberglass fuel tank where the barrier
material is clay nanocomposites. Finally, fuel tanks may be formed entirely out of alow
permeation material such as nylon or an acetal copolymer. Many fuel tanks used with handheld
equipment use nylon fuel tanks.

Another approach to producing fuel tanks that meet the proposed permeation standards

ES-8



Executive Summary

would be to create permeation barrier through a post-processing step. Regardless of the molding
process, another type of low-permeation technology for high-density polyethylene fuel tanks
would be to treat the surfaces with a barrier layer. Two ways of achieving this are known as
fluorination and sulfonation. In these processes, the tanks are exposed to a gas which forms a
permesation barrier on the surfaces of the fuel tank. Either of these processes can be used to
reduce gasoline permeation by more than 95 percent. Additionally, abarrier layer can be put
onto afuel tank with the use of an epoxy barrier coating.

There are severa technologies that can be used to reduce diurnal emissions from marine fuel
tanks. The simplest approach isto seal the fuel tank. Portable fuel tanks currently use manual
valves that can be closed to seal the fuel tank. PWC typically use sealed fuel systems with
pressure relief valves that open at pressures ranging from 0.5 to 4.0 psi. For other vessels with
installed fuel tanks, manufacturers have commented that even 1.0 psi of pressure would be too
high for their applications. Through the use of a carbon canister in the vent line, diurnal
emissions can be controlled from these fuel tanks without creating significant pressure in the fuel
tank. With thistechnology, vapor generated in the tank is vented to a canister containing
activated carbon. The fuel tank must be sealed such that the only venting that occursis through
the carbon canister. The activated carbon collects and stores the hydrocarbons. The activated
carbon bed in the canister is refreshed by purging the vapors with air flow. The proposed
standard is based on the air flow being generated by the natural breathing of the fuel tank asit
heats and cools.

Running loss emissions can be controlled from Small Sl equipment by sealing the fuel cap
and routing vapors from the fuel tank to the engine intake. In doing so, vapors generated by heat
from the engine will be burned in the engine=s combustion chamber. 1t may be necessary to use
avalve or limited-flow orifice in the purge line to prevent too much fuel vapor from reaching the
engine and to prevent liquid fuel from entering the line if the equipment flips over. Depending
on the configuration of the fuel system and purge line, a one-way valve in the fuel cap may be
desired to prevent avacuum in the fuel tank during engine operation. We anticipate that a
system like this would eliminate running loss emissions. However, higher temperatures during
operation and the additional length of vapor line would slightly increase permeation.
Considering these effects, we still believe that the system described here would reduce running
losses from Small SI equipment by more than 90 percent. Other approaches would be to move
the fuel tank away from heat sources or to use heat protection such as ashield or directed air
flow.

Many manufacturers today use fuel caps that by their design effectively limit the diffusion of
gasoline from fuel tanks. In fact, the proposed diffusion emission standard for Small Si
equipment is based to alarge degree on the diffusion control capabilities of these fuel caps. As
discussed in Chapter 5, venting a fuel tank through a tube (rather than through an open orifice)
also greatly reduces diffusion. We have conducted additional testing with short,
narrow-diameter vent lines which shows that these lines provide enough resistance to diffusion
to meet the proposed emission standards.

Estimated Costs and Cost-Effectivenessfor Small SI Engines and Equipment
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There are approximately 410 nonroad equipment manufacturers using Small Sl enginesin
over athousand different equipment models. There are more than 50 engine manufacturers
certifying Small Sl engine families for these applications. Fixed costs consider engine research
and development, engine tooling, engine certification, and equipment redesign. Variable costs
include estimates for new emission-control hardware. Near-term and long-term costs for some
example pieces of equipment are shown in Table 5. Also shown in Table 5 are typical pricesfor
each piece of equipment for reference. See Chapter 6 for detailed information related to our
engine and equipment cost analysis. The annualized cost for Small SI emission regulations are
$265 million without fuel savings and $203 million with fuel savings for exhaust only. For
evaporative and exhaust combined, the annualized cost for Small Sl emission regulation are
$332 million without fuel savings and $218 with fuel savings.

Table 5: Estimated Costs for Several Example Pieces of Equipment ($2005)*
Over the Range of Useful Life Categories for Small Sl Engines’

Class| Classl| Handheld
(Class111-V)
Exhaust Near Term $11to $23 $39 to $85 $0.30
Long Term $9to $15 $22 to $47 $0.00
Evaporative Near Term $3.16 $6.90 $0.82
Long Term $2.29 $5.30 $0.69
Total (without fuel savings)
Near Term $14 to $26 $46 to $92 $1.12
Long Term $11 to $17 $27 to $52 $0.69
Total (with fuel savings)®
Near Term $13t0 $25 $1-$48/$40-$86 $0.72
Long Term $10to $16 -$18-$6/$21-$46 $0.29
Engines w/ and w/o EFI
Estimated Equipment Price Range $100-$2,800 $300-$6800 $210 avg

@ Near-term costs include both variable costs and fixed costs; long-term costs include only variable costs

and represent those costs that remain following recovery of all fixed costs.

P Class | (125,250, or 500 hours), Class 11 (250, 500, or 1000 hours)

¢Classl, Class Il and handheld have fuel savings from evaporative measures. Class |1 engines with EFI have fuel
savings of $39 based on the lifetime savings in the use of a residential ride on mower. There are no fuel savings
related to compliance with the exhaust emission standard for Class |, handheld, or Class |1 engines without EFI.

Chapter 6 presents aggregate costs of compliance for the proposed exhaust and evaporative
emission standards for Small Sl engines. Table 6 presents the annualized aggregate costs and
fuel savings for the period from 2008-2037. The annualized fuel savings for Small Sl engines
are due to reduced fuel costs form the sue of electronic fuel injection on Class 11 engines as well
as fuel savings from evaporative measures on al Small SI engines.

Table 6: Estimated Annualized Cost to manufacturersand Annualized Fuel Savingsfor
Small SI Engines and Equipment at a 7% Discount Rate (2005%)
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Annualized Cost to Manufacturers | Annualized fuel savings
(millionglyr) (millionglyr)
Exhaust $267 $63
Evaporative $67 $52
| Aggregate $334 $115

Chapter 7 describes the cost effectiveness analysis. In this analysis, the aggregate costs of
compliance are determined for the period 2008-2037. The discounted aggregate costs for the
period are divided by the discounted aggregate HC_NOx emission reductions.

Table7: Aggregate Cost per Ton for Small SI Engines and Equipment
2008-2037 Net Present Values at 7% Discount Rate ($2005)

Pollutant
NOx+HC

Aggregate Discounted
Lifetime Cost per ton
Without Fudl Savings

Aggregate Discounted
Lifetime Cost per ton
With Fuel Savings

7%

$1450

$950

Estimated Costs and Cost-Effectivenessfor Marine SI Engines

According to the US Coast Guard there are well over athousand different boat builders
using Marine Sl engines. There are about 10 engine manufacturers certifying to the current
OB/PWC exhaust emission standards. We have identified more than 30 companies
manufacturing SD/I marine engines. Fixed costs consider engine research and devel opment,
engine tooling, engine certification, and equipment redesign. Variable costs include estimates
for new emission-control hardware. Near-term and long-term costs for three different Marine Sl
applications are shown in Table 8. Also shown in Table 8 are typical prices for these types of
marine vessels. See Chapter 6 for detailed information related to our engine and equipment cost

anaysis.
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Table 8: Estimated Average Incremental Costsfor SI Marine Engines and Vessels ($2005)*

Engine Category Outboard PWC SD/i

(Fuel Storage System) (Portable) (Installed) (Installed)
Exhaust

Near Term $284 $359 $362

Long Term $219 $272 $274
Evaporative

Near Term $12 $17 $74

Long Term $8 $11 $62
Total (without fuel savings)

Near Term $296 $376 $436

Long Term $227 $283 $336
Total (with fuel savings)

Near Term $201 $221 $285

Long Term $132 $128 $185
Estimated Vessel Price Range $10,000-50,000 $6,000-12,000 $20,000-200,000

& Near-term costs include both variable costs and fixed costs; long-term costs include only variable costs and
represent those costs that remain following recovery of all fixed costs.

Chapter 6 presents aggregate costs of compliance for the proposed exhaust and evaporative
emission standards for Marine Sl engines. Table 9 presents the annualized aggregate costs and
fuel savings for the period from 2008-2037. The annualized fuel savings for Marine Sl engines
are due to reduced fuel costs from the use of more fuel efficient engines as well as fuel savings
from evaporative measures.

Table 9: Estimated Annualized Cost to Manufacturersand Annualized Fuel Savings for
Marine SI Enginesand Vesselsat a 7% Discount Rate (2005%)

Annualized Cost to Manufacturers Annualized Fuel Savings
(millionglyr) (milliong/year)
Exhaust $141 $67
Evaporative $26 $25
Aggregate $167 $92

Chapter 7 describes the cost effectiveness analysis. In this analysis, the aggregate costs of
compliance are determined for the period 2008-2037. The discounted aggregate costs for the
period are divided by the discounted aggregate HC+NOXx emission reductions over that same
period. Table 10 presents the cost per ton estimates with and without fuel savings.
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Table 10: Aggregate Cost per Ton for SI Marine Enginesand Vessels
2008-2037 Net Present Values at 7% Discount Rate ($2005)

Pollutant Aggregate Discounted Aggregate Discounted
NOx+HC Lifetime Cost per ton Lifetime Cost per ton
Without Fuel Savings With Fuel Savings
7% $780 $350

Economic Impact Analysis

We prepared a draft Economic Impact Analysis estimate the market and social welfare
impacts of the proposed standards. This analysis can be found in Chapter 9. According to this
analysis, the average price of aMarine Sl engine in 2030 is projected to increase by less than 2
percent ($195) as aresult of the proposed standards, and the average price of aMarine S| vessel
is projected to increase by between 0.5 percent and 2.1 percent ($160 to $496), depending on the
type of vessel. The average price of a Small Sl engine in 2030 is projected to increase by about
9.1 percent ($17), and the average price of Small SI nhonhandheld equipment is projected to
increase by between 0.3 percent and 5.6 percent ($10 to $25), depending on equipment class.
Changes in quantity produced are expected to be small, at less than 2 percent. The exceptions
are PWC (4.2 percent) and Class || equipment (2.8 percent).

Thetotal social costs of the program in 2030 are estimated to be $241 million. Thisincludes
$569 million of direct compliance costs and $327 million on fuel savings for the end users of
these products. Overall, the consumers of Marine Sl vessels and Small SI equipment are
expected to bear the majority of the costs of complying with the program: 66 percent of the
Marine Sl program socia costsin 2030, and 79 percent of the Small Sl program social costs.
However, when the fuel savings are considered, the social costs burden for consumers of Marine
Sl equipment becomes a net benefit (the fuel savings are greater than the compliance costs of the
program), while the end-user share of the Small S| program drops to 62 percent.

Benefits

We estimate that the requirements in this proposal will result in substantial benefits to
public health and welfare and the environment, as described in Chapter 8. EPA typically
guantifies PM- and ozone-related benefitsin its regulatory impact analyses (RIAS) when
possible. Inthe analysisof past air quality regulations, ozone-related benefits have included
morbidity endpoints and welfare effects such as damage to commercial crops. EPA has not
recently included a separate and additive mortality effect for ozone, independent of the effect
associated with fine particulate matter. For anumber of reasons, including 1) advice from the
Science Advisory Board (SAB) Health and Ecological Effects Subcommittee (HEES) that EPA
consider the plausibility and viability of including an estimate of premature mortality associated
with short-term ozone exposure in its benefits analyses and 2) conclusions regarding the
scientific support for such relationships in EPA's 2006 Air Quality Criteriafor Ozone and
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Related Photochemical Oxidants (the CD), EPA isin the process of determining how to
appropriately characterize ozone-related mortality benefits within the context of benefits
analyses for air quality regulations. As part of this process, we are seeking advice from the
National Academy of Sciences (NAS) regarding how the ozone-mortality literature should be
used to quantify the reduction in premature mortality due to diminished exposure to ozone, the
amount of life expectancy to be added and the monetary value of thisincreased life expectancy

in the context of health benefits analyses associated with regulatory assessments. In addition, the
Agency has sought advice on characterizing and communicating the uncertainty associated with
each of these aspects in health benefit analyses.

Since the NAS effort is not expected to conclude until 2008, the agency is currently
deliberating how best to characterize ozone-related mortality benefitsin its rulemaking analyses
in the interim. For the analysis of the proposed locomotive and marine standards, we do not
guantify an ozone mortality benefit. So that we do not provide an incomplete picture of al of the
benefits associated with reductions in emissions of ozone precursors, we have chosen not to
include an estimate of total ozone benefitsin the proposed RIA. By omitting ozone benefits in
this proposal, we acknowledge that this analysis underestimates the benefits associated with the
proposed standards. Our analysis, however, indicates that the rule's monetized PM 2.5 benefits
alone substantially exceed our estimate of the costs.

The PM, ¢ benefits are scaled based on relative changes in direct PM emissions between this
rule and the proposed Clean Air Nonroad Diesel (CAND) rule. Asexplained in Section 8.2.1,
the PM, . benefits scaling approach is limited to those studies, health impacts, and assumptions
that were used in the proposed CAND analysis. Asaresult, PM-related premature mortality is
based on the updated analysis of the American Cancer Society cohort (ACS; Pope et al., 2002).
However, it isimportant to note that since the CAND rule, EPA's Office of Air and Radiation
(OAR) has adopted a different format for its benefits analysis in which characterization of the
uncertainty in the concentration-response function is integrated into the main benefits analysis.
Within this context, additional data sources are available, including arecent expert elicitation
and updated analysis of the Six-Cities Study cohort (Laden et a., 2006). Please see the PM
NAAQSRIA for an indication of the sensitivity of our results to use of aternative
concentration-response functions.

The analysis presented here assumes a PM threshold of 3 pg/m3, equivalent to background.
Through the RIA for the Clean Air Interstate Rule (CAIR), EPA's consistent approach had been
to model premature mortality associated with PM exposure as a nonthreshold effect; that is, with
harmful effects to exposed populations modeled regardless of the absolute level of ambient PM
concentrations. This approach had been supported by advice from EPA's technical peer review
panel, the Science Advisory Board's Health Effects Subcommittee (SAB-HES). However, EPA's
most recent PM,, ; Criteria Document concludes that "the available evidence does not either
support or refute the existence of thresholds for the effects of PM on mortality across the range
of concentrations in the studies,” (p. 9-44). Furthermore, in the RIA for the PM NAAQS we
used athreshold of 10 pg/m3 based on recommendations by the Clean Air Scientific Advisory
Committee (CASAC) for the Staff Paper analysis. We consider the impact of a potential,
assumed threshold in the PM-mortality concentration response function in Section 8.6.2. The
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monetized benefits associated with the proposed program are presented in Table 11. These
estimates are in year 2005 dollars.

We estimate that in 2030, the annual PM-related emission reductions associated with the
proposed standards would annually prevent 450 premature deaths (based on the ACS cohort
study), 52,000 work days lost, 500 hospital admissions, and 310,000 minor restricted-activity

days.

Table11: Estimated Monetized PM-Related Health Benefits of the Proposed Standar ds

Total Benefits*®¢ (billions 2005$)
2020 2030
Using a 3% discount rate $21+B $3.4+B
| Using a 7% discount rate $1.9+B $3.1+B

2 Benefits include avoided cases of mortality, chronic illness, and other morbidity health endpoints. PM-related
mortality benefits estimated using an assumed PM threshold at background levels (3 pg/m3). Thereis uncertainty
about which threshold to use and this may impact the magnitude of the total benefits estimate. For a more detailed
discussion of thisissue, please refer to Section 8.6.

® For notational purposes, unquantified benefits are indicated with a"B" to represent the sum of additional monetary
benefits and disbenefits. A detailed listing of unquantified health and welfare effectsis provided in Table 8.1-2 of
the RIA.

¢ Results reflect the use of two different discount rates: 3 and 7 percent, which are recommended by EPA's
Guidelines for Preparing Economic Analyses and OMB Circular A-4. Results are rounded to two significant digits
for ease of presentation and computation.

| mpact on Small Businesses

Chapter 10 discusses our Initial Regulatory Flexibility Analysis, which evaluates the
potential impacts of the proposed emission standards on small entities. Asapart of thisanalysis,
we interacted with several small entities representing the various affected sectors and convened a
Small Business Advocacy Review (SBAR) Panel to gain feedback and advice from these
representatives. The small entities that participated in the process included engine
manufacturers, equipment manufacturers, vessel manufacturers, fuel tank manufacturers, and
fuel hose manufacturers. The feedback from these companies was used to devel op regulatory
options which could address the impacts of the rule on small businesses. Small entities raised
general concernsrelated to potential difficulties and costs of meeting the proposed standards.

The SBAR Panel consisted of representatives from EPA, the Office of Management and
Budget, and the Small Business Administration. The Panel developed a wide range of regulatory
flexibilities to mitigate the impacts of the proposed standards on small entities, and
recommended that we propose and seek comment on the flexibilities. Chapter 10 discusses the
flexibilities recommended by the Panel, the regulatory alternatives we considered in developing
the proposal, and the flexibilities we are proposing. We have proposed several provisions that
give affected small entities several compliance options aimed specifically at reducing their
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compliance burdens. In general the options are similar to small entity provisions adopted in
prior rulemakings where EPA set standards for other types of nonroad engines. The proposed
provisions include extra lead time for the proposed standards, reduced testing requirements for
demonstrating compliance with the standards, and hardship provisions to address significant
economic impacts and unusual circumstances related to the standards. These proposed
provisions are intended to reduce the burden on small entities that will be required to meet the
new emission standards when they are implemented.

Alternative Program Options

In devel oping the proposed emission standards, we considered several aternatives including
less and/or more stringent options. The paragraphs below summarize the information considered
in Chapter 11 of the Draft RIA.

Small SI Engines

For Small SI engines, we considered what was achievable with catalyst technology. Our
technology assessment work indicated that the proposed emission standards are feasible in the
context of provisions for establishing emission standards prescribed in section 213 of the Clean
Air Act. We aso considered what could be achieved with larger, more efficient catalysts and
improved fuel induction systems. In particular, Chapter 4 of the Draft RIA presents data on
Class | engines with more active catalysts and on Class || engines with closed-loop control fuel
injection systemsin addition to a catalyst. In both cases larger emission reductions were
achieved.

Based on this work we considered HC+NOx standards which would have involved a 50
percent reduction for Class | engines and a 65-70 percent reduction for Class Il engines. Chapter
11 of the Draft RIA evaluates these alternatives, including an assessment of the overall
technology and costs of meeting more stringent standards. For Class | engines a 50 percent
reduction standard would reguire base engine changes not necessarily involved with the
standards we are proposing and the use of a more active catalyst. For Class Il engines this would
require the widespread use of closed loop control fuel injection systems rather than carburetors,
some additional engine upgrades, and the use three-way catalysts. We believeit is not
appropriate at this time to propose more stringent exhaust emission standards for Small Sl
engines. Our key concern islead time. More stringent standards would require several years
(3-5) more lead time beyond the 2011 model year start date we are proposing for the program.
We believe it would be more effective to implement the Phase 3 standards we are proposing
today to achieve near-term emission reductions needed to reduce ozone precursor emissions and
to minimize growth in the Small Sl exhaust emissions inventory in the post 2010 time frame.
More efficient catalysts, engine improvements, and closed loop electronic fuel injection could be
the basis for more stringent emission standards at some point in the future.

Marine SI Engines

For Marine Sl engines, we considered alevel of 10 g/lkwW-hr HC+NOx for OB/PWC engines
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greater than 40 kW with an equivalent percent reduction below the proposed standards for
engines less than 40 KW. This second tier of standards could apply in the 2012 or later time
frame. Such a standard would be consistent with currently certified emission levelsfrom a
significant number of four-stroke outboard engines. We have three concerns with adopting this
second tier of OB/PWC standards. First, while some four-stroke engines may be able to meet a
10 g/kW-hr standard with improved calibrations, it is not clear that al engines could meet this
standard without applying catalyst technology. As described in Section 1V.H.3 of the preamble,
we believe it is not appropriate to base standards in this rule on the use of catalysts for OB/PWC
engines. The technology is yet to be adequately demonstrated. Second, certification data for
personal watercraft engines show somewhat higher exhaust emission levels, so setting the
standard at 10 g/kW-hr would likely require catalysts for many models. Third, two-stroke direct
injection engines operate with lean air-fuel ratios, so reducing NOx emissions with any kind of
aftertreatment is challenging.

Therefore, unlike the proposed standards for SD/I engines, we are not pursuing OB/PWC
standards that will require the use of catalysts. Catalyst technology would be necessary for
significant additional control of HC+NOx and CO emissions. While there is good potentia for
eventual application of catalyst technology to OB/PWC engines, we believe the technology is
not adequately demonstrated at this point.

Evaporative Emission Controls

We considered both less and more stringent evaporative emission control alternatives for fuel
systems used in Small Sl equipment and Marine Sl vessels. Chapter 11 of the Draft RIA
presents details on this analysis of regulatory alternatives. The results of this analysis are
summarized below. We believe that the proposed permeation standards are reflective of
available technology and represent a step change in emissions performance. Therefore, we
consider the same permeation control scenario in the less stringent and more stringent regulatory
alternatives.

For Small Sl equipment, we considered a less stringent alternative without running loss
emission standards for Small SI engines. However, we believe that controlling running loss and
diffusion emissions from non-handheld equipment isfeasible at arelatively low cost. Running
loss emissions can be controlled by changing the fuel tank and cap venting scheme and routing
vapors from the fuel tank to the engine intake. Other approaches would be to move the fuel tank
away from heat sources or to use heat protection such as ashield or directed air flow. Diffusion
can be controlled by simply using atortuous tank vent path, which is often used today on Small
Sl equipment to prevent fuel splashing or spilling. These emission control technologies are
relatively straight-forward, inexpensive, and achievable in the near term. Not requiring these
controls would be inconsistent with section 213 of the Clean Air Act. For a more stringent
alternative, we considered applying adiurnal emission standard for all Small SI equipment. We
believe that passively purging carbon canisters could reduce diurnal emissions by 50 to 60
percent from Small Sl equipment. However, we believe some important issues would need to be
resolved for diurnal emission control, such as cost, packaging, and vibration. The cost
sensitivity is especially noteworthy given the relatively low emissions levels (on a
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per-equipment basis) from such small fuel tanks.

For Marine Sl vessels, we considered a less stringent alternative, where there would be no
diurnal emission standard for vessels with installed fuel tanks. However, installed fuel tanks on
marine vessels are much larger in capacity than those used in Small SI applications. Our
analysisindicates that traditional carbon canisters are feasible for boats at relatively low cost.
While packaging and vibration are also issues with marine applications, we believe these issues
have been addressed. Carbon canisters were installed on fourteen boats by industry in a pilot
program. The results demonstrated the feasibility of thistechnology. The proposed standards
would be achievable through engineering design-based certification with canisters that are very
much smaller than the fuel tanks. In addition, sealed systems, with pressure control strategies
would be accepted under the proposed engineering design-based certification. For amore
stringent scenario, we consider a standard that would require boat buildersto use an actively
purged carbon canister. This means that, when the engineis operating, it would draw air through
the canister to purge the canister of stored hydrocarbons. However, we rejected this option
because active purge occurs infrequently due to the low hours of operation per year seen by
many boats. The gain in overall efficiency would be quite small relative to the complexity active
purge adds into the system in that the engine must be integrated into a vessel-based control
strategy. The additional benefit of an actively purged diurnal control systemissmall in
comparison to the cost and complexity of such a system.
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CHAPTER 1: Industry Characterization

The information contained in this chapter on the Small SI engine and Marine Sl engine
industries was assembled by RTI International, a Health, Social and Economics Research firmin
cooperation with EPA. RTI prepared one report each on the Small SI and Marine Sl industries,
“Industry Profile for Small Nonroad Spark Ignition Engines and Equipment”* and “ Industry
Profile for Marine Sl Industry”? report. The following sections provide a brief report overview.
The reader is encouraged to refer to the reports for greater detail. In addition, this chapter
includes an overview of production practices for fuel system component manufacturers. Chapter
10 provides information on the businesses that would be affected by the proposed standards.

1.1 Manufacturersof Small SI Engines

The nonroad spark-ignition (Sl) industry includes awide variety of handheld and
nonhandheld equipment. Nonhandheld equipment is powered mainly by four-stroke gasoline
engines; handheld equipment is powered mainly by two-stroke gasoline engines. Comprising
much of what the general public considers "lawn and garden (L& G) equipment,” this industry
also produces significant numbers of generators, compressors, and construction and maintenance
equipment. The industry often refersto itself as the "outdoor power equipment” industry.

This profile provides background information on the engines and equipment that make up
the small nonroad Sl industry, defined as those products rated less than or equal to 19 kilowatt
(kW) (roughly equivalent to 25 horsepower [hp]). This profile describes markets for engines and
equipment, and discusses their use in both consumer and commercial applications. In each
market, producers and consumers are described, along with product attributes and the effect of
those attributes on production cost and demand. The market analysis emphasi zes assessing
suppliers cost of production and industry structure, along with demanders' price responsiveness
and consumption alternatives.

The variety of productsin thisindustry is usefully partitioned by both application
categories and engine type. Figure 1-1 illustrates the links between the market segments of the
Small SI engine supply chain included in the profile, from engine manufacturing and sale to
equipment production, and on to purchase by consumers and commercia customers. Although
more than 98 percent of total unit salesin the L& G equipment sector go to households, other
sectors sales are dominated by commercia equipment. Because of the significantly higher prices
of commercial units, commercial sales represent a considerable share of the total value of
production.

It should be noted that there is afair amount of vertical integration in the handheld
industry, with the same parent firm making both engines and the equipment in which those
engines are used. Handheld equipment includes string trimmers, leaf blowers, and chainsaws.
This situation is known as "captive" engine production; data on internal consumption of engines
and transfer prices are typically not available outside the firm. The makers of non-handheld
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engines typically sell their engines to independent equipment manufacturers in a merchant
engine market, where prices and quantities exchanged can be directly observed.

The industry profile for Small Sl presents information on product characteristics,
supply-side considerations, consumer demand, and market structure for small nonroad Sl
engines. Thereport also includes similar types of information on equipment markets, broken
down by application category. Considerations related to consumer and commercial markets are
included in the demand subsection of that section.

Figure 1-1: The Small Nonroad Sl Industry
| Consumers |

| Commercial Users

Equipment Markets
e Lawnmowers
e Handheld Lawn and Garden
e« Other Lawn and Garden
e« Generators and W elders
e Compressors and Pumps
e Recreational Products
« Snow Blowers
e« Other Small S|

0 1

Im ports Nonin‘tegrated Integrated
« Engines Equipment Equipment
« Equipment M anufacturers M anufacturers
Small S| Engine Markets
L gl

e« Class
e Size

M erchant Captive
Engine Engine
M anufacturers M anufacturers

1.2 Manufacturersof Marine Spark-Ignition Engines

The Marine Sl industry is dominated by recreational applications with some commercial
use and includes markets for several types of boats, personal watercraft (PWC), and Sl engines
that power them. The industry profile presented in the “Industry Profile for Marine SI Industry”
report by RTI describes producers and consumers for each market segment; product attributes
and the effects of these attributes on production costs and demand are described aswell. As part
of the market characterization, particular emphasisis placed on assessing suppliers industrial
organization and cost of production and demanders’ price responsiveness and substitution
possibilities. The Marine Sl industry is divided into three applications areas: outboard (OB)
boats, sterndrive and inboard (SD/I) boats, and PWC.
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1.2.1 OB Boats

An OB boat is avessel powered by one or more gasoline engines, which are located
outside the hull at the back of the boat. The engine and drive unit are combined in asingle
package. An engine can easily be removed from the boat for inspection or repair, and it is quite
common for the boat owner to change engines during the life of the vessel. The OB boat
segment is the largest of the three application areas; in 2002, 213,000 units were sold, which is
more than the combined sales of SD/I and PWC.

The OB application area can be further divided into “recreational” and “luxury”
categories. The luxury category includes more-expensive vessels, for which the engine
constitutes only asmall portion of the cost of the entire vessel. The NMMA distinguishes
between 14 types of OB vessels, 10 of which are considered recreational and 4 luxury.

1.2.2 SD/| Boats

SD/I vessels have an engine installed inside the hull of the vessel. Aninboard vessel isa
boat in which the engine islocated inside the hull at the center of the boat with a propeller shaft
going through the rear of the boat. A sterndrive (or inboard/outboard) vessel is aboat in which
the engine islocated inside the hull at the back of the boat with a drive assembly couple directly
to the propeller. propeller shaft going through the rear of the boat. In contrast to OB vessels,
SD/1 vessels' engineisanintegral part. Removal or replacement is significantly more difficult,
S0 most repair work is done with the engine in place. Just like OBs, the SD/I application areais
divided into recreational and luxury categories.

123 PWC

According to the Personal Watercraft Industry Association (PWIA), aPWC is defined as
a“vessel with an inboard motor powering awater jet pump asits primary source of motive
power, and which is designed to be operated by a person sitting, standing, or kneeling on the
vessel.”

The PWC application areais divided into the entry level, high end, and performance
categories based on the horsepower ratings of the vessel. These categories correspond to 50 to
100 hp, 100 to 175 hp, and over 175 hp accordingly. Our study considers two categories that
were availablein 2002: entry level and high end. The performance category was introduced in
2003.

1.2.4Marine SI Engines

Some OB engine manufacturers specifically build their engines to be incorporated into
boats produced by another division within the same parent company. Other manufacturers
produce and sell their engines to independent OB boat builders or consumers who need a
replacement engine. SD/I engine manufacturers typically build custom engines for SD/I boats
by marinizing automotive engines. All PWC vessel manufacturers build their own engines for
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their vessels

Marine Sl engines sold today are amix of three primary technologies: crankcase
scavenged two-stroke engines, direct-injection two-stroke engines, and four-stroke engines.
Table 6.2.2-11 in Chapter 6 presents our best estimate of the technology mix for OB and PWC

engines by power class. Thistechnology mix is based on data submitted by manufacturers when

the certify to our existing HC+NOXx exhaust emission standards. Prior to the implementation of
the existing standards, the vast majority of outboard and PWC engines were crankcase
scavenged two-stroke engines.

The following Figures show the flow of engines from the engine manufacturer to the consumer
for the different engine types.

Figure 1-2. OB Marine Economic Model Conceptual Flow Chart
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Figure 1-3: PWC Economic Model Conceptual Flow Chart
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Figure 1-4: Inboard Marine Economic Model Conceptual Flow Chart
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1.3 Fuel System Components

The primary fuel system components that would be affected by the proposed rule are the
fuel tanks and fuel lines on affected equipment and vessels. This section gives an overview of
the production practices for these products.

1.3.1 Fuel Tank Production Practices

Plastic fuel tanks are either blow-molded, injection-molded, or rotational-mol ded.
Generally, portable, PWC, and mid-sized Small Sl fuel tanks are blow-molded. Blow-molding
involves forming polyethylene in large molds using air pressure to shape the tank. Because this
has high fixed costs, blow molding is only used where production volumes are high. Thisworks
for portable fuel tanks where the volumes are high and a single shape can be used for most
applications. For portable tanks, the fuel tank manufacturer will generally design the tank, then
send it out to a blow molder for production.

Smaller fuel tanks used in Small Sl equipment are often injection-molded. Inthe
injection molding process, fuel tanks are formed by forcing heated plastic into molds at high
pressure. Generally, two fuel tank halves are formed, which are later fused together. This
process requires high tooling costs, but lower total fixed costs than blow-molding. Injection-
molding istypically used for smaller fuel tanks and has the advantage of giving manufacturers
the ability to work with complex tank designs.

Larger fuel tanks used on Class Il equipment and in boats with installed fuel tanks are
typically rotational-molded out of cross-link polyethylene. Rotational-molding isalower cost
alternative for smaller production volumes. In this method, a mold isfilled with a powder form
of polyethylene with a catalyst material. The mold isrotated in an oven; the heat meltsthe
plastic and activates the catalyst which causes a strong cross-link material structure to form.
This method is used for Class |1 fuel tanks where the tanks are unshielded on the equipment.
These fuel tanks also used meet specific size and shape requirements for boats and are preferred
because they do not rust like metal tanks, but at the same time are more fire resistant than high-
density polyethylene fuel tanks.

Metal fuel tanks are also used on both Small Sl equipment and boats. Typically, metal
tanks on Small SI equipment are made of steel. These tanks are typically stamped out in two
pieces and either welded or formed together with aseal. Aluminum fuel tanks are also used
primarily for installed marine fuel tanks because aluminum is more resistant to oxidation than
stedl. In the marine industry, tank manufacturers generally custom make each tank to meet the
boat manufacturers needs. Generally, sheet aluminum isused and is cut, bent, and welded into
the required configuration.

1.3.2 Fuel Hose Production Practices

Marine hose is designed to meet the Coast Guard performance requirements as defined
by the Society of Automotive Engineer’s recommended practice SAE J 1527. For fuel supply
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lines, thisincludes a permeation rate of 100 g/m?day at 23°C (Class 1). For other fuel hose not
normally continuously in contact with fuel (vent and fuel fill neck), the permeation standard is
300 g/m?/day (Class 2). In general, boat builders will use Class 1 hose for both fuel supply and
vent lines for simplicity. Some boat builders use low permeation barrier hose which iswell
below the permeation levelsin SAE J 1527. For fuel fill necks, boat builders generally use Class
2 hose. Small Sl hoseistypically produced to manufacturer specifications. However,
manufacturers may specify hose based on industry standards such as those listed in SAE J30.

Most fuel supply and vent hose is extruded nitrile rubber with a coating for better wear
and flame resistance. Hose may also be reinforced with fabric or wire. (In contrast, plastic
automotive fuel lines are extruded without reinforcement and are generally referred to as
“tubing.”) Hose manufacturers offer awide variety of fuel hoses including those with abarrier
layer of low permeability material, such as nylon, THV, FKM or ethyl vinyl alcohol, either on
the inside surface or sandwiched between layers of nitrile rubber. These technologies are
discussed in more detail in Chapter 5.

Fuel fill hose used on boats is generally manufactured by hand wrapping layers of rubber
and reinforcement materials around a steel mandril. This hoseis then heated to cure the rubber.
Fuel fill hose generally has a much larger diameter than fuel supply and vent hose and this
process offers an effective method of producing this larger diameter hose.

Pre-formed fuel lines are made in two ways. Thefirst, and more common method, isto
cut lengths of extruded hose, before it is vulcanized, and slip them over a contoured mandril.
The hose is then vulcanized in the oven on the mandril to give it a preformed shape. The second
way, primarily used on handheld equipment, but also for some outboard engine fuel system
components, is to injection-mold small parts. To make the parts hollow, they are molded with a
mandril inside. To remove the mandril, the part istypically inflated with air for just long enough
to pull it off the mandril. Primer bulbs are a'so made in this manner.
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CHAPTER 2: Air Quality, Health, and Welfare Concerns

The proposed standards would reduce emissions of hydrocarbons (HC), oxides of
nitrogen (NOXx), carbon monoxide (CO) and air toxics from the engines, vessels and equipment
subject to this proposal. These pollutants contribute to ozone, PM and CO nonattainment and to
adverse health effects associated with air toxics. The emissions from these engines, vessels and
equipment can also impact health through personal exposure and contribute to adverse
environmental effectsincluding visibility impairment both in mandatory class | federal areas and
in areas where people live, work and recreate.

The health and environmental effects associated with emissions from Small Sl engines
and equipment and Marine Sl engines and vessels are a classic example of a negative externality
(an activity that imposes uncompensated costs on others). With a negative externality, a
activity’ s social cost (the cost on society imposed as aresult of the activity taking place) exceeds
its private cost (the cost to those directly engaged in the activity). Inthiscase, asdescribed in
this chapter, emissions from Small Sl engines and equipment and Marine Sl engines and vessels
impose public health and environmental costs on society. The market system itself cannot
correct this externality. The end users of the equipment and vessels are often unaware of the
environmental impacts of their use for lawn care or recreation. Because of this, consumers fall
to send the market a signal to provide cleaner equipment and vessels. In addition, producers of
these engines, equipment, and vessels are rewarded for emphasizing other aspects of these
products (e.g., total power). To correct this market failure and reduce the negative externality, it
IS necessary to give producers socia cost signals. The standards EPA is proposing will
accomplish this by mandating that Small SI engines and equipment and Marine Sl engines and
vessels reduce their emissions to atechnologically feasible limit. In other words, with this
proposed rule the costs of the services provided by these engines and equipment will account for
social costs more fully.

In this Chapter we will discuss the impacts of the pollutants emitted by Small Sl engines
and equipment and Marine Sl engines and vessels on health and welfare, National Ambient Air
Quality Standard (NAAQS) attainment and personal exposure. Air quality modeling and
monitoring data presented in this chapter indicate that alarge number of our citizens continue to
be affected by these emissions. Figure 2-1 illustrates the widespread nature of these problems.
Shown in this figure are counties designated as nonattainment for either or both of the 8-hour
ozone or PM, . NAAQS, also depicted are the mandatory class | federal areas. The emission
standards proposed in this rule would help reduce HC, NOx, air toxic and CO emissions and
their associated health and environmental effects.
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Figure2-1: 8-Hour Ozone and PM
Nonattainment Areas and Mandatory Class| Federal Areas
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2.1 Ozone

In this section we review the health and welfare effects of ozone. We also describe the
air quality monitoring and modeling data which indicates that people in many areas across the
country continue to be exposed to high levels of ambient ozone and will continue to be into the
future. Emissions of volatile organic compounds (VOCs) and NOx from the engines, vessels
and equipment subject to this proposed rule contribute to these ozone concentrations.
Information on air quality was gathered from a variety of sources, including monitored ozone
concentrations, air quality modeling forecasts conducted for this rulemaking, and other state and
local air quality information.

2.1.1 Science of Ozone Formation

Ground-level ozone pollution isformed by the reaction of VOCs, of which HC are the
major subset, and NOx in the atmosphere in the presence of heat and sunlight. These pollutants,
often referred to as ozone precursors, are emitted by many types of pollution sources such as
highway and nonroad motor vehicles (including those subject to this proposed rule), power
plants, chemical plants, refineries, makers of consumer and commercial products, industrial
facilities, and smaller area sources.
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The science of ozone formation, transport, and accumulation is complex.! Ground-level
ozone is produced and destroyed in a cyclical set of chemical reactions, many of which are
sensitive to temperature and sunlight. When ambient temperatures and sunlight levels remain
high for several days and the air isrelatively stagnant, ozone and its precursors can build up and
result in more ozone than typically would occur on a single high-temperature day. Ozone aso
can be transported into an area from pollution sources found hundreds of miles upwind, resulting
in elevated ozone levels even in areas with low VOC or NOx emissions.

The highest levels of ozone are produced when both VOC and NOx emissions are present
in significant quantities on clear summer days. Relatively small amounts of NOx enable ozone
to form rapidly when VOC levels are relatively high, but ozone production is quickly limited by
removal of the NOx. Under these conditions NOx reductions are highly effective in reducing
ozone while VOC reductions have little effect. Such conditions are called “NOx-limited”.
Because the contribution of VOC emissions from biogenic (natural) sources to local ambient
0zone concentrations can be significant, even some areas where man-made VOC emissions are
relatively low can be NOx-limited.

When NOx levels are relatively high and VOC levels relatively low, NOx forms
inorganic nitrates (i.e., particles) but relatively little ozone. Such conditions are called “VOC-
limited”. Under these conditions, VOC reductions are effective in reducing ozone, but NOx
reductions can actually increase local ozone under certain circumstances. Evenin VOC-limited
urban areas, NOx reductions are not expected to increase ozone levelsif the NOx reductions are
sufficiently large.

Rural areas are aimost always NOx-limited, due to the relatively large amounts of
biogenic VOC emissionsin such areas. Urban areas can be either VOC- or NOx-limited, or a
mixture of both, in which ozone levels exhibit moderate sensitivity to changes in either pollutant.

Ozone concentrations in an area also can be lowered by the reaction of nitric oxide (NO)
with ozone, forming nitrogen dioxide (NO,); as the air moves downwind and the cycle continues,
the NO, forms additional ozone. The importance of this reaction depends, in part, on the relative
concentrations of NOx, VOC, and ozone, all of which change with time and location.

2.1.2 Health Effects of Ozone Pollution

Exposure to ambient ozone contributes to a wide range of adverse health effects.! These
health effects are well documented and are critically assessed in the EPA ozone air quality
criteria document (ozone AQCD) and EPA staff paper.2® We are relying on the data and
conclusions in the ozone AQCD and staff paper, regarding the health effects associated with
0zone exposure.

"Human exposure to ozone varies over time due to changes in ambient ozone concentration and because
people move between |ocations which have notable different ozone concentrations. Also, the amount of ozone
delivered to the lung is not only influenced by the ambient concentration but also by the individuals breathing route
and rate.
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Ozone-related health effects include lung function decrements, respiratory symptoms,
aggravation of asthma, increased hospital and emergency room visits, increased asthma
medi cation usage, inflammation of the lungs, and a variety of other respiratory effects. Thereis
also evidence that ozone may contribute to cardiovascular health effects. People who are more
susceptible to effects associated with exposure to ozone include children, asthmatics and the
elderly. Thereisalso suggestive evidence that certain people may have greater genetic
susceptibility. Those with greater exposures to ozone, for instance due to time spent outdoors
(e.g., outdoor workers) are also of concern.

Based on alarge number of scientific studies, EPA has identified several key health
effects associated with exposure to levels of ozone found today in many areas of the country.
Short-term (1 to 3 hours) and prolonged exposures (6 to 8 hours) to higher ambient ozone
concentrations have been linked to lung function decrements, respiratory symptoms, increased
hospital admissions and emergency room visits for respiratory problems.*>°"89 Repeated
exposure to 0zone can increase susceptibility to respiratory infection and lung inflammation and
can aggravate preexisting respiratory diseases, such as asthma.’® ** 21314 Repeated exposure to
sufficient concentrations of ozone can also cause inflammation of the lung, impairment of lung
defense mechanisms, and possibly irreversible changes in lung structure, which over time could
lead to premature aging of the lungs and/or chronic respiratory illnesses, such as emphysema and
chronic bronchitis.*> 161718

Children and adults who are outdoors and active during the summer months, such as
construction workers and other outdoor workers, are among those most at risk of elevated ozone
exposures.’® Children and outdoor workers tend to have higher ozone exposures because they
typically are active outside, working, playing and exercising, during times of day and seasons
(e.g., the summer) when ozone levels are highest.® For example, summer camp studiesin the
Eastern United States and Southeastern Canada have reported significant reductions in lung
function in children who are active outdoors.? % 2324 25.26.21.28 £rther, children are more at risk
of experiencing health effects from ozone exposure than adults because their respiratory systems
are still developing. These individuals (as well as people with respiratory illnesses such as
asthma, especially asthmatic children) can experience reduced lung function and increased
respiratory symptoms, such as chest pain and cough, when exposed to relatively low ozone
levels during prolonged periods of moderate exertion,? 30 3% 32

EPA typically quantifies ozone-related health impacts in its regulatory impact analyses
(RIAS) when possible. In the analysis of past air quality regulations, ozone-related benefits have
included morbidity endpoints and welfare effects such as damage to commercial crops. EPA has
not recently included a separate and additive mortality effect for ozone, independent of the effect
associated with fine particulate matter. For anumber of reasons, including 1) advice from the
Science Advisory Board (SAB) Health and Ecological Effects Subcommittee (HEES) that EPA
consider the plausibility and viability of including an estimate of premature mortality associated
with short-term ozone exposure in its benefits analyses and 2) conclusions regarding the
scientific support for such relationships in EPA's 2006 Air Quality Criteriafor Ozone and
Related Photochemica Oxidants (the CD), EPA isin the process of determining how to
appropriately characterize ozone-related mortality benefits within the context of benefits

2-4


http:asthma.10
http:bronchitis.15
http:outdoors.21
http:exertion.29

Air Quality, Health, and Welfare Concerns

analysesfor air quality regulations. As part of this process, we are seeking advice from the
National Academy of Sciences (NAS) regarding how the ozone-mortality literature should be
used to quantify the reduction in premature mortality due to diminished exposure to ozone, the
amount of life expectancy to be added and the monetary value of this increased life expectancy
in the context of health benefits analyses associated with regulatory assessments.

Since the NAS effort is not expected to conclude until 2008, the agency is currently
deliberating how best to characterize ozone-related mortality benefitsin its rulemaking analyses
inthe interim. For the analysis of the proposed small engine standards, we do not quantify an
ozone mortality benefit. So that we do not provide an incomplete picture of al of the benefits
associated with reductions in emissions of ozone precursors, we have chosen not to include an
estimate of total ozone benefits in the proposed RIA. By omitting ozone benefitsin this
proposal, we acknowledge that this analysis underestimates the benefits associated with the
proposed standards. For more information regarding the quantified benefits included in this
analysis, please refer to Chapter 8.

2.1.3 Current and Projected Ozone Levels

The Clean Air Act (CAA) requires EPA to set NAAQS for wide-spread pollutants from
diverse sources considered harmful to public health and the environment. The CAA established
two types of NAAQS: primary standards to protect public health, secondary standards to protect
public welfare. The primary and secondary ozone NAAQS areidentical. The 8-hour ozone
standard is met when the 3-year average of the annual 4™ highest daily maximum 8-hour ozone
concentration is less than 0.08 ppm (62 FR 38855, July 18, 1997).

The proposed emission reductions from this rule would assist 8-hour ozone
nonattainment and maintenance areas in reaching the standard by each area’ s respective
attainment date, and maintaining the 8-hour ozone standard in the future. The emission
reductions would also help continue to lower ambient ozone levels and resulting health impacts
into the future. In this section we present information on current and projected future 8-hour
ozone levels.

2.1.3.1 Current 8-Hour Ozone Levels

A nonattainment area is defined in the CAA as an areathat isviolating aNAAQS or is
contributing to anearby areathat is violating the NAAQS. EPA designated nonattainment areas
for the 8-hour ozone NAAQS in June 2004. Thefina rule on Air Quality Designations and
Classifications for the 8-hour Ozone NAAQS (69 FR 23858, April 30, 2004) lays out the factors
that EPA considered in making the 8-hour ozone nonattainment designations, including 2001-
2003 measured data, air quality in adjacent areas, and other factors.?

2An ozone design value is the concentration that determines whether a monitoring site meets the NAAQS
for ozone. Because of the way they are defined, design values are determined based on three consecutive-year
monitoring periods. For example, an 8-hour design value is the fourth highest daily maximum 8-hour average ozone
concentration measured over a three-year period at a given monitor. The full details of these determinations
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As of October 2006, approximately 157 million people livein the 116 areas that are
designated as nonattainment for either failing to meet the 8-hour ozone NAAQS or for
contributing to poor air quality in anearby area.® There are 461 full or partial counties that make
up the 116 8-hour ozone nonattainment areas, as shown in Figure 2-1.

Counties designated as 0zone nonattainment were categorized, on the basis of their one-
hour ozone design value, as Subpart 1 or Subpart 2. Areas categorized as Subpart 2 were then
further classified, on the basis of their 8-hour ozone design value, as marginal, moderate, serious,
severe or extreme. The maximum attainment date assigned to an 0zone nonattainment areais
based on the area’ s classification.

States with 8-hour ozone nonattainment areas are required to take action to bring those
areas into compliance prior to the ozone season in the attainment year. Based on the final rule
designating and classifying 8-hour ozone nonattainment areas, most 8-hour o0zone nonattainment
areas will be required to attain the 8-hour ozone NAAQS in the 2007 to 2014 time frame and
then be required to maintain the 8-hour ozone NAAQS thereafter.* The emission standards
being proposed in this action would become effective between 2008 and 2013. Thus, the
expected 0zone precursor emission inventory reductions from the standards proposed in this
action would be useful to states in attaining and/or maintaining the 8-hour ozone NAAQS.

EPA’sreview of the ozone NAAQS is currently underway and a proposed decision in
thisreview is scheduled for June 2007 with afinal rule scheduled for March 2008. If the ozone
NAAQS isrevised then new nonattainment areas could be designated. While EPA is not relying
on it for purposes of justifying this rule, the emission reductions from this proposal would aso
be helpful to statesif thereis an ozone NAAQS revision.

2.1.3.2 Projected 8-Hour Ozone Levels
Air quality modeling analyses completed for this proposed rule included assessing

ambient ozone concentrations with and without the proposed emission controls. The air quality
modeling predicts that without additional local, regional or national controls there will continue

(including accounting for missing values and other complexities) are given in AppendicesH and | of 40 CFR Part
50. Due to the precision with which the standards are expressed (0.08 parts per million (ppm) for the 8-hour), a
violation of the 8-hour standard is defined as a design value greater than or equal to 0.085 ppm or 85 parts per billion
(ppb). For acounty, the design value is the highest design value from among all the monitors with valid design
values within that county. If acounty does not contain an 0zone monitor, it does not have adesign value. However,
readers should note that ozone design values generally represent air quality across a broad area and that absence of a
design value does not imply that the county isin compliance with the ozone NAAQS. Therefore, our analysis may
underestimate the number of counties with design values above the level of NAAQS.

%The 8-hour ozone nonattainment areas are listed in aMemo to the Docket titled “ Nonattainment Areas and
Mandatory Class | Federal Areas’ and contained in Docket EPA-HQ-OAR-2004-0008.

* The Los Angeles Southcoast Air Basin 8-hour ozone nonattainment areawill have to attain before June
15, 2021.
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to be a need for reductions in 8-hour ozone concentrations in some areas in the future.

We performed a series of ozone air quality modeling simulations for the Eastern United
States using the Comprehensive Air Quality Model with Extension (CAMXx). The air quality
modeling performed for this proposed rule was based upon the same modeling system as was
used in the Clean Air Interstate rule (CAIR) and Clean Air Nonroad Diesel (CAND) legidlation.
The model simulations were performed for five emission scenarios: a 2001 baseline projection, a
2020 baseline projection and a 2020 projection with controls, a 2030 baseline projection and a
2030 projection with controls.

The impacts of the proposed emission standards were determined by comparing the
model results in the future year control runs against the baseline simulations of the same year.
This modeling supports the conclusion that the proposed controls would help reduce ambient
0zone concentrations across the country.

2.1.3.2.1 Ozone Modeling Methodol ogy

CAMXx was utilized to estimate base and future-year ozone concentrations over the
Eastern United States for various emission scenarios. CAMx simulates the numerous physical
and chemical processes involved in the formation, transport, and destruction of ozone. CAMX is
a photochemical grid model that numerically simulates the effects of emissions, advection,
diffusion, chemistry, and surface removal processes on pollutant concentrations within a
three-dimensional grid. Thismodel is commonly used in developing attainment demonstration
State Implementation Plans (SIPs) as well as estimating the ozone reductions expected to occur
from areduction in emitted pollutants. The following sections provide an overview of the ozone
modeling completed as part of thisrulemaking. More detailed information isincluded in the air
quality modeling technical support document (TSD), which islocated in the docket for thisrule.

The modeling domain used for this analysis and in the recent CAIR includes 37 statesin
the Eastern U.S., see Figure 2.1-2. The Eastern modeling domain encompasses the area from the
East coast to mid-Texas and consists of two grids with differing resolutions. The model
resolution was 36 km over the outer portions of the domain and 12 km in the inner portion of the
grids. The vertical height of the eastern modeling domain is 4,000 meters above ground level
with 9 vertical layers.
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Figure 2.1-2: Map of CAIR Modeling Domain

Note: Theinner area represents fine grid modeling at 12 km resolution. The outer area
represents the coarse grid modeling at 36 km resolution.

The simulation periods modeled by CAMXx included several multi-day periods when
ambient measurements were representative of ozone episodes over the Eastern U.S. A
simulation period, or episode, consists of meteorological data characterized over ablock of days
that are used as inputs to the air quality model. Three multi-day meteorological scenarios during
the summer of 1995 were used in the model simulations over the Eastern U.S.: June 12-24, July
5-15, and August 7-21. In general, these episodes do not represent extreme ozone events but,
instead, are generally representative of ozone levels near local design values. Each of the
emission scenarios were simulated for the selected episodes.

The meteorological data required for input into CAMx (wind, temperature, vertical
mixing, etc.) was developed by a separate meteorological model. For the Eastern U.S., the
gridded meteorological datafor the three historical 1995 episodes were devel oped using the
Regional Atmospheric Modeling System (RAMS), version 3b. This model provided needed data
at every grid cell on an hourly basis. The meteorological modeling results were evaluated
against observed weather conditions before being input into CAMx and it was concluded that the
model fields were adequate representations of the historical meteorology. A more detailed
description of the settings and assorted input files employed in these applicationsis provided in
the air quality modeling TSD, which islocated in the docket for thisrule.

The modeling assumed background pollutant levels at the top and along the periphery of
thedomain asin CAIR. Additionaly, initial conditions were assumed to be relatively clean as
well. Given the ramp-up days and the expansive domains, it is expected that these assumptions
will not affect the modeling results, except in areas near the boundary (e.g., Dallas-Fort Worth
TX). The other non-emission CAMX inputs (land use, photolysis rates, etc.) were devel oped
using procedures employed in the highway light duty Tier 2/ OTAG regiona modeling. The
development of model inputsis discussed in greater detail in the air quality modeling TSD.
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Future-year estimates of 8-hour ozone design values were calcul ated based on relative
reduction factors (RRF) between the future simulations, the 2001 base year simulation and 2001-
2003 8-hour ozone design values. The procedures for determining the RRFs are similar to those
in EPA’ s guidance for modeling for an 8-hour ozone standard.®®* Hourly model predictions were
processed to determine daily maximum 8-hour concentrations for each grid cell for each day
modeled. The RRF for amonitoring site was determined by first cal culating the multi-day mean
of the 8-hour daily maximum predictionsin the nine grid cells surrounding the site using only
those predictions greater than or equal to 70 ppb, as recommended in the guidance. This
calculation was performed for the base year scenario and each of the future-year baselines. The
RRF for asiteisthe ratio of the mean prediction in the future-year scenario to the mean
prediction in the base year scenario. RRFs were calculated on a site-by-site basis. The future-
year design value projections were then calculated by county, based on the highest resultant
design values for a site within that county from the RRF application. For more information see
the air quality modeling TSD.

The inventories that underlie the 0zone modeling conducted for this rulemaking included
emission reductions from all current or committed federal, State, and local controlsincluding the
recent CAIR and, for the control case, including this proposed rulemaking.

Finally, it should be noted that the emission control scenarios used as input for the air
quality and benefits modeling are slightly different than the emission control program being
proposed. The proposed levels of the standards have changed, in response to new information on
the emission control technologies under consideration and other factors, since we performed the
air quality modeling for this proposed rule. Additional detail is provided in Section 3.6.

2.1.3.2.2 Areas at Risk of Future 8-Hour Ozone Violations

This section summarizes the results of recent ozone air quality modeling from the CAIR
analysis. Specifically, it provides information on our calculations of the number of people
estimated to live in counties in which ozone monitors are predicted to exceed the 8-hour ozone
NAAQS or to be within 10 percent of the 8-hour ozone NAAQS in the future.

The determination that an areais at risk of exceeding the 8-hour ozone standard in the
future was made for all areas with current design values greater than or equal to 85 ppb (or
within a 10 percent margin) and with modeling evidence that concentrations at and above this
level will persist into the future. Those interested in greater detail should review the CAIR air
quality modeling TSD.

Based upon our CAIR air quality modeling, we anticipate that without emission
reductions beyond those that were already required under promulgated regulation and approved
SIPs, ozone nonattainment will likely persist into the future. With reductions from programs
aready in place (but excluding the emission reductions from this rule), the number of Eastern
counties with projected 8-hour ozone design values at or above 85 ppb in 2010 is expected to be
37 counties where 24 million people are projected to live, see Table 2.1-1. In addition, in 2010,
148 Eastern counties where 61 million people are projected to live, will be within 10 percent of
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violating the 8-hour ozone NAAQS.

Table2.1.3.2.2-1. Eastern Countieswith 2010 projected
8-hour Ozone Concentrations Above and Within 10% of the 8-hour Ozone Standard

State County 2010 Projected 8-hour Ozone 2000 pop® 2010 pop°
: Concentration (ppb)® i

Crittenden Co

Boone Co
Clark Co

Hancock Co
LaPorte Co
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Maryland Frederick Co 78.1 i 195277
' : i 218590
19,197

“Middiesex Co
Suffolk Co

Benzie Co

Berrien Co
436,141
788,149

1495
Gloucester Co : . 278,6
Hudson Co :

Mercer Co
Middlesex Co

219,846
341,367
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North Carglina.__ Mecklenburg Co

Ashtabula Co
Butler Co

Delaware Co
Erie Co

Washington Co
Richland Co

Brazoria Co
Collin Co

130,340
627,846
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Johnson Co . 126,811 i 157,545

293,768

1,446,219

189,453

6,926

969,749

86,320 98,586

262,300 294,174

169,599 214,469

27,961 30,508

149,577 166,359

Wisconsin F T K ewaunee Co . 20,187 20,538

Wisconsin : Manitowoc Co 82,887

Milwaukee Co . 940,164 922,943

82,317 95,549

Wisconsin F T Racine Co . 188,831 199,178

Wisconsin H Sheboygan Co H 112,646 118,866
Number of Violating Counties 37 i i
'ﬁaﬁl‘jl'éﬁi'ari"c}i"'\'/"i'clil'éit'i'ﬁé&i[j'rifi'éé .................................... , ....................................................... , ...... 5 2724010 ....... SE S
R s s g A LR
PopulaMonofCountleswnhmlo%—- ...... : 8453962 ....... SV

a) Bolded concentrations indicate levels above the 8-hour ozone standard.
b) Populations are based on 2000 census data.
¢) Populations are based on 2000 census projections.

The CAMx model also contains a source apportionment tool which can be used to
estimate how emissions from individual source areas and regions impact modeled ozone
concentrations. Small SI and Marine Sl sector contributions were calculated for the areas which
the CAIR modeling projected to have design values at or above 85 ppb in 2020. In those areas,
Small Sl and Marine SI emissions were estimated to be responsible for between one and seven
percent of the ozone concentrations above 85 ppb. Additional information on the source
apportionment tool and analysis can be found in the air quality modeling TSD for this proposal.

We have described the current nonattainment with the 8-hour ozone NAAQS and that
absent additional controls, modeling predicts that there will continue to be people living in
counties with 8-hour ozone levels above the NAAQS in the future. In addition, we have
described how in the future, in areas which are projected to have ozone levels greater than 85
ppb, Small SI engines and equipment and Marine Sl engines and vessels are projected to
contribute to these 0zone concentrations.

These analyses demonstrate the need for reductions in emissions from this proposed rule.
As shown earlier in Figure 2-1, unhealthy ozone concentrations occur over wide geographic
areas and the engines, vessels and equipment covered in this proposed rule contribute to the
ozone precursors in and near these areas. Thus, reductions in ozone precursors from Small S|
engines and equipment and Marine Sl engines and vessels are needed to assist States in attaining
and maintaining the 8-hour ozone NAAQS and reducing 0zone exposures.
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2.1.3.2.3 Modeling Projections of ozone with the proposed controls

This section summarizes the results of our modeling of ozone air quality impactsin the
future due to the reductions in Small SI engine and equipment and Marine Sl engine and vessel
emissions proposed in this action. Specifically, we compare baseline scenarios to scenarios with
the proposed controls. Our modeling indicates that the reductions from this proposed rule would
contribute to reducing ambient ozone concentrations and potential exposures in future years.

On a population-weighted basis, the average change in future year design values for the
eastern U.S. would be a decrease of 0.7 ppb in 2020 and 0.8 ppb in 2030. In areas with larger
design values, greater than 85 ppb, the population-weighted average decrease would be
somewhat higher, 0.8 ppb in 2020 and 1.0 ppb in 2030.

Table 2.1-2 shows the average change in future year eight-hour ozone design values.
Average changes are shown 1) for al counties with 2001-2003 8-hour ozone design values, 2)
for counties with design values that did not meet the standard in 2001-2003 (“violating”
counties), and 3) for counties that met the standard, but were within 10 percent of it in 2001-
2003. Thislast category isintended to reflect counties that meet the standard, but will likely
benefit from help in maintaining that status in the face of growth. The average and popul ation-
weighted average over all countiesin Table 2.1-2 demonstrates a broad improvement in ozone
air quality. The average across violating counties shows that the proposed rule would help bring
these counties into attainment. Since some of the VOC and NOx emission reductions expected
from this proposed rule would go into effect during the period when areas will need to attain the
8-hour ozone NAAQS, the projected reductions in emissions are expected to assist States and
local agenciesin their effort to attain and maintain the 8-hour ozone standard. The average over
counties within ten percent of the standard shows that the proposed rule would also help those
counties to maintain the standard. All of these metrics show a decrease in 2020 and a larger
decrease in 2030, indicating in four different ways the overall improvement in ozone air quality.
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Table2.1-2: Average Changein Projected Future Year 8-hour Ozone Design Value

Number of Eastern | changein 2020 design change in 2030 design
Average? Counties value® (ppb) value®
(ppb)

All 525 -0.5 -0.7
All, population-weighted 525 -0.7 -0.8
Violating counties’ 270 -0.6 -0.8
Violating counties®, population- 270 -0.8 -1.0
weighted
Counties within 10 percent of the 185 -0.4 -0.5
standard®
Counties within 10 percent of the 185 -0.5 -0.7
standard®,
popul ation-weighted

& averages are over counties with 2001 modeled design values

b assuming the nominal modeled control scenario

¢ counties whose 2001 design val ues exceeded the 8-hour ozone standard (>= 85 ppb)

4 counties whose 2001 design values were less than but within 10 percent of the 8-hour ozone standard (between 77
and 85 ppb)

The impact of the proposed reductions has also been analyzed with respect to those areas
that have the highest projected design values. We project that there will be 13 Eastern counties
with design values at or above 85 ppb in 2030. After implementation of this proposed action, we
project that 7 of these 13 counties would be at |east 40% closer to a design value of less than 85
ppb, and on average all 13 counties would be 35% closer to a design value of |ess than 85 ppb.

2.1.4 Environmental Effects of Ozone Pollution

There are a number of public welfare effects associated with the presence of ozone in the
ambient air.* In this section we discuss the impact of ozone on plants, including trees,
agronomic crops and urban ornamentals.

The Air Quality Criteria Document for Ozone and related Photochemical Oxidants notes
that “ozone affects vegetation throughout the United States, impairing crops, native vegetation,
and ecosystems more than any other air pollutant”.® Like carbon dioxide (CO,) and other
gaseous substances, ozone enters plant tissues primarily through apertures (stomata) in leavesin
aprocess called “uptake”. To alesser extent, ozone can also diffuse directly through surface
layers to the plant'sinterior.*® Once sufficient levels of ozone, ahighly reactive substance, (or its
reaction products) reaches the interior of plant cells, it can inhibit or damage essential cellular
components and functions, including enzyme activities, lipids, and cellular membranes,
disrupting the plant's osmotic (i.e., water) balance and energy utilization patterns.® *® This
damage is commonly manifested as visible foliar injury such as chlorotic or necrotic spots,
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increased leaf senescence (accelerated leaf aging) and/or as reduced photosynthesis. All these
effects reduce a plant’ s capacity to form carbohydrates, which are the primary form of energy
used by plants.®* With fewer resources available, the plant reallocates existing resources away
from root growth and storage, above ground growth or yield, and reproductive processes, toward
leaf repair and maintenance. Studies have shown that plants stressed in these ways may exhibit a
general loss of vigor, which can lead to secondary impacts that modify plants' responses to other
environmental factors. Specifically, plants may become more sensitive to other air pollutants,
more susceptible to disease, insect attack, harsh weather (e.g., drought, frost) and other
environmental stresses. Furthermore, there is some evidence that ozone can interfere with the
formation of mycorrhiza, essential symbiotic fungi associated with the roots of most terrestrial
plants, by reducing the amount of carbon available for transfer from the host to the symbiont.*

Ozone can produce both acute and chronic injury in sensitive species depending on the
concentration level and the duration of the exposure. Ozone effects aso tend to accumulate over
the growing season of the plant, so that even lower concentrations experienced for alonger
duration have the potential to create chronic stress on sensitive vegetation. Not all plants,
however, are equally sensitive to ozone. Much of the variation in sensitivity between individual
plants or whole speciesis related to the plant’ s ability to regulate the extent of gas exchange via
leaf stomata (e.g., avoidance of O, uptake through closure of stomata).** ** ** Other resistance
mechanisms may involve the intercellular production of detoxifying substances. Several
biochemical substances capable of detoxifying ozone have been reported to occur in plants
including the antioxidants ascorbate and glutathione. After injuries have occurred, plants may be
capable of repairing the damage to alimited extent.** Because of the differing sensitivities
among plants to ozone, ozone pollution can also exert a selective pressure that |eads to changes
in plant community composition. Given the range of plant sensitivities and the fact that
numerous other environmental factors modify plant uptake and response to ozone, it is not
possible to identify threshold values above which ozone is consistently toxic for all plants. The
next few paragraphs present additional information on ozone damage to trees, ecosystems,
agronomic crops and urban ornamentals.

Ozone also has been conclusively shown to cause discernible injury to forest trees.* “
In terms of forest productivity and ecosystem diversity, ozone may be the pollutant with the
greatest potential for regional-scale forest impacts.” Studies have demonstrated repeatedly that
0zone concentrations commonly observed in polluted areas can have substantial impacts on plant
function.*®4°

Because plants are at the center of the food web in many ecosystems, changes to the plant
community can affect associated organisms and ecosystems (including the suitability of habitats
that support threatened or endangered species and below ground organisms living in the root
zone). Ozone impacts at the community and ecosystem level vary widely depending upon
numerous factors, including concentration and temporal variation of tropospheric ozone, species
composition, soil properties and climatic factors.™® In most instances, responses to chronic or
recurrent exposure in forest exosystems are subtle and not observable for many years. These
injuries can cause stand-level forest decline in sensitive ecosystems.® >33 |t is not yet possible
to predict ecosystem responses to ozone with much certainty; however, considerable knowledge
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of potential ecosystem responses has been acquired through long-term observations in highly
damaged forests in the United States.

Laboratory and field experiments have also shown reductions in yields for agronomic
crops exposed to ozone, including vegetables (e.g., lettuce) and field crops (e.g., cotton and
wheat). The most extensive field experiments, conducted under the National Crop Loss
Assessment Network (NCLAN) examined 15 species and numerous cultivars. The NCLAN
results show that “several economically important crop species are sensitive to ozone levels
typica of those found in the Unites States.”> In addition, economic studies have shown reduced
economic benefits as aresult of predicted reductions in crop yields associated with observed
ozone levels.® %>’

Urban ornamental s represent an additional vegetation category likely to experience some
degree of negative effects associated with exposure to ambient ozone levels and likely to impact
large economic sectors. It is estimated that more than $20 billion (1990 dollars) are spent
annually on landscaping using ornamentals, both by private property owners/tenants and by
governmental units responsible for public areas.® Thisistherefore a potentially costly
environmental effect. However, in the absence of adequate exposure-response functions and
economic damage functions for the potential range of effects relevant to these types of
vegetation, no direct quantitative analysis has been conducted. Methods are not available to
allow for plausible estimates of the percentage of these expenditures that may be related to
impacts associated with ozone exposure.

2.2 Particulate M atter

In this section we review the health and welfare effects of PM. We also describe air
quality monitoring and modeling data that indicate many areas across the country continue to be
exposed to levels of ambient PM above the NAAQS. Emissions of HCs and NOx from the
engines, vessels and equipment subject to this proposed rule contribute to these PM
concentrations. Information on air quality was gathered from a variety of sources, including
monitored PM concentrations, air quality modeling done for recent EPA rulemakings and other
state and local air quality information.

2.2.1 Science of PM Formation

Particul ate matter (PM) represents a broad class of chemically and physically diverse
substances. It can be principally characterized as discrete particles that exist in the condensed
(liquid or solid) phase spanning several orders of magnitude in size. PM isfurther described by
breaking it down into size fractions. PM,, refersto particles generally less than or equal to 10
micrometers (um) in diameter. PM, . refersto fine particles, those particles generally less than
or equal to 2.5 um in diameter. Inhalable (or "thoracic") coarse particles refer to those particles
generaly greater than 2.5 um but less than or equal to 10 um in diameter. Ultrafine PM refersto
particles with diameters generally less than 100 nanometers (0.1 um). Larger particles (>10 um)
tend to be removed by the respiratory clearance mechanisms, whereas smaller particles are
deposited deeper in the lungs.
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Fine particles are produced primarily by combustion processes and by transformations of
gaseous emissions (e.g., SOx, NOx and VOCs) in the atmosphere. The chemical and physical
properties of PM, . may vary greatly with time, region, meteorology and source category. Thus,
PM, s, may include a complex mixture of different pollutants including sulfates, nitrates, organic
compounds, elemental carbon and metal compounds. These particles can remain in the
atmosphere for days to weeks and travel through the atmosphere hundreds to thousands of
kilometers.

The engines, vessels and equipment that would be covered by the proposed standards
contribute to ambient PM levels through primary (direct) and secondary (indirect) PM. Primary
PM isdirectly emitted into the air, and secondary PM formsin the atmosphere from gases
emitted by fuel combustion and other sources. Along with primary PM, the engines, vessels and
equipment controlled in this action emit HC and NOx, which react in the atmosphere to form
secondary PM, .. Both types of directly and indirectly formed particles from Small SI engines
and equipment and Marine Sl engines and vessels are found principally in the fine fraction.

EPA has recently amended the PM NAAQS (71 FR 61144, October 17, 2006). The final
rule, signed on September 21, 2006 and published on October 17, 2006, addressed revisions to
the primary and secondary NAAQS for PM to provide increased protection of public health and
welfare, respectively. The primary PM, . NAAQS include a short-term (24-hour) and a
long-term (annual) standard. The level of the 24-hour PM, NAAQS has been revised from 65
png/m3 to 35 pg/m3 to provide increased protection against health effects associated with
short-term exposures to fine particles. The current form of the 24-hour PM, . standard was
retained (e.g., based on the 98th percentile concentration averaged over three years). The level
of the annual PM, NAAQS wasretained at 15 p1g/m3, continuing protection against health
effects associated with long-term exposures. The current form of the annual PM,  standard was
retained as an annual arithmetic mean averaged over three years, however, the following two
aspects of the spatial averaging criteriawere narrowed: (1) the annual mean concentration at
each site shall be within 10 percent of the spatially averaged annual mean, and (2) the daily
values for each monitoring site pair shall yield a correlation coefficient of at least 0.9 for each
calendar quarter. With regard to the primary PM,, standards, the 24-hour PM,, NAAQS was
retained at alevel of 150 pg/m?® not to be exceeded more than once per year on average over a
three-year period. Given that the available evidence does not suggest an association between
long-term exposure to coarse particles at current ambient levels and health effects, EPA has
revoked the annual PM ,, standard.

With regard to the secondary PM standards, EPA has revised these standards to be
identical in all respectsto the revised primary standards. Specifically, EPA hasrevised the
current 24-hour PM,, ; secondary standard by making it identical to the revised 24-hour PM,, ¢
primary standard, retained the annual PM, . and 24-hour PM ,, secondary standards, and revoked
the annual PM,, secondary standards. This suite of secondary PM standardsis intended to
provide protection against PM-related public welfare effects, including visibility impairment,
effects on vegetation and ecosystems, and material damage and soiling.
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2.2.2 Health Effects of PM

As stated in the EPA Particulate Matter Air Quality Criteria Document (PM AQCD),
available scientific findings “ demonstrate well that human health outcomes are associated with
ambient PM.”> We are relying primarily on the data and conclusionsin the PM AQCD and PM
staff paper, which reflects EPA’s analysis of policy-relevant science from the PM AQCD,
regarding the health effects associated with particulate matter.>**° We also present additional
recent studies published after the cut-off date for the PM AQCD.%® Taken together this
information supports the conclusion that PM-related emissions from Small SI engines and
equipment and Marine Sl engines and vessels are associated with adverse health effects.

2.2.2.1 Short-term Exposure Mortality and Morbidity Studies

Asdiscussed in the PM AQCD, short-term exposure to PM,, ; is associated with mortality
from cardiopulmonary diseases (PM AQCD, p. 8-305), hospitalization and emergency
department visits for cardiopulmonary diseases (PM AQCD, p. 9-93), increased respiratory
symptoms (PM AQCD, p. 9-46), decreased lung function (PM AQCD Table 8-34) and
physiological changes or biomarkers for cardiac changes (PM AQCD, Section 8.3.1.3.4). In
addition, the PM AQCD describes alimited body of new evidence from epidemiologic studies
for potential relationships between short-term exposure to PM and health endpoints such as low
birth weight, preterm birth, and neonatal and infant mortality. (PM AQCD, Section 8.3.4).

Among the studies of effects from short-term exposure to PM, ., several studies
specifically address the contribution of mobile sources to short-term PM, ; effects on daily
mortality. These studiesindicate that there are statistically significant associations between
mortality and PM related to mobile source emissions (PM AQCD, p. 8-85). The analyses
incorporate source apportionment tools into daily mortality studies and are briefly mentioned
here. Analyses incorporating source apportionment by factor analysis with daily time-series
studies of daily death established a specific influence of mobile source-related PM, ; on daily
mortality®® and a concentration-response function for mobile source-associated PM,, ; and daily
mortality.®® Another recent study in 14 U.S. cities examined the effect of PM,, exposures on
daily hospital admissions for cardiovascular disease. They found that the effect of PM,, was
significantly greater in areas with alarger proportion of PM,, coming from motor vehicles,
indicating that PM,, from these sources may have a greater effect on the toxicity of ambient

® Personal exposure includes contributions from many different types of particles, from many sources, and
in many different environments. Total personal exposure to PM includes both ambient and nonambient components;
and both components may contribute to adverse health effects.

5These additional studies are included in the 2006 Provisional Assessment of Recent Studies on Health
Effects of Particulate Matter Exposure. The provisional assessment did not and could not (given avery short
timeframe) undergo the extensive critical review by EPA, CASAC, and the public, as did the PM AQCD. The
provisional assessment found that the "new" studies expand the scientific information and provide important insights
on the relationship between PM exposure and health effects of PM. The provisional assessment also found that
"new" studies generally strengthen the evidence that acute and chronic exposure to fine particles and acute exposure
to thoracic coarse particles are associated with health effects.
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PM,, when compared with other sources.® These studies provide evidence that PM-rel ated
emissions, specifically from mobile sources, are associated with adverse health effects.

2.2.2.2 Long-term Exposure Mortality and Morbidity Studies

Long-term exposure to elevated ambient PM,, . is associated with mortality from
cardiopulmonary diseases and lung cancer (PM AQCD, p. 8-307), and effects on the respiratory
system such as decreased lung function or the development of chronic respiratory disease (PM
AQCD, pp. 8-313, 8-314). Of specific importance to this proposal, the PM AQCD also notes
that the PM components of gasoline and diesel engine exhaust represent one class of
hypothesized likely important contributors to the observed ambient PM-related increases in lung
cancer incidence and mortality (PM AQCD, p. 8-318).

The PM AQCD and PM Staff Paper emphasize the results of two long-term studies, the
Six Cities and American Cancer Society (ACS) prospective cohort studies, based on several
factors - the inclusion of measured PM data, the fact that the study populations were similar to
the general population, and the fact that these studies have undergone extensive reanalysis (PM
AQCD, p. 8-306, Staff Paper, p.3-18).%%¢ These studiesindicate that there are significant
associations for all-cause, cardiopulmonary, and lung cancer mortality with long-term exposure
to PM, .. A variety of studies have been published since the completion of the PM AQCD. One
such study, an analysis of a subset of the ACS cohort data, which was published after the PM
AQCD was finalized but in time for the 2006 Provisional Assessment, found alarger association
than had previously been reported between long-term PM, . exposure and mortality in the Los
Angeles area using a new exposure estimation method that accounted for variationsin
concentration within the city.® EPA is assessing the significance of this study within the context
of the broader literature.

Asdiscussed in the PM AQCD, the morbidity studies that combine the features of cross-
sectional and cohort studies provide the best evidence for chronic exposure effects. Long-term
studies evaluating the effect of ambient PM on children’ s development have shown some
evidence indicating effects of PM, . and/or PM,, on reduced lung function growth (PM AQCD,
Section 8.3.3.2.3). One such study, which was summarized in the 2006 Provisional Assessment,
reported the results of a cross-sectional study of outdoor PM,, . and measures of atherosclerosisin
the Los Angeles basin.®® The study found significant associations between ambient residential
PM, ¢ and carotid intima-mediathickness (CIMT), an indicator of subclinical atherosclerosis, an
underlying factor in cardiovascular disease. EPA is assessing the significance of this study
within the context of the broader literature.

2.2.2.3 Roadway-Related Exposure and Health Studies

A recent body of studies reinforces the findings of these PM morbidity and mortality
effects by looking at traffic-related exposures, PM measured along roadways, or time spent in
traffic and adverse health effects. While many of these studies did not measure PM specifically,
they include potential exhaust exposures which include mobile source PM because they employ
indices such as roadway proximity or traffic volumes. One study with specific relevance to
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PM, . health effectsis a study that was done in North Carolinalooking at concentrations of PM, ¢
inside police cars and corresponding physiological changes in the police personnel driving the
cars. The authors report significant elevations in markers of cardiac risk associated with
concentrations of PM,,; inside police cars on North Carolina state highways.” A number of
studies of traffic-related pollution have shown associations between fine particles and adverse
respiratory outcomes in children who live near major roadways. "+ Additional information
on near-roadway health effectsisincluded in the recent Mobile Source Air Toxicsrule (72 FR
8428, February 26, 2007).

2.2.3 Current and Projected PM Levels

The proposed emission reductions from this rule would assist PM nonattainment areasin
reaching the standard by each area’ s respective attainment date and assist PM maintenance areas
in maintaining the PM standards in the future. The emission reductions would aso help continue
to lower ambient PM levels and resulting health impacts into the future. In this section we
present information on current and future attainment of the PM standards.

2.2.3.1Current PM,¢ Levels

A nonattainment areais defined in the Clean Air Act (CAA) asan areathat is violating
an ambient standard or is contributing to a nearby areathat is violating the standard. 1n 2005,
EPA designated 39 nonattainment areas for the 1997 PM, . NAAQS based on air quality design
values (using 2001-2003 or 2002-2004 measurements) and a number of other factors.”(70 FR
943, January 5, 2005; 70 FR 19844, April 14, 2005) These areas are comprised of 208 full or
partial counties with atotal population exceeding 88 million.2 As mentioned in Section 2.2.1,
the 1997 PM, ; NAAQS were recently revised and the 2006 PM, ; NAA QS became effective on
December 18, 2006. Nonattainment areas will be designated with respect to the new 2006 PM
NAAQSIn early 2010. Table 2.2-1 presents the number of counties in areas currently
designated as nonattainment for the 1997 PM, . NAAQS as well as the number of additional
counties which have monitored data that is violating the 2006 PM,; NAAQS.

" Thefull detailsinvolved in calculating a PM, ; design value are given in Appendix N of 40 CFR Part 50.

8The PM, 5 nonattainment areas are listed in a Memo to the Docket titled “Nonattainment Areas and
Mandatory Class | Federal Areas’ and contained in Docket EPA-HQ-OAR-2004-0008.
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Table 2.2-1. Fine Particle Standards: Current
Nonattainment Areas and Other Violating Counties

Number of Population®

Counties
1997 PM, . Standards: 39 areas currently designated 208 88,394,000
2006 PM,,. Standards: Counties with violating monitors? 49 18,198,676
Total 257 106,592,676

! Population numbers are from 2000 census data.

2 Thistable provides an estimate of the counties violating the 2006 PM, s NAAQS based on 2003-05 air quality data.
The areas designated as nonattainment for the 2006 PM, . NAAQS will be based on 3 years of air quality data from
later years. Also, the county numbers in the summary table includes only the counties with monitors violating the
2006 PM, . NAAQS. The monitored county violations may be an underestimate of the number of counties and
populations that will eventually be included in areas with multiple counties designated nonattai nment.

States with PM,, . nonattainment areas will be required to take action to bring those areas
into compliance in the future. Most PM, ¢ nonattainment areas will be required to attain the 1997
PM, . NAAQS in the 2010 to 2015 time frame and then be required to maintain the 1997 PM,, .
NAAQS thereafter. The attainment dates associated with the potential nonattainment areas
based on the 2006 PM, . NAAQS would likely be in the 2015 to 2020 timeframe. The emission
standards being proposed in this action would become effective between 2008 and 2013. The
expected PM, . inventory reductions from the standards proposed in this action would be useful
to states in attaining or maintaining the PM,; NAAQS.

2.2.3.2Current PM , Levels

EPA designated PM,, nonattainment areasin 1990.° As of October 2006, approximately
28 million people live in the 46 areas that are designated as PM,, nonattainment, for either
failing to meet the PM,, NAAQS or for contributing to poor air quality in anearby area. There
are 46 full or partial counties that make up the PM, nonattainment areas.™

“The EPA findized PM, attainment and nonattainment areasin April 2005. The EPA finalized the PM
Implementation rule in March 2007.

A PM,, design value is the concentration that determines whether a monitoring site meets the NAAQS for
PM,,. Thefull detailsinvolved in calculating a PM,, design value are given in Appendices H and | of 40 CFR Part
50.

“The PM,, nonattainment areas are listed in a Memo to the Docket titled “Nonattainment Areas and
Mandatory Class | Federal Areas’ and contained in Docket EPA-HQ-OAR-2004-0008.
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2.2.3.3Projected PM, . Levels

Recent air quality modeling predicts that without additional controls there will continue
to be aneed for reductionsin PM concentrations in the future. In the following sections we
describe the recent PM air quality modeling and results of the modeling.

2.2.3.3.1 PM Modeling Methodology

Recently PM air quality analyses were performed for the PM NAAQS final rule, which
was promulgated by EPA in 2006. The Community Multiscale Air Quality (CMAQ) model was
used as the tool for simulating base and future year concentrations of PM, visibility and
deposition in support of the PM NAAQS air quality assessments. The PM NAAQS analysis
included all federal rules up to and including the Clean Air Interstate Rule (CAIR) and all final
mobile source rule controls as of October 2006. Details on the PM air quality modeling are
provided in the RIA for the final PM NAAQS rule, included in the docket for this proposed rule.

2.2.3.3.2 Areas at Risk of Future PM, < Violations

Air quality modeling performed for the final PM NAAQS indicates that in the absence of
additional local, regional or national controls, there will likely continue to be counties that will
not attain some combination of the annual 2006 PM,, . standard (15 pg/m®) and the daily 2006
PM, s standard (35 pg/m®). The PM NAAQS analysis provides estimates of future PM,,; levels
across the country. For example, in 2015 based on emission controls currently adopted or
expected to be in place®, we project that 53 million people will live in 52 counties with projected
PM, . design values at and above the 2006 standard, see Table 2.2-2.** The proposed rule would
provide emission reductions that will help areas to attain the PM,. NAAQS. Table 2.2-2 also
lists the 54 counties, where 27 million people are projected to live, with 2015 projected design
values that do not violate the PM, . NAAQS but are within ten percent of it. The proposed rule
may help ensure that these counties continue to maintain their attainment status.

Table 2.2-2 Countieswith 2015 Projected PM, . Design Values
Above and within 10% of the 2006 PM , . Standard

State County 2015 Projected 2015 Projected Dailyé 2015 Population®
i i Annual PM,; Design: PM, s Design Value :
i Value(ug/m®?® i (ug/m3? i
15.9 36.9 669,850
' 13.3 59.4 1,628,698
134 50.7 242,166

2Counties forecast to remain in nonattainment may need to adopt additional local or regional controls to
attain the standards by dates set pursuant to the Clean Air Act. The emissions reductions associated with this
proposed rule would help these areas attain the PM standards by their statutory date.

Note that this analysis identifies only counties projected to have a violating monitor; the number of
counties to be designated and the associated population would likely exceed these estimates.
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2.2.4 Environmental Effects of PM Pollution

In this section we discuss some of the public welfare effects of PM and its precursors,
including NOX, such as visibility impairment, acid deposition, eutrophication, nitrification and
fertilization, materials damage, and deposition of PM.

2.2.4.1 Visbility Impairment

Visibility can be defined as the degree to which the atmosphere is transparent to visible
light.”* Visibility impairment manifestsin two principal ways: aslocal visibility impairment
and as regional haze.” Local visibility impairment may take the form of alocalized plume, a
band or layer of discoloration appearing well above the terrain as aresult from complex local
meteorological conditions. Alternatively, local visibility impairment may manifest as an urban
haze, sometimes referred to asa "brown cloud.” This urban hazeislargely caused by emissions
from multiple sources in the urban areas and is not typically attributable to only one nearby
source or to long-range transport.  The second type of visibility impairment, regional haze,
usually results from multiple pollution sources spread over alarge geographic region. Regional
haze can impair visibility over large regions and across states.

Visibility isimportant because it directly affects peopl€’ s enjoyment of daily activitiesin
all parts of the country. Individuals value good visibility for the well-being it provides them
directly, both in where they live and work, and in places where they enjoy recreational
opportunities. Visibility isalso highly valued in significant natural areas such as national parks
and wilderness areas, and special emphasisis given to protecting visibility in these areas. For
more information on visibility see the 2004 PM AQCD as well as the 2005 PM Staff Paper.”>””

Fine particles are the major cause of reduced visibility in parts of the United States. To
address the welfare effects of PM on visibility, EPA set secondary PM,, . standards which would
act in conjunction with the establishment of aregional haze program. In setting this secondary
standard, EPA concluded that PM, . causes adverse effects on visibility in various locations,
depending on PM concentrations and factors such as chemical composition and average relative
humidity. The secondary (welfare-based) PM, . NAAQS was established as equal to the suite of
primary (health-based) NAAQS. Furthermore, section 169 of the Act provides additional
authority to remedy existing visibility impairment and prevent future visibility impairment in the
156 national parks, forests and wilderness areas |abeled as mandatory class | federal areas (62
FR 38680-81, July 18, 1997).*" In July 1999 the regional haze rule (64 FR 35714) was put in
place to protect the visibility in mandatory class | federal areas. Visibility can be said to be

4 These areas are defined in section 162 of the Act as those national parks exceeding 6,000 acres,
wilderness areas and memorial parks exceeding 5,000 acres, and al international parks which were in existence on
August 7, 1977.

The mandatory class | federal areas are listed in a Memo to the Docket titled “ Nonattainment Areas and
Mandatory Class | Federal Areas’ and contained in Docket EPA-HQ-OAR-2004-0008.
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impaired in both PM, 5 nonattainment areas and mandatory class | federal aress.

EPA has determined that emissions from nonroad engines significantly contribute to air
pollution that may be reasonably anticipated to endanger public health and welfare for visibility
effectsin particular (67 FR 68242, November 8, 2002). The hydrocarbon emissions from the
Small Sl engines and equipment subject to this proposed rule are PM-precursors and contribute
to these visibility effects. Thisisevident inthe PM and visibility modeling recently completed
for the PM NAAQS and the CAIR. Small Sl engines and equipment and Marine Sl engines and
vessels were included in the PM NAAQS and CAIR PM and visibility modeling which projected
visibility problems persisting in the future.”®” In this section we present current information and
projected estimates about both visibility impairment related to ambient PM,  levels across the
country and visibility impairment in mandatory class | federal areas. We conclude that visibility
will continue to be impaired in the future and the projected emission reductions from this
proposed action would help improve visibility conditions across the country and in mandatory
class| federal aress.

2.2.4.1.1 Current Visibility Impairment

The need for reductionsin the levels of PM, . iswidespread. Currently, high ambient
PM, ¢ levels are measured throughout the country. Fine particles may remain suspended for days
or weeks and travel hundreds to thousands of kilometers, and thus fine particles emitted or
created in one county may contribute to ambient concentrations in a neighboring region.®

As mentioned above, the secondary PM, . standards were set as equal to the suite of
primary PM, . standards. Recently designated PM, ¢ nonattainment areas indicate that, as of
October 2006, amost 90 million people live in 208 counties that are in nonattainment for the
PM,. NAAQS. Thus, at least these populations (plus others who travel to these areas) would
likely be experiencing visibility impairment. Emissions of PM precursors, such as
hydrocarbons, from Small Sl engines and equipment and Marine Sl engines and vessels
contribute to this impairment.

2.2.4.1.2 Current Visibility Impairment at Mandatory Class | Federal Areas

Detailed information about current and historical visibility conditions in mandatory class
| federal areasis summarized in the EPA Report to Congress and the 2002 EPA Trends
Report.2+% The conclusions draw upon the Interagency Monitoring of Protected Visual
Environments (IMPROVE) network data. One of the objectives of the IMPROVE monitoring
network program isto provide regional haze monitoring representing al mandatory class |
federal areas where practical. The National Park Service report also describes the state of
national park visibility conditions and discusses the need for improvement.®

The regional haze rule requires states to establish goals for each affected mandatory class
| federal areato improve visibility on the haziest days (20% most impaired days) and ensure no
degradation occurs on the cleanest days (20% least impaired days). Although there have been
general trends toward improved visibility, progressis still needed on the haziest days.
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Specifically, as discussed in the 2002 EPA Trends Report,without the effects of pollution a
natural visual range in the United Statesis approximately 75 to 150 km in the East and 200 to
300 kmin the West. In 2001, the mean visual range for the worst days was 29 km in the East
and 98 kmin the West.®

2.2.4.1.3 Future Visibility Impairment

Recent modeling for the final PM NAAQS rule was used to project PM, . levelsin the
U.S. in 2015. The results suggest that PM, ¢ levels above the 2006 NAAQS will persist in the
future. We predicted that in 2015, there will be 52 counties with a population of 53 million
where PM,, . levels will exceed the 2006 PM, . NAAQS. Thus, in the future, a percentage of the
population may continue to experience visibility impairment in areas where they live, work and
recreate.

The emissions from Small Sl engines and equipment and Marine Sl engines and vessels
contribute to visibility impairment. These emissions occur in and around areas with PM, ; levels
above the PM,. NAAQS. Thus, the emissions from these sources contribute to the current and
anticipated visibility impairment and the proposed emission reductions would help improve
future visibility impairment.

2.2.4.1.4 Future Visibility Impairment at Mandatory Class | Federal Areas

Achieving the PM, NAAQS will help improve visibility across the country, but it will
not be sufficient to meet the statutory goal of no manmade impairment in the mandatory class|
federal areas (64 FR 35722, July 1, 1999 and 62 FR 38680, July 18, 1997). In setting the
NAAQS, EPA discussed how the NAAQS in combination with the regional haze program, is
deemed to improve visibility consistent with the goals of the Act.?® In the East, there are and
will continue to be areas with PM, ; concentrations above the PM, s NAAQS and where light
extinction is significantly above natural background. Thus, large areas of the Eastern United
States have air pollution that is causing and will continue to cause visibility problems. In the
West, scenic vistas are especially important to public welfare. Although the PM,. NAAQSis
met in most areas outside of California, virtualy the entire West isin close proximity to a scenic
mandatory class | federal area protected by 169A and 169B of the CAA.

Recent modeling for the CAIR was used to project visibility conditionsin mandatory
class| federal areas across the country in 2015. The results for the mandatory class | federal
areas suggest that these areas are predicted to continue to have visibility impairment above
background on the 20% worst days in the future.

The overall goal of the regional haze programis to prevent future visibility impairment
and remedy existing visibility impairment in mandatory class | federal areas. Asshown by the
future visibility estimatesin Table 2.2-3, it is projected that there will continue to be mandatory
class| federal areas with visibility levels above background in 2015. Additional emission
reductions will be needed from the broad set of sources that contribute, including the engines,
vessals and equipment subject to this proposed rule.® The reductions proposed in this action are
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apart of the overall strategy to achieve the visibility goals of the Act and the regiona haze
program.

Table2.2-3: Current (1998-2002) Visibility, Projected (2015) Visibility, and Natural
Background L evelsfor the 20% Worst Daysat 116 IMPROVE Sites

Class| Area Name? State 1998-2002 Baseline {2015 CAIR Control Casel Natural Background
Visibility (deciviews)® | Visibility® (deciviews) (deciviews)
Acadia ME 22.7 210 115
AguaTibia CA 23.2 23.2 7.2
Alpine Lakes WA 18.0 17.4 7.9
Anaconda - Pintler MT 12.3 12.2 7.3
Arches uT 12.0 12.1 7.0
Badlands SD 17.3 16.8 7.3
Bandelier NM 13.2 13.2 7.0
Big Bend X 18.4 18.3 6.9
Black Canyon of the Gunnison CO 11.6 114 7.1
Bob Marshall MT 14.2 14.0 7.4
Boundary Waters Canoe Area MN 20.0 19.0 11.2
Bridger WY 115 11.3 7.1
Brigantine NJ 27.6 254 11.3
Bryce Canyon uT 12.0 11.9 7.0
Cabinet Mountains MT 13.8 13.4 7.4
Caney Creek AR 25.9 24.1 11.3
Canyonlands uT 12.0 12.0 7.0
Cape Romain SC 25.9 239 114
Caribou CA 14.8 14.6 7.3
Carlsbad Caverns NM 17.6 17.9 7.0
Chassahowitzka FL 25.7 23.0 11.5
Chiricahua NM AZ 13.9 13.9 6.9
Chiricahua W AZ 13.9 13.9 6.9
Craters of the Moon ID 14.7 14.7 7.1
Desolation CA 12.9 12.8 7.1
Dolly Sods WV 27.6 23.9 11.3
Dome Land CA 20.3 19.9 7.1
Eagle Cap OR 19.6 19.0 7.3
Eagles Nest CO 11.3 11.4 7.1
Emigrant CA 17.6 17.4 7.1
Everglades FL 20.3 19.2 11.2
Fitzpatrick WY 115 11.3 7.1
Flat Tops CO 11.3 11.4 7.1
Galiuro AZ 13.9 14.1 6.9
Gates of the Mountains MT 11.2 10.8 7.2
Gila NM 13.5 13.5 7.0
Glacier MT 19.5 19.1 7.6
Glacier Peak WA 14.0 13.8 7.8
Grand Teton WY 12.1 12.0 7.1
Great Gulf NH 23.2 21.2 11.3
Great Sand Dunes CO 13.1 13.0 7.1
Great Smoky Mountains TN 29.5 26.1 11.4
Guadalupe Mountains TX 17.6 17.5 7.0
Hells Canyon OR 18.1 18.0 7.3
Isle Royale MI 21.1 20.1 11.2
James River Face VA 28.5 25.1 11.2
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Jarbidge NV 12.6 12.8 7.1
Joshua Tree CA 19.5 20.3 7.1
Joyce Kilmer - Slickrock NC 29.5 26.1 115
Kamiopsis OR 14.8 14.4 7.7
Kings Canyon CA 235 24.1 7.1
LaGarita CO 11.6 11.5 7.1
Lassen Volcanic CA 14.8 14.6 7.3
Lava Beds CA 16.6 16.5 7.5
Linville Gorge NC 27.9 24.6 11.4
L ostwood ND 19.6 18.7 7.3
Lye Brook VT 23.9 21.1 11.3
Mammoth Cave KY 30.2 27.0 11.5
Marble Mountain CA 17.1 16.8 7.7
Maroon Bells - Showmass CO 11.3 11.3 7.1
Mazatzal AZ 13.1 13.5 6.9
Medicine Lake MT 17.7 17.1 7.3
Mesa Verde CO 12.8 12.8 7.1
Mingo MO 275 25.9 11.3
Mission Mountains MT 14.2 14.0 7.4
Mokelumne CA 12.9 12.8 7.1
Moosehorn ME 21.4 20.3 11.4
Mount Hood OR 14.0 13.7 7.8
Mount Jefferson OR 15.7 15.2 7.8
Mount Rainier WA 18.9 19.4 7.9
Mount Washington OR 15.7 15.2 7.9
Mount Zirkel CO 11.7 11.8 7.1
North Cascades WA 14.0 14.0 7.8
Okefenokee GA 26.4 24.7 11.5
Otter Creek WV 27.6 24.0 11.3
Pasayten WA 14.7 14.5 7.8
Petrified Forest AZ 13.5 13.8 7.0
Pine Mountain AZ 13.1 13.4 6.9
Presidential Range - Dry NH 23.2 20.9 11.3
Rawah CO 11.7 11.7 7.1
Red Rock Lakes WY 12.1 12.1 7.1
Redwood CA 16.5 16.5 7.8
Rocky Mountain CO 14.1 14.1 7.1
Roosevelt Campobello ME 214 20.1 11.4
Salt Creek NM 17.7 17.3 7.0
San Gorgonio CA 215 221 7.1
San Jacinto CA 21.5 21.4 7.1
San Pedro Parks NM 11.4 11.4 7.0
Sawtooth ID 13.6 13.5 7.2
Scapegoat MT 14.2 14.1 7.3
Selway - Bitterroot MT 12.3 12.1 7.3
Seney Ml 23.8 22.6 11.4
Seguoia CA 235 24.1 7.1
Shenandoah VA 27.6 234 11.3
Sierra Ancha AZ 13.4 13.7 6.9
Sipsey AL 28.7 26.1 11.4
South Warner CA 16.6 16.5 7.3
Strawberry Mountain OR 19.6 19.2 7.5
Superstition AZ 14.7 15.0 6.9
Swanquarter NC 24.6 219 11.2
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Sycamore Canyon AZ 16.1 16.6 7.0
Teton WY 12.1 12.1 71
Theodore Roosevelt ND 17.6 16.8 7.3
Thousand Lakes CA 14.8 14.6 7.3
Three Sisters OR 15.7 15.2 7.9
UL Bend MT 14.7 14.1 7.2
Upper Buffalo AR 255 24.3 11.3
\Voyageurs MN 184 17.6 11.1
\Weminuche CO 11.6 11.4 7.1
West Elk CO 11.3 11.3 7.1
\Wind Cave SD 16.0 15.4 7.2
Wolf I1sland GA 26.4 24.9 11.4
Y ellowstone WY 12.1 12.1 71
YollaBally - Middle Eel CA 17.1 16.9 7.4
Y osemite CA 17.6 17.4 7.1
Zion uT 135 13.3 7.0

2116 IMPROVE sites represent 155 of the 156 Mandatory Class | Federal Areas. Oneisolated Mandatory Class|
Federal Area (Bering Sea, an uninhabited and infrequently visited island 200 miles from the coast of Alaska), was
considered to be so remote from electrical power and people that it would be impractical to collect routine aerosol
samples.®’

® The deciview metric describes perceived visual changesin alinear fashion over its entire range, analogous to the
decibel scale for sound. A deciview of O represents pristine conditions. The higher the deciview value, the worse the
visibility, and an improvement in visibility is a decrease in deciview value.

¢ The 2015 modeling projections are based on the Clear Air Interstate Rule analyses (EPA, 2005).

2.2.4.2 Atmospheric Deposition

Wet and dry deposition of ambient particul ate matter delivers a complex mixture of
metals (e.g., mercury, zinc, lead, nickel, aluminum, cadmium), organic compounds (e.g., POM,
dioxins, furans) and inorganic compounds (e.g., nitrate, sulfate) to terrestrial and aquatic
ecosystems. The chemical form of the compounds deposited is impacted by a variety of factors
including ambient conditions (e.g., temperature, humidity, oxidant levels) and the sources of the
material. Chemical and physical transformations of the particulate compounds occur in the
atmosphere as well as the media onto which they deposit. These transformations in turn
influence the fate, bioavailability and potential toxicity of these compounds. Atmospheric
deposition has been identified as a key component of the environmental and human health
hazard posed by several pollutantsincluding mercury, dioxin and PCBs.®

Adverse impacts on water quality can occur when atmospheric contaminants deposit to
the water surface or when material deposited on the land enters a waterbody through runoff.
Potential impacts of atmospheric deposition to waterbodies include those related to both nutrient
and toxic inputs. Adverse effects to human health and welfare can occur from the addition of
excess particulate nitrate nutrient enrichment which contributes to toxic algae blooms and zones
of depleted oxygen, which can lead to fish kills, frequently in coastal waters. Particles
contaminated with heavy metals or other toxins may lead to the ingestion of contaminated fish,
ingestion of contaminated water, damage to the marine ecology, and limited recreational uses.
Several studies have been conducted in U.S. coastal waters and in thg Gieat Lakes Regionin
which the role of ambient PM deposition and runoff is investigated.
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Adverse impacts on soil chemistry and plant life have been observed for areas heavily
impacted by atmospheric deposition of nutrients, metals and acid species, resulting in species
shifts, loss of biodiversity, forest decline and damage to forest productivity. Potential impacts
also include adverse effects to human health through ingestion of contaminated vegetation or
livestock (asin the case for dioxin deposition), reduction in crop yield, and limited use of land
due to contamination.

2.2.4.2.1 Acid Deposition

Acid deposition, or acid rain asit is commonly known, occurs when NOx and SO, react
in the atmosphere with water, oxygen, and oxidants to form various acidic compounds that later
fal to earth in the form of precipitation or dry deposition of acidic particles.* It contributes to
damage of trees at high elevations and in extreme cases may cause lakes and streams to become
so acidic that they cannot support aquatic life. In addition, acid deposition accel erates the decay
of building materials and paints, including irreplaceabl e buildings, statues, and scul ptures that
are part of our nation's cultural heritage.

Acid deposition primarily affects bodies of water that rest atop soil with alimited ability
to neutralize acidic compounds. The National Surface Water Survey (NSWS) investigated the
effects of acidic deposition in over 1,000 lakes larger than 10 acres and in thousands of miles of
streams. It found that acid deposition was the primary cause of acidity in 75 percent of the
acidic lakes and about 50 percent of the acidic streams, and that the areas most sensitive to acid
rain were the Adirondacks, the mid-Appalachian highlands, the upper Midwest and the high
elevation West. The NSWS found that approximately 580 streams in the Mid-Atlantic Coastal
Plain are acidic primarily due to acidic deposition. Hundreds of the lakes in the Adirondacks
surveyed in the NSWS have acidity levelsincompatible with the survival of sensitive fish
species. Many of the over 1,350 acidic streams in the Mid-Atlantic Highlands (mid-Appalachia)
region have already experienced trout |osses due to increased stream acidity. Emissions from
U.S. sources contribute to acidic deposition in Eastern Canada, where the Canadian government
has estimated that 14,000 lakes are acidic. Acid deposition also has been implicated in
contributing to degradation of high-elevation spruce forests that populate the ridges of the
Appaachian Mountains from Maine to Georgia. This areaincludes national parks such as the
Shenandoah and Great Smoky Mountain National Parks.

A study of emission trends and acidity of water bodies in the Eastern United States by the
General Accounting Office (GAO) found that from 1992 to 1999 sulfates declined in 92 percent
of arepresentative sample of lakes, and nitrate levels increased in 48 percent of the lakes
sampled.® The decreasein sulfatesis consistent with emission trends, but the increase in
nitrates is inconsistent with the stable levels of nitrogen emissions and deposition. The study
suggests that the vegetation and land surrounding these lakes have lost some of their previous
capacity to use nitrogen, thus allowing more of the nitrogen to flow into the lakes and increase
their acidity. Recovery of acidified lakesis expected to take a number of years, even where soil
and vegetation have not been “nitrogen saturated,” as EPA called the phenomenon in a 1995
study.* This situation places a premium on reductions of NOx from all sources, including Small
Sl and Marine Sl engines, vessels and equipment in order to reduce the extent and severity of
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nitrogen saturation and acidification of lakes in the Adirondacks and throughout the United
States.

The NOx reductions from this rule would help reduce acid rain and acid deposition,
thereby helping to reduce acidity levelsin lakes and streams throughout the country and helping
accelerate the recovery of acidified lakes and streams and the revival of ecosystems adversely
affected by acid deposition. Reduced acid deposition levels will also help reduce stress on
forests, thereby accelerating reforestation efforts and improving timber production.
Deterioration of our historic buildings and monuments, and of buildings, vehicles, and other
structures exposed to acid rain and dry acid deposition also will be reduced, and the costs borne
to prevent acid-related damage may also decline. While the reduction in nitrogen acid
deposition will be roughly proportional to the reduction in NOx emissions, respectively, the
precise impact of this proposed rule will differ across different areas.

2.2.4.2.2 Eutrophication, Nitrification and Fertilization

In recent decades, human activities have greatly accelerated nutrient impacts, such as
nitrogen deposition in both aquatic and terrestrial systems. Nitrogen deposition in aquatic
systems can cause excessive growth of algae and lead to degraded water quality and associated
impairment of fresh water and estuarine resources for human uses.”” Nitrogen deposition on
terrestrial systems can cause fertilization and lead to ecosystem stress and species shift.

Eutrophication is the accelerated production of organic matter, particularly algae, in a
water body. Thisincreased growth can cause numerous adverse ecological effects and economic
impacts, including nuisance algal blooms, dieback of underwater plants due to reduced light
penetration, and toxic plankton blooms. Algal and plankton blooms can also reduce the level of
dissolved oxygen, which can adversely affect fish and shellfish populations.

Deposition of nitrogen contributes to elevated nitrogen levelsin waterbodies. The NO,
reductions from today’ s promulgated standards will help reduce the airborne nitrogen deposition
that contributes to eutrophication of watersheds, particularly in aquatic systems where
atmospheric deposition of nitrogen represents a significant portion of total nitrogen loadings.

Severe and persistent eutrophication often directly impacts human activities. For
example, losses in the nation’ s fishery resources may be directly caused by fish kills associated
with low dissolved oxygen and toxic blooms. Declines in tourism occur when low dissolved
oxygen causes noxious smells and floating mats of algal blooms create unfavorable aesthetic
conditions. Risksto human health increase when the toxins from algal blooms accumulate in
edible fish and shellfish, and when toxins become airborne, causing respiratory problems due to
inhalation. According to the NOAA report, more than half of the nation’s estuaries have
moderate to high expressions of at |east one of these symptoms — an indication that
eutrophication iswell developed in more than half of U.S. estuaries.®®

In its Third Report to Congress on the Great Waters, EPA reported that atmospheric
deposition contributes from 2 to 38 percent of the nitrogen load to certain coastal waters.® A

2-33



Draft Regulatory Impact Analysis

review of peer reviewed literature in 1995 on the subject of air deposition suggests atypical
contribution of 20 percent or higher.’® Human-caused nitrogen loading to the Long Island
Sound from the atmosphere was estimated at 14 percent by a collaboration of federal and state
air and water agenciesin 1997.'" The National Exposure Research Laboratory, U.S. EPA,
estimated based on prior studies that 20 to 35 percent of the nitrogen loading to the Chesapeake
Bay is attributable to atmospheric deposition.™® The mobile source portion of atmospheric NOx
contribution to the Chesapeake Bay was modeled at about 30 percent of total air deposition.'®®

In U.S. terrestrial systems, the nutrient whose supply most often sets the limit of possible
plant based productivity at a given site is nitrogen. By increasing available nitrogen, overall
ecosystem productivity may be expected to increase for atime, and then decline as nitrogen
saturation is reached. However, because not all vegetation, organisms, or ecosystems react in the
same manner to increased nitrogen fertilization, those plants or organisms that are predisposed to
capitalize on any increases in nitrogen availability gain an advantage over those that are not as
responsive to added nutrients, leading to a change in plant community composition and diversity.
Changes to plant community composition and structure within an ecosystem are of concern
because plantsin large part determine the food supply and habitat types available for use by
other organisms. Further, in terrestrial systems, plants serve as the integrators between above-
ground and bel ow-ground environments and influence nutrient, energy and water cycles.
Because of these linkages, chronic excess nutrient nitrogen additions can lead to complex,
dramatic, and severe ecosystem level responses such as changes in habitat suitability, genetic
diversity, community dynamics and composition, nutrient status, energy and nutrient cycling,
and frequency and intensity of natural disturbance regimes such asfire.

These types of effects have been observed both experimentally and in the field. For
example, experimental additions of nitrogen to a Minnesota grassland dominated by native
warm-season grasses produced a shift to low-diversity mixtures dominated by coolseason
grasses over a 12 year period at all but the lowest rate of nitrogen addition.'® Similarly, the
coastal sage scrub (CSS) community in California has been declining in land area and in drought
deciduous shrub density over the past 60 years, and is being replaced in many areas by the more
nitrogen responsive Mediterranean annual grasses. Some 25 plant species are already extinct in
California, most of them annual and perennial forbs that occurred in sites now experiencing
conversion to annual grassland. As CSS converts more extensively to annual grassland
dominated by invasive species, |oss of additional rare species may be inevitable. Though
invasive species are often identified as the main threat to rare species, it ismore likely that
invasive species combine with other factors, such as excess N deposition, to promote increased
productivity of invasive species and resulting species shifts.

Deposition of nitrogen from the engines covered in this proposal contributes to elevated
nitrogen levelsin bodies of water and on land. The NOx reductions proposed in this action will
reduce the airborne nitrogen deposition that contributes to eutrophication of watersheds and
nitrogen saturation on land.

2.2.4.2.3 Heavy Metals
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Heavy metals, including cadmium, copper, lead, chromium, mercury, nickel and zinc,
have the greatest potential for influencing forest growth (PM AQCD, p. 4-87).1® Investigation
of trace metals near roadways and industrial facilities indicate that a substantial burden of heavy
metals can accumulate on vegetative surfaces. Copper, zinc, and nickel have been documented
to cause direct toxicity to vegetation under field conditions (PM AQCD, p. 4-75). Little research
has been conducted on the effects associated with mixtures of contaminants found in ambient
PM. While metals typically exhibit low solubility, limiting their bioavailability and direct
toxicity, chemical transformations of metal compounds occur in the environment, particularly in
the presence of acidic or other oxidizing species. These chemical changes influence the mobility
and toxicity of metalsin the environment. Once taken up into plant tissue, a metal compound can
undergo chemical changes, accumulate and be passed along to herbivores or can re-enter the soil
and further cycle in the environment.

Although there has been no direct evidence of a physiological association between tree
injury and heavy metal exposures, heavy metals have been implicated because of similarities
between metal deposition patterns and forest decline (PM AQCD, p. 4-76).*® Contamination of
plant leaves by heavy metals can lead to elevated soil levels. Some trace metal s absorbed into
the plant and can bind to the leaf tissue (PM AQCD, p. 4-75). When these leaves fall and
decompose, the heavy metals are transferred into the soil .27 1%

The environmental sources and cycling of mercury are currently of particular concern
due to the bioaccumulation and biomagnification of this metal in aquatic ecosystems and the
potent toxic nature of mercury in the formsin which isit ingested by people and other animals.
Mercury isunusual compared with other metalsin that it largely partitions into the gas phase (in
elemental form), and therefore has alonger residence time in the atmosphere than a metal found
predominantly in the particle phase. This property enables a portion of emitted mercury to travel
far from the primary source before being deposited and accumulating in the aguatic ecosystem.
Localized or regional impacts are also observed for mercury emitted from combustion sources.
The major source of mercury in the Great Lakes is from atmospheric deposition, accounting for
approximately eighty percent of the mercury in Lake Michigan.’®*° Over fifty percent of the
mercury in the Chesapeake Bay has been attributed to atmospheric deposition.*** Overall, the
National Science and Technology Council (NSTC, 1999) identifies atmospheric deposition as
the primary source of mercury to aquatic systems. Forty-four states have issued health
advisories for the consumption of fish contaminated by mercury; however, most of these
advisories are issued in areas without a mercury point source.

Elevated levels of zinc and lead have been identified in streambed sediments, and these
elevated levels have been correlated with population density and motor vehicle use.*'>**  Zinc
and nickel have also been identified in urban water and soils. In addition, platinum, palladium,
and rhodium, metals found in the catalysts of modern motor vehicles, have been measured at
elevated levels along roadsides.™* Plant uptake of platinum has been observed at these
locations.

2.2.4.2.4 Polycyclic Organic Matter

2-35



Draft Regulatory Impact Analysis

Polycyclic organic matter (POM) is a byproduct of incomplete combustion and consists
of organic compounds with more than one benzene ring and a boiling point greater than or equal
to 100 degrees centigrade.*” Polycyclic aromatic hydrocarbons (PAHS) are a class of POM that
contains compounds which are known or suspected carcinogens.

Major sources of PAHs include mobile sources. PAHs in the environment may be
present as a gas or adsorbed onto airborne particulate matter. Since the majority of PAHs are
adsorbed onto particles less than 1.0 pm in diameter, long range transport is possible. However,
studies have shown that PAH compounds adsorbed onto diesel exhaust particulate and exposed
to ozone have half lives of 0.5 to 1.0 hours.*®

Since PAHSs are insoluble, the compounds generally are particle reactive and accumulate
in sediments. Atmospheric deposition of particlesis believed to be the major source of PAHSto
the sediments of Lake Michigan.**"**® Analyses of PAH deposition to Chesapeake and
Galveston Bay indicate that dry deposition and gas exchange from the atmosphere to the surface
water predominate.****?°  Sediment concentrations of PAHSs are high enough in some segments
of Tampa Bay to pose an environmental health threat. EPA funded a study to better characterize
the sources and loading rates for PAHs into TampaBay.'** PAHSs that enter awaterbody
through gas exchange likely partition into organic rich particles and be biologically recycled,
while dry deposition of aerosols containing PAHSs tends to be more resistant to biological
recycling.®® Thus, dry deposition is likely the main pathway for PAH concentrationsin
sediments while gas/water exchange at the surface may lead to PAH distribution into the food
web, leading to increased health risk concerns.

Trendsin PAH deposition levels are difficult to discern because of highly variable
ambient air concentrations, lack of consistency in monitoring methods, and the significant
influence of local sources on deposition levels.'?® Van Metre et al. (2000) noted PAH
concentrations in urban reservoir sediments have increased by 200-300% over the last forty
years and correlates with increases in automobile use.®

Cousins et al. (1999) estimates that greater than ninety percent of semi-volatile organic
compound (SVOC) emissions in the United Kingdom deposit on soil.** An analysis of
polycyclic aromatic hydrocarbon (PAH) concentrations near a Czechosl ovakian roadway
indicated that concentrations were thirty times greater than background.'®

2.2.4.2.5 Materials Damage and Soiling

The deposition of airborne particles can also reduce the aesthetic appeal of buildings and
culturally important articles through soiling, and can contribute directly (or in conjunction with
other pollutants) to structural damage by means of corrosion or erosion.’”” Particles affect
materials principally by promoting and accel erating the corrosion of metals, by degrading paints,
and by deteriorating building materials such as concrete and limestone. Particles contribute to
these effects because of their electrolytic, hygroscopic, and acidic properties, and their ability to
absorb corrosive gases (principally sulfur dioxide). The rate of metal corrosion depends on a
number of factors, including the deposition rate and nature of the pollutant; the influence of the
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metal protective corrosion film; the amount of moisture present; variability in the
electrochemical reactions; the presence and concentration of other surface electrolytes; and the
orientation of the metal surface.

2.3 Gaseous Air Toxics

Small Sl and Marine Sl emissions contribute to ambient levels of gaseous air toxics
known or suspected as human or animal carcinogens, or that have non-cancer health effects.
These compounds include benzene, 1,3-butadiene, formaldehyde, acetaldehyde, acrolein,
polycyclic organic matter (POM), and naphthalene. All of these compounds, except
acetaldehyde, were identified as national or regional risk driversin the 1999 National-Scale Air
Toxics Assessment (NATA) and have significant inventory contributions from mobile sources.
The reductionsin Small SI and Marine SI emissions proposed in this rulemaking would help
reduce exposure to these harmful substances.

Air toxics can cause a variety of cancer and noncancer health effects. A number of the
mobile source air toxic pollutants described in this section are known or likely to pose a cancer
hazard in humans. Many of these compounds also cause adverse noncancer health effects
resulting from chronic,* subchronic,” or acute'® inhal ation exposures. These include
neurological, cardiovascular, liver, kidney, and respiratory effects as well as effects on the
immune and reproductive systems.

Benzene: The EPA’s RIS database lists benzene as a known human carcinogen (causing
leukemia) by all routes of exposure, and that exposure is associated with additional health
effects, including genetic changes in both humans and animals and increased proliferation of
bone marrow cellsin mice.® %1 EPA satesin its IRIS database that data indicate a causal
relationship between benzene exposure and acute lymphocytic leukemia and suggests a
relationship between benzene exposure and chronic non-lymphocytic leukemia and chronic
lymphocytic leukemia. A number of adverse noncancer health effects including blood disorders,
such as preleukemia and aplastic anemia, have also been associated with long-term exposure to
benzene.’*" ¥ The most sensitive noncancer effect observed in humans, based on current data,
is the depression of the absolute lymphocyte count in blood.***** |n addition, recent work,
including studies sponsored by the Health Effects Institute (HEI), provides evidence that
biochemical responses are occurring at lower levels of benzene exposure than previously known.
135,136,137, 138 EPA’ s | RIS program has not yet evaluated these new data.

Chronic exposure is defined in the glossary of the Integrated Risk Information (IRIS) database
(http://www.epa.gov/iris) as repeated exposure by the oral, dermal, or inhalation route for more than approximately
10 of the life span in humans (more than approximately 90 daysto 2 yearsin typically used laboratory animal
Species).

Defined in the IRIS database as exposure to a substance spanning approximately 10 of the lifetime of an
organism.

¥Defined in the IRIS database as exposure by the oral, dermal, or inhalation route for 24 hours or less.
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1.3-Butadiene: EPA has characterized 1,3-butadiene as carcinogenic to humans by
inhalation.’® *° The specific mechanisms of 1,3-butadiene-induced carcinogenesis are
unknown. However, it isvirtually certain that the carcinogenic effects are mediated by
genotoxic metabolites of 1,3-butadiene. Animal data suggest that females may be more sensitive
than males for cancer effects; while there are insufficient data in humans from which to draw
conclusions about sensitive subpopulations. 1,3-Butadiene also causes a variety of reproductive
and developmental effectsin mice; no human data on these effects are available. The most
sensitive effect was ovarian atrophy observed in alifetime bioassay of female mice.'*

Formaldehyde: Since 1987, EPA has classified formaldehyde as a probable human
carcinogen based on evidence in humans and in rats, mice, hamsters, and monkeys.!*? EPA’s
current RIS summary provides an upper bound cancer unit risk estimate of 1.3x10° per pg/m°.
In other words, thereis an estimated risk of about thirteen excess cancer casesin one million
people exposed to 1 pg/m? of formaldehyde over alifetime. EPA iscurrently reviewing recently
published epidemiological data. For instance, research conducted by the National Cancer
Institute (NCI) found an increased risk of nasopharyngeal cancer and lymphohematopoietic
malignancies such as leukemia among workers exposed to formaldehyde.****** NCI is currently
performing an update of these studies. A recent National Institute of Occupational Safety and
Health (NIOSH) study of garment workers also found increased risk of death due to leukemia
among workers exposed to formaldehyde.** In 2004, the working group of the International
Agency for Research on Cancer (IARC) concluded that formaldehyde is carcinogenic to humans
(Group 1), on the basis of sufficient evidence in humans and sufficient evidence in experimental
animals—a higher classification than previous IARC evaluations. The agency is currently
conducting a reassessment of the human hazard and dose-response associated with
formaldehyde.

In the past 15 years there has been substantial research on the inhalation dosimetry for
formaldehyde in rodents and primates by the CIIT Centers for Health Research (formerly the
Chemical Industry Institute of Toxicology), with afocus on use of rodent data for refinement of
the quantitative cancer dose-response assessment.® 4”14 CI T’ srisk assessment of
formal dehyde incorporated mechanistic and dosimetric information on formaldehyde. The risk
assessment analyzed carcinogenic risk from inhaled formaldehyde using approaches that are
consistent with EPA’ s draft guidelines for carcinogenic risk assessment. 1n 2001, Environment
Canada relied on this cancer dose-response assessment in their assessment of formaldehyde.**
Extended follow-up of a cohort of British chemical workers did not find evidence of an increase
in nasopharyngeal or lymphohematopoetic cancers, but a continuing statistically significant
excess in lung cancers was reported.

Based on the devel opments of the last decade, in 2004, EPA aso relied on this cancer
unit risk estimate during the development of the plywood and composite wood products national
emissions standards for hazardous air pollutants (NESHAPS).™ In these rules, EPA concluded
that the CII T work represented the best available application of the available mechanistic and
dosimetric science on the dose-response for portal of entry cancers due to formaldehyde
exposures. EPA isreviewing the recent work cited above from the NCI and NIOSH, as well as
the analysis by the CIIT Centers for Health Research and other studies, as part of a reassessment
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of the human hazard and dose-response associated with formaldehyde.

Formal dehyde exposure also causes a range of noncancer health effects, including
irritation of the eyes (tearing of the eyes and increased blinking) and mucous membranes.

Acetaldehyde: Acetaldehydeisclassified in EPA’s IRIS database as a probable human
carcinogen, based on nasal tumorsin rats, and is considered moderately toxic by the inhalation,
oral, and intravenous routes.®® The primary acute effect of exposure to acetaldehyde vaporsis
irritation of the eyes, skin, and respiratory tract.™> The agency is currently conducting a
reassessment of the health hazards from inhalation exposure to acetaldehyde.

Acrolein: Acroleinisintensely irritating to humans when inhaled, with acute exposure
resulting in upper respiratory tract irritation and congestion. EPA determined in 2003 using the
1999 draft cancer guidelines that the human carcinogenic potential of acrolein could not be
determined because the available data was inadequate. No information was available on the
carcinogenic effects of acrolein in humans, and the animal data provided inadequate evidence of
carcinogenicity. ™

Polycyclic Organic Matter (POM): POM is generally defined as alarge class of organic
compounds which have multiple benzene rings and a boiling point greater than 100 degrees
Celsius. One of these compounds, naphthalene, is discussed separately below. Polycyclic
aromatic hydrocarbons (PAH) are a class of POM that contain only hydrogen and carbon atoms.
A number of PAHs are known or suspected carcinogens.

Recent studies have found that maternal exposures to PAHs in a population of pregnant
women were associated with several adverse birth outcomes, including low birth weight and
reduced length at birth as well asimpaired cognitive development at age three.>'** EPA has not
yet evaluated these recent studies.

Naphthalene: Naphthalene isfound in small quantities in gasoline and diesel fuels.
Naphthal ene emissions have been measured in larger quantities in both gasoline and diesel
exhaust and evaporative emissions from mobile sources. EPA recently released an external
review draft of areassessment of the inhalation carcinogenicity of naphthalene based on a
number of recent animal carcinogenicity studies.”>" The draft reassessment recently completed
external peer review.™® California EPA has also released a new risk assessment for naphthalene,
and the IARC has reevaluated naphthalene and re-classified it as Group 2B: possibly
carcinogenic to humans.™ Naphthalene also causes a number of chronic non-cancer effectsin
animals, including abnormal cell changes and growth in respiratory and nasal tissues.'®

In addition to reducing VOC, NOx, CO and PM, ¢ emissions from Small Sl engines and
equipment and Marine Sl engines and vessels the standards being proposed today would also
reduce air toxics emitted from these engines, vessels and equipment thereby helping to mitigate
some of the adverse health effects associated with operation of these engines, vessels and
equipment.
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2.4 Carbon Monoxide

Unlike many gases, CO is odorless, colorless, tasteless, and nonirritating. Carbon
monoxide results from incomplete combustion of fuel and is emitted directly from vehicle
tailpipes. Incomplete combustion is most likely to occur at low air-to-fuel ratiosin the engine.
These conditions are common during vehicle starting when air supply is restricted (“choked”),
when vehicles are not tuned properly, and at high altitude, where “thin” air effectively reduces
the amount of oxygen available for combustion (except in engines that are designed or adjusted
to compensate for altitude). High concentrations of CO generally occur in areas with elevated
mobile-source emissions. Carbon monoxide emissions increase dramatically in cold weather.
Thisis because engines need more fuel to start at cold temperatures and because some emission
control devices (such as oxygen sensors and catalytic converters) operate less efficiently when
they are cold. Also, nighttime inversion conditions are more frequent in the colder months of the
year. Thisisdue to the enhanced stability in the atmospheric boundary layer, which inhibits
vertical mixing of emissions from the surface.

2.4.1 Health Effects of CO Pollution

We arerelying on the data and conclusions in the EPA Air Quality Criteria Document for
CO (CO Criteria Document) regarding the health effects associated with CO exposure.’®*
Carbon monoxide enters the bloodstream through the lungs and forms carboxyhemoglobin
(COHb), a compound that inhibits the blood’ s capacity to carry oxygen to organs and tissues.
163 Carbon monoxide has long been known to have substantial adverse effects on human health,
including toxic effects on blood and tissues, and effects on organ functions. Although there are
effective compensatory increases in blood flow to the brain, at some concentrations of COHDb,
somewhere above 20 percent, these compensations fail to maintain sufficient oxygen delivery,
and metabolism declines.’®* The subsequent hypoxiain brain tissue then produces behavioral
effects, including decrements in continuous performance and reaction time.'®

162,

Carbon monoxide has been linked to increased risk for people with heart disease, reduced
visual perception, cognitive functions and agrobic capacity, and possible fetal effects.® Persons
with heart disease are especially sensitive to carbon monoxide poisoning and may experience
chest pain if they breathe the gas while exercising.’®” Infants, elderly persons, and individuals
with respiratory diseases are also particularly sensitive. Carbon monoxide can affect healthy
individuals, impairing exercise capacity, visual perception, manual dexterity, learning functions,
and ability to perform complex tasks.'®®

Severa epidemiological studies have shown alink between CO and premature morbidity
(including angina, congestive heart failure, and other cardiovascular diseases). Severa studiesin
the United States and Canada have also reported an association between ambient CO exposures
and frequency of cardiovascular hospital admissions, especially for congestive heart failure
(CHF). An association between ambient CO exposure and mortality has also been reported in
epidemiological studies, though not as consistently or specifically as with CHF admissions.

EPA reviewed these studies as part of the CO Criteria Document review process and noted the
possibility that the average ambient CO levels used as exposure indices in the epidemiol ogy
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studies may be surrogates for ambient air mixes impacted by combustion sources and/or other
constituent toxic components of such mixes. More research will be needed to better clarify CO’s
role.®®

As noted above, CO has been linked to numerous health effects. In addition to health
effects from chronic exposure to ambient CO levels, acute exposures to higher levelsare dso a
problem. Acute exposures to CO are discussed further in Section 2.5.

2.4.2 Attainment and Maintenance of the CO NAAQS

OnJuly 3, 1995 EPA made afinding that small land-based spark-ignition engines cause
or contribute to CO nonattainment (60 FR 34581, July 3, 1995). Marine spark-ignition engines,
which have relatively high per engine CO emissions, can also be a source of CO emissionsin
CO nonattainment areas. In the preamble for this proposed rule EPA makes a finding that
recreational marine engines and vessels cause or contribute to CO nonattainment and we provide
information showing CO emissions from spark-ignition marine engines and vessels in the CO
nonattainment areas in 2005. Spark-ignition marine engines and vessels contribute to CO
nonattainment in more than one of the CO nonattainment areas.

A nonattainment areais defined in the Clean Air Act (CAA) asan areathat isviolating
an ambient standard or is contributing to a nearby areathat is violating the standard. EPA has
designated nonattainment areas for the CO NAAQS by calculating air quality design values and
considering other factors.*

There aretwo CO NAAQS. The 8-hour average CO NAAQSis 9 ppm, not to be
exceeded more than once per year, and the 1-hour average CO NAAQS is 35 ppm, not to be
exceeded more than once per year. Asof October 26, 2006, there are approximately 15 million
people living in 6 areas (which include 10 counties) that are designated as nonattainment for CO,
see Table 2.4-1. The emission reductions proposed in this action would help areas to attain and
maintain the CO NAAQS.

Table 2.4-1: Classified Carbon Monoxide Nonattainment Ar eas as of October 20062

Area Classification Population (1000s)
LasVegas, NV serious 479
L os Angeles South Coast Air Basin serious 14,594
El Paso, TX moderate <= 12.7 ppm 62
Missoula, MT moderate <= 12.7 ppm 52
Reno, NV moderate <= 12.7 ppm 179
1 otal 15,560

aThis table does not include Salem, OR which is an unclassified CO nonattainment area.

In addition to the CO nonattainment areas, there are areas that have not been designated
as nonattainment where air quality monitoring may indicate a need for CO control. For example,

® The full details involved in calculating a CO design value are given in 40 CFR Part 50.8.
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areas like Birmingham, AL and Calexico, CA have not been designated as nonattainment
although monitors in these areas have recorded multiple exceedances since 1995.'"°

There are also over 54 million people living in CO maintenance areas, see Table 2.4-2.°
Carbon monoxide maintenance areas may remain at risk for high CO episodes especialy in
geographic areas with unusually challenging meteorological and topographical conditionsand in
areas with high population growth and increasing vehicle miles traveled.

Table 2.4-2: Carbon Monoxide M aintenance Ar eas as of October 2006

Number of Areas |Number of Counties [Population (1000s)
Serious 5 11 5,902
Moderate > 12.7ppm 4 19 17,576
Moderate <= 12.7ppm 30 61 23,319
Unclassified 33 41 7,544
Tota 72 132 54,341

A 2003 NAS report found that in geographical areas that have achieved attainment of the
NAAQS, it might still be possible for ambient concentrations of CO to sporadically exceed the
standard under unfavorable conditions such as strong winter inversions. Areaslike Alaskaare
prone to winter inversions due to their topographic and meteorologic conditions. The report
further suggests that additional reductionsin CO are prudent to further reduce the risk of
violations in regions with problematic topography and temporal variability in meteorology.
The reductions in CO emissions from this proposed rule could assist areas in maintaining the CO
standard.

171

Asdiscussed in the preamble, Small SI engines and equipment and Marine Sl engines
and vessels do contribute to CO nonattainment. The CO emission benefits from this rule would
help statesin their strategy to attain the CO NAAQS. Maintenance of the CO NAAQS isalso
challenging and many areas would be able to use the emissions reductions from this proposed
rule to assist in maintaining the CO NAAQS into the future.

2.5 Acute Exposureto Air Pollutants

Emissions from Small Sl engines and equipment and Marine Sl engines and vessels
contribute to ambient concentrations of ozone, CO, air toxics and PM and acute exposures to CO
and PM. As mentioned in Section 11.B.4 of the preamble for this proposal, elevated exposuresto

2The CO nonattainment and maintenance areas are listed in a Memo to the Docket titled “ Nonattainment
Areas and Mandatory Class | Federal Areas’ and contained in Docket EPA-HQ-OAR-2004-0008.
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CO from Marine Sl engines and vessels have been well documented. As mentioned in Sections
[1.B.2 and 11.B.4 of the preamble, elevated exposuresto CO and PM can occur as a result of
operating Small S| engines and equipment. The standards being proposed in this action can help
reduce acute exposures to CO and PM from Marine S| engines and vessels and Small SI engines
and equipment.

2.5.1 Exposureto CO from Marine SI Enginesand Vessels

In recent years, a substantial number of carbon monoxide (CO) poisonings and deaths
have occurred on and around recreational boats across the nation. The actual number of deaths
attributable to CO poisoning while boating is difficult to estimate because CO-related deaths in
the water may be labeled as drowning. An interagency team consisting of the National Park
Service, the U.S. Department of Interior, and the National Institute for Occupational Safety and
Health maintains a record of published CO-related fatal and nonfatal poisonings.'’> Between
1984 and 2004, 113 CO-related deaths and 458 non-fatal CO poisonings have been identified
based on hospital records, press accounts, and other information. Deaths have been attributed to
exhaust from both onboard generators and propulsion engines. Houseboats, cabin cruisers, and
ski boats are the most common types of boats associated with CO poisoning cases. These
incidents have prompted other federal agencies, including the United States Coast Guard and
National Park Service, to issue advisory statements and other interventions to boatersto avoid
activities that could lead to excessive CO exposure.'”

CO concentrations can be extremely elevated within several meters of the exhaust port.
Engineers and industrial hygienists from CDC/NIOSH and other state and federal agencies have
conducted field studies of CO concentrations on and around houseboats. In one study of
houseboat concentrations, CO concentrations immediately at the point of generator exhaust
discharge on one houseboat averaged 0.5% (5,000 ppm), and ranged from 0.0% to 1.28%
(12,800 ppm)."*  With both propulsion and generators running, time-averaged concentrations on
the swim deck were 0.2 - 169 ppm at different locations on one boat's swim platform, 17-570
ppm on another's, and 0-108 on another. Other studies also show the potential for high
concentrations with extreme peaks in CO concentrations in locations where boaters and
swimmers can be exposed during typical boating activities, such as standing on a swim deck or
swimming near a boat.

2.5.2 Exposureto CO and PM from Small SI Engines and Equipment

A large segment of the population uses small, gasoline-powered spark-ignition (SI) lawn
and garden equipment on aregular basis. Emissions from many of the Small SI engines
powering this equipment may lead to elevated air pollution exposures for a number of gaseous
and particulate compounds, especially for individuals such as landscapers, whose occupations
require the daily use of these engines and equipment.

Emission studies with lawn and garden equipment suggest a potential for high exposures
during the Small SI engine operation.'>*"® Studies investigating air pollutant exposures during
small engine use did report elevated personal exposure measurements related to lawn and garden
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equipment use.’"'® Bunger et a. reported elevated CO persona measurements related to
chainsaw use, with short-term concentrations exceeding 400 ppm for certain cutting activities.
This study evaluated personal exposures during the use of uncontrolled chainsaws. Baldauf at al.
evaluated the use of lawnmowers, chainsaws and string trimmers meeting US EPA Phase 2
standards. In this study, short-term exposures during lawnmower and chainsaw use exceeded
120 ppm of CO, while string trimmer use resulted in some short-term exposures approaching 100
ppm of CO. This study also indicated that short-term PM,, 5 exposures could exceed 100 pg/md.
Pollutant exposures were highly dependent on the operator’ s orientation to the engine and wind
direction, as well as the activities being conducted.

These studies indicate that emissions from some lawn and garden equipment meeting
EPA's current Phase 2 standards may result in exposures to certain pollutants at levels of concern
for adverse health effects. The potential for elevated exposure to CO and PM,, . for operators of
Small Sl engines and equipment would be reduced by this proposed rule.
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Emission Inventory

CHAPTER 3: Emission Inventory

This chapter presents our analysis of the emission impact of the proposed rule for spark
ignition (SI) small nonroad engines (<25 horsepower (hp) or <19 kilowatts (kW) used in land-
based or auxiliary marine applications (hereafter collectively termed small nonroad Sl engines)
and Marine S| engines. The control requirements include exhaust and evaporative emission
standards for small non-handheld Sl engines (Class | <225 cubic centimeters (cc) and Class ||

>225 cc), an evaporative emission standards for small handheld SI engines (Classes 111-V), and
exhaust and evaporative emission standards for all Marine Sl engines.

Section 3.1 presents an overview of methodology used to develop the emission
inventories for the small nonroad and marine engines that are subject to the proposed
rulemaking. Section 3.2 identifiesthe specific modeling inputs that were used to develop the
baseline scenario emission inventories. The resulting baseline emission inventories are also
presented in that section. Section 3.3 then describes the contribution of the small nonroad and
Marine Sl engines to national baseline inventories. Section 3.4 describes the development of the
controlled inventories, specifically the changes made to the baseline modeling inputsto
incorporate the new standards. The control inventories are also presented in this section.
Section 3.5 follows with the projected emission reductions resulting from the proposed rule.
Section 3.6 describes the emission inventories used in the air quality modeling described in
Chapter 2. This discussion includes a description of the changesin the inputs and resulting
emission inventories between the preliminary baseline and control scenarios used for the air
quality modeling and the more refined final baseline and control scenarios reflected in the actual
proposal.

In Sections 3.2, 3.4 and 3.5, the estimates of baseline, controlled, and emission reduction
inventories, respectively, for criteria pollutants from small nonroad and Marine Sl engines are
reported for the 50-state geographic area (including the District of Columbia). These inventories
reflect the emissions from the engines subject to the proposed Phase 3 standards. As such, they
exclude the emissions from engines that are regulated by the State of California as provided for
by section 209 of the Clean Air Act.

More specifically, Californiais prevented from regul ating nonroad engines with less than
175 horsepower that are used in farm and construction equipment. Therefore, those engines are
subject to federal regulation and included in our 50-state inventories. By contrast, we do not
include the emissions from California marine engines in our inventories. California has also
been granted awaiver under the Clean Air Act to regulate exhaust emissionsform all Marine Sl
engines and evaporative emissions from outboard and personal watercraft Sl engines. That State
also hasindicted itsintent to adopt the proposed Phase |11 standards for evaporative emissions
from stern drive engines. Therefore, are excluded in our 50-state inventories.

In Section 3.3, 50-state inventories are used to compare the nationwide importance of
these sources to other source categories, i.e., stationary, area, and other mobile sources. Finally,
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Section 3.6 presents inventories for 37 of the most eastern states in the nation that were included
in the air quality modeling domain for this proposal. Unlike the 50-state inventories in the other
sections, these inventories include all small nonroad SI and marine engines. The 37-state
control scenarios assume federal standards apply only to those engines that are not subject to
Californiaemission regulations as described earlier.

Inventories are generally presented for the following pollutants: exhaust and evaporative
total hydrocarbons (THC), oxides of nitrogen (NO,), particulate matter (PM, - and PM ), and
carbon monoxide (CO). The PM inventories include directly emitted PM only, although
secondary sulfates are taken into account in the air quality modeling as noted below. The
proposed requirements would also reduce hazardous air pollutants such as benzene,
formaldeyde, acetaldehyde, 1,3-butadiene, acrolein, napthalene, and 15 other compounds
grouped together as polycyclic organic matter (POM).

The hydrocarbon inventories in Sections 3.3 and 3.5 for the nationwide comparison and
air quality modeling, respectively, are presented as volatile organic compounds (VOC) rather
than THC. Thisisabroader class of hydrocarbon compounds that isimportant for air quality
modeling purposes. The additional compounds that comprise VOC are reactive oxygenated
species represented by aldehydes (RCHO) and alcohols (RCOH), and less reactive species
represented by methane (CH,) and ethane (CH,CH,,).

Finally, none of the controlled inventory estimates include the potential uses of the
averaging, banking, and trading (ABT) program for engine manufacturers, since these are
flexibilities that would be difficult to predict and model. More information regarding these
provisions can be found in the preamble for this proposal that is published in the Federa

Reqgister.

3.1 Overvie