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Foreword

This document presents the most recent estimateatmial emissions of theriteria air pollutants. The
emissions of each pollutant aestimated fomany diferent source categorieshich collectivelyaccount
for all anthropogenic emissions. The report presents theedoteisions from all 5&tates. These estimates
are update@nnually.

Thisreport trackschanges in national emissions sipaessage of th€lean Air Act Amendments df990
(CAAA). The emission trends are the nefieet of manyfactors,including changes in the nation's economy
and in industrial activitytechnology, consumption of fuelgaffic, and other activities that cause air
pollution. Thetrends also reflect changesamissions as eesult of air pollution regulations aremission
controls. Theseeportswill serve as aneasure of our nationfgogress in reducing air pollutie@missions
as a result of mandatory and voluntary controls and of continuous changgsgoimal activity.

In addition to the extensiveoverage of criteria air pollutaeimissions fromanthropogenic sources in the
United States, this year's report continues to provide limited coverage of State-deogedic and air toxic
emissions, and emissions for Canaéaeliminaryestimates are presented for the years 1990 through 1995.
Final estimates (including refinements to thata used t@stimate emissionsyill be presented ifuture
reports.
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Executive Summary

This reportpresents the Unite8tates (U.S.)
EnvironmentalProtectionAgency’s (EPA) latest
estimates of national emissions foriteria air
pollutants: carbonmonoxide (CO), nitrogen
oxides (NQ ), volatile organic compounds (VOC),
sulfur dioxide (SQ )particulate mattelessthan
10 microns in aerodynamic diame{&M-10), and
lead (Pb). Estimates are presented for ylears
1900 to 1995. Estimates for three criteria
pollutants, NQ, SQ , and VOChave been
extrapolated back to 1900. Criteria pollutants are
those for which ambient agtandard$iave been
set, based on establisheteria for risk tohuman
healthand/orenvironmentatiegradation.

Data on emissions dfazardous air pollutants
(HAPs), sometimes referred to as air toxics, and
data onemissions from biogenisources are also
included in this report for th&nited States. Data
for Canada for 1990 are presented for the criteria
air pollutants.

Figures 1 and 2 present the long-term trends in
the criteria air pollutantemissions from1900
through 1995. Most of theriteria air pollutant
emission levelspeaked around 1970. PM-10
emissionspeaked earliearound 1950) due to
smoke and particulates being the first pollutants to
be regulated. Between 1970 and 1@98issions
for all criteria pollutants except NQOdeclined,
even thoughvehicle miles traveled (VMT) and
gross domestiproduct (GDP)ncreased. These
air pollution decreases are attributable to the Clean
Air Act (CAA) regulationsbeginning in1970 and
continuing into the 1990s(Intermittent economic
recession and improved manufacturing practices
have also played le.)

Tables 1 and 2 present the most current
emission estimates for the criteria ather air
pollutants in the Unite@tates. United States
crieria pollutant emissiondecreasedfrom the
previoiggr. Thedecrease in NO and SO
enssion estimates is a result of the
implementation of Reasonably Availali@ontrol
Technolog{RACT) applied to majoisources in
nonattainment areasitatVTapplied toPhase
| units at utilities as mandated bytB80Clean
Air Act Amendments (CAAA).rddhection in
CO and VOC emissions i®ault of a decrease in
the number of acres of landrned from wildfires.
Mobile sourceemissiondecreaseffom 1994 as
a result of the use of rieels (reformulated
gasoline, oxygeinalsdandower Reid vapor
pressuresVHR). Particulate fugitive dust
emissions fromconstruction sources decreased
due tdehbkne inconstructioractivity.

The most receavailable Canadiadata for
1990 are summarized in Table 3. Tablprésents
the total ozone seasafaily (OSD) emission

estimates for the ozone precursor pollutants (CO,
NO, and VOC) currently contained in the
Nianal Emission Tends(NET) database and
from the Ozraresport andhssessmenBroup
(OTAG) study. EPA is in the process of
incorporating these estimates into sngle
consolidatedannual inventory and is also
expanding the list of pollutania¢tude SQ and
PM-10.

A description of the methods used for
estimating CO, NQ YVOC, SQ , PM-10, and Pb

can be found in Chapter 6 of the pyewgitas
report: and in the Trends Procedures Docurhent.
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National Air Pollutant Emission Trends, 1900 - 1995

Table 1. 1994 and 1995 National Annual
Emission Estimates for Criteria
Air Pollutants
(million short tons)

Table 2. 1990 National Annual Emission
Estimates for PM-2.5, Ammonia, and
Hazardous Air Pollutants
(million short tons)

Pollutant Emissions
1994 1995

Anthropogenic Emissions

Carbon Monoxide 98.8 92.1
Lead (thousand short 5.03 4.99
tons)

Nitrogen Oxides 23.7 21.8

Particulate Matter (PM-10) 44.6 42.6
Fugitive dust 40.9 39.4

Sulfur Dioxide 21.0 18.3
Vol. Organic Compounds 23.3 22.9

Biogenic Emissions

Vol. Organic Compounds 32.7

Pollutant Emissions
1990
Particulate Matter 10.1
(PM-2.5)
Ammonia 52
Hazardous Air 4.4
Pollutants

Table 3. 1990 Annual Criteria Air
Pollutant Emission Estimates for

Canada
(million short tons)

Table 4. 1990 Ozone Season Daily
Emission Estimates for Ozone
Precursor Pollutants
(thousand short tons)

Pollutant Emissions
Carbon Monoxide 10.9
Nitrogen Oxides 2.3
Total Particulate Matter 14
Sulfur Dioxide 3.6
Volatile Organic 2.8
Compounds

Pollutant NET OTAG
Carbon Monoxide 192 207
Nitrogen Oxides 53 54
Volatile Organic 58 50
Compounds

2 m Executive Summary



National Air Pollutant Emission Trends, 1900 - 1995

Figure 1. Long-term Trend in National Emissions of
SULFUR DIOXIDE, NITROGEN OXIDES, VOLATILE
ORGANIC COMPOUNDS, and PARTICULATE MATTER

[(PM-10), excluding fugitive dust sources]
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Figure 2. Long-term Trend in National Emissions of
CARBON MONOXIDE, LEAD, and PARTICULATE MATTER
[PM-10 (from fugitive dust sources) |
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National Emission Trends

Historical trends in criteria air pollutant
emissions argresented irthis section for the
period 1940 through 1995. Because nitrogen
dioxide (NQ,) isformed when NQ emissions
interact with atmospheric oxygen, aadone (Q )
is formed when NQ and VOC are transformed by
sunlight, regulatory efforts to control NO and O
levels focus on N©Q and VOC pollutant emissions.
Because of their essentialle in forming NO, and
O,, thisreportpresents information on NO and
VOC along with CO, S© PM-10, and Pb.

The level and composition of economic
activity in the nation, demographic influences, and
the impact of regulatory fdrts to control
emissions déct the trends in air pollutant
emissions. Significaregulatory milestones in air
pollution control and th@mpact of theseontrols
on emission levels are highlighted.

A basic strategy in the sourcemissions
estimationprocess is to partition sources into
"point" and "area" categories. A point source is a
factory, power plant, orother facility with
sufficiently large emissions tevarrantindividual
cataloging; in EPAs National Emissionrdnds
(NET) database, the thresholgenerally is 100
short tons or more of a specific pollutant per year.
Area sourcesncludesources that are togmall,
too numerous, and too dispersed to catalog
individually, but that collectively contribute
significantly to the nationabtal.

#The emission estimates for the years 1940, 1950, and 1960 can
be found in tables and figures in Chapter 3 of the previous year’'s
report!

OVERVIEW OF AIR POLLUTION CONTROL
HISTORY

The first United States (U.S.) aipollution
statutes were passed by ttiges of Chicago and
Cincinnati in 1881 to contradmoke andootfrom
furnaces and locomotives. County governments
began to pass their own polluti@ontrollaws in
the early1900s.

In October of 1948, givotal air pollution
episode occurred in Donora, PA. An
exceptionally longweather stagnationfrom a
Wednesday into théllowing Sunday, confined
emissions from heavy industries in and arotimd
town in the Monongahela Rivesmlley. Twenty
deaths, 17 on the third day alonkeave been
attributed to the episode; several thousand people
experiencednild to severe respiratory distress.
The event captured national attention and revealed
a general lack of scientifiknowledge about the
causes and effects of air pollutién.

In 1952, Oregonbecame the firsGtate to
legislatively control air pollution. OtheiStates
followed, with air pollution statutesgenerally
targeted toward smoke and particulate matter. As
a result, PM-10 is the only pollutant witkeclining
emissions during th&950s and 1960s.

The Federal government’s involvement in air
pollution control began in1955with passage of
the Air Pollution Control Actwhich limited the
extent of Federal involvement tofunding
assistance for the States. Congrneassed several
additional air pollution laws during th&960s,
including the original Clean Air Ac{CAA) in
1963. All of thesdlaws grantedresponsibility for
setting and implementing air qualistandards to
the States.

4 m National Emission Trends



National Air Pollutant Emission Trends, 1900 - 1995

With the CAA, as amended in 1970, a major
changeook place in aipollution policy. First, a
new Federal agency, th&.S. Environmental
ProtectionAgency (EPA), washarged with the
responsibility of setting the NationAimbient Air
Quality Standards (NAAQS). In 1971, the EPA
promulgatedorimary andsecondary NAAQS for
photochemical oxidants, CO, $SO , tosaispended
particulates (TSP), and hydrocarbons (HC).
Second, EPA was giveauthority to develop
national emissiorstandards for cars, trucks, and
buses. Finally, Congress gave EPA control over
emissionsstandards for all new sources of the
common air pollutants. The majoesponsibility
left to the States was how to contrekisting
sources. States weharged with thetask of
complying by 1975with each of the NAAQS by
developing and implementing State
implementation plans (SIPs) that would
demonstrate howexisting sources would be
controlled. Modifications were agamade to the
CAAIn 1977, with evermoresignificant changes
occurring with the 1990 CAA Amendments
(CAAA).

HISTORICAL EMISSION TRENDS"

Emissiontrends are presented for the period
1970through 1995 for CO, NO , VOC, SO, and
PM-10 in Tables 5-11. Figures 3 through 9 depict
emission estimates for each criteria air pollutant
for 1970 to 1995. With thexception of NQ and
PM-10, all of the criteria pollutantemissions
peaked in or around 1970, and there basn a
general downward trend during the 1970 through
1995 time frame. ForPM-10, peakemission
levels occurred around 1950; PM-1(evels
steadily declined until the mid-1980s and have
remained relatively stable sincthen. NQ
emissions steadily increased up through the
mid-1970s and levels have befirly steadysince
their 1978 peak.

® Figures displaying per capita emissiends can be found in
Chapter 3 of the previous year’s report.

Simgest air pollution is created dyuman
activities, it is reasonable to assuthat as the
populatiorgrows, emissionswill increase (all
otherfactors afecting emissions remaining
unchangd). For most of the air pollutants, the

mid-1940s represented the hilglvestof per
capitamissionsover the study period. Thenly
two pollutants with peak per capitassionsafter
this period were VOC (peak in 1967) and NO
(peak ih973). For Plemissions, available only

for 1970 through 1995, the [@vak of per

capitadPhissions was 1972 beforaunleaded

gasoline was sold.

ECONOMIC EFFECTS ON EMISSIONS®
Changes in the general level economic
activity will also impact air pollution emissions.
The size of the nation’s economy tgpically
measuredusing real gross domesticproduct
(GDP), defined as thdollar market value of all
goods anaservicegproduced in the natiowithin
a given year. If allother factors décting
emissions remainconstant (e.g., production
efficiency), it is reasonable to assutimat as the
economy grows (i.e., real GDP increases)
emissionawill also increase.
With the exception @rRbsions, for which
estimates amgy available for1970 through
1995, the criteria pollugdibit a similar
pattern,which features the highesimissions per
real GDP 940, a dramatic decline duringond
War Il, and asubsequent increase. Since the
lee-1940semissions per real GDP have steadily
declined for all criteria pollutantexcept NQ .
These declines can kegtributed to technology
changes and regulatomyfluences.
In addition to the geleswdlof economic
activity, the composition of economic activity
.e.,(the mix of goods angervicesproduced in
the nation) may alsofe€t emission levelsOver
time, the mix ofgoods andservicesproduced in

¢ Figuresdisplaying economi@nd regulatory influences on
historic emission trends can be found in Chapter Prafvibas
year's report.

National Emission Trends 5



National Air Pollutant Emission Trends, 1900 - 1995

the nation varies as a result afany factors,
including the introduction of technological
innovations and changes in consurtestes and
preferences.

Trends in emissions of each of theteria air
pollutants byprincipal source categories and the
impact of economic, demographic, aredjulatory
influences ortheseemissiontrends are discussed
in the followingsections. Because tleeissions
reduction impact of th€AAA is only beginning
to take effect, theliscussion highlightpre-1990
regulatory activities. It is important toote that
the regulatory discussion is not comprehensive.
Instead, these sectionemphasizeregulatory
efforts that have tageted the major source
categories for each air pollutant.

CARBON MONOXIDE EMISSION TRENDS,
1940 THROUGH 1995

Total CO emissions (Figure 3 and Tables 5 and
A-1) peaked around 1970 arithve decreased
thereafter. As a result of disruptions in world oil
markets and a subsequent recession in the United
States, CO emissions declined significantly
between 1973 and 1975 (engar decline was also
exhibited in NQ and VOC emissions during this
period). On-roadvehicle emissions, the major
source of CO emissions, followedsamilar trend
significantly increasing through 1972
(203 percentrom the1940level) anddecreasing
thereafter (over 33 percefrom the1972 peak).
In contrast, non-road sourcemissions have
increased approximately 50 perceimice 1970.

On-roadvehicles have been the predominant
source of CO emissions in the Unit&thtessince
World War Il, comprising 69percent oftotal
emissions in 1970 and 64 percent in 1995. past
of the effort to reduce C@missions, emission
standardshave been developed foon-road
vehicles. Beginning with the 197#Aodel year, the
EPA requiredthat newlight-duty vehicles meet
CO emissionstandards (expressed in grams per
mile [gpm]); CO standards were alspplied to
light-duty trucksbeginning with thel972 model

have been tightened. Separate CO standards apply
to heavy-dugpgines andthervehicles.
Beteen 1970 and 1993uel useincreased
approximately 50 percent avehicle miles
traveled (VMT) increased over 100 percent. As a
result this growth, on-road COemissions
shouldhave increased, but due beotor vehicle
emission regulations, CO emissions actually
decreased 33 percent.
Nm-road CO emissions represented
17 percent of theational otal in 1995. In
contrast to on-road C@missions,non-road
emissions increased approximately percent
between 1970 and 1995.

NITROGEN OXIDE AND VOLATILE ORGANIC
COMPOUND EMISSIONS TRENDS,
1940 THROUGH 1995

Nitrogen oxides (Figure 4 andables 6 and
A-2) and VOCs (Figure 5 andables 7 and A-3)
are grouped togethdere because they comprise
the primary Q precursors that aransformed by
sunlight to produce the secondary pollutant,
tropospheric @ . While there is currently no
NAAQS for VOC, from the standpoint of
modeling Q formation thecategory of VOC
emissions is asimportant as the d@tially
designated criteria pollutants fahich there are
NAAQS. Nitrogen oxideemissions increased
steeply between 1940 and 1970. Since 1970, NO
emissions have remained relatively stable. VOC
emissions increasefdirly steadily until the late
1960s. Since then, VOC emissions have
fluctuated, buthave declined overall.On-road
vehicles have been majoontributors toeach of
these pollutantg¢e.g., in 1970, on-roagehicles
accounted for 42 percent of total VOC and
36 percent of total NQemissions).

In 1971, photochemicaxidants NAAQS and
HC NAAQS were first promulgated. In 1979, the
photochemical oxidants standard wastated as
O, and revised to a daily maximuhourly average
of 0.12 parts per miliofppm) not to be exceeded
on the average of more than once pear. It

year. Over the last two decades, these standards replaced an hourly oxidastandard of 0.08 ppm

6 m National Emission Trends



National Air Pollutant Emission Trends, 1900 - 1995

not to be exceeded more than once pear.
Ozone is formed through a photochemical process
in the presence of and NO and VOCs. As with
CO, NQ, and VOC exhaust emission limits for on-
road vehicles have been establisloeér the last
two decades.

Nitrogen Oxide Emission Trends

NO, emissions increasedver 220 percent
between 1940 and 199cluding a 14percent
increaseover the 1970 through 1995 period.
Emissions fromon-roadvehiclesaccounted for
18 percent of total NO emissions in1940.
Emissions fromon-roadvehicles have declined
since their peak in 1978. Currentlgn-road
vehicle emissions constitute approximately
33 percent of total NQemissions.

One would anticipate that NO emissions from
on-road vehicles will increase as VMT and fuel use
increase and gas prices decli@adi other factors
remaining unchanged). Thuattern doegxist for
the period 1940 through 1978; however, NO
emissions begin to decliradter 1978 while VMT
and fuel usecontinuerising and gasoline prices
decline in reaterms.

The effects of previously noted regulations
account for the declines in NO emissions
occurringafter 1978. Although VMT has more
than doubled since 1970, NO emissions from on-
road vehicles are nearly equaltteeir 1970levels.

In contrast to the on-roagkhicletrends, NQ
emissions frommon-road sources increased over
the entire 1940-1995 periodEmissionstandards
for selected non-roadengine categories are
scheduled tdegin in 1996; significant emission
reductions are not expected until after the year
2000.

The current reductions in emissions are a result
of the installation (at utilities anthdustries) of low
NO, burners in response to the Reasonably
Available  Control  Technology (RACT)
requirements of th&€€AAA (see SO emissions
section for further details).

Volatile Organic Compound Emission Trends
Volatile organiccompounds are a principal
component in the chemical and physical
atmospheric reactionthat form O, and other
photochemical oxidants. Themissions of VOC
specieghat primarily contribute to the formation
of O, are included inotal VOC emissionswhile
emissions of methane (GH ), aonreactive
compound, are matluded. No adjustments are
made to include chlorofluorocarbons or to exclude

ethane amtdher VOCs with negligible
phtochemical reactivity. On-road vehicle
enssions are estimated as nonmethane

hydrocarbons (NMHCs).

Total national VOC assions are presented in
Figure 5 andbles 7 andh-3. During the 1940
through970 period, VOCemissions increased
nearly 8@get;,reaching a peak inQ70. Since
1970, VOC emissions have deginexiraately

24 percent. Total VO@missions from the
transportation sector ina@sed 160 percent
between 1940 and 197@latilé/ organic
compoundemissions from on-road vehicles
peaked 1970 at 13 million short tons, or
42 percent of the national V@@hissiontotal. It
IS reasonable to asthahebsent regulation,
VOC emissions will increase as VMilianase
increase and as gasoline prices decrease. This
trend pvasent for the period prior to 1970.
Since 1970however, VOCemissions from on-
road vehicles have declined 51 percent while VMT
and fuel use incre&asbline priceglecreased
in real terms after 1980. These tremtisate the
influence of regulation in reducing Véxssions
froom-roadvehicles.

In contrast, non-road sa@mEssions
increased throughout ttstudy period. Since
1970, for examplenon-road VOGCemissions have
increased over 46 percent.

SULFUR DIOXIDE EMISSION TRENDS, 1940
THROUGH 1995

Figure 6 and Tables 8 and A-depict SQ
emissions. Total SO emissions increasednoye
than 55 percent during the peria840-1973, but

National Emission Trends 7
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decreased approximately 33 percsinice 1973.
From 1940 to 1970, SGemissions from electric
utilities doubled everydecade as a result of
increased coal consumption. From 1970 to 1995,
SO, emissions from electric utilitiedecreased
about 31 percentSulfur dioxide emissions from
electric utilitiesaccounted for 66 percent of the
total national SQ emissions in 1995.

The SQ NAAQS was promulgated in 1971.
Also in that year, the EPA developed a New
SourcePerformance StandaftNSPS)requiring
that all new coal-firegpowerplants emit nanore
than 1.2 pounds of SO per milliddritish thermal
units (MMBtu) of electricity produced. Most new
plants met thisNSPS byburning lower-sulfur
coals. An amendment to the CAA ih977
effectively required any new coal-fired powgant
to not only meet the original NSPS, but to also use
some form of scrubbing equipment, even when
using low-sulfurcoal.

Between 1970 and 1993, $@missions from
coal-fired electric power facilities declined
8 percent; at thesame timethat there was a
150 percent increase in coal consumeg@rtmduce
electricity.

Title 1V (Acid Deposition Control) of the
CAAA specifies that SQ emissionswill be
reduced by 10nillion tons and NQemissions by
2 million tons from 1980 emissions levels. For
electric utility units, the SQ reductions were to
occur in two stages: Phasewhich afects 263
mostly coal-fired units and begins in 1995; and
Phase I, which décts therest of the affected
units and begins in the year 2000. Utilitegre
able to choose from among a variety of
possibilities to achieve SO essions reductions in
a cost eféctive manner, includingarticipating in
a market-based allowance trading sysfem.

Many utilities decided to switch t@wer sulfur
coal and some decided tmmstall scrubbers,
achievinggreater SQ reductions than EPA had
anticipated. This is reflected by the large SO
emissions decline in 1995.

Although a courtsettlement delayed Phase |
NO, reductions underifle IV until 1996, RACT

conditions needed to be met in 1995. Thus, low
N(burners were oftemstalled in1995leading
to the N@missions decline in 1995Because
actual, rather than estuaddddhve become
available, recent Trentkty data were acquired
differently. For 1994 and 1995, the NO,, SO , and
heat inpditity data for 1994 and 1995 were
obtained from swaoirces: if actual daxisted
from EPAs ARBidin Division’s(ARD) Emission
Tracking Syste(E3S) ContinuousEmission
Monitoring(CEM) data; they were used; if not,
the data estimated from the Department of Energy
(DOE)/Energy Information Administration’s
(EIA) Form EIA-767 data wesed (as halseen
done in previous years for thendsreports).
Forl994, the only availablETS/CEM data were
for the 263 SO Phase | designated units; for 1995,
acaadancewith the CAA, almost all of the
ilitytunits (all operating affected unitsgported
CEM data. ThennualETS/CEM data were
provided by ARD andere disaggregated to the
boiler-SCQevel by the EmissiorFactors and
InventoryGroup (EFIG).

PARTICULATE MATTER (PM-10) EMISSION
TRENDS, 1940 THROUGH 1995

Figure 7 depicts total nationaPM-10
emissions excluding fugitivéust sources. These
estimates have declineignificantly sincel950.
In 1940, emissions from fuelcombustion
represented 25 percent of PM-1@missions
excluding fugitivedust sources. Electriatility
PM-10 emissionsresult primarily from the
combustion of coal. Between 1940 and 1970,
PM-10 emissions from thisource increased by
approximately 85ercent. ANAAQS for TSP
was first promulgated in 1971. IM87, the TSP
standard was reviewed and revised to incladly
the PM-10 fraction. Beginning in December 1976,
a NSPS for new, modified, or reconstructedsil-
fuel-fired steam generatorsbecame effective.
Between 1970 and 1993, PM-16missions
declined 85 percent from coal-fired electpower
facilities while coal consumption toproduce
electricity increased approximately 150 percent.

8 m National Emission Trends
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Tables 9 and A-5 present PM-&bnissions for all LEAD EMISSION TRENDS, 1970 THROUGH
source categories including fugitideistemissions 1995
for the years 1985 through 1995. The trend in Pbemissions ispresented in

The PM-10 emissions from fugitive dust  Figure 9 and Tables 11 and A-6 for tiperiod
sources are presented for the years 1985-1995 in 1970 through 1995. Total Ptemissions

Figure 8. Fugitivedust sources aneery sensitive decreased 98 percent over the 1970 to 1995
to meteorological conditions and can fluctuate period.

from year-to-year. Emissiorfsom wind erosion On-roadvehicles have historically been the
are very sensitive to regionabil conditions and major source of air-borne Pb. In 1970, for
changes in total precipitation awdnd speeds. example, Pb emissions froman-road vehicles
For example, the total national emissions from accounted for 78 percent of total emissionsital
wind erosion in 1993 are 2nillion short tons, Pb emissions decreased sharply from 1970 to 1995
compared to 18 milliorshort tons in 1988. The as the result of regulatory actions. The Pb phase-
lack of precipitation in 1988 prior tepring crop down program has required the gradual reduction

planting, especially in theentral and western of the Pb content of aljasolineover a period_of
United States, contributed to greater wind manyyears. The Pb content &¢aded gasoline
erosions for thayear. In 1993, unusually heavy ~ was reducediramatically from araverage of 1.0

spring rains in Kansas and Oklahoma, whened grams per gallon (gpg) to 0.5 gpg on July 1, 1985,
erosion is normally very significantesulted in a and still further to 0.1 gpg on January 1, 1986. In
57 percent decrease imind erosionemissions addition, as part of EPAsverall automotive
from the previous year. emissioncontrol program, unleadeghsoline was
introduced in 1975 for use in automobiles

PARTICULATE MATTER (PM-2.5) AND equipped with catalyticontrol devices. These
AMMONIA EMISSION ESTIMATES, 1990 devices reduce CO, NO , and V@nissions. In

EPA is considering revisions to the existing 1975, unleaded gasoline’s share of thetal
particulate matter (PM) NAAQS. Aational PM gasoline market was percent. In 1982, the
emission inventory is needed by EPA to assess the unleaded share of the total gasoline market was
possible impacts of revisions to the NAAQS. appnaately 50 percent. By 1995unleaded
EPAs Office of Policy, Planning, anBvaluation gasoline salemccounted for 99 percent of the
(OPPE) developed a national inventory under the solyae market. In 1995, on-roadsehicles
OPPE Particulate Programsmplementation contributed 28 percent ainual Pb emissions,
Evaluation System{OPPIES). Theinventory down substantially from 8xercent in 1983. The
developed undethis programincluded emission 1990 CAAA prohibit the use of leaded gasoline in
estimates for PM-10, particulate mattessthan highway vehiclesfter December 31, 1995.
2.5 microns in aerodynamic diame{@M-2.5), Absent regulation, one would predicat Pb
and ammonia (NK . Thismventory hassince emissions from vehiclegould increase as VMT
been revised by EPAs @fe of Air Quality and fuel use increase and as gasoline prices
Planning andstandards (OAQPS) and the results decline. Between 1970 and 1993, fuel
for PM-2.5 and NH are presented imfile 10. comumption and VMT increased approximately
Tables A-7 and A-8 of Appendix Aresent the 50 percent and 100 perceespectively,while
PM-2.5 and NH emissions fat990 by source on-road Pb emissions declined by 99 perdéig.
category and by EPA region. Fugitive dust downward trend in Plemissions is direct result
sources are the largest contributors to PM-2.5 of the regulatory actions reducing the Pb content
emissions. Animal husbandrysources are the of gasoline.

largest contributors to NjHemissions.

National Emission Trends 9
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Figure 3. Trend in CARBON MONOXIDE Emissions by 7
Principal Sources Categories, 1970 to 1995
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Figure 4. Trend in NITROGEN OXIDE Emissions by 7 Principal
Source Categories, 1970 to 1995
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Figure 5. Trend in VOLATILE ORGANIC COMPOUND
Emissions by 7 Principal Source Categories, 1970 to 1995
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Figure 6. Trend in SULFUR DIOXIDE Emissions by 6 Principal
Source Categories, 1970 to 1995
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Figure 7. Trend in PARTICULATE MATTER (PM-10)
Emissions by 7 Principal Source Categories Excluding
Fugitive Dust Sources, 1970 to 1995

15

=
N

(o]

o]

w

Emissions (million short tons)

0
1970 1975 1980 1985 1990 1995

Year

M Other Industry [ Misc M Non-Road [0 Comb-Other
B Comb-Elec Util 1 Comb-Industry B Waste Disposal E All Other

Figure 8. Trend in PARTICULATE MATTER (PM-10)
Emissions by 4 Principal Fugitive Dust Sources, 1985 to 1995
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Figure 9. Trend in LEAD Emissions by 5 Principal Source
Categories, 1970 to 1995
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Table 5. Carbon Monoxide Emissions, Table 6. Nitrogen Oxide Emissions,
1970 through 1995 1970 through 1995
(thousand short tons) (thousand short tons)
Source Category 1970 1980 1990 1995 Source Category 1970 1980 1990 1995
Fuel Comb. Elec. Utl. 237 822 814 324 Fuel Comb. Elec. Util. 4900 7,024 7516 6,233
Fuel Comb. Industrial 770 750 érr 612 Fuel Comb. Industrial 4325 3555 3256 3,137
Fuel C.omb. Other 3,625 6,230 4,072 2,964 Fuel Comb. Other 836 701 712 707
Chemical & Allied Prod. 3,397 2,151 1,940 2,237 Chemical & Allied Prod. 271 216 276 283
Metals Processing 3,644 2,246 2,080 2,223 Metals Processing 77 65 81 84
Petroleum & I.?elated Inc. 2,179 1,723 435 379 Other Industrial Proc. 187 205 306 323
Other |nqu.trlél Proc. 620 830 717 767 Solvent Utilization NA NA 2 3
Solvent Utilization NA NA 2 2 Storage & Transport NA NA 2 3
Storage & Transport NA -~ NA %5 6 Waste Disposal & Recycl. 440 111 82 85
Waste Dlspo§ & Recycl. 7,059 2,300 1,686 1,766 On-road Vehicles 7,390 8,621 7.488 7,605
On-road Vehicles 88,034 78,049 62,858 58,624 Non-road Sources 1,628 2.423 2.843 2.996
N9n-road Sources 10,605 12,681 14,642 15,622 Miscellaneous 330 248 373 208
Miscellaneous 7,909 8,344 11,173 6,454 Total 20625 23281 23038 21779
Total 128,079 115625 100,650 92,099 Note: The sums of subcategories may not equal total due to
Note: The sums of subcategories may not equal total due to rounding.
rounding.

Table 7. Volatile Organic Compound Table 8. Sulfur Dioxide Emissions,
Emissions, 1970 through 1995 1970 through 1995
(thousand short tons) (thousand short tons)

Source Category 1970 1980 1990 1995 Source Category 1970 1980 1990 1995
Fuel Comb. Elec. Util. 30 45 36 35 Fuel Comb. Elec. Util. 17,398 17,469 15,898 12,013
Fuel Comb. Industrial 150 157 135 135 Fuel Comb. Industrial 4568 2,951 3,106 3,046
Fuel Comb. Other 541 848 749 539 Fuel Comb. Other 1,490 971 595 599
Chem. & Allied Prod. Mfg 1,341 1595 1526 1617 Chem. & Allied Prod. Mfg 501 280 440 471
Metals Processing 394 273 72 77 Metals Processing 4,775 1,842 663 720
Petroleum & Related 1,194 1,440 643 628 Petroleum & Related 881 734 440 385
Industries Industries
Other Industrial 270 237 401 422 Other Industrial 846 918 401 438
Processes Processes
Solvent Utilization 7174 6584 5975 6,394 Solvent Utilization NA NA
Storage & Transport 1,954 1,975 1,759 1,803 Storage & Transport NA NA
Waste Disposal & 1,984 758 2,262 2,411 Waste Disposal & 8 33 36 37
Recycling Recycling
On-road Vehicles 12,972 8979 6,854 6,104 On-road Vehicles 411 521 571 304
Non-road Sources 1542 1,869 2,120 2,252 Non-road Sources 83 175 265 292
Miscellaneous 1,101 1,134 1,069 446 Miscellaneous 110 11 14 8
Total 30,646 25,893 23,599 22865 Total 31,161 25,905 22,433 18,319
Note: The sums of subcategories may not equal total due to Note: The sums of subcategories may not equal total due to
rounding. rounding.
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Table 9. Particulate Matter (PM-10) Table 10. Ammonia and Particulate
Emissions, 1970 through 1995 Matter (PM-2.5) 1990 Emissions
(thousand short tons) (thousand short tons)
Source Category 1970 1980 1990 1995 1990
Fuel Comb. Elec. Util. 1,775 879 282 258 Source Cateqory Ammonia PM-2.5
Fuel Comb. Industrial 641 679 241 239 Fuel Comb. Elec. Util. 5 110
Fuel Comb. Other 455 887 553 408 Fuel Comb. Industrial 17 177
Chemical & Allied Prod 235 148 63 66 Fuel Comb. Other 8 506
Metals Processing 1,316 622 136 145 Chemical & Allied Prod 183 43
Petroleum Ind 286 138 29 26 Metals Processing 6 96
Other Industrial Proc 5,832 1,846 374 393 Petroleum Ind 43 21
Solvent Utilization NA  NA 2 2 Other Industrial Proc 38 251
Storage & Transport NA NA 57 60 Solvent Utilization 2
Waste Disposal 999 273 242 253 Storage & Transport 27
On-road Vehicles 443 397 357 304 Waste Disposal 82 197
Non-road Sources 223 329 372 393 On-road Vehicles 198 293
Natural Sources* NA NA 4,362 2,163 Non-road Sources 3 293
Miscellaneous* 839 852 36,267 37,925 Natural Sources 778
TOTAL 13,044 7,050 43,337 42,636 Miscellaneous 4,638 7,332
* Fugitive dust emissions were not estimated prior to 1985. TOTAL 5,215 10,125
In 1995 they represent 92% of the total emissions. Note: The sums of subcategories may not equal total due to
Note: ‘The sums of subcategories may not equal total due to rounding.
rounding.

Table 11. Lead Emissions,

1970 through 1995
(short tons)

Source Category 1970 1980 1990 1995
Fuel Comb. Elec. Util. 327 129 64 63
Fuel Comb. Industrial 237 60 18 17
Fuel Comb. Other 10,052 4,111 418 413
Chemical & Allied Prod. 103 104 136 80
Metals Processing 24,224 3,026 2,169 1,937
Other Industrial Proc. 2,028 808 169 55
Waste Disp. & Recycl. 2,200 1,210 804 842
On-road Vehicles 171961 62,189 1,690 1,387
Non-road Sources 8,340 3,320 197 191

Totals 219,471 74,956 5,666 4,986

Note: The sums of subcategories may not equal total due to
rounding.
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1995 Emissions

Between 1994 and 1935missionslecreased
for all criteria air pollutants. Reductions in NO
emissions frompoint sources resulteiom the
implementation of RACT. Utilities consumed

more coal and gas but decreased consumption of chemical

oil in 1995. Reduction in Phase | unitility SO,
emissions resulted from requirements in Title 1V of
the CAAA. Residential consumption efoodalso
decreased in 1995.

The decrease in CO, NO , VOC, and PM-10
on-roademissions is aesult of reductions from
fleet turnover (Tier | standardseingphased in),
required reformulated gasoline, oxygenated fuels,
and lower RVPs overcoming thiaigher VMT.
The increase in SO on-ro&issions froni994
resulted from increased VMT. Thel995
emissions froomon-road sources decreased as a
result of decreased use of non-roadgines
(gasoline and diesel), outweighing the increase in
non-road vehicle (plane, train,marine vessel)
estimates.

The miscellaneous emissionslecreased
significantly from thel994emissions. This is due
to the decreased number of acres of landhed in
the UnitedStates bywildfires. Wildfire severity
(.e., how many and howmtense) is due ipart to
meteorological conditions such amperatures,
humidity, thunderstorms, and relative amount of
rain.

Table 12 presents the state-leeatissions and
ranking for the pollutants CO, NO , VOC, SO ,
and PM-10.

CARBON MONOXIDE EMISSIONS

Figure 10 presents a pie chart of the 1995 CO
emissions bysource category, three aofhich
(solvent utilization,storage and transport, and
electric utility fuel combustiongonstitutelessthan

0.5 percent of the total and @mbined with
petroleum and related industries, industrial fuel
combustion,other industrial processes, waste
disposal and recycling, coaanical and allied
manufacturing in the“remaining
cate@ries” grouping. As thdigure shows, on-
road vehicles are the majarontributors to CO
emissions. In 1995, they representeg&£ent of
the total Céissions. Of the totabn-road
vehataissions, 64ercent ifrom cars (light-
duty gasoline vehicles, motorcycles, and light-duty
diesel vehicles). The second megartributor to
db@ssions inon-roadengines and vehicles,
which constitute approximately pércent of total
COemissions. Thesemissiongresult primarily
from the gasoline consumption lopnstruction,
industrial and farmequipment, and recreational
marine vessels.

A map presenting the countg+@ssion
densitiesshiown in Figure 11. The majority of
C@missions aremitted in the eastern third and
west coast of thmited Statesnear themajor

population centers.

NITROGEN OXIDE EMISSIONS

Figure 12 presents a pie chart of the 1995 NO
emissions bysource category, four ofvhich
(solvent utilizationstorage and transport, waste
disposal and recycling, and metals processing)
constitutelessthan 1 percent of the total and are
combined with chemical andallied product
manufacturing, other industrial pocesses,
miscellaneous, and petroleum and related
industries in the “remainingategories” grouping.

As shown, onvelaidlesrepresent 35 percent

of the totall995 NQ emissions. Emissions from

electidities represent 29 percent of thetal
emissions. Eighty-nineercent of theemissions
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estimated forelectric utilities areattributed to
coal combustion, ofwhich 72 percent are
emissions from bituminous coebmbustion. As
with CO emissions, light-duty gasolinehicles
are a majocontributor (47 percent) to 1995 on-
roadvehicle NQ emissions.

A map presenting the county-levemission
densities is shown in Figure 13. The majority of
NO, emissions are emitted in the eastern third and
west coast of th&Jnited States.

VOLATILE ORGANIC COMPOUND
EMISSIONS

Figure 14 presents a pie chart of the 1995
VOC emissions byource category. Two of the
source categories (electrdility fuel combustion
and metals processingjonstituted less than
0.5 percent of the totalemissions and are
combined with chemical andllied products,
petroleum and related industries, miscellaneous,
other industrialprocesses, antliel combustion
(industrial, other) in the“remaining categories”
grouping. Thé‘remaining categories” grouping
contributed 17 percent to the total VOC estimate
in 1995. As shown, solvent utilization and on-
roadvehicles eacltontributed 27 percent to the
total 1995 VOCemissions. Light-duty gasoline
vehicles produced 60 percent of the on-road
vehicle 1995 VOC emissions. Surface coating
represents 43 percent of the solvent utilization
emissions.There are 26 subcategories of surface
coating as presented irable A-3.

A map presenting the county-levemission
densities is shown in Figure 15. The majority of
VOC emissions are emitted in the eastern third and
west coast of th&nited States.

SULFUR DIOXIDE EMISSIONS

Figure 16 presents a pie chart of the 1995, SO
emissions bysource categoryfive of which
(solvent utilizationstorage and transport, waste
disposal and recyclingnon-road sources, and
miscellaneous) constitute less than 2 percent of the
total and are combined withon-road sources,
petroleum and related industries, armdher

industrial processes in themainingcategories”
grouping. As shown, electtitlities are the
major contributor to SO emissions1995they
represented 66rpent of the total SQemissions.
The second largest contribuiodisstrial fuel
cobustion,which produced 17 percent of the
1995 SQ emissions. Coal combustigmoduces
96rqemt of the electricutility emissions.

Bituminous coal combustion accounts for 78

percent of thelectric utility coal combustion
emissions.

A map presenting the county-levemission
densities is shown in Figure 17. The majority of
SO, emissions areemitted from large point
sources throughout tHenited States.

PARTICULATE MATTER (PM-10) EMISSIONS

Figure 18 presents a pie chartwhich all
categories,with the exclusion of fugitive dust
sourceshave been combinethto the category
“non-fugitive dust.” Fugitive dust sources
constitute 92 percent of the 1995 total PM-10
emissions. Unpaved roads (p&rcent oftotal
PM-10 emissions) are thgreatest contributor to
1995 PM-10 fugitive dust emissions. The
remaining five top categories are construction
(23 percent), agricultural crops (19 percent),
paved roads (15 percentind erosion (5
percent), ananining andquarrying (1percent).

A map presenting the county-levemission
densities is shown in Figure 19. The majority of
PM-10 emissions aremitted inhigh percapita
and agricultural rural areas of the Unit8thates.
The high county-level emission densities estimated
for Mississippi and Oklahoma ir1995 were
replaced with 1990 and 1987 estimates,
respectively. The algorithnused to allocate
fugitive dust emissions to the courlgvel resulted
in unrealistic values for counties Mississippi and
Oklahoma. EPA plans to investigate the cause and
make revisions ifiuture reports.

LEAD EMISSIONS
Of the 14 Tier 1 source categories, the
following five are not estimated for Pbince they
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are thought to baegligible: solvent utilization, emissions. Nonferrous metal processing
storage and transport, petroleum and related represents 64 percent of the 1995 metals
industries, natural sources, and miscellaneous. processiagniBions. Primary and secondary
The remaining nine€ategories are presented in a Pb products are responsible for 53 and 27 percent,
pie chart in Figure 20. The “remainirggtegories” respectively, of the nonferroustals processing
grouping includes chemical and alliegroduct Pbemissions in 1995.Based on theemissions
manufacturing, other industrial processes, faed reported in theLocating and Estimating Lead
combustion (electriatility and industrial). Metal document, the on-roaehicle emissions amver
processing, the majaontributor of Pbemissions egtated. EPA plans to investigate the

in 1995, represents 39 percent of thetal inconsistency and make rewiss infuture reports.
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Table 12. 1995 State-level Emissions and Rank for Carbon Monoxide, Nitrogen Oxides,
Volatile Organic Compounds, Sulfur Dioxide, and Particulate Matter (PM-10)
(thousand short tons)

Carbon Monoxide Nitrogen Oxides Volatile Organic Sulfur Dioxide Particulate Matter
Compounds (PM-10)

State Rank Emissions Rank Emissions Rank Emissions Rank Emissions Rank Emissions
Alabama 14 2,395 15 547 18 505 7 740 21 795
Alaska 41 514 49 29 47 65 51 2 41 224
Arizona 22 1,575 27 310 29 261 19 329 37 457
Arkansas 30 1,114 34 226 28 261 34 126 30 649
California 1 8,047 2 1,389 2 1,834 26 204 3 2,442
Colorado 28 1,304 29 302 33 237 35 113 22 786
Connecticut 37 725 39 134 34 183 43 55 43 203
Delaware 48 232 46 56 38 114 37 93 49 62
District of Columbia 51 102 51 18 51 24 48 6 51 24
Florida 3 4,728 5 875 7 864 9 716 5 1,674
Georgia 5 3,802 14 631 11 674 11 587 13 1,116
Hawaii 49 227 50 33 50 28 50 20 47 101
Idaho 36 802 42 89 39 106 46 37 25 757
lllinois 9 3,104 4 880 4 912 5 968 6 1,640
Indiana 11 2,862 6 853 13 629 2 1,429 20 805
lowa 32 988 32 251 32 240 24 257 14 1,032
Kansas 31 1,079 21 387 31 254 31 149 11 1,233
Kentucky 26 1,432 11 682 24 362 6 783 33 548
Louisiana 12 2,686 8 744 12 673 16 426 28 690
Maine 42 432 44 71 41 92 39 79 45 120
Maryland 29 1,261 24 321 27 273 20 322 38 406
Massachusetts 25 1,467 30 270 23 382 27 195 39 398
Michigan 8 3,266 9 737 9 756 14 505 19 824
Minnesota 21 1,641 23 339 21 410 33 141 10 1,247
Mississippi 24 1,494 28 307 25 344 25 227 9 1,256
Missouri 15 2,296 16 512 19 493 12 545 4 1,677
Montana 39 590 40 125 42 87 36 94 7 1,429
Nebraska 38 622 38 165 35 143 38 81 18 880
Nevada 40 537 41 116 40 94 42 59 44 187
New Hampshire 44 340 43 74 45 76 41 65 48 85
New Jersey 20 1,713 22 362 17 566 32 145 36 474
New Mexico 35 813 31 256 37 139 22 271 8 1,320
New York 6 3,628 12 662 3 967 15 493 12 1,176
North Carolina 10 2,871 13 643 8 818 13 522 26 743
North Dakota 46 280 37 182 43 82 21 279 24 759
Ohio 4 3,921 3 1,114 6 875 1 1,567 15 970
Oklahoma 27 1,335 19 417 26 299 28 159 2 2,641
Oregon 19 1,729 35 211 30 257 44 45 29 681
Pennsylvania 7 3,585 7 815 5 899 4 1,272 16 967
Rhode Island 50 222 47 32 46 66 47 6 50 43
South Carolina 23 1,568 25 317 10 723 23 270 35 492
South Dakota 45 338 45 59 44 78 45 40 34 539
Tennessee 16 2,196 10 688 14 606 10 671 32 620
Texas 2 7,365 1 2,412 1 2,842 3 1,389 1 3,752
Utah 34 821 36 208 36 140 40 77 40 365
Vermont 47 240 48 28 49 47 49 5 46 102
Virginia 17 2,153 17 505 16 578 17 395 31 624
Washington 13 2,397 26 316 22 404 30 152 17 934
West Virginia 33 972 18 439 15 594 8 722 42 209
Wisconsin 18 1,858 20 396 20 447 18 333 23 761
Wyoming 43 429 33 246 48 63 29 154 27 721
National 92,099 21,779 22,865 18,319 42,636

NOTE: The sums of States may not equal National due to rounding.
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National Air Pollutant Emission Trends, 1900 - 1995

Figure 10. 1995 National CARBON MONOXIDE Emissions by Principal
Source Category
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Figure 11. Density Map of 1995 CARBON MONOXIDE Emissions
by County
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National Air Pollutant Emission Trends, 1900 - 1995

Figure 12. 1995 National NITROGEN OXIDE Emissions by Principal
Source Category
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Figure 13. Density Map of 1995 NITROGEN OXIDE Emissions
by County
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National Air Pollutant Emission Trends, 1900 - 1995

Figure 14. 1995 National VOLATILE ORGANIC COMPOUND
Emissions by Principal Source Category
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Figure 15. Density Map of 1995 VOLATILE ORGANIC
COMPOUND Emissions by County
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National Air Pollutant Emission Trends, 1900 - 1995

Figure 16. 1995 National SULFUR DIOXIDE Emissions by
Principal Source Category
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Figure 17. Density Map of 1995 SULFUR DIOXIDE Emissions
by County

Emission Density
High

] Above Average

O Average

M Below Average

- Low

1995 Emissions 23



National Air Pollutant Emission Trends, 1900 - 1995

Figure 18. 1995 National PARTICULATE MATTER (PM-10)
Emissions by Principal Source Category
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Figure 19. Density Map of 1995 PARTICULATE MATTER
(PM-10) Emissions by County
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National Air Pollutant Emission Trends, 1900 - 1995

Figure 20. 1995 LEAD Emissions by Principal Source Category
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State Emissions

In 1994, an emission inventdry wdsveloped inventory required ngang severatlata sets. The
for the Grand Canyon Sibility Transport following data sets were used in descending order
Commission (GCVTC) to support visibility of priority: State-derivedlatadirectly available
modeling and emission managemevaluation from eacltState; 1990 NETinventory to fill
activities required under th£#990 CAAA. The geograpical data gaps imventories provided by
inventory was developed for the 11 western States the States; and the N&86nal Acid
(listed in Table 13). The base year for the Precipitation Assessmdpitogram (NAPAP)
inventory is 1990. The inventory includes county- inventoryfillopollutant gaps (i.e., TSP and
level annual emissiomstimates of SO, NO NH ). able 13presents a comparison between
VOC, NH,;, PM-2.5, TSP, anctlemental and theGrand Canyon and NET inventory from
organic carbon particulate (EC/OC) for stationary utdity point sources. EPA is in the process of
(point and area)nobile (on-road and non-road), incorporating thesstimates into the NET

and biogenicsources. Development of the  inventory.

Table 13. Comparison Between the Grand Canyon Visibility Transport
Commission (GCVTC) and National Emission Trends (NET) Emissions by
State from Nonutility Point Sources, 1990 (thousand short tons)
Carbon Nitrogen Volatile Organic Sulfur Part. Matter ‘I
Monoxide Oxides Compounds Dioxide (PM-10)

State GC __ NET GC NET GC NET GC ___ NET GC __ NET
Arizona 11 5 40 3 12 2 60 183 10 >l
California 150 94 192 169 218 99 54 71 49 28(l}
Colorado 22 4 42 18 24 5 14 9 36 a1 |
Idaho 5 5 8 8 1 1 25 25 17 g |
Montana 44 35 16 1 9 6 48 54 23 q |
Nevada 1 60 5 2 4 0 2 2 11 e |
New Mexico 20 18 70 61 11 8 101 181 9 d
Oregon 106 24 27 8 19 16 21 10 29 d
Utah 44 43 17 29 6 9 52 26 8 |
Washington 236 438 33 62 24 47 47 73 13 25l
Wyoming 15 52 40 31 20 16 40 39 4 7 |
GCVTC Region 664 777 489 402 348 208 465 672 210 Y |

NOTE: The sums of States may not equal GCVTC Region due to rounding.

The Ozone TransporiAssessmentGroup ozone transport.  Tosuccessfully perform
(OTAG) is a nationalworkgroupformed by the photochemical modeling required the development
EPA and the Environmental Council &tates ofhigh quality base and futurezear emissions
(ECOS) to assess and resolve issues relevant to ifputs. The basamjgsion inventory data
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National Air Pollutant Emission Trends, 1900 - 1995

included a 1990 averaggummer day emission ason forthis report is definedJune,July, and
inventory of CO, NQ, and VOC covering all ugust. The OTAGrea has an eastern boundary
stationary point and area sources throughout the of Atlantic Ocean and a westerborder
entire OTAGmodeling domain. Mobile emission running fromorth to south throughNorth
estimates were also developed for the entire Dakota, South Dakota, Nebraskadansas,
domain, basedipon inputs collectedrom the Oklahoma, and Texas. hotal, the OTAG
States, EPA, and the Lakdichigan Air Directors inventory completelycovers 37 States and the
Consortium  (LADCO). This inventory District of Columbia. Estimates fdississippi
represented the integration of alnissions data and lowa are the samethaxsse in the NET
supplied by the Statesith EPAs NET inventory. inventorydrausehese states did ngubmitdata
Table 14 presents the OTAG 198énissions by to OTAG. EPAIs in theocess of incorporating
State and majosource category. The ozone thestimates into the NET inventory.

Table 14. Ozone Transport and Assessment Group State-level
Ozone Season Daily Emissions  (short tons)

Point Emissions Area Emissions On-road Emissions Total Emissions I
(short tons per day) (short tons per day) (short tons per day) (short tons per day)

State [6{0) NOx  VOC CO NOx VOC (6] NOXx VOC CO NOXx voc |}
Alabama 529 901 191 1263 313 616 4070 396 513 5862 1609 1321
Arkansas 252 178 44 716 209 424 1828 210 241 2796 597 7000
Connecticut 35 115 42 835 128 372 1956 218 279 2827 462 693l
Delaware 43 148 36 185 42 89 548 67 74 777 257 199
District of Columbia 1 8 1 148 18 31 239 24 31 388 51 63l
Florida 188 1,438 97 3,475 415 1,455 9888 904 1255 13,551 2,758 2,807l
Georgia 466 904 142 1,994 307 780 6778 659 876 9,238 1,870 1,798}
lllinois 1457 1806 700 2914 553 1392 6322 733 919 10693 3092 3011
Indiana 1066 1752 347 1148 388 872 4262 449 575 6476 2588 1794)}
lowa 34 423 39 745 169 493 2136 238 281 2914 830 813l
Kansas 195 530 138 2038 400 648 1996 225 252 4228 1,155 1038l
Kentucky 282 1105 342 856 403 536 2909 338 387 4047 1846 1,265
Louisiana 1593 1,132 317 1727 722 689 3284 285 406 6605 2,140 1411
Maine 88 102 57 187 34 148 1029 130 128 1304 266 3320
Maryland 428 569 66 1238 202 446 2709 305 332 4374 1076 843}
Massachusetts 59 369 82 1462 233 614 2702 326 352 4223 928 1048}
Michigan 439 1459 426 1972 393 960 6493 648 895 8905 2500 22811
Minnesota 221 400 168 1892 202 806 3686 378 487 5800 980 14611
Mississippi 254 347 169 1292 315 571 2109 260 277 3654 922 1018}
Missouri 283 722 179 2162 232 773 3188 423 457 5633 1377 1410Q
Nebraska 19 278 39 1024 170 366 1248 142 160 2291 591 5641
New Hampshire 64 115 28 154 27 92 838 99 106 1056 241 226l
New Jersey 132 834 342 1434 264 611 3373 424 500 4939 1521 1454}
New York 140 794 481 2813 454 1240 8037 865 1031 10990 2113 27520
North Carolina 236 847 352 2552 234 865 3797 443 493 6585 1524 17108
North Dakota 29 357 14 394 98 208 513 68 67 936 523 289l
Ohio 2074 2352 470 2,009 476 1085 8277 737 1093 12,360 3,565 2643l
Oklahoma 100 310 66 826 410 527 2937 319 361 3863 1039 954
Pennsylvania 3,015 2,097 426 1745 402 855 6475 591 869 11,234 3,090 2,151
Rhode Island 6 12 23 208 28 95 621 61 83 836 101 2008
South Carolina 136 433 159 982 160 598 3218 331 404 4337 923 1162
South Dakota 0 55 2 462 38 176 605 78 79 1067 171 2571
Tennessee 298 1200 411 2,323 465 976 4296 444 553 6,916 2,109 1,940
Texas 1128 2,810 811 7278 836 2239 12400 1359 1495 20806 5,004 4545
Vermont 1 1 4 79 12 45 501 65 62 581 78 1100
Virginia 114 328 300 1587 387 770 5266 551 655 6968 1266 17240
West Virginia 827 1620 236 486 128 262 1395 159 178 2708 1907 676
Wisconsin 281 536 138 1,262 216 622 2925 351 402 4468 1,104 1,162

e e e s s Tt | s i e s i il

NOTE: OTAG Emissions Data Base Version 3. The sums of States may not equal OTAG Region due to rounding.
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Biogenic Emissions

This reportpresents @reliminaryestimate of
biogenic VOC and nitric oxide (NOdmissions for
1988, 1990, 1991, and 1995. The methodology
for computing these estimates is based on the
Biogenic Emissions Inventory System
Version 2 (BEIS2)*'* Because of a better
understanding of environmental influences and the
availability of more ecent fieldmeasurements, this
newer version oBEIS tends to produceidher
annual fluxes ofsoprene and NO than the earlier
version ofBEIS*® Theemissionestimates are
presented in dble 15 for VOC and Table 16 for
NO. Except for 1990, differences iannual
emission estimates are due tgear-to-year
variations in air temperature and cloudiness. The
1990 estimate was takdrom the 1994 trends
report and was based on a slightly different version
of BEIS2.

Biogenic emissionestimates are strongly
affected by differences in climatology atahd use.
Tables 17 and 18 show that highesnissions
occur in the summer, whetemperatures are
highest. Variations in biogenic emissions are
influenced by fluctuations inemperature. For

example an increase of @0can result in over a
two-fold increase iboth VOC and NO. As
shown laer@yal emissioestimates correlate
very strongly with changes in annu&mperature
patterns.
Figures 21 and 22 shosptial variation in
biogenic emission desstitieated for counties
across the Unittdtes. While some of this
variability is attributable to differences in
teenature and solar radiatiomuch of the
spatial difference caralteibuted to variations in
langse. Higher VOC densities in tteduthern
UnitedStates and iMissouri are stronglyinked
to the large areashafjh-emitting oakrees. The
relatively highdensities of NO in the Midwestern
United States are associatedth areas of
fertilzegh land.
Research in the area biogenic emissions

continues to be quite active, and changes in

emssionestimates are to be expected in the next
fewgars. Meanwhile, thesemissions should be
viewenth an uncertainty of at leastfactor of
two.
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Table 15. Biogenic Volatile Organic Compound Emissions by State
(thousand short tons)

STATE 1988 1990 1991 1995 STATEcontinued) 1988 1990 1991 1995
Alabama 1,826 2,114 1,852 1,937 Nebraska 95 79 81 78
Arizona 535 542 517 548 Nevada 152 140 142 135
Arkansas 1,837 1,852 1,476 1,741 Netrampshire 168 147 163 171
California 1,815 1,778 1,711 1,794 Nedersey 130 115 124 132
Colorado 889 748 817 826 New Mexico 505 533 499 531
Connecticut 81 68 74 81 New York 350 303 328 361
Delaware 25 19 24 26 North Carolina 1,072 1,194 1,002 1,110
District of Columbia 1 1 1 1 NortDakota 69 49 51 48
Florida 1,352 1,513 1,246 1,436 Ohio 270 211 243 259
Georgia 1,666 1,958 1,609 1,721  Oklahoma 1,013 1,016 864 887
Idaho 854 810 764 706 Oregon 1,066 1,118 1,002 1,114
lllinois 283 227 257 244 Pennsylvania 594 510 560 642
Indiana 237 185 227 218 Rhode Island 24 18 21 24
lowa 141 95 103 112 South Carolina 738 886 652 755
Kansas 154 140 133 118 Soudakota 142 103 113 104
Kentucky 677 575 648 636 ehnessee 1,063 1,022 1,010 997
Louisiana 1,291 1,403 1,043 1,367 eXas 2,711 2,864 2,244 2,649
Maine 599 567 621 622 Utah 407 374 353 345
Maryland 164 132 155 169 Vermont 102 91 100 106
Massachusetts 140 107 129 140 Virginia 911 886 850 917
Michigan 581 422 548 533 Washington 685 780 650 801
Minnesota 729 519 612 636 West Virginia 510 420 473 492
Mississippi 1,662 1,801 1,450 1,642 ¥¢onsin 648 450 516 541
Missouri 1,472 1,222 1,298 1,267 Wming 505 387 397 358
Montana 912 729 781 666 National 33,852 33,224 30,536 32,742
NOTE: Thesums of States may netjual National total due to rounding.
Table 16. Biogenic Nitric Oxide Emissions by State
(thousand short tons)
STATE 1988 1990 1991 1995 STATEcontinued) 1988 1990 1991 1995
Alabama 14 19 14 14 Nebraska 91 83 90 86
Arizona 55 51 53 55 Nevada 46 38 44 44
Arkansas 19 21 19 19 New Hampshire 1 1 1 1
California 42 40 42 42 New Jersey 2 2 2 2
Colorado 39 35 38 38 New Mexico 62 59 61 64
Connecticut 1 1 1 1 New York 17 19 18 18
Delaware 2 2 2 2 North Carolina 21 26 22 21
District of Columbia 0 0 0 0 NortDakota 51 42 48 44
Florida 22 29 22 22 Ohio 36 36 37 35
Georgia 19 29 20 20 Oklahoma 35 37 35 34
Idaho 25 23 24 24 Oregon 24 22 23 23
lllinois 90 84 90 86 Pennsylvania 19 21 20 20
Indiana 49 48 51 49  Rhode Island 0 0 0 0
lowa 93 82 90 87 South Carolina 10 16 11 11
Kansas 91 87 91 85 Souibakota 62 53 60 56
Kentucky 19 20 20 19 dnnessee 17 18 18 17
Louisiana 19 20 19 19 axas 199 203 199 202
Maine 3 3 3 3 Utah 28 25 27 28
Maryland 6 6 6 6 Vermont 2 2 2 2
Massachusetts 1 1 1 1 Virginia 10 12 10 10
Michigan 25 25 26 25 Washington 15 15 14 15
Minnesota 58 52 56 54 West Virginia 4 4 4 4
Mississippi 19 22 19 19 Wisconsin 36 34 35 35
Missouri 44 42 44 42 Wyoming 39 40 36 35
Montana 60 49 57 53  National 1,638 1,596 1,628 1,591
NOTE: Thesums of States may netjual National total due to rounding.
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Table 17. Biogenic Volatile Organic Table 18. Biogenic Nitric Oxide
Compound Seasonal Allocation, Seasonal Allocation,

1988 to 1995 1988 to 1995

(percentages) (percentages)
Year Winter Spring Summer Autumn Year Winter Spring Summer Autumn
1988 3 18 61 18 1988 11 23 42 24
1990 4 17 57 22 1990 15 21 39 25
1991 3 21 62 14 1991 12 24 40 23
1995 3 18 59 19 1995 12 22 41 24

Figure 21. Density Map of VOLATILE ORGANIC COMPOUND 1995 Biogenic Emissions
by County
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Figure 22. Density Map of NITRIC OXIDE 1995 Biogenic Emissions by County
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Air Toxic Emissions

There are approximately 4milion tons of
pollutants released in to the air each year for which
there is an association with, or potential for, severe
public health (e.g., cancer or other serious,
irreversible health effects such as reproductive and
development effects and neurological effects).
The problemgosedwhenthese pollutants cause
or contributesignificantly toexposuregeading to
such severe effects are generadiferred to asair
toxics” problems. The term “air toxics” alsefers
to pollutant-specific damage twildlife, aquatic
life, or other natural resources, osignificant
degradation oenvironmental qualitpver broad
areas.

There is considerable uncertainty in evaluating
the air toxics problem, and often toxic problems
are described in qualitative, rather than
guantitative terms. For thigason, the OAQPS is
currently developing a National Toxics Inventory
(NTI)*which at this time includes 34gollutants
from 796 point, area, andmobile source
categories. Datafrom the Toxic Release
Inventory (TRI) were used as thHeundation of
this inventory. Because TRlata do notnclude
mobile andarea sources, othegferences needed
to be considered. Data from OAQPS studies such
as the sections 112 k, 112(c)(6), tHeraft
Mercury Report:® andstudies used to develop
Maximum Achievable Control Technology
(MACT) standards, supplement the TBata in
NTI. State andocal datasuch as the California
Air Resources Board’s (CARB) H@pots Report
replace all other data in NTI. The usetbfs non-

TRI data habeen particularlymportant, for it
ovijgled estimatethatindicatethat area sources
account forapproximately 31 percent of toxic
emissions anohobile sources account for 39
percent of émmissions (relative to the 189
azétdous AiPollutants [HAPs] as delineated in
itl€ 111 of the CAAA).
It should be notethat this is awork in
progress and additional MACT studies sti#ed to
be added, along with varioB8tate andocal toxic
inventory data and resuitsm Title V Operating
Permisurveys. For thiseport, data for 3Toxic
pollutants asaimmarized.
Table 19ists the 20 top emitting source
categonmeduding point, area and mobile
sources. These 20 source categories account for
79 percent of tarwual emissiongthe 189
HAPs priority pollutants). As mentiosadier,
area amabile sourcescollectively account for
70 percent of toxicrassions; infact, thefirst two
sourceategories, on-road motorehicles and
residentialvood combustion, account for
approximately 47 percent of the 189 HAP
pollutants emitteé@nnually.
able 20provides information on the type of
effect associated with the pollutant eundethe
NTI annual emissiomstimate. It should be noted
that these 37 pollutants accouapproximately
86 percent of the 189 HAPs emitiadually.
Figure 23 shows the geograpthstribution of
totébxic pollutants byState forhigh, medium,
and lowmissionranges.
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Table 19. Top 20 Sources of Toxic
Emissions
(short tons)
Rank Source Category Emission
1 On-road motor vehicles 1.52E+06
2 Residential wood combustion 5.25E+05
3 Glycol dehydrators 2.45E+05
4 Consumer and commercial 2.22E+05
product solvent use
5 Non-road mobile vehicles 2.09E+05
6 Forest fires 1.91E+05
7 Prescribed burning 1.31E+05
8 Industrial wood waste 9.93E+04
combustion
9 Dry cleaning 8.98E+04
10  Halogenated solvent cleaning 5.77E+04
11 Utility coal combustion 3.96E+04
12 Gasoline distribution; stage Il 2.27E+04
13 Primary aluminum production 1.80E+04
14 Industrial coal combustion 1.69E+04
15 Manufacture of motor vehicles 1.51E+04
and car bodies
16  Gasoline distribution, stage 1 1.37E+04
17 Plastics foam products 1.36E+04
18  Commercial printing, gravure 1.27E+04
19  Pulp mills 1.21E+04
20  Structure fires 1.18E+04

Figure 23. The National Toxic Inventory’s 189 Hazardous Air Pollutant
(HAP) Emissions by State

National Totals

(tons per year)

Point 1,200,601

Area 1,415,199
Mobile 1,730,287

i Bl High (greater than 90,000 tons/year)
I Medium (45,000 - 90,000 tons/year)
[] Low (less than 45,000 tons/year)
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Table 20. 37 Toxic Pollutants Ranked by Annual Emission Totals
(short tons)

Pollutant HTP ? Ep® EFAE® Op* PM® Emissions
Toluene X X 1.22E+06
POM (PAHSs) X X X X 7.53E+05
Benzene X 5.72E+05
Formaldehyde X X 2.81E+05
Xylenes X X 1.87E+05
1,3-Butadiene X X 1.23E+05
Tetrachloroethylene X 1.09E+05
Acetaldehyde X 9.53E+04
Trichloroethylene X 5.33E+04
Acrolein X X X 4.93E+04
Methylene chloride X 4.34E+04
Hydrazine X X 3.94E+04
Glycol ethers X 2.30E+04
Styrene X 1.67E+04
Arsenic compounds X X X 1.36E+04
Chloroform X X 6.93E+03
Nickel compounds X X X 5.36E+03
Lead compounds X X X 3.76E+03
Manganese X X X 1.70E+03
Ethylene dichloride X X 1.27E+03
Bis(2-chloroethyl) ether| X 7.90E+02
Cadmium compounds X X X 7.90E+02
Acrylonitrile X X 6.98E+02
Ethylene oxide X X X X 6.52E+02
Vinyl chloride X X 5.17E+02
Chromium compounds X X X 2.94E+02
MDI X X 2.73E+02
Mercury compounds X X X 2.46E+02
2,4-Toluene X X X 4.50E+01
Antimony compounds X X 2.18E+01
Ethylene dibromide X 1.68E+01
Acrylamide X X 1.44E+01
Beryllium compounds X X 9.29E+00
Phosgene X X X X 2.85E+00
2,3,7,8-TCDF X X X 1.44E-02
2,3,7,8-TCDD X X X 1.56E-03
Coke oven emissions X X f

2 Highly Toxic Pollutant (HTP) are those HAP with a reference concentration of less than 5.0E-03°* mg/n? (noncancer effects); a weight of
evidence classification of A (known human carcinogen) of B1 (probable human carcinogen); or, a verified unit risk estimate of greater than
2.0 E-05° (ug/m*®)* and a weight of evidence classification of A or B.

Environmentally Persistent (EP) HAP for which there is potential for persistence in the environment of greater than 14 days.

Effects from Acute Exposure (EFAE)

Ozone Precursors (OP)

PM or PM precursors

Coke oven gas emissions not included in Version 2 of the National Toxic Inventory.

- o a o o
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Canada

The 1990 criteria air pollutantannual Table 21 displays the emissiestimates for
emissionsdata for Canada were provided by Canada mmajor source category. able 22
Environment Canadad for the yeat990. displays the emissions f@anada by Province.

Table 21. 1990 Emissions for Canada by Major Source Category
(thousand short tons)
Volatile Total
Carbon  Nitrogen Organic Sulfur Particulate

Source Category Monoxide Oxides Compounds Dioxide Matter

Industrial Sources 1,308 533 929 2,667 893

Nonindustrial Fuel 804 349 283 816 301

Combustion

Transportation 8,114 1,381 886 147 147

Incineration 700 8 61 3 38

Miscellaneous 10 1 684 0 34

Table 22. 1990 Emissions for Canada by Province
(thousand short tons)
Volatile Total
Carbon Nitrogen Organic Sulfur Particulate

Province Monoxide Oxides Compounds Dioxide Matter
Alberta 1,440 537 703 624 214
British Columbia 1,390 227 228 111 168
Manitoba 426 81 84 561 66
New Brunswick 275 75 43 203 36
New Foundland 184 47 54 73 104
Northwest Territories 21 10 10 17 7
Nova Scotia 356 81 77 198 53
Ontario 3,727 723 951 1,305 358
Prince Edward Island 75 8 21 5 6
Quebec 2,298 331 441 435 263
Saskatchewan 729 146 228 99 131

Canadam 35



References

1.

10.

11.

12.

13.

14.
15.

16.

National Air PollutantEmission Tends, 1900-1994. EPA-454/R-95-011. fiG¥ of Air Quality
Planning and Standards, U.S. Environmental Protection Agency, Research TRarigl&lC. October
1995.

National Air PollutantEmission Tends, Procedures Document, 1900-1993. EPA-454/R-95-002.
Office of Air Quality Planning andStandards, U.SEnvironmentalProtectionAgency, Research
TrianglePark, NC. December 1994.

Air Pollution in Donora, PAEpidemiology of the Unusual Smog Episode @€tober 1948 --
PreliminaryReport. Public Health Bulletin No306, U.S Public HealthService. 1949.

1995 Compliance Results, Acid Rain §ram, EPA-430-R-96-012. @fe of Air andRadiation,U.S.
EnvironmentaProtectionAgency, Washington DCJuly 1996.

CEMSSubmissiorinstructions for Monitoring Plans, Certification Test Notifications, and Quarterly
Reports,Acid Rain Program , Ofice of Air and Radiation,U.S. EnvironmentalProtectionAgency,
Washington, DC. May 1995.

E.H.Pechan & Associate, Inc., National Particulates Inventory: PhdSmilsionEstimates, Draft
Report, Ofice of Policy, Planning, andevaluation, U.S. Environmental Protection Agency,
Washington, DC. EP&Zontract No. 68-D3-0035, Workssignment Nol-46. June 1995.

Eastern Researdbroup, Locating and Estimating Air Emissions fro8ources of Lead and Lead
Compounds, Draft Report, @fe of Air Quality Planning andStandards, U.SEnvironmental
ProtectionAgency,Research TrianglBark, NC. EPA Contract No. 68-D2-0160, Wokksignment
No. 74. July 1996.

An Emissions Inventory for Assessing Regional Haze on the Colorado Plateau,Carayah \sibility
TransportCommission, Denver, CO. January 1995.

Solomon, D.A., R.A. Wyland, and M. Janssen. Development of BaseFarndre YearEmission
Inputs for OTAG Modeling, presented at the Air &aate Management Association Specialty
Conference, New Orleans, LA. SeptemBes, 1996.

Birth, T. User’s Guide to the PC Version of the Biogenic Emissions Inventory SYRIERBEIS?2),
EPA-600/R-95-091EnvironmentaProtection Agency,Research TrianglBark, NC. 1995.

Geron, C., A. Guenther, and T. Pierce. An improved model for estimating emissions of volatile organic
compounddgrom forests in the eastern Unit&tates.Journal of Geophysical Research, vol. 99, pp.
12773-12791. 1994.

Guenther, A., et al. A global model of natural orgasompoundemissions. Journal of Geophysical
Research, voll00, pp. 8873-8892. 1995.

Williams, E., A.Guenther, and Frehsenfeld. An inventory of nitric oxide emissions from soils in the
United States.Journal of Geophysical Research, vol. 97, pp.1¢3319. 1992.

National Toxics Inventory).S. EnvironmentaProtectionAgency, Versior2.0. June 5, 1996.

Volume II. An Inventory of Anthropogenic Mercury Emissions in the Uniéates. Mercury Study
Report to Congress, SABReviewDraft. EPA-452/R-96-001b.

Internet e-mail from Libby Greenwood, Pollutibata BranchEnvironment Canad#&ull Quebec to
SharonNizich, EFIG, OAQPS, U.S. EPAResearch TrianglBark, NC. May 1996.

36 m References



Appendix A National Emissions (1970 to 1995)
by Subcategory

Appendix A - National Emissions (1970 to 1995) by Subcatego#-1



Table A-1. Carbon Monoxide Emissions
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. ELEC. UTIL. 237 276 322 292 291 300 313 319 314 315 313 322 325 324
Coal 106 134 188 208 208 217 229 231 233 233 235 245 246 248

Oll 41 69 48 18 24 20 25 26 20 19 15 16 15 10
Gas 90 73 85 56 48 53 48 51 51 51 51 49 53 55
Internal Combustion NA NA NA 10 11 10 11 11 11 12 11 12 12 11
FUEL COMB. INDUSTRIAL 770 763 750 670 650 649 669 672 677 667 672 670 671 672
Coal 100 67 58 86 87 85 87 87 86 72 80 77 80 81

Oll 44 49 35 47 46 46 46 46 46 52 47 47 50 49
Gas 462 463 418 257 242 252 265 271 276 274 276 276 273 273
Other 164 184 239 167 172 171 173 173 171 170 170 170 170 170
Internal Combustion NA NA NA 113 103 96 98 96 98 99 99 99 98 98
FUEL COMB. OTHER 3,625 3,441 6,230 7,525 6,607 6,011 6,390 6,450 4,072 4,373 4,616 3,961 3,888 2,964
Commercial/lnstitutional Coal 12 17 13 14 14 14 15 15 15 15 15 15 15 14
Commercial/nstitutional Oil 27 23 21 18 18 19 18 17 16 16 17 17 17 17
Commercial/lnstitutional Gas 24 25 26 42 42 43 47 49 50 50 50 51 51 51
Misc. Fuel Comb. (Except Residential) NA NA NA 57 60 59 55 55 52 52 52 52 52 52
Residential Wood 2,932 3,114 5,992 7,232 6,316 5,719 6,086 6,161 3,781 4,090 4,332 3,679 3,607 2,683
fireplaces 686 729 1,402 NA NA NA NA NA NA NA NA NA NA NA
woodstoves 2,246 2,385 4,590 NA NA NA NA NA NA NA NA NA NA NA
Residential Other 630 262 178 162 157 157 168 153 158 151 150 149 147 146
CHEMICAL & ALLIED PRODUCT MFG 3,397 2,204 2,151 1,845 1,853 1,798 1,917 1,925 1,940 1,944 1,964 1,998 2,048 2,237
Organic Chemical Mfg 340 483 543 251 261 260 278 285 286 284 288 289 293 302
ethylene dichloride 11 12 17 0 0 0 0 0 0 0 0 0 0 0

maleic anhydride 73 147 103 16 16 15 16 16 16 16 16 16 16 16
cyclohexanol 36 39 37 5 5 5 6 6 6 6 6 6 6 6

other 220 286 386 230 240 240 256 264 264 262 266 268 271 280
Inorganic Chemical Mfg 190 153 191 89 94 89 95 95 95 95 96 96 98 100
pigments; TiO2 chloride process: reactor 18 22 34 77 82 77 83 84 83 83 84 84 85 88

other 172 131 157 12 12 11 12 12 12 12 12 12 13 12
Polymer & Resin Mfg NA NA NA 19 19 18 18 18 19 19 19 19 20 21
Agricultural Chemical Mfg NA NA NA 16 16 16 17 17 17 18 18 18 19 17
Pharmaceutical Mfg NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other Chemical Mfg 2,866 1,567 1,417 1,471 1,463 1,415 1,509 1,510 1,522 1,529 1,542 1,574 1,619 1,796
carbon black mfg 2,866 1,567 1,417 1,078 1,068 1,034 1,098 1,112 1,126 1,131 1,142 1,170 1,207 1,362

carbon black furnace: fugitives NA NA NA 155 165 161 185 180 179 184 185 190 196 216

other NA NA NA 238 231 219 226 219 218 214 215 214 216 218
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Table A-1. Carbon Monoxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
METALS PROCESSING 3,644 2,496 2,246 2,223 2,079 1,984 2,101 2,132 2,080 1,992 2,044 2,091 2,166 2,223
Nonferrous Metals Processing 652 636 842 694 650 614 656 677 681 653 665 676 695 735
aluminum anode baking 326 318 421 41 40 38 40 41 41 40 41 42 43 46

prebake aluminum cell 326 318 421 257 243 232 248 254 255 245 251 256 264 281

other NA NA NA 396 367 344 368 382 384 368 373 378 389 409

Ferrous Metals Processing 2,991 1,859 1,404 1,523 1,423 1,365 1,439 1,449 1,394 1,333 1,373 1,410 1,465 1,483
basic oxygen furnace 440 125 80 694 640 617 650 662 642 615 634 651 677 686

carbon steel electric arc furnace 181 204 280 19 17 17 18 18 17 16 17 17 18 18

coke oven charging 62 53 43 9 9 8 9 9 8 8 8 8 9 9

gray iron cupola 1,203 649 340 302 294 281 288 280 262 249 254 261 271 271

iron ore sinter plant windbox 1,025 759 600 304 280 266 287 293 283 271 280 287 298 302

other 81 70 61 194 184 176 188 187 181 174 180 185 192 196

Metals Processing NEC NA NA NA 6 6 6 6 6 6 5 6 6 6 6
PETROLEUM & RELATED INDUSTRIES 2,179 2,211 1,723 462 451 455 441 436 435 412 410 398 390 379
QOil & Gas Production NA NA NA 11 9 8 8 8 8 8 8 8 8 8
Petroleum Refineries & Related Industries 2,168 2,211 1,723 449 440 445 431 427 425 403 400 388 380 369

fec units 1,820 2,032 1,680 403 398 408 393 390 389 367 364 352 344 334

other 348 179 44 46 41 37 38 37 36 36 36 36 36 35

Asphalt Manufacturing 11 0 0 2 2 2 2 2 2 2 2 2 2 2
OTHER INDUSTRIAL PROCESSES 620 630 830 694 715 713 711 716 717 710 719 732 751 767
Agriculture, Food, & Kindred Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Textiles, Leather, & Apparel Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Wood, Pulp & Paper, & Publishing Products 610 602 798 627 647 646 649 655 657 652 661 672 689 704
sulfate pulping: rec. furnace/evaporator NA NA NA 475 491 489 491 497 498 495 502 510 523 534

sulfate (kraft) pulping: lime kiln 610 602 798 140 145 144 145 146 146 145 146 149 152 156

other NA NA NA 12 12 13 13 13 13 13 13 13 13 14

Rubber & Miscellaneous Plastic Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Mineral Products 10 27 32 43 44 44 44 43 43 41 42 44 46 47
Machinery Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Electronic Equipment NA NA NA 18 18 18 13 12 12 11 11 11 11 11
Transportation Equipment NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Miscellaneous Industrial Processes NA NA NA 6 5 5 5 5 5 5 5 5 5 5
SOLVENT UTILIZATION NA NA NA 2 2 2 2 2 2 2 2 2 2 2
Degreasing NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Graphic Arts NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Surface Coating NA NA NA 0 0 0 1 1 1 1 1 1 1 1
Other Industrial NA NA NA 0 0 0 0 0 0 0 0 0 0 0
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Table A-1.

Carbon Monoxide Emissions (continued)
(thousand short tons)

National Air Pollutant Emission Trends, 1900 - 190 - 4

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
STORAGE & TRANSPORT NA NA NA 49 51 50 56 55] 55 54 55 56 58 65
Bulk Terminals & Plants NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Petroleum & Petroleum Product Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Petroleum & Petroleum Product Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Organic Chemical Storage NA NA NA 42 45 44 51 49 49 48 49 50 52 58
Inorganic Chemical Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Bulk Materials Storage NA NA NA 6 5 5 5 5 5 5 5 5 5 6
WASTE DISPOSAL & RECYCLING 7,059 3,230 2,300 1,941 1,916 1,850 1,806 1,747 1,686 1,701 1,717 1,732 1,746 1,766
Incineration 2,979 1,764 1,246 958 949 920 903 876 849 857 864 872 879 890
conical wood burner 1,431 579 228 17 18 18 19 19 18 18 18 18 18 18
municipal incinerator 333 23 13 34 35 34 35 35 35 35 35 35 35 35
industrial NA NA NA 9 9 9 10 9 9 9 9 9 10 10
commmercial/institutional 108 68 60 32 33 35 38 39 40 40 40 41 42 42
residential 1,107 1,094 945 865 852 822 800 773 745 753 759 766 772 783
other NA NA NA 2 2 2 2 2 2 2 2 2 2 2
Open Burning 4,080 1,466 1,054 982 966 930 903 870 836 844 852 859 867 876
industrial 1,932 1,254 1,007 20 21 21 21 21 21 20 21 22 23 22
commmercial/institutional 2,148 212 47 4 4 4 4 5 5 5 5 5 5 5
residential NA NA NA 958 941 905 877 845 811 819 826 833 839 849
Landfills NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
ON-ROAD VEHICLES 88,034 83,134 78,049 77,387 73,347 71,250 71,081 66,050 62,858 62,074 59,859 60,202 61,833 58,624
Light-Duty Gas Vehicles & Motorcycles 64,031 59,281 53,561 49,451 46,698 45,340 45,553 42,234 40,502 40,267 39,370 39,163 37,507 35,981
light-duty gas vehicles 63,846 59,061 53,342 49,273 46,522 45,161 45,367 42,047 40,316 40,089 39,190 38,973 37,312 35,786
motorcycles 185 220 219 178 175 179 186 187 187 177 180 190 195 195
Light-Duty Gas Trucks 16,570 15,767 16,137 18,960 17,789 17,274 17,133 15,940 15,084 15,014 14,567 15,196 17,350 16,292
light-duty gas trucks 1 10,102 9,611 10,395 11,834 10,795 10,187 9,890 9,034 8,511 8,450 8,161 8,430 9,534 8,980
light-duty gas trucks 2 6,468 6,156 5,742 7,126 6,995 7,087 7,244 6,906 6,573 6,565 6,407 6,766 7,815 7,312
Heavy-Duty Gas Vehicles 6,712 7,140 7,189 7,716 7,601 7,347 7,072 6,506 5,930 5,459 4,569 4,476 5,525 4,883
Diesels 721 945 1,161 1,261 1,259 1,289 1,322 1,369 1,342 1,334 1,352 1,367 1,451 1,468
heavy-duty diesel vehicles 721 915 1,139 1,235 1,232 1,260 1,290 1,336 1,307 1,298 1,315 1,328 1,411 1,427
light-duty diesel trucks NA 0 4 4 4 5 5 6 6 6 6 7 8 8
light-duty diesel vehicles NA 30 19 22 23 24 26 28 29 30 31 33 32 33
NON-ROAD SOURCES 10,605 11,462 12,681 13,706 13,984 14,131 14,500 14,518 14,642 14,601 14,900 15,269 15,657 15,622
Non-Road Gasoline 9,478 10,145 11,004 11,815 12,057 12,286 12,465 12,538 12,655 12,641 12,883 13,162 13,452 13,506
recreational 268 283 299 312 314 316 318 321 324 327 330 333 336 341
construction 250 274 368 421 416 402 401 398 395 376 395 423 453 406
industrial 732 803 970 1,104 1,137 1,164 1,207 1,227 1,228 1,197 1,234 1,285 1,340 1,309
lawn & garden 4,679 5,017 5,366 5,685 5,749 5,808 5,866 5,929 6,001 6,075 6,143 6,212 6,276 6,384



Table A-1. Carbon Monoxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

NON-ROAD SOURCES (continued)
Non-Road Gasoline (continued)

farm 46 60 77 84 85 47 92 63 63 66 68 70 73 66
light commercial 2,437 2,554 2,680 2,894 3,028 3,203 3,219 3,223 3,254 3,198 3,295 3,402 3,519 3,526
logging 9 21 25 28 27 33 31 33 33 32 33 34 35 36
airport service 80 94 116 129 133 137 144 147 149 148 151 157 163 161
recreational marine vessels 976 1,037 1,102 1,157 1,167 1,175 1,185 1,195 1,207 1,221 1,233 1,245 1,256 1,276
other 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Non-Road Diesel 543 623 801 910 912 797 930 845 841 818 853 903 954 869
recreational 0 0 0 0 0 0 0 0 0 0 0 0 0 0
construction 336 362 479 553 552 538 538 535 528 501 526 564 603 539
industrial 33 35 43 49 50 51 53 54 54 53 54 56 59 58
lawn & garden 3 3 3 3 3 3 3 3 3 3 4 4 4 4
farm 127 170 214 237 237 131 259 175 176 183 189 196 203 183
light commercial 10 11 11 12 13 14 14 14 14 14 14 15 15 15
logging 1 2 2 2 2 3 3 3 3 3 3 3 3 3
airport service 33 39 48 54 55 57 60 61 62 62 63 65 68 67
Aircraft 506 600 743 831 858 887 931 955 966 962 980 1,019 1,063 1,051
Marine Vessels 14 17 37 44 47 50 56 59 58 58 60 62 63 65
coal 2 2 4 5 5 6 6 7 6 6 7 7 7 7
diesel 12 14 32 39 41 44 48 52 51 51 53 54 55 57
residual oil 0 0 1 1 1 1 1 1 1 1 1 1 1 1
Railroads 65 7 96 106 109 112 118 121 122 122 124 124 124 130
MISCELLANEOUS 7,909 5,263 8,344 7,895 7,254 8,820 15,863 8,121 11,173 8,530 6,774 6,700 9,245 6,454
Other Combustion 7,909 5,263 8,344 7,895 7,254 8820 15,863 8121 11,173 8,530 6,774 6,700 9,245 6,454
structural fires 101 258 217 242 242 242 242 242 242 242 242 242 242 242
agricultural fires 873 539 501 396 441 483 612 571 552 549 559 573 589 612
slash/prescribed burning 1,146 2,268 2,226 4,300 4,300 4,300 4,300 4,300 4,300 4,300 4,300 4,300 4,300 4,300
forest wildfires 5,620 2,165 5,396 2,957 2,271 3,795 10,709 3,009 6,079 3,439 1,674 1,586 4,115 1,301
other 169 34 4
TOTAL ALL SOURCES 128,079 115,110 115,625 114,690 109,199 108,012 115849 103,144 100,650 97,376 94,043 94,133 98,779 92,099

Note(s): NA = not available. For several source categories, emissions either prior to or beginning with 1985 are not available at the more detailed level but are
contained in the more aggregate estimate.
"Other" categories may contain emissions that could not be accurately allocated to specific source categories.
Zero values represent less than 500 short tons/year.
In order to convert emissions to gigagrams (thousand metric tons), multiply the above values by 0.9072.
No data was available after 1984 to split the emissions from residential wood burning devices between fireplaces and woodstoves.
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Table A-2. Nitrogen Oxide Emissions
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. ELEC. UTIL. 4,900 5,694 7,024 6,916 6,909 7,128 7,530 7,607 7,516 7,488 7,475 7,773 7,698 6,233
Coal 3,888 4,828 6,123 6,051 6,061 6,278 6,668 6,708 6,698 6,662 6,694 7,008 6,915 5,556
bituminous 2,112 2,590 3,439 4,438 4,427 4,529 4,623 4,665 4,600 4,522 4,564 4,535 4,411 4,000
subbituminous 1,041 1,276 1,694 1,340 1,290 1,411 1,659 1,650 1,692 1,732 1,707 2,054 2,109 1,286

anthracite & lignite 344 414 542 272 344 337 387 392 406 408 423 418 394 270

other 391 548 447 NA NA NA NA NA NA NA NA NA NA NA

Oil 1,012 866 901 177 246 204 260 272 210 201 160 169 153 87
residual 40 101 39 174 242 200 257 269 207 198 158 166 149 84

distillate 972 765 862 4 4 4 4 4 3 3 3 3 4 3

Gas NA NA NA 640 552 599 551 578 558 569 568 543 576 549
natural NA NA NA 640 552 599 551 578 558 569 568 543 576 549

Internal Combustion NA NA NA 48 50 48 50 49 50 56 52 53 55 42
FUEL COMB. INDUSTRIAL 4,325 4,007 3,555 3,209 3,065 3,063 3,187 3,209 3,256 3,175 3216 3,197 3,206 3,137
Coal 771 520 444 608 613 596 617 615 613 512 571 550 568 562
bituminous 532 359 306 430 439 435 447 446 445 371 414 399 412 404
subbituminous 164 111 94 14 14 14 15 14 14 12 13 13 13 14

anthracite & lignite 75 51 44 33 31 27 29 30 30 25 28 27 28 28

other NA NA NA 131 129 119 126 124 124 103 115 111 115 117

Oil 332 354 286 309 300 292 296 294 297 338 305 306 318 302
residual 228 186 179 191 181 172 175 176 177 205 184 185 194 180

distillate 104 112 63 89 89 89 91 88 90 104 93 94 99 97

other NA 56 44 29 30 31 31 29 30 28 28 27 26 25

Gas 3,060 2,983 2,619 1,520 1,433 1,505 1,584 1,625 1,656 1,641 1,651 1,650 1,634 1,610
natural 3,053 2,837 2,469 1,282 1,206 1,285 1,360 1,405 1,436 1,425 1,437 1,440 1,427 1,414

process 8 5 5 227 216 210 214 209 211 206 205 202 199 188

other NA 140 145 11 10 10 10 10 10 9 9 9 9 9

Other 162 149 205 118 120 119 121 120 119 117 118 118 118 116
wood/bark waste 102 108 138 89 92 92 93 92 91 91 91 91 91 89

liquid waste NA NA NA 12 12 12 12 12 12 12 12 12 12 12

other 60 41 67 17 16 15 16 16 16 15 15 15 15 14

Internal Combustion NA NA NA 655 599 552 569 556 570 567 571 572 567 547
FUEL COMB. OTHER 836 785 741 712 694 706 740 736 712 719 730 726 727 707
Commercial/Institutional Coal 23 33 25 37 36 37 39 38 39 39 38 38 38 36
Commercial/lnstitutional Oil 210 176 155 106 110 121 117 106 99 98 101 102 102 98
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Table A-2. Nitrogen Oxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. OTHER (continued)
Commercial/Institutional Gas 120 125 131 145 139 144 157 159 164 164 166 167 168 166
Misc. Fuel Comb. (Except Residential) NA NA NA 11 12 11 11 11 11 11 11 11 11 10
Residential Wood 14 39 74 88 77 69 74 75 46 50 53 45 a4 33
Residential Other 439 412 356 326 320 323 343 347 352 358 361 363 364 364
distillate oil 118 113 85 75 76 79 80 78 81 83 85 86 86 85
natural gas 242 246 238 248 241 241 259 267 269 272 274 275 276 277
other 79 54 33 3 3 3 3 3 3 2 2 2 2 2
CHEMICAL & ALLIED PRODUCT MFG 271 238 216 262 264 255 274 273 276 278 284 286 291 283
Organic Chemical Mfg 70 53 54 37 38 38 42 42 42 42 43 43 44 45
Inorganic Chemical Mfg 201 168 159 22 19 17 18 18 19 19 19 19 19 20
Polymer & Resin Mfg NA NA NA 22 22 22 23 23 23 23 24 24 25 26
Agricultural Chemical Mfg NA NA NA 143 145 141 151 152 154 156 161 162 164 154
Paint, Varnish, Lacquer, Enamel Mfg NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Pharmaceutical Mfg NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other Chemical Mfg NA NA NA 38 38 37 40 39 38 38 38 39 39 39
METALS PROCESSING 77 73 65 87 80 75 82 83 81 78 80 81 84 84
Nonferrous Metals Processing NA NA NA 16 15 14 15 15 15 14 15 15 15 16
Ferrous Metals Processing 7 73 65 58 53 48 53 54 53 51 53 54 56 55
Metals Processing NEC NA NA NA 13 13 13 13 14 13 12 12 13 13 13
PETROLEUM & RELATED INDUSTRIES 240 63 72 124 109 101 100 97 100 97 96 95 95 91
Oil & Gas Production NA NA NA 69 55 48 48 47 50 49 48 48 49 48
Petroleum Refineries & Related Industries 240 63 72 55 53 52 51 49 50 47 47 46 45 43
Asphalt Manufacturing NA NA NA 1 1 1 1 1 1 1 1 1 1 1
OTHER INDUSTRIAL PROCESSES 187 182 205 327 328 320 315 311 306 297 305 315 328 323
Agriculture, Food, & Kindred Products NA NA NA 5 5 5 5 5 5 5 5 5 5 5
Textiles, Leather, & Apparel Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Wood, Pulp & Paper, & Publishing 18 18 24 73 76 76 76 77 77 76 78 79 81 83
Products
Rubber & Miscellaneous Plastic Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Mineral Products 169 164 181 239 238 230 225 220 216 208 214 222 234 226
cement mfg 97 89 98 137 136 130 126 124 121 116 119 124 131 128
glass mfg 48 53 60 48 48 47 46 45 44 42 44 46 48 44
other 24 23 23 54 54 53 53 51 51 49 50 52 55 54
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Table A-2. Nitrogen Oxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
OTHER INDUSTRIAL PROCESSES (continued)
Machinery Products NA NA NA 2 2 2 2 2 2 2 2 2 2 2
Transportation Equipment NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Miscellaneous Industrial Processes NA NA NA 8 8 7 7 7 7 7 7 7 7 7
SOLVENT UTILIZATION NA NA NA 2 B 3 & 3 2 2 3 B 3 3
Degreasing NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Graphic Arts NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Surface Coating NA NA NA 2 2 2 2 2 2 2 2 2 2 2
Other Industrial NA NA NA 0 0 0 0 0 0 0 0 0 0 0
STORAGE & TRANSPORT NA NA NA 2 2 2 2 2 2 2 3 3 3 3
Petroleum & Petroleum Product Storage NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Petroleum & Petroleum Product Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Organic Chemical Storage NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Inorganic Chemical Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Bulk Materials Storage NA NA NA 0 0 0 1 1 1 1 1 1 1 1
WASTE DISPOSAL & RECYCLING 440 159 111 87 87 85 85 84 82 83 83 84 85 85
Incineration 110 56 37 27 29 29 31 31 32 32 32 32 32 32
Open Burning 330 103 74 59 58 56 54 52 50 51 51 52 52 53
Landfills NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
ON-ROAD VEHICLES 7,390 8,645 8,621 8,089 7,773 7,651 7,661 7,682 7,488 7,373 7,440 7,510 7,672 7,605
Light-Duty Gas Vehicles & Motorcycles 4,158 4,725 4,421 3,806 3,602 3,492 3,500 3,494 3,437 3,464 3,614 3,680 3,573 3,611
light-duty gas vehicles 4,156 4,722 4,416 3,797 3,592 3,482 3,489 3,483 3,425 3,453 3,602 3,668 3,560 3,598
motorcycles 2 3 5 9 10 10 11 11 12 11 12 12 13 13
Light-Duty Gas Trucks 1,278 1,461 1,408 1,530 1,457 1,436 1,419 1,386 1,341 1,339 1,356 1,420 1,657 1,624
light-duty gas trucks 1 725 819 864 926 867 842 824 803 780 782 792 828 960 946
light-duty gas trucks 2 553 642 544 603 590 594 595 584 561 557 564 592 697 678
Heavy-Duty Gas Vehicles 278 319 300 330 332 332 336 343 335 326 308 315 351 347
Diesels 1,676 2,141 2,493 2,423 2,383 2,390 2,406 2,458 2,375 2,244 2,163 2,094 2,091 2,022
heavy-duty diesel vehicles 1,676 2,118 2,463 2,389 2,347 2,352 2,366 2,416 2,332 2,199 2,116 2,047 2,043 1,974
light-duty diesel trucks NA 0 5 6 6 6 7 7 7 8 8 8 10 10
light-duty diesel vehicles NA 23 25 28 29 31 33 35 36 37 39 39 38 39
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Table A-2. Nitrogen Oxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NON-ROAD SOURCES 1,628 1,879 2,423 2,734 2,777 2,664 2,914 2,844 2,843 2,796 2,885 2,985 3,095 2,996
Non-Road Gasoline 81 88 102 113 116 118 122 123 124 122 125 129 133 132
recreational 1 1 1 1 1 1 1 1 1 1 1 1 1 1

construction 2 2 3 4 3 3 3 3 3 3 3 4 4 3

industrial 46 51 61 70 72 74 76 78 78 76 78 81 85 83

lawn & garden 5 6 6 6 6 6 7 7 7 7 7 7 7 7

farm 0 1 1 1 1 0 1 1 1 1 1 1 1 1

light commercial 3 4 4 4 4 4 4 4 4 4 5 5 5 5

logging 0 0 0 0 0 0 0 0 0 0 0 0 0 0

airport service 2 2 2 3 3 3 3 3 3 3 3 3 3 3

recreational marine vessels 16 17 18 19 19 19 19 19 20 20 20 20 20 21

other 6 6 6 7 7 7 7 7 7 7 7 7 7 7

Non-Road Diesel 941 1,068 1,374 1,562 1,569 1,416 1,597 1,485 1,478 1,433 1,494 1,582 1,673 1,530
recreational 0 0 0 0 0 0 0 0 0 0 0 0 0 0

construction 599 647 854 986 984 959 961 955 944 894 939 1,007 1,076 964

industrial 75 82 99 112 116 119 123 125 125 122 126 131 136 133

lawn & garden 4 4 5 5 5 5 5 5 5 6 6 6 6 6

farm 166 220 280 309 309 172 340 228 230 239 248 256 265 239

light commercial 17 18 18 20 21 22 22 22 22 22 23 23 24 24

logging 2 4 5 5 5 6 6 7 7 6 7 7 7 7

airport service 78 92 113 125 129 133 140 143 144 144 146 152 159 157

Aircraft 72 85 106 119 123 128 134 138 139 139 141 147 153 152
Marine Vessels 40 48 110 131 140 149 165 175 173 174 179 183 188 193

coal 0 0 0 0 0 0 0 0 0 0 0 0 0 0

diesel 34 41 93 110 118 125 138 147 145 146 151 154 158 162

residual oil 6 7 17 20 22 24 26 28 27 27 28 29 30 30

Railroads 495 589 731 808 829 854 897 923 929 929 946 945 947 990
MISCELLANEOUS 330 165 248 309 257 351 726 292 373 283 249 219 374 228
Other Combustion 330 165 248 309 257 351 726 292 373 283 249 219 374 228
TOTAL ALL SOURCES 20625 21889 23281 22860 22348 22403 23618 23222 23038 22672 22847 23276 23661 21,779

Note(s):  NA = not available. For several source categories, emissions either prior to or beginning with 1985 are not available at the more detailed level but are
contained in the more aggregate estimate.
"Other" categories may contain emissions that could not be accurately allocated to specific source categories.
Zero values represent less than 500 short tons/year.
In order to convert emissions to gigagrams (thousand metric tons), multiply the above values by 0.9072.
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Table A-3.

Volatile Organic Compound Emissions

(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. ELEC. UTIL. 30 40 45 32 34 34 37 37 36 36 35 36 36 35
Coal 18 22 31 24 24 25 27 27 27 27 27 29 29 29

Qil 7 14 9 5 7 6 7 7 6 5 4 5 4 3
Gas 5 4 5 2 2 2 2 2 2 2 2 2 2 2
Internal Combustion NA NA NA 1 1 1 1 1 1 1 1
FUEL COMB. INDUSTRIAL 150 150 157 134 133 131 136 134 135 135 135 134 135 135
Coal 4 3 3 7 7 7 7 7 7 6 7 7 7 7

Qil 4 5 3 17 16 16 16 16 16 18 16 16 17 16
Gas 7 71 62 57 57 57 61 61 61 61 61 61 61 61
Other 65 71 89 35 36 36 36 36 35 36 35 35 36 36
Internal Combustion NA NA NA 18 16 15 15 15 15 15 15 15 15 15
FUEL COMB. OTHER 541 470 848 1,403 1,230 1,117 1,188 1,200 749 807 853 729 715 539
Commercial/lnstitutional Coal 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Commercial/lnstitutional Oil 4 3 3 4 4 4 4 4 4 4 4 4 4 4
Commercial/lnstitutional Gas 6 7 7 6 6 6 6 7 7 7 7 7 7 7
Misc. Fuel Comb. (Except Residential) NA NA NA 4 4 4 4 4 4 4 4 4 4 4
Residential Wood 460 420 809 1,372 1,199 1,085 1,155 1,169 718 776 822 698 684 509
fireplaces 107 98 189 NA NA NA NA NA NA NA NA NA NA NA
woodstoves 353 322 620 NA NA NA NA NA NA NA NA NA NA NA
Residential Other 70 38 28 16 16 16 17 15 15 15 15 14 14 14
CHEMICAL & ALLIED PRODUCT MFG 1,341 1,351 1,595 1,358 1,412 1,410 1,513 1,506 1,526 1,533 1,546 1,557 1,577 1,617
Organic Chemical Mfg 629 751 884 492 512 505 552 551 554 557 561 562 567 581
ethylene oxide mfg 8 9 10 2 3 2 3 3 3 3 3 3 3 3

phenol mfg NA NA NA 0 0 0 0 0 0 0 0 0 0 0
terephthalic acid mfg 29 46 60 51 54 53 57 57 58 58 58 58 59 61

ethylene mfg 70 79 111 41 43 42 48 47 47 48 49 49 50 52

charcoal mfg 48 29 40 39 41 42 45 46 46 46 46 47 47 50

socmi reactor 81 96 118 100 106 104 116 115 117 116 118 118 120 123

socmi distillation NA NA NA 10 11 10 11 11 12 11 12 12 12 12

socmi air oxidation processes NA NA NA 2 2 2 2 2 2 2 2 2 2 2

socmi fugitives 194 235 254 203 208 205 221 220 222 223 223 224 224 225

other 199 257 291 43 45 44 49 48 48 49 50 50 51 52
Inorganic Chemical Mfg 65 78 93 34 36 35 39 38 38 40 40 40 41 42
Polymer & Resin Mfg 271 299 384 415 436 449 473 469 477 482 486 492 500 513
polypropylene mfg 0 0 1 13 14 13 15 15 15 15 15 16 16 17
polyethylene mfg 17 18 22 80 83 81 90 88 89 91 93 95 98 101
polystyrene resins 10 11 15 7 8 8 8 8 8 8 8 8 9 9
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Table A-3. Volatile Organic Compound Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
CHEMICAL & ALLIED PRODUCT MFG (continued)
Polymer & Resin Mfg (continued)

synthetic fiber 112 149 199 217 231 248 250 250 257 257 257 258 259 261
styrene/butadiene rubber 77 68 70 59 61 60 66 65 65 66 67 69 71 75
other 55 54 77 38 40 39 44 43 43 45 45 46 48 49
Agricultural Chemical Mfg NA NA NA 22 23 23 25 25 25 26 27 27 28 26
Paint, Varnish, Lacquer, Enamel Mfg 61 66 65 10 10 10 11 11 11 11 11 11 11 12
paint & varnish mfg 61 66 65 10 10 10 11 11 11 11 11 11 11 12
other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Pharmaceutical Mfg 40 55 7 55 57 58 61 61 62 62 62 63 64 62
Other Chemical Mfg 275 102 92 330 339 331 352 352 357 356 359 361 366 383
carbon black mfg 275 102 92 26 25 24 26 26 27 27 27 28 29 33
printing ink mfg NA NA NA 13 13 13 13 13 13 13 14 14 14 16
fugitives unclassified NA NA NA 16 17 16 18 18 18 18 18 18 18 19
carbon black furnace: fugitives NA NA NA 4 4 4 5 5 5 5 5 5 5 6
other NA NA NA 271 279 273 290 290 295 293 295 296 300 309
METALS PROCESSING 394 336 273 76 73 70 74 74 72 69 72 74 77 77
Nonferrous Metals Processing NA NA NA 18 18 18 19 19 19 19 19 20 21 21
Ferrous Metals Processing 394 336 273 57 54 51 54 54 52 50 51 53 55 55
coke oven door & topside leaks 216 187 152 12 12 11 12 12 11 10 11 11 11 12
coke oven by-product plants NA NA NA 3 3 3 3 3 3 3 3 3 3 3
other 177 149 121 41 39 37 39 39 38 37 38 39 40 41
Metals Processing NEC NA NA NA 1 1 1 1 1 1 1 1 1 1 1
PETROLEUM & RELATED INDUSTRIES 1,194 1,342 1,440 703 666 655 645 639 643 634 638 631 630 628
Oil & Gas Production 411 378 379 107 79 70 71 68 72 69 68 69 70 66
Petroleum Refineries & Related Industries 773 951 1,045 592 584 582 571 568 568 562 566 560 557 559
vaccuum distillation 24 31 32 15 14 14 13 13 13 12 12 11 11 11
cracking units 27 27 21 34 33 33 32 31 31 30 29 28 28 27
process unit turnarounds NA NA NA 15 14 14 13 13 14 13 13 12 12 12
petroleum refinery fugitives NA NA NA 76 71 69 66 65 66 66 66 65 64 64
other 721 893 992 454 452 452 447 446 444 442 447 443 442 446
Asphalt Manufacturing 11 13 16 3 3 3 3 3 3 3 3 3 3 3
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Table A-3. Volatile Organic Compound Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
OTHER INDUSTRIAL PROCESSES 270 235 237 390 395 394 408 403 401 398 403 406 411 422
Agriculture, Food, & Kindred Products 208 182 191 169 171 175 177 175 177 176 179 180 183 192
vegetable oil mfg 59 61 81 46 47 49 50 49 50 50 52 52 53 58
whiskey fermentation: aging 105 77 64 24 24 24 24 23 23 23 24 24 24 25
bakeries 45 44 46 51 52 51 52 51 51 50 50 51 51 52
other NA NA NA 49 50 51 52 52 52 52 53 54 55 58
Textiles, Leather, & Apparel Products NA NA NA 10 10 10 10 10 10 10 10 10 10 10
Wood, Pulp & Paper, & Publishing Products NA NA NA 42 44 44 44 44 44 44 44 45 46 48
Rubber & Miscellaneous Plastic Products 60 51 44 41 43 43 46 46 46 45 45 46 46 46
rubber tire mfg 60 51 44 10 10 10 11 11 11 11 11 11 11 11
green tire spray NA NA NA 5 5 5 6 6 6 6 6 6 6 6
other NA NA NA 26 28 28 29 29 29 29 29 29 30 30
Mineral Products 2 2 2 15 15 15 14 14 14 14 14 14 15 15
Machinery Products NA NA NA 4
Electronic Equipment NA NA NA 0
Transportation Equipment NA NA NA
Miscellaneous Industrial Processes NA NA NA 108 108 103 112 109 106 106 106 106 106 106
SOLVENT UTILIZATION 7,174 5,651 6,584 5,699 5,626 5,743 5,945 5,964 5,975 5,918 6,031 6,156 6,313 6,394
Degreasing 707 448 513 756 634 681 754 757 757 728 745 762 785 803
open top NA NA NA 28 28 28 29 29 28 28 28 28 29 30
conveyorized NA NA NA 5 5 5 5 4 4 4 4 4 4 4
cold cleaning NA NA NA 31 33 31 34 35 34 34 34 34 35 35
other 707 448 513 691 568 618 687 689 690 662 678 695 717 734
Graphic Arts 319 254 373 317 325 340 362 363 363 362 368 381 396 411
letterpress NA NA NA 2 2 2 2 2 2 2 2 2 2 2
flexographic NA NA NA 18 19 19 20 20 20 20 21 21 22 23
lithographic NA NA NA 4 4 4 4 4 4 4 4 5 5 5
gravure NA NA NA 131 138 140 148 150 151 149 151 156 163 166
other 319 254 373 162 163 174 188 187 186 187 191 198 205 216
Dry Cleaning 263 229 320 169 217 216 216 212 209 211 216 218 221 223
perchloroethylene NA NA NA 85 111 110 109 107 105 106 109 110 111 112
petroleum solvent NA NA NA 84 106 106 106 105 104 105 107 108 109 110
other 263 229 320 0 0 0 0 0 0 0 0 0 0 0
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Table A-3. Volatile Organic Compound Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
SOLVENT UTILIZATION (continued)

Surface Coating 3,570 2,977 3,685 2,549 2,602 2,606 2,646 2,635 2,619 2,568 2,623 2,687 2,773 2,779
industrial adhesives 52 41 55 381 353 353 366 375 383 366 378 392 412 407
fabrics 161 177 186 34 34 35 35 35 35 34 35 36 36 36
paper 652 548 626 106 109 110 114 114 114 112 114 117 121 121
large appliances 49 43 36 22 19 19 19 18 18 17 18 18 19 18
magnet wire 7 6 5 0 0 0 0 0 0 0 0 0 0 0
autos & light trucks 165 204 165 85 86 88 87 87 86 79 80 80 81 82
metal cans 49 57 73 97 96 95 96 95 95 91 93 94 97 102
metal coil 18 19 21 50 50 49 50 50 49 47 48 50 52 53
wood furniture 211 231 231 132 140 142 143 140 138 133 138 148 159 155
metal furniture 35 42 52 41 44 44 44 44 43 42 43 46 50 48
flatwood products 64 76 82 4 4 4 4 4 4 4 4 5 5 5
plastic parts 17 18 25 11 11 11 11 11 11 10 10 10 11 11
large ships 21 20 20 15 16 15 16 15 15 15 15 15 16 13
aircraft 1 1 2 27 29 26 31 34 33 33 33 33 34 33
misc. metal parts NA NA NA 14 14 14 14 14 14 13 13 14 15 16
architectural 442 407 477 473 502 503 504 500 495 500 505 510 515 522
traffic markings NA NA NA 100 106 106 107 106 105 106 107 108 109 111
maintenance coatings 108 125 106 79 80 80 80 80 79 76 78 81 85 84
railroad 5 7 9 4 3 3 3 3 3 3 3 3 4 4
auto refinishing 83 143 186 111 132 132 133 132 130 132 137 140 144 142
machinery 39 51 62 37 28 28 29 28 28 26 26 27 27 25
electronic & other electrical NA NA NA 79 79 79 80 79 78 75 77 80 85 85
general 79 61 52 146 147 148 158 154 153 154 157 160 163 167
miscellaneous 942 392 799 104 109 108 105 103 98 98 98 98 98 98
thinning solvents NA NA NA 90 92 94 97 96 95 94 96 98 100 103
other 372 309 415 306 317 318 320 317 315 307 315 324 336 337

Other Industrial 640 499 690 125 131 132 133 131 126 124 126 126 127 129
miscellaneous 39 30 44 NA NA NA NA NA NA NA NA NA NA NA
rubber & plastics mfg 309 245 327 25 29 29 29 29 28 28 28 29 31 31
other 292 224 319 100 102 103 104 102 98 96 97 97 97 98

Nonindustrial 1,674 1,243 1,002 1,783 1,717 1,768 1,834 1,867 1,900 1,925 1,952 1,982 2,011 2,048
cutback asphalt 1,045 723 323 191 175 186 199 199 199 202 207 214 221 227
pesticide application 241 195 241 212 263 262 262 260 258 264 272 280 289 299
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Table A-3. Volatile Organic Compound Emissions (continued)
(thousand short tons)
Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
SOLVENT UTILIZATION (continued)
Nonindustrial (continued)
adhesives NA NA NA 345 332 332 345 353 361 365 368 372 375 380
consumer solvents NA NA NA 1,035 947 988 1,030 1,056 1,083 1,095 1,105 1,116 1,126 1,142
other 387 325 437 NA NA NA NA NA NA NA NA NA NA NA
STORAGE & TRANSPORT 1,954 2,181 1,975 1,747 1,673 1,801 1,842 1,753 1,759 1,720 1,745 1,757 1,773 1,803
Bulk Terminals & Plants 599 668 517 606 620 632 652 651 658 629 626 614 606 599
fixed roof 14 15 12 14 14 14 15 15 15 15 15 16 16 16
floating roof 45 50 39 46 47 48 50 50 49 49 49 51 53 52
variable vapor space 1 1 1 1 1 1 1 1 1 1 1 1 1 1
underground tanks NA 0 0 0 0 0 0 0 0 0 0 0 0 0
area source: gasoline 509 569 440 512 526 537 554 553 560 532 527 512 501 494
other 30 33 26 32 32 32 33 33 33 33 33 34 36 35
Petroleum & Petroleum Product Storage 300 315 306 223 217 214 215 210 212 213 216 215 216 218
fixed roof gasoline 47 52 43 26 25 25 24 23 24 24 24 24 24 25
fixed roof crude 135 141 148 26 24 22 21 21 21 21 21 21 21 22
floating roof gasoline 49 54 45 27 26 26 25 24 25 25 25 25 25 25
floating roof crude 32 34 36 5 5 5 5 5 5 5 5 5 5 5
efr / seal gasoline 3 4 3 2 2 2 2 2 2 2 2 2 2 2
efr / seal crude 1 2 2 0 0 0 0 0 0 0 0 0 0 0
ifr / seal gasoline 1 2 1 1 1 1 1 1 1 1 1 1 1 1
ifr / seal crude 2 2 2 0 0 0 0 0 0 0 0 0 0 0
variable vapor space gasoline 3 3 3 1 1 1 1 2 2 2 2 2 2 2
other 25 22 23 133 132 131 135 132 133 134 136 135 136 137
Petroleum & Petroleum Product Transport 92 84 61 126 123 123 125 125 125 126 128 131 134 137
gasoline loading: normal / splash 3 2 3 3 3 3 3 3 3 3 3 3 3
gasoline loading: balanced / submerged 20 13 21 20 21 21 22 21 21 21 22 22 23
gasoline loading: normal / submerged 39 26 41 41 40 41 42 42 42 43 45 46 47
gasoline loading: clean / submerged 2 1 0 2 2 2 2 2 2 2 2 2 2 2
marine vessel loading: gasoline & crude 26 38 50 24 23 23 23 22 22 23 23 24 24 25
other 2 4 6 35 34 34 35 35 35 35 35 36 36 37
Service Stations: Stage | 416 481 461 207 213 219 223 223 230 226 233 240 247 257
Service Stations: Stage Il 521 602 583 485 400 511 522 441 428 420 434 446 458 476
Service Stations: Breathing & Emptying NA NA NA 49 48 51 52 52 53 53 54 56 57 59
Organic Chemical Storage 26 31 46 34 35 34 37 36 36 37 37 38 38 39
Organic Chemical Transport NA NA NA 17 17 16 16 15 16 16 16 16 16 17
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Table A-3. Volatile Organic Compound Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
STORAGE & TRANSPORT (continued)
Inorganic Chemical Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Inorganic Chemical Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Bulk Materials Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
WASTE DISPOSAL & RECYCLING 1,984 984 758 2,310 2,293 2,256 2,310 2,290 2,262 2,265 2,268 2,271 2,273 2,411
Incineration 548 453 366 64 63 61 60 59 57 57 58 58 59 60
Open Burning 1,424 517 372 309 304 292 284 274 263 265 268 270 272 275
industrial NA NA NA 6 6 6 6 6 6 6 6 6 6 6
commmercial/institutional NA NA NA 1 1 1 2 2 2 2 2 2 2 2
residential NA NA NA 302 297 285 277 266 256 258 260 262 264 267
other 1,424 517 372 NA NA NA NA NA NA NA NA NA NA NA
POTW NA NA NA 10 11 11 11 11 11 11 11 11 11 11
Industrial Waste Water NA NA NA 1 2 1 2 2 2 2 2 2 2 2
TSDF NA NA NA 1,925 1,913 1,890 1,953 1,945 1,929 1,929 1,929 1,929 1,929 2,063
Landfills NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other 11 14 20 0 0 0 0 0 0 0 0 0 0 0
ON-ROAD VEHICLES 12,972 10,545 8,979 9,376 8,874 8477 8,290 7,192 6,854 6,499 6,072 6,103 6,401 6,104
Light-Duty Gas Vehicles & Motorcycles 9,193 7,248 5,907 5,864 5,537 5,281 5,189 4,462 4,285 4,069 3,832 3,812 3,748 3,621
light-duty gas vehicles 9,133 7,177 5,843 5,810 5,483 5,227 5136 4,412 4,234 4,033 3,799 3,777 3,711 3,584
motorcycles 60 71 64 54 54 53 53 50 51 37 33 34 37 37
Light-Duty Gas Trucks 2,770 2,289 2,059 2,425 2,279 2,185 2,129 1,867 1,769 1,688 1,588 1,647 1,909 1,783
light-duty gas trucks 1 1,564 1,251 1,229 1,437 1,316 1,227 1,173 1,018 960 906 849 875 1,003 943
light-duty gas trucks 2 1,206 1,038 830 988 963 958 956 849 809 781 739 772 906 840
Heavy-Duty Gas Vehicles 743 657 611 716 700 662 626 517 470 423 334 326 414 375
Diesels 266 351 402 370 357 350 345 346 330 319 318 318 331 326
heavy-duty diesel vehicles 266 335 392 360 346 338 332 332 316 304 302 301 313 308
light-duty diesel trucks NA 0 2 2 2 2 2 3 3 3 3 3 4 4
light-duty diesel vehicles NA 15 8 8 9 9 10 11 12 12 13 13 13 14
NON-ROAD SOURCES 1,542 1,676 1,869 2,008 2,039 2,038 2,106 2,103 2,120 2,122 2,159 2,206 2,255 2,252
Non-Road Gasoline 1,284 1,373 1,474 1,561 1,582 1,601 1,620 1,631 1,646 1,654 1,677 1,704 1,730 1,746
recreational 138 145 151 156 157 158 159 160 161 163 164 166 167 169
construction 22 24 32 37 37 36 35 35 35 33 35 37 40 36
industrial 46 50 61 69 71 73 75 77 77 75 77 80 84 82
lawn & garden 574 614 655 691 699 706 713 720 728 737 745 753 761 774
farm 4 6 7 8 8 4 9 6 6 6 7 7 7 6
light commercial 142 151 158 171 178 188 189 190 191 188 194 200 207 207
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Table A-3. Volatile Organic Compound Emissions (continued)
(thousand short tons)
Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NON-ROAD SOURCES (continued)
Non-Road Gasoline (continued)
logging 3 6 7 8 8 10 9 10 10 9 10 10 10 11
airport service 4 5 6 6 7 7 7 7 7 7 7 8 8 8
recreational marine vessels 350 372 395 413 416 419 422 425 429 434 438 442 446 453
other 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Non-Road Diesel 129 149 191 216 217 188 223 200 200 195 203 214 226 207
construction 75 81 106 123 122 119 120 119 118 111 117 125 134 120
industrial 9 10 12 13 14 14 14 15 15 14 15 15 16 16
lawn & garden 1 1 1 1 1 1 1 1 1 1 1 1 1 1
farm 33 44 56 61 62 34 67 45 46 48 49 51 53 48
light commercial 3 3 3 3 3 3 3 4 4 4 4
logging 0 0 0 0 1 1 0 1 1 1 1
airport service 9 11 13 15 15 15 16 17 17 17 17 18 18 18
Aircraft 97 116 146 165 170 176 185 190 192 192 195 203 212 210
Marine Vessels 9 11 25 30 32 34 38 40 39 40 41 42 43 44
coal 0 0 0 1 1 1 1 1 1 1 1 1 1 1
diesel 8 10 23 28 29 31 35 37 36 37 38 38 39 41
residual oil 1 1 2 2 2 2 2 3 3 3 3 3 3 3
Railroads 22 27 33 37 38 39 41 42 42 42 43 43 43 45
MISCELLANEOUS 1,101 716 1,134 562 544 652 1,227 639 1,069 741 466 516 685 446
Other Combustion 1,101 716 1,134 562 543 651 1,226 638 1,068 740 465 515 684 445
structural fires 19 47 40 44 44 44 44 44 44 44 44 44 44 44
agricultural fires 131 75 70 55 61 67 85 79 77 76 78 79 82 85
slash/prescribed burning 147 290 285 179 179 179 179 179 179 179 179 179 179 179
forest wildfires 770 297 739 283 259 361 918 335 768 440 164 212 379 137
other 34 7 1 NA NA NA NA NA NA NA NA NA NA NA
Health Services NA NA NA 0 1 0 1 1 1 1 1 1 1 1
TOTAL ALL SOURCES 30,646 25,677 25,893 25,798 24,991 24,778 25,719 23,935 23,599 22,877 22,420 22,575 23,281 22,865

Note(s): NA = not available. For several source categories, emissions either prior to or beginning with 1985 are not available at the more detailed level but are
contained in the more aggregate estimate.

"Other" categories may contain emissions that could not be accurately allocated to specific source categories.

Zero values represent less than 500 short tons/year.

In order to convert emissions to gigagrams (thousand metric tons), multiply the above values by 0.9072.

No data was available after 1984 to split the emissions from residential wood burning devices between fireplaces and woodstoves.
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Table A-4. Sulfur Dioxide Emissions
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. ELEC. UTIL. 17,398 18,268 17,469 16,273 15,701 15,715 15,990 16,218 15,898 15,788 15,418 15,191 14,792 12,013
Coal 15,799 16,756 16,073 15,630 14,860 15,034 15,224 15,408 15,227 15,101 14,840 14,546 14,236 11,561
bituminous 9,574 10,161 NA 14,029 13,454 13,513 13,546 13,576 13,365 13,203 12,900 12,199 11,763 8,970
subbituminous 4,716 5,005 NA 1,292 1,048 1,182 1,311 1,423 1,425 1,381 1,456 1,796 1,988 1,951
anthracite & lignite 1,509 1,590 NA 309 357 338 368 409 438 517 484 551 484 640

(e]] 1,598 1,511 1,395 612 811 651 734 779 639 652 546 612 522 412
residual 1,578 1,462 NA 604 799 640 722 765 629 642 537 602 512 405

distillate 20 49 NA 8 12 11 12 14 10 10 9 10 10 7

Gas 1 1 1 1 1 1 1 1 1 1 1 1 1 8
Internal Combustion NA NA NA 30 30 29 31 30 31 35 32 32 34 31
FUEL COMB. INDUSTRIAL 4,568 3,310 2,951 3,169 3116 3,068 3111 3,086 3,106 2,915 3,002 2,942 3,029 3,046
Coal 3,129 1,870 1,527 1,818 1,828 1,817 1,856 1,840 1,843 1,547 1,722 1,661 1,715 1,743
bituminous 2,171 1,297 1,058 1,347 1,375 1,374 1,395 1,384 1,382 1,162 1,294 1,248 1,289 1,310
subbituminous 669 399 326 28 29 29 29 29 29 24 27 26 26 27
anthracite & lignite 289 174 144 90 82 73 79 79 81 67 75 72 75 76

other NA NA NA 353 341 341 353 348 351 293 327 315 325 330

Qil 1,229 1,139 1,065 862 828 807 806 812 823 935 845 848 882 873
residual 956 825 851 671 637 617 614 625 633 733 656 662 692 686

distillate 98 144 85 111 109 106 108 107 108 125 112 113 118 118

other 175 171 129 80 82 84 84 80 82 77 76 73 71 68

Gas 140 263 299 397 370 356 360 346 352 348 348 346 345 343
Other 70 38 60 86 84 82 83 82 82 79 81 80 80 81
Internal Combustion NA NA NA 7 6 6 6 6 6 6 6 6 6 6
FUEL COMB. OTHER 1,490 1,082 971 579 611 662 660 624 595 592 599 599 599 599
Commercial/lnstitutional Coal 109 147 110 158 161 164 172 169 176 175 173 171 169 168
Commercial/lnstitutional Oil 883 638 637 239 267 310 295 274 233 232 238 241 242 248
Commercial/lnstitutional Gas 1 1 1 2 2 2 2 2 2 2 2 2 2
Misc. Fuel Comb. (Except Residential) NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Residential Wood 6 7 13 13 11 10 11 11 7 7 8 6 6 5
Residential Other 492 290 211 167 169 175 180 167 175 176 177 178 177 176
distillate oil 212 196 157 128 129 134 137 132 137 141 144 145 145 144
bituminous/subbituminous coal 260 76 43 29 30 32 33 27 30 26 26 25 25 24

other 20 18 11 10 10 10 10 8 9 8 8 8 8 8
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Table A-4. Sulfur Dioxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
CHEMICAL & ALLIED PRODUCT MFG 591 367 280 456 432 425 449 440 440 440 447 450 457 471
Organic Chemical Mfg NA NA NA 16 16 17 19 17 17 17 18 18 18 19
Inorganic Chemical Mfg 591 358 271 354 329 322 341 334 333 333 338 341 345 354
sulfur compounds 591 358 271 346 320 314 333 326 325 325 330 332 336 345
other NA NA NA 8 8 8 8 8 9 8 9 9 9 9
Polymer & Resin Mfg NA NA NA 6 7 7 7 7 7 7 7 8
Agricultural Chemical Mfg NA NA NA 4 4 4 4 4 4 4 4 4
Pharmaceutical Mfg NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other Chemical Mfg NA 8 10 76 77 75 78 77 79 79 80 81 82 88
METALS PROCESSING 4,775 2,849 1,842 1,042 888 648 707 695 663 633 650 667 692 720
Nonferrous Metals Processing 4,060 2,165 1,279 853 710 479 529 513 486 463 476 488 506 532
copper 3,507 1,946 1,080 655 525 298 343 327 300 285 292 300 312 324
lead 77 34 34 121 112 111 113 113 112 108 111 114 119 128
aluminum 80 72 95 62 59 57 59 60 60 58 59 60 62 66
other 396 113 71 14 13 13 14 13 13 12 13 13 13 14
Ferrous Metals Processing 715 684 562 172 161 153 162 165 160 153 158 162 168 171
Metals Processing NEC NA NA NA 18 17 15 16 17 17 17 17 17 18 18
PETROLEUM & RELATED INDUSTRIES 881 727 734 505 469 445 443 429 440 422 417 409 406 385
Oil & Gas Production 111 173 157 204 176 155 159 156 164 159 156 155 158 141
natural gas 111 173 157 202 175 154 157 155 163 157 154 154 156 140
other NA NA NA 2 1 1 1 1 1 1 1 1 1 1
Petroleum Refineries & Related Industries 770 554 577 300 291 289 283 272 274 262 260 253 248 243
fluid catalytic cracking units 480 318 330 212 207 207 202 195 196 185 183 177 172 168
other 290 236 247 88 84 82 81 77 78 77 77 76 75 75
Asphalt Manufacturing NA NA NA 1 1 1 1 1 1 1 1 1 1 1
OTHER INDUSTRIAL PROCESSES 846 740 918 425 427 418 411 405 401 391 401 413 431 438
Agriculture, Food, & Kindred Products NA NA NA 3 3 3 3 3 3 3 3 3 3 4
Textiles, Leather, & Apparel Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Wood, Pulp & Paper, & Publishing Products 169 168 223 131 135 135 135 136 137 137 139 141 145 149
Rubber & Miscellaneous Plastic Products NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Mineral Products 677 571 694 286 285 276 268 261 257 247 254 265 279 282
cement mfg 618 511 630 192 190 183 177 172 169 163 169 176 186 189
other 59 60 64 95 95 93 91 89 87 84 86 89 93 93
Machinery Products NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Electronic Equipment NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Miscellaneous Industrial Processes NA NA NA 3 3 3 3 3 3 3 3 3 3 3
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Table A-4. Sulfur Dioxide Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
SOLVENT UTILIZATION NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Degreasing NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Graphic Arts NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Surface Coating NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Other Industrial NA NA NA 0 0 0 0 0 0 0 0 0 0 0
STORAGE & TRANSPORT NA NA NA 4 4 4 5 5 5 5 5 5 5 5
Petroleum & Petroleum Product Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Petroleum & Petroleum Product Transport NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Organic Chemical Storage NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Inorganic Chemical Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Inorganic Chemical Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Bulk Materials Storage NA NA NA 1 2 2 2 2 2 2 2 2 2 2
WASTE DISPOSAL & RECYCLING 8 46 33 34 35 35 36 36 36 36 37 37 37 37
Incineration 4 29 21 25 26 26 28 28 29 28 29 29 29 29
industrial NA NA NA 10 10 10 11 10 10 10 10 10 10 10
other 4 29 21 15 16 16 17 18 18 18 18 19 19 19
Open Burning 4 17 12 9 8 8 8 8 7 7 7 7 7 8
industrial NA NA NA 0 0 0 0 0 0 0 0 0 0 0
other 4 17 12 8 8 8 8 7 7 7 7 7 7 7
Landfills NA NA NA 0 0 0 0 0 0 0 0 0 0 0
industrial NA NA NA 0 0 0 0 0 0 0 0 0 0 0
other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
ON-ROAD VEHICLES 411 503 521 522 527 538 553 570 571 570 578 517 301 304
Light-Duty Gas Vehicles & Motorcycles 132 158 159 146 143 142 144 145 144 143 146 147 141 142
light-duty gas vehicles 132 158 158 145 143 142 144 145 144 142 146 146 140 141
motorcycles 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Light-Duty Gas Trucks 40 48 50 55 55 56 58 58 58 59 59 61 70 71
light-duty gas trucks 1 26 32 33 36 36 36 37 38 38 38 38 39 45 46
light-duty gas trucks 2 13 16 16 19 19 20 21 21 21 21 21 22 25 25
Heavy-Duty Gas Vehicles 8 9 10 11 11 11 11 11 11 10 10 11 12 12
Diesels 231 288 303 311 318 328 340 356 358 358 363 299 79 80
heavy-duty diesel vehicles 231 277 291 298 305 314 325 341 342 342 347 286 75 76
light-duty diesel trucks NA NA 2 2 2 2 3 3 3 3 3 2 1 1

light-duty diesel vehicles NA 11 10 11 11 11 12 12 13 13 13 11 3
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Table A-4. Sulfur Dioxide Emissions (continued)
(thousand short tons)
Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NON-ROAD SOURCES 83 99 175 208 221 233 253 267 265 266 273 278 283 292
Aircraft 4 4 6 6 6 7 7 7 7 7 7 8 8 8
Marine Vessels 43 52 117 143 154 164 181 193 190 191 197 201 206 212
Railroads 36 43 53 59 60 62 65 67 68 68 69 69 69 72
MISCELLANEOUS 110 20 11 11 9 13 27 10 14 10 9 8 14 8
Other Combustion 110 20 11 11 9 13 27 10 14 10 9 8 14 8
TOTAL ALL SOURCES 31,161 28,011 25905 23,230 22442 22204 22,647 22,785 22,433 22,068 21,836 21517 21,047 18,319

Note(s): NA = not available. For several source categories, emissions either prior to or beginning with 1985 are not available at the more detailed level but are

contained in the more aggregate estimate.

"Other" categories may contain emissions that could not be accurately allocated to specific source categories.

Zero values represent less than 500 short tons/year.

In order to convert emissions to gigagrams (thousand metric tons), multiply the above values by 0.9072.
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Table A-5. Particulate Matter (PM-10) Emissions

(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. ELEC. UTIL. 1,775 1,191 879 284 288 284 279 273 282 248 247 268 262 258
Coal 1,680 1,091 796 272 273 271 264 258 269 234 236 255 248 248
bituminous 1,041 661 483 219 219 214 191 194 187 168 167 184 182 183
subbituminous 513 326 238 36 34 35 50 40 40 40 44 46 45 43
anthracite & lignite 126 104 75 17 20 21 23 24 42 25 24 23 21 22
other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
(e]] 89 93 76 8 11 9 10 11 9 10 8 9 9 5
residual 85 87 74 8 11 9 10 11 9 10 8 9 9 5
distillate 6 0 0 0 0 0 0 0 0 0
Gas 7 6 7 1 1 1 1 1 1 1 1 1
Internal Combustion NA NA NA 3 3 3 3 3 3 3
FUEL COMB. INDUSTRIAL 641 564 679 247 244 239 244 243 241 236 237 235 238 239
Coal 83 23 18 71 71 67 70 70 69 57 64 62 64 65
bituminous 52 14 12 48 48 48 49 49 48 40 45 43 45 45
subbituminous 16 4 4 1 1 1 1 1 1 1 1 1 1 1
anthracite & lignite 15 4 2 7 6 6 6 6 6 5 6 6 6 6
other NA NA NA 15 15 13 14 14 13 11 12 12 12 13
Oll 89 69 67 52 49 48 48 48 48 55 49 50 52 51
residual 83 62 63 43 40 38 38 39 39 45 40 41 42 42
distillate 6 7 4 5 5 5 5 5 5 6 6 6 6 6
other 0 0 0 4 4 4 4 4 4 4 4 3 3 3
Gas 27 25 23 47 45 a4 45 44 45 44 44 44 43 43
natural 24 22 20 24 23 23 24 24 24 24 24 24 24 24
process 4 3 3 22 21 20 20 20 20 20 19 19 19 19
other NA NA NA 1 1 1 1 1 1 1 1 1 0 0
Other 441 447 571 75 7 78 79 78 7 7 e 77 7 77
wood/bark waste 415 444 566 67 69 70 71 71 69 69 69 69 69 69
liquid waste NA NA NA 1 1 1 1 1 1 1 1 1 1 1
other 26 3 5 6 6 6 6 6 6
Internal Combustion NA NA NA 3 3 3 3 3 3 3 3 3 3 3
FUEL COMB. OTHER 455 492 887 1,009 889 812 862 869 553 594 626 540 530 408
Commercial/lnstitutional Coal 13 10 8 13 13 13 14 13 14 14 14 14 13 13
Commercial/lnstitutional Oil 52 34 30 12 14 16 15 13 12 12 12 12 12 12
Commercial/lnstitutional Gas 4 4 4
Misc. Fuel Comb. (Except Residential) NA NA NA 3
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Table A-5. Particulate Matter (PM-10) Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. OTHER (continued)

Residential Wood 384 407 818 959 837 758 807 817 501 542 574 488 478 356
fireplaces 90 95 191 NA NA NA NA NA NA NA NA NA NA NA
woodstoves 294 312 626 NA NA NA NA NA NA NA NA NA NA NA

Residential Other 3 37 27 18 18 18 19 18 18 18 18 18 18 18

CHEMICAL & ALLIED PRODUCT MFG 235 127 148 58 59 58 62 63 63 62 64 64 65 66

Organic Chemical Mfg 43 21 19 19 20 20 21 22 22 22 22 22 23 24

Inorganic Chemical Mfg 61 31 25 7 7 7 8 8 8 7 8 8 8 8

Polymer & Resin Mfg NA NA NA 4 4 4 5 5 5 5 5 5 5 5

Agricultural Chemical Mfg 46 38 61 9 9 9 9 10 10 10 10 10 10 10

Paint, Varnish, Lacquer, Enamel Mfg NA NA NA 0 0 0 0 0 0 0 0 0

Pharmaceutical Mfg NA NA NA 0 0 0 0 0 0 0 0 0

Other Chemical Mfg 86 37 42 18 18 17 18 18 19 18 18 18 19 19

METALS PROCESSING 1,316 825 622 142 132 126 136 137 136 130 133 136 141 145

Nonferrous Metals Processing 593 229 130 46 a4 42 45 45 45 43 14 45 46 49
copper 343 66 32 3 3 3 3 3 3 3 4
lead 53 31 18 4 3 3 3 3 3 4
zinc 20 11 3 3 2 2 3 2 3 3
other 177 121 77 36 35 33 36 36 36 34 35 35 36 39

Ferrous Metals Processing 198 275 322 91 83 80 86 88 86 83 85 87 90 91
primary 31 198 271 70 63 60 65 67 66 63 65 66 69 71
secondary 167 77 51 21 20 20 21 21 20 19 20 20 21 21
other NA NA NA 0 0 0 0 0 0

Metals Processing NEC 525 321 170 5 5 4 5 5 4 4 4 4 5 5

PETROLEUM & RELATED INDUSTRIES 286 179 138 33 31 31 30 29 29 28 28 27 27 26

Oil & Gas Production NA NA NA 0 0 0 0 0 0 0 0 0 0 0

Petroleum Refineries & Related Industries 69 56 41 28 27 26 25 24 24 23 23 23 22 22
fluid catalytic cracking units 69 56 41 24 23 23 22 21 21 20 20 19 19 18
other NA NA NA 4 4 4 4 3 3 3 3 3 3 3

Asphalt Manufacturing 217 123 97 4 4 4 4 4 4 4 4 4 4 4

OTHER INDUSTRIAL PROCESSES 5,832 2,572 1,846 382 390 384 386 378 374 362 368 377 391 393

Agriculture, Food, & Kindred Products 485 429 402 28 29 29 30 30 30 30 31 31 32 34
country elevators 257 247 258 3 3 3 3 3 3 3 3 3 3 4
terminal elevators 147 111 86 1 1 1 1 1 1 1 1 1 1 1
feed mills 5 3 3 2 3 3 3 3 3 3 3 3 3 3
soybean mills 25 27 22 7 7 7 7 7 7 7 8 8 8 8
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Table A-5. Particulate Matter (PM-10) Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
OTHER INDUSTRIAL PROCESSES (continued)

Agriculture, Food, & Kindred Products (continued)

wheat mills 5 1 1 0 0 0 0 0 0 0 0 0 0 0
other grain mills 9 8 6 6 6 7 7 7 7 7 7 7 7 8
other 38 32 26 9 9 9 9 9 9 9 9 9 9 10
Textiles, Leather, & Apparel Products NA NA NA 0 0 1 1 0 0 0 0 0 0 0
Wood, Pulp & Paper, & Publishing Products 727 274 183 99 103 104 106 105 104 103 105 107 111 116
sulfate (kraft) pulping 668 228 142 67 69 69 69 70 69 69 70 71 73 76
other 59 46 41 32 34 35 37 35 35 34 35 36 38 40
Rubber & Miscellaneous Plastic Products NA NA NA 4 4 4 4 4 4 4 4 4 4 4
Mineral Products 4,620 1,869 1,261 224 228 222 221 215 212 202 205 212 220 215
cement mfg 1,731 703 417 36 36 34 33 32 32 30 31 33 35 35
surface mining 134 111 127 22 21 18 17 16 17 16 16 17 17 17
stone quarrying/processing 957 508 421 80 85 84 87 84 84 79 79 80 83 78
other 1,798 547 296 86 87 85 84 82 80 77 79 82 86 84
Machinery Products NA NA 3 3 3 3 4 4 4 4 4
Electronic Equipment NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Transportation Equipment NA NA NA 0 0 0 0 0 0 0 0 0
Miscellaneous Industrial Processes NA NA NA 22 22 20 19 19 18 18 18 18 18 18
SOLVENT UTILIZATION NA NA NA 2 2 2 2 2 2 2 2 2 2 2
Degreasing NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Graphic Arts NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Dry Cleaning NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Surface Coating NA NA NA 2 2 2 2 2 2 2 2 2 2 2
Other Industrial NA NA NA 0 0 0 0 0 0 0 0 0 0 0
STORAGE & TRANSPORT NA NA NA 59 58 56 56 56 57 55} 56 57 59 60
Bulk Terminals & Plants NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Petroleum & Petroleum Product Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Petroleum & Petroleum Product Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Organic Chemical Storage NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Organic Chemical Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Inorganic Chemical Storage NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Bulk Materials Storage NA NA NA 58 56 54 55 54 55 53 54 55 57 58
storage NA NA NA 20 21 20 20 19 19 18 18 19 20 20
transfer NA NA NA 37 35 34 34 35 35 34 35 36 37 38
combined NA NA NA 1 1 1 1 1 1 1 1 1 1 1
Bulk Materials Transport NA NA NA 0 0 0 0 0 0 0 0 0 0 0
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Table A-5. Particulate Matter (PM-10) Emissions (continued)

(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
WASTE DISPOSAL & RECYCLING 999 371 273 278 274 265 259 251 242 244 246 248 251 253
Incineration 229 95 75 52 52 51 51 50 49 50 50 51 51 52
residential 51 49 42 39 38 37 36 35 34 34 34 35 35 35

other 178 46 32 13 14 14 15 15 16 16 16 16 16 16

Open Burning 770 276 198 225 222 214 208 200 192 194 196 197 199 201
residential 770 276 198 221 217 209 203 195 188 189 191 193 194 196

other NA NA NA 4 4 5 5 5 5
Industrial Waste Water NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Landfills NA NA NA 0 0 0 0 0 0 0 0 0 0 0
Other NA NA NA 0 0 0 0 0 0 0 0 0 0 0
ON-ROAD VEHICLES 443 471 397 363 356 360 369 367 357 349 343 321 320 304
Light-Duty Gas Vehicles & Motorcycles 225 207 120 7 69 66 66 65 64 63 64 65 62 62
light-duty gas vehicles 224 206 119 77 69 65 66 64 63 63 63 64 61 61
motorcycles 1 1 1 0 0 0 0 0 0 0 0 0 0 0
Light-Duty Gas Trucks 70 72 55 43 39 37 37 34 32 32 31 31 35 32
light-duty gas trucks 1 41 39 25 19 17 17 16 16 15 15 15 15 17 17
light-duty gas trucks 2 29 34 29 24 22 21 20 19 17 17 17 16 18 15
Heavy-Duty Gas Vehicles 13 15 15 14 13 12 12 11 11 10 9 10 10 10
Diesels 136 177 208 229 236 245 254 257 250 245 239 215 213 200
heavy-duty diesel vehicles 136 166 194 219 226 235 244 247 240 234 228 205 204 190
light-duty diesel trucks 0 0 2 1 1 2 2 2 2 2 2 2 2 2

light-duty diesel vehicles 0 10 12 8 8 8 9 9 9 9 9 8 8 8
NON-ROAD SOURCES 223 256 329 368 372 350 387 372 372 367 379 395 411 393
Non-Road Gasoline 35 38 41 43 43 44 44 44 45 45 46 46 47 47
recreational 3 3 3 3 3 3 3 3 3
construction 0 0 0 0 0 0 1 0

industrial 0 0 0 0 0 0 0 0 0 0 0 0 1 1

lawn & garden 10 11 11 12 12 12 13 13 13 13 13 13 13 14

farm 0 0 0 0 0 0 0 0 0 0 0 0 0 0

light commercial 1 1 1 1 1 1 1 1 1 1 1 1 1 1

logging 0 0 0 0 0 0 0 0 0

airport service 0 0 0 0 0 0 0 0 0 0 0 0 0 0

other 21 23 24 25 25 26 26 26 26 26 27 27 27 28
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Table A-5. Particulate Matter (PM-10) Emissions (continued)
(thousand short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NON-ROAD SOURCES (continued)

Non-Road Diesel 135 155 202 227 227 200 231 211 211 205 214 227 240 219
recreational 0 0 0 0 0 0 0 0 0 0 0 0 0 0
construction 85 93 123 141 139 134 134 134 133 127 133 142 152 137
industrial 11 12 14 16 16 17 17 18 18 17 18 18 19 19
lawn & garden 1 1 1 1 1 1 1 1 1 1 1 1 1 1
farm 29 38 49 53 54 30 59 40 40 42 43 45 46 42
light commercial 2 2 2 2 3 3 3 3 3 3 3 3 3 3
logging 0 1 1 1 1 1 1 1 1 1 1 1 1 1
airport service 8 10 12 13 14 14 15 15 15 15 16 16 17 17

Aircraft 21 26 33 37 38 40 42 43 44 44 44 46 48 48

Marine Vessels 6 7 17 20 21 23 25 27 26 26 27 28 29 29
coal 1 1 2 2 2 3 3 3 3 3 3 3 3 3
diesel 4 4 10 12 13 13 15 16 16 16 16 16 17 17
residual oil 2 2 5 6 6 7 7 8 8 8 8 8 8 9

Railroads 25 30 37 41 42 43 45 47 47 47 48 48 48 50

NATURAL NA NA NA 4,047 10,324 1,577 18,110 12,101 4,362 10,095 4,626 1,978 2,593 2,163

Geogenic NA NA NA 4,047 10,324 1,577 18,110 12,101 4,362 10,095 4,626 1,978 2,593 2,163

wind erosion NA NA NA 4,047 10,324 1,577 18,110 12,101 4,362 10,095 4,626 1,978 2,593 2,163
MISCELLANEOUS 839 569 852 37,715 37,056 37,432 39,423 37,440 36,267 36,136 36,367 37,905 39,332 37,925

Agriculture & Forestry NA NA NA 7,108 7,183 7,326 7,453 7,320 7,364 7,332 7,223 7,231 7,121 8,389
agricultural crops NA NA NA 6,833 6,899 6,996 7,077 6,923 6,983 6,952 6,838 6,837 6,716 7,957
agricultural livestock NA NA NA 275 285 330 376 396 381 380 386 394 405 432

Other Combustion 839 569 852 873 798 967 1,683 891 1,178 921 760 743 1,017 727
wildfires 385 206 514 308 226 389 1,086 300 590 333 171 152 424 130
managed burning 390 325 315 506 513 519 538 532 529 529 530 532 535 538
other 64 37 23 59 59 59 59 59 59 59 59 59 59 59

Fugitive Dust NA NA NA 29,734 29,075 29,139 30,287 29,229 27,725 27,883 28,384 29,930 31,194 28,809
wind erosion NA NA NA 0 0 0 0 0 0 0 0 0 0 0
unpaved roads NA NA NA 11,644 11,673 11,110 12,379 11,798 11,338 11,873 11,540 12,482 12,043 11,997
paved roads NA NA NA 5,080 5,262 5,530 5,900 5,769 5,992 5,969 5,942 6,095 6,380 6,468
other NA NA NA 13,009 12,139 12,499 12,008 11,662 10,396 10,042 10,901 11,353 12,771 10,343

TOTAL ALL SOURCES 13,044 7,414 7,050 44,986 50,476 41,976 60,605 52,581 43,337 48,908 43,721 42,552 44,621 42,636

Note(s): NA =not available. For several source categories, emissions either prior to or beginning with 1985 are not available at the more detailed level but are contained in the more aggregate estimate.
"Other" categories may contain emissions that could not be accurately allocated to specific source categories.
Zero values represent less than 500 short tons/year.
In order to convert emissions to gigagrams (thousand metric tons), multiply the above values by 0.9072.
No data was available after 1984 to split the emissions from residential wood burning devices between fireplaces and woodstoves.
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Table A-6. Lead Emissions
(short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
FUEL COMB. ELEC. UTIL. 327 230 129 64 69 64 66 67 64 61 59 61 61 63
Coal 300 189 95 51 50 48 46 46 46 46 47 49 49 49
bituminous 181 114 57 31 30 29 28 28 28 28 28 30 30 30
subbituminous 89 56 28 15 15 14 14 14 14 14 14 15 15 15
anthracite & lignite 30 19 9 5 5 5 4 4 4 4 4 5 5 5

Oll 28 41 34 13 19 16 20 21 18 15 12 12 12 14
residual 27 40 34 13 19 16 20 21 18 15 12 12 12 14

distillate 0 1 0 0 0 0 0 0 0 0 0 0 0 0

FUEL COMB. INDUSTRIAL 237 75 60 30 25 22 19 18 18 18 18 19 18 17
Coal 218 60 45 22 17 14 14 14 14 15 14 14 14 14
bituminous 146 40 31 15 12 10 10 10 10 10 10 10 10 10
subbituminous 45 12 10 5 4 3 3 3 3 3 3 3 3 3
anthracite & lignite 27 7 4 2 2 1 1 1 1 1 1 1 1 1

(e]] 19 16 14 8 8 8 5 4 3 3 4 5 4 3
residual 17 14 14 7 7 7 5 3 3 2 3 4 4 2

distillate 1 1 1 1 1 1 1 1 1 1 1 1 1 1

FUEL COMB. OTHER 10,052 10,042 4,111 421 422 425 426 420 418 416 414 415 415 413
Commercial/Institutional Coal 1 16 12 6 6 5 5 4 4 3 4 4 3 3
bituminous 1 6 6 4 4 3 3 3 3 2 2 2 2 2
subbituminous NA 2 2 1 1 1 1 1 1 1 1 1 1 1
anthracite, lignite NA 7 1 1 1 1 1 0 0 0 1 4] 0
Commercial/Institutional Oil 4 11 10 4 5 5 5 4 4 4 4 3 3 4
residual 3 10 9 3 4 4 4 3 3 3 3 3 3 3

distillate NA 1 1 1 1 1 1 1 1 1 1 1 1 1

other 1 0 NA NA NA NA NA NA NA NA NA NA NA NA

Misc. Fuel Comb. (Except Residential) 10,000 10,000 4,080 400 400 400 400 400 400 400 400 400 400 400
Residential Other a7 16 9 11 11 14 16 12 10 9 7 8 8 6
CHEMICAL & ALLIED PRODUCT MFG 103 120 104 118 108 123 136 136 136 132 93 92 96 80
Inorganic Chemical Mfg 103 120 104 118 108 123 136 136 136 132 93 92 96 80
lead oxide and pigments 103 120 104 118 108 123 136 136 136 132 93 92 96 80
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Table A-6. Lead Emissions (continued)
(short tons)

Source Category 1970 1975 1980 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
METALS PROCESSING 24,224 9,923 3,026 2,097 1,820 1,835 1,965 2,088 2,169 1,975 1,773 1,899 1,979 1,937
Nonferrous Metals Processing 15,869 7,192 1,826 1,376 1,161 1,204 1,248 1,337 1,409 1,258 1,111 1,211 1,239 1,238
primary lead production 12,134 5,640 1,075 874 660 673 684 715 728 623 550 637 633 658
primary copper production 242 171 20 19 16 16 17 19 19 19 20 21 22 22
primary zinc production 1,019 224 24 16 11 7 8 9 9 11 11 13 12 13
secondary lead production 1,894 821 481 288 296 347 353 433 449 414 336 341 357 333
secondary copper production 374 200 116 70 63 31 61 37 75 65 73 70 76 79
lead battery manufacture 41 49 50 65 66 73 73 74 78 77 77 81 94 89
lead cable coating 127 55 37 43 47 56 50 50 50 48 44 47 44 44
other 38 32 24 3 2 1 1 1 1 1 1 1 1 1
Ferrous Metals Processing 7,395 2,196 911 577 553 499 554 582 576 517 461 495 540 492
coke manufacturing 11 8 6 3 3 3 4 4 4 3 3 2 0 0
ferroalloy production 219 104 13 7 13 14 14 20 18 14 14 12 13 12
iron production 266 93 38 21 16 17 18 19 18 16 17 18 18 19
steel production 3,125 1,082 481 209 200 128 157 138 138 145 139 145 160 154
gray iron production 3,773 910 373 336 320 337 361 401 397 339 288 319 349 307
Metals Processing NEC 960 535 289 144 107 132 164 169 184 199 201 193 200 207
metal mining 353 268 207 141 106 131 163 169 184 198 201 193 199 206
other 606 268 82 3 1 1 1 1 1 1 1 1 1 1
OTHER INDUSTRIAL PROCESSES 2,028 1,337 808 316 199 202 172 173 169 167 56 54 53 55
Mineral Products 540 217 93 43 25 28 23 23 26 24 26 27 28 28
cement manufacturing 540 217 93 43 25 28 23 23 26 24 26 27 28 28
Miscellaneous Industrial Processes 1,488 1,120 715 273 174 174 149 150 143 143 30 28 26 26
WASTE DISPOSAL & RECYCLING 2,200 1,595 1,210 871 844 844 817 765 804 807 812 824 829 842
Incineration 2,200 1,595 1,210 871 844 844 817 765 804 807 812 824 829 842
municipal waste 581 396 161 79 52 52 49 45 67 70 68 69 68 75
other 1,619 1,199 1,049 792 792 792 768 720 738 738 744 756 762 768
ON-ROAD VEHICLES 171,961 130,206 62,189 15,978 3,589 3121 2,700 2,161 1,690 1,519 1,444 1,401 1,388 1,387
Light-Duty Gas Vehicles & Motorcycles 142,918 106,868 48,501 12,070 2,689 2,325 2,018 1,614 1,263 1,134 1,078 1,046 1,037 1,036
Light-Duty Gas Trucks 22,683 19,440 11,996 3,595 841 748 637 512 400 364 346 336 333 332
Heavy-Duty Gas Vehicles 6,361 3,898 1,692 313 59 48 44 36 28 20 19 19 19 19
NON-ROAD SOURCES 8,340 5,012 3,320 229 219 222 211 207 197 186 193 179 189 191
Non-Road Gasoline 8,340 5,012 3,320 229 219 222 211 207 197 186 193 179 189 191
TOTAL ALL SOURCES 219,471 158,541 74,956 20,124 7,296 6,857 6,513 6,034 5,666 5,280 4,862 4,945 5,028 4,986

Note(s): NA = not available. "Other" categories may contain emissions that could not be accurately allocated to specific source categories.
In order to convert emissions to megagrams (metric tons), multiply the above values by 0.9072.
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Table A-7.

United States 1990 Ammonia Emissions by Environmental Protection Agency Region

(short tons)

Source Category Region | Region Il Region Il Region IV Region V Region VI Region VIl Region VIII Region IX Region X National
Total

FUEL COMB. ELEC. UTIL. 22 75 22 67 36 4,758 4 2 46 1 5,033
Coal 0 0 0 0 0 19 0 0 0 0 19
Oil 19 18 11 26 8 195 1 0 8 0 286
Gas 3 57 11 40 28 4,544 4 2 38 0 4,727
FUEL COMB. INDUSTRIAL 399 845 934 1,926 2,062 5,370 452 407 4,045 830 17,271
Coal 0 1 2 4 6 2 1 1 0 0 18
Oil 294 574 322 832 385 1,088 54 89 528 127 4,292
Gas 105 270 610 1,091 1,671 4,280 397 317 3,516 703 12,960
FUEL COMB. OTHER 1,362 1,804 1,347 827 1,263 405 213 171 388 193 7,973
Commercial/lnstitutional Coal 0 0 0 0 1 0 0 0 0 0 2
Commercial/lnstitutional Oil 375 637 324 369 184 181 39 50 153 72 2,384
Commercial/lnstitutional Gas 26 79 61 68 189 78 50 32 79 16 677
Residential Other 961 1,089 962 390 889 145 125 90 156 104 4,910
CHEMICAL & ALLIED PRODUCT MFG 0 0 4,277 48,478 10,193 73,825 41,477 52 3319 954 182,574
Agricultural Chemical Mfg 0 0 4,277 48,478 10,193 73,825 41,477 52 3,319 954 182,574
METALS PROCESSING 0 43 1,154 338 4,060 0] 9 288 (0] 0 5,893
Ferrous Metals Processing 0 43 1,154 338 4,060 0 9 288 0 0 5,893
PETROLEUM & RELATED INDUSTRIES 0 0 2,176 1,498 8,689 19,195 934 1,739 8,007 607 42,845
Petroleum Refineries & Related Industries 0 0 2,176 1,498 8,689 19,195 934 1,739 8,007 607 42,845
OTHER INDUSTRIAL PROCESSES 0 0 2 17 3,113 22,929 6,899 2 1,088 3,524 37,574
Agriculture, Food, & Kindred Products 0 0 0 0 0 0 0 0 0 2,079 2,079
Miscellaneous Industrial Processes 0 0 2 17 3,113 22,929 6,899 2 1,088 1,445 35,495
WASTE DISPOSAL & RECYCLING 5,540 10,176 8,421 11,566 20,675 7,032 3677 2,501 9,479 2,694 81,761
POTW 5,540 10,176 8,421 11,566 20,675 7,032 3,677 2,501 9,479 2,694 81,761
HIGHWAY VEHICLES 10,065 15,645 19,640 39,258 36,488 24,609 10,165 6,327 28,761 7,622 198,479
Light-Duty Gas Veh. & Motorcycles 8433 13,159 16,352 32,633 30,416 20,513 8,413 5,238 24,203 6,254 165,614
Light-Duty Gas Trucks 1,599 2,438 3,218 6,480 5,942 4,009 1,712 1,065 4,470 1,240 32,173
Heavy-Duty Gas Vehicles 20 29 42 85 76 52 23 15 53 16 411
Diesels 13 19 29 59 53 35 16 10 35 11 281
NONROAD ENGINES & EQUIPMENT 44 119 249 451 348 684 219 152 480 179 2,926
Marine Vessels 11 69 117 170 31 365 20 0 285 71 1,139
Railroads 33 50 132 281 317 319 199 152 195 108 1,788
AGRICULTURE & FORESTRY 19,725 43,076 192,594 633,536 830,200 794,897 1,065,173 643,068 252,207 158,565 4,633,041
Fertilizer Application 546 370 9,780 64,346 114,564 63,957 111,811 26,219 25,291 2,860 419,744
Animal Husbandry 19,180 42,705 182,814 569,190 715,635 730,941 953,362 616,848 226,916 155,705 4,213,297
TOTAL ALL SOURCES 37,157 71,783 230,816 737,961 917,128 953,703 1,129,223 654,711 307,822 175,067 5,215,370

Note(s): NA = not available.

"Residential Other" is residential combustion of all fuels except wood.
Zero values represent less than 0.5 short tons/year.
In order to convert emissions to megagrams (metric tons), multiply the above values by 0.9072.
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