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ABSTRACT

This report presents estimates of trends in nationwide air pollutant emissions for six
major pollutants: particulate matter (with TSP as the indicator pollutant), sulfur oxides,
nitrogen oxides, reactive volatile organic compounds, carbon monoxide, and lead.
Estimates are presented for each year from 1940 through 1987. Emission estimates are
discussed according to major classifications of air pollution sources. A short analysis of
trends is given, along with a discussion of methods used to develop the data.

iii



CONTENTS

Section

LIST OF FIGURES . . . .. . i i i i e e v

LIST OF TABLES . . . . . . i i i e e

1.

SUMMARY . .. e e

2. NATIONWIDE EMISSION TRENDS, 1940-1987 ...................

2.1 Particulate Matter (with TSP as the indicator pollutant) . ...........
22 Sulfur Oxides . . . . . ... . i e e
23 Nitrogen Oxides . . . ... .. ...ttt e
2.4 Reactive Volatile Organic Compounds (VOCs) ... ............ ...
25 Carbon Monoxide . . ... ... .. ... e

2.6 Lead . . . . . . e e e e e

3.1 Transportation . . . . ... ittt e e e
3.1.1 Motor Vehicles ... ........ ... . .. .. . . . ..
312 Aircraft . ... e e e e e e e
313 Railroads . . . ..o o i e e e
3.0 VESSCIS . . . i e e e e e e e e e e e e e e e e e e e e e
3.1.5 Non-highway Use of Motor Fuels . . . .. .................

3.2 Fuel Combustion in Stationary Sources . . .. ...................
321 Coal . ... e
322 Fuel Oil . .. ... e
323 Natural Gas . . . .. . .. i e e
324 Other Fuels . . . ... .. . .. .

3.3 Industrial Processes . . . . v v i i e e e e e e e e e e e e
3.3.1 Miscellaneous Industrial Processes for Lead ...............

34 Solid Waste Disposal . .. . ... .. e

iv

Page
vi

vii



4.

5.

CONTENTS (continued)

Page

3.5 Miscellaneous Sources . . ........ ... ... ..., 51
351 FOrest . ... it e e e e e e 51
352 Agricultural . . ... . ... e 51
353 Coal Refuse ........... e e e 51
354 Stuctural Fires . . ... ... e e e e 52
3.5.5 Nonindustrial Organic Solvent Use . .................... 52
ANALYSIS OF TRENDS . .. . ... i ittt ettt 53
4.1 Particulate Matter (with TSP as the indicator pollutant) . ........... 54
42 Sulfur Oxides . . . . . ... i i e e e 58
43 Nitrogen Oxides . . ... ... . i e e e 60
44 Reactive Volatile Organic Compounds . . .. ................... 64
45 Carbon Monoxide . .. ... .. .. ... ittt 65
4.6 Lead . ... ... e e e e e e 66
REFERENCES . . . e e e e e e e e 69
TECHNICAL REPORT DATA AND ABSTRACT . ................. 73



LIST OF FIGURES
Figure
1. Trends in Emissions of Particulate Matter, 1940-1987 .. .............
2. Trends in Emissions of Sulfur Oxides, 1940-1987 ... ...............
3. Trends in Emissions of Nitrogen Oxides, 1940-1987 .. ... ...........
4. Trends in Emissions of Reactive VOCs, 1940-1987 ... ... ... ... .....
5. Trends in Emissions of Carbon Monoxide, 1940-1987 ...............
6. Trends in Emissions of Lead, 1970-1987 ... ... .. ... .. . .. .. .....

7. Emissions of Particulate Matter by Source Category, 1940, 1970
and 1987 . . . e e e e e e e

8. Emissions of Sulfur Oxides by Source Category, 1940, 1970
and 1987 . . . e e e

9. Emissions of Nitrogen Oxides by Source Category, 1940, 1970
and 1987 . .. e

10. Emissions of Reactive VOCs by Source Category, 1940, 1970
and 1087 . .. e

11. Emissions of Carbon Monoxide by Source Category, 1940, 1970
and 1987 . . .. e e

12. Emissions of Lead by Source Category, 1970 and 1987 ... ... .. ... ...

13. Theoretical Estimate of 1987 Nationwide Emissions of TSP, SOX,
NO,, VOC and CO with 1970 Level of Control . ... ...............

14. Emissions of Sulfur and Nitrogen Oxides from Electric
Utlity Coal Combustion . ... ... ... ... ... ietinnn...

15. Emissions of Nitrogen Oxides from Highway Vehicles . . .. ...........
16. Emissions of Reactive VOCs from Highway Vehicles ...............
17. Emissions of Carbon Monoxide from Highway Vehicles . .. ...........

18. Theoretical Estimate of 1987 Nationwide Emissions of Lead
with 1970 Level of Control . . . . . . . . i it it et e e e e e e et

vi



LIST OF TABLES

Table Page
1. Summary of Estimates of Nationwide Emissions . ... ............... 2
2. Summary of Estimated Emissions of Particulate Matter, 1940-70 . . . . ... .. 13
3. Summary of Estimated Emissions of Sulfur Oxides, 1940-1970 ... ...... 14
4. Summary of Estimated Emissions of Nitrogen Oxides, 1940-1970 .. ... ... 15
5. Summary of Estimated Emissions of Reactive VOCs, 1940-1970 .. ... ... 16
6. Summary of Estimated Emissions of Carbon Monoxide, 1940-1970 . ... ... 17
7. Estimates of National Emissions of Particulate Matter, 1970-1987 . . ... ... 18
8. Estimates of National Emissions of Sulfur Oxide, 1970-1987 ... ........ 19
9. Estimates of National Emissions of Nitrogen Oxide, 1970-1987 ... ... ... 20
10. Estimates of National Emissions of Reactive VOCs, 1970-1987 .. .... ... 21
11. Estimates of National Emissions of Carbon Monoxide, 1970-1987 . . ... ... 22

12. Estimates of National Emissions of Lead, 1970-1987 . ... ......... ... 23
13. Emissions of Particulate Matter from Transportation . ............... 24
14. Emissions of Sulfur Oxides from Transportation . .. ................ 25

15. Emissions of Nitrogen Oxides from Transportation . ................ 26

16. Emissions of Reactive VOCs from Transportation . .. ............... 27

17. Emissions of Carbon Monoxide from Transportation . ............... 28

18. Emissions of Particulate Matter from Fuel Combustion . . . ... ... ... ... 29

19. Emissions of Sulfur Oxides from Fuel Combustion .. ............... 30

20. Emissions of Nitrogen Oxides from Fuel Combustion ... ............ 31

vii



LIST OF TABLES (continued)

Table Page
21. Emissions of Reactive VOCs from Fuel Combustion . . .............. 32
22. Emissions of Carbon Monoxide from Fuel Combustion ... ........... 33
23. Emissions of Particulate Matter from Industrial Processes . . ... ........ 34
24. Emissions of Sulfur Oxides from Industrial Processes . .............. 35
25. Emissions of Nitrogen Oxides from Industrial Processes . ... ... .. ... .. 36
26. Emissions of Reactive VOCs from Industrial Processes ... ........... 37
27. Emissions of Carbon Monoxide from Industrial Processes . . . ... ....... 38
28. Emissions of Lead from Industrial Processes . .. .................. 39

29. Estimates of Theoretical 1987 National Emission with 1970
Level of Control . . . . . . . e e e e 55

viii



NATIONAL AIR POLLUTANT EMISSION ESTIMATES

1940-1987

1. SUMMARY

The primary objective of this publication is to provide current estimates of
nationwide emissions for six major air pollutants: particulate matter with TSP as the
indicator pollutant (PM/TSP), sulfur oxides (SO,), nitrogen oxides (NO,), reactive
volatile organic compounds (VOC), carbon monoxide (CO) and lead (Pb). Estimates are
presented for 1940, 1950, 1960, and 1970 to give an historical perspective of national
air pollutant emissions, and for 1975 through 1987 as an indication of recent trends.
These data entirely replace those published earlier for 1940-1970 and 1975-1986 in the
Environmental Protection Agency report National Air Pollutant Emission Estimates,
1940-1986 (EPA-450/4-87-024). Because of modifications in methodology and use of
more refined emission factors, data from this report should not be compared with data
in the earlier report.

Reporting of emissions on a nationwide basis, while useful as a general indicator
of trends in emissions, has definite limitations. National totals or averages are not the
best guide for estimating trends for particular localities. Yet, it is important that some
criteria be established for reporting national progress in the control of air pollutant
emissions. The emission estimates presented in this document represent calculated
estimates based on standard emissions-estimating procedures. Since these data are
estimates and do not represent the results of any program for the measurement of actual
emissions, their accuracy is limited. Similarly, these emission estimates would not
necessarily be in agreement with emission estimates derived through a different
emissions-estimating procedure. The principal objective of compiling these data is to
identify probable overall changes in emissions on a national scale. It should be
recognized that these estimated national trends in emissions are not meant to be
representative of local trends in emissions or air quality.
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2. NATIONWIDE EMISSION TRENDS, 1940-1987

Table 1 presents a summary of total national emission estimates for 1940-1987.
Figures 1 through 6 depict how total emissions and emissions from major source
categories have changed over time for each pollutant. Tables 2 through 12 present
more detailed summaries for each year according to five major categories of sources:
transportation, stationary source fuel combustion, industrial processes, solid waste
disposal, and miscellaneous sources. Detailed breakdowns of emissions for 1970
through 1986 are given in Tables 13 through 17 for transportation, Tables 18 through
22 for stationary source fuel combustion, and in Tables 23 through 28 for industrial
processes.

The Standard Industrial Classifications (SIC) are shown for each process category
in the industrial process tables. These estimates do not represent the complete
emissions for all SIC categories--only those particular industrial processes shown.

In all tables, data are reported in metric units, either as teragrams (10" grams) or
gigagrams (10° grams) per year. One teragram equals 10° metric tons and ap-
proximately 1.1 x 10° short tons (2000 1bs.). One gigagram equals 10° metric tons and
approximately 1.1 x 10° short tons.

Figures 7 through 12 show how the relative contribution of the major source
categories to the total emissions of each pollutant have changed with time. The major
factors influencing these changes for each pollutant are discussed briefly below. A
more detailed discussion appears in Chapter 4.

2.1 Particulate Matter (PM/TSP)

Emissions of particulate matter (PM/TSP) result primarily from sources of fugitive
dust.  Fugitive particulate emissions (emissions from uncontrolled sources such as
storage piles, material loading, etc.) are incompletely accounted for in the emission
totals. Rough estimates of industrial process fugitive emissions are included for some
industries. Area source fugitive dust emissions (unpaved roads, construction activities,
etc.) are not included at all; based on data in the National Emissions Data System
(NEDS), the 1986 particulate matter emissions from these sources were estimated to be
25.6 million metric tons (28.2 million short tons) or about 76% of the total national
emissions of PM/TSP in 1986. Similarly, natural sources of particulate matter emissions
such as wind erosion or dust, are not included. (An exception is forest fires, some of
which result from natural causes). In total, these fugitive emissions may amount to a
considerable portion of total particulate matter emissions. The controls applied to these
sources have so far been minimal. Due to the lack of adequate emission factors and
emission inventory techniques for these sources, fugitive particulate matter emissions
have not been included in most emission inventories. As additional data become
available, it is expected that estimates of fugitive particulate matter emissions will be
included in future emission inventories. It should be noted, however, that a major
portion of the fugitive particulate matter emissions are relatively large particles that are



not readily captured by particulate air quality monitors. Similarly, these large particles
do not effectively enter into the human respiratory system.

In 1940 and 1950, emissions from transportation (coal combustion by railroads)
and miscellaneous sources (forest fires) were significant. Emissions from fuel
combustion and industrial processes did not change substantially from 1940 to 1970.
Since 1970, emissions from these categories have been substantially reduced as a result
of the installation of air pollution control equipment. Particulate matter emissions from
transportation decreased substantially from 1940 to 1960 as the result of the
obsolescence of coal-burning railroad locomotives. From 1960 to 1987, particulate
matter from transportation increased due to increased travel by highway motor vehicles.
Miscellaneous source emissions decreased substantially from 1940 to 1970, primarily
due to a major reduction in the acreage burned by forest wildfires. Solid waste
emissions increased from 1940 to 1970, but declined substantially to 1987 as the result
of air pollution regulations prohibiting or limiting the burning of solid waste.

2.2 Sulfur Oxides (SOy)

Emissions of sulfur oxides occur mostly from stationary source fuel combustion
and to some extent, from industrial processes. Emissions of sulfur oxides from the
combustion of coal by railroad locomotives were significant in 1940 and 1950.
Emissions from solid waste disposal and miscellaneous sources have always been minor.
Emissions from stationary source fuel combustion increased greatly from 1940 to 1970.
From 1970 to 1986, emissions from fuel combustion have decreased slightly. During
this time period, fuel combustion, particularly of sulfur-bearing coal, continued to
increase, but the average sulfur contents of fuels decreased and an increasing number of
pollution control systems (flue gas desulfurization) were installed. Emissions from
industrial processes increased from 1940 to 1970 reflecting increased industrial
production. From 1970 to 1987, industrial process emissions decreased primarily due to
control measures by primary non-ferrous smelters and sulfuric acid plants.

2.3 Nitrogen Oxides (NOy)

Emissions of nitrogen oxides are produced largely by stationary source fuel com-
bustion and by transportation sources. Emissions have steadily increased over the period
from 1940 to 1970 as the result of increased fuel combustion. From 1970 to 1987, the
size of the increase was reduced somewhat by controls installed on highway motor
vehicles and to a lesser extent by controls on coal-fired electric utility boilers. From
1978-1983, NO, emissions decreased slightly.  Since then, NOy emissions have
increased, but remain below the 1978 peak. Emissions of nitrogen oxides by industrial
processes increased from 1940 to 1970, but have remained about constant since then.



2.4 Reactive Volatile Organic Compounds (VOC)

The largest sources of reactive VOC emissions are transportation sources and
industrial processes. Miscellaneous sources, primarily forest wildfires and non-industrial
consumption of organic solvents, also contribute significantly to total VOC emissions.
Emissions from stationary source fuel combustion and solid waste disposal are relatively
small. Transportation source emissions increased greatly from 1940 to 1970, primarily as
the result of increased travel by highway motor vehicles. Since 1970, air pollution
controls installed on motor vehicles have been effective in reducing VOC emissions.
Industrial process emissions have increased through the late 70’s, generally reflecting
increased levels of industrial production. Controls installed on industrial processes since
1970 have had a modest effect in preventing additional increases in VOC emissions.
Since 1979, VOC emissions from industrial processes have decreased. This reflects
both the installation of controls and a lower level of industrial output during 1980-1983.
Emissions from stationary source combustion declined from 1940 through the
mid-1970’s and then increased to 1984, reflecting primarily the trend in residential wood
combustion. NOTE: The relevant emission factors for residential wood combustion,
i.e., pounds of reactive VOC emitted per ton of wood burned, were recently changed,
but the changes were received too late to be used in developing the data for this report.
The changes are based on improved test data that indicate (1) the emissions of reactive
VOC from residential wood stoves have probably been generally overstated in the past
and (2) the emissions from newer stoves are substantially less than from older stoves.
Based on prelimary calculations, this report’s estimate of the 1987 emissions of reactive
VOC from residential wood-burning appears to be about three times too large, i.e.,
about 700 gigagrams instead of the 2,120 gigagrams shown in Table 21.

2.5 Carbon Monoxide (CO)

Transportation sources are the largest emitters of carbon monoxide. Major in-
creases in emissions occurred from 1940 to 1970 as the result of increased motor
vehicle travel. From 1970 to 1987, transportation emissions decreased as the result of
highway vehicle emission controls, despite continued increases in highway vehicle travel.
Emissions from stationary source fuel combustion have declined from 1940 through the
mid-1970’s and then increased slightly to 1987.

Prior to 1970, residential coal and wood combustion contributed significantly to
CO emissions. However, as residential use of coal has been replaced by other fuels,
residential emissions have declined. Beginning in the late 1970’s, residential combustion
of wood has increased, however, and as a result CO emissions from residential fuel
combustion increased. Carbon monoxide emissions from industrial processes increased
from 1940 to 1950 but have declined somewhat since then. The decline is due largely
to the obsolescence of a few high-polluting industrial processes such as carbon black
manufacture by the channel process and limited installation of control equipment on
other processes. These factors have been significant enough to offset growth in
industrial production which would otherwise have caused a net increase in emissions.
Carbon monoxide emissions from solid waste disposal increased from 1940 to 1970, but
have subsequently declined as the result of air pollution control efforts. Substantial

5



emissions of carbon monoxide from forest fires occurred in 1940. In later years, these
emissions have been much smaller due to improved fire prevention efforts and more
effective suppression of wildfires.

2.6 Lead (Pb)

The primary sources of lead emissions are transportation (gasoline engines) and in-
dustrial processes. This report does not include estimates of lead emissions for 1940,
1950 or 1960 because of missing data, especially for transportation sources. In the early
1970’s, the transportation emissions varied based on the amount of gasoline consumed
and the average lead content. From 1975 to 1987, transportation emissions decreased as
a result of the conversion to unleaded gasoline. A major reduction occurred between
1984 and 1986 due to EPA rulemaking which required petroleum refiners to lower the
lead content of leaded gasoline in 1985. Emissions from industrial processes have
declined from 1970 to 1987 as the result of installation of air pollution control
equipment.
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TABLE 2
1940-1970 SUMMARY OF ESTIMATED
EMISSIONS OF PARTICULATE MATTER (PM/TSP)

(TERAGRAMS /YEAR)
Source Category 1940 1950 1960 1970
Transportation
Highway Vehicles 0.2 0.3 0.6 0.9
Aircraft 0.0 0.0 0.0 0.1
Railroads 2.4 1.7 0.1 0.1
Vessels 0.1 0.1 0.0 0.0
Other-0ff Highway 0.0 0.0 0.0 0.1
Transportation Total 2.7 2.1 0.7 1.2
Stationary Source Fuel Combustion
Electric Utilities 1.3 2.0 2.8 2.3
Industrial 3.3 2.8 1.8 1.6
Commercial-Institutional 0.4 0.5 0.1 0.1
Residential 2.5 1.7 1.0 0.6
Fuel Combustion Total 7.5 7.0 5.7 4.6
Industrial Processes
Iron and Steel Mills 3.0 3.5 1.7 1.2
Primary Metal Smelting 0.6 0.6 0.5 0.6
Secondary Metals 0.2 6.3 0.2 0.2
Mineral Products 2.0 2.9 3.8 2.9
Chemicals 0.3 0.4 0.3 0.2
Petroleum Refining 0.0 0.0 0.1 0.1
Wood Products 0.5 0.8 0.9 0.7
Food and Agriculture 0.8 0.8 0.9 0.8
Mining Operations 1.3 3.4 4.1 3.9
Industrial Processes Total 8.7 12.7 12.5 10.5
Solid Waste Disposal
Incineration 0.3 0.3 0.4 0.4
Open Burning 0.2 0.3 0.5 0.7
Solid Waste Total 0.5 0.6 0.9 1.1
Miscellaneous
Forest Fires 2.9 1.7 1.0 0.7
Other Burning 0.8 0.8 0.8 0.4
Misc. Total 3.7 2.5 1.8 1.1
Total of All Sources 23.1 24.9 21.6 18.5

13



TABLE 3

1940-1970 SUMMARY OF ESTIMATED
EMISSIONS OF SULFUR OXIDES

Source Category

Transportation
Highway Vehicles
Alircraft
Railroads
Vessels
Other-0ff Highway

Transportation Total

Stationary Source Fuel Combustion

Electric Utilities
Industrial
Commercial-Institutional
Residential

Fuel Combustion Total

Industrial Processes
Primary Metal Smelting
Pulp Mills
Chemicals
Petroleum Refining
Iron and Steel
Secondary Metals
Mineral Products
Natural Gas Processing

Industrial Processes Total
Solid Waste Disposal
Incineration
Open Burning
Solid Waste Total
Miscellaneous
Forest Fires

Other Burning

Misc. Total

Total of All Sources

(TERAGRAMS /YEAR)

1940
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17.6
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1950
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19.8

1960
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19.7

1970
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H oy O NN NN
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TABLE 4
1940-1970 SUMMARY OF ESTIMATED
EMISSIONS OF NITROGEN OXIDES

(TERAGRAMS /YEAR)
Source Category 1940 1950
Transportation
Highway Vehicles 1.3 2.1
Aircraft 0.0 0.0
Railroads 0.6 0.9
Vessels 0.1 0.1
Other-0ff Highway 0.2 0.4
Transportation Total 2.2 3.5
Stationary Source Fuel Combustion
Electric Utilities 0.6 1.2
Industrial 2.3 2.9
Commercial-Institutional 0.2 0.3
Residential 0.3 0.3
Fuel Combustion Total 3.4 4.7
Industrial Processes
Petroleum Refining 0.1 0.1
Chemicals 0.0 0.0
Iron and Steel Mills 0.0 0.1
Pulp Mills 0.0 0.0
Mineral Products 0.1 0.1
Industrial Processes Total 0.2 0.3
Solid Waste Disposal
Incineration 0.0 0.1
Open Burning 0.1 0.1
Solid Waste Total 0.1 0.2
Miscellaneous
Forest Fires 0.7 0.4
Other Burning 0.2 0.2
Misc. Total 0.9 0.6
Total of All Sources 6.8 9.3
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TABLE 5
1940-1970 SUMMARY OF ESTIMATED
EMISSIONS OF VOLATILE ORGANIC COMPOUNDS
(TERAGRAMS /YEAR)

Source Category 1940 1950 1960 1970

Transportation
Highway Vehicles 4.0
Alrcraft 0.0
Railroads 0.5
Vessels 0.0
Other-0ff Highway 0.2

Transportation Total 4.7 7.1 9.9 11.1

Stationary Source Fuel Combustion
Electric Utilities 0
Industrial 0
Commercial-Institutional 0.
Residential 4

Fuel Combustion Total 4.7 3.1 1.9 1.1

Industrial Processes
Chemicals 0.8
Petroleum Refining 0.4
Iron and Steel Mills 0.3
Mineral Products 0.0
Food and Agriculture 0.1
Industrial Organic Solvent Use 1.0
Petroleum Product Production 0.7

and Marketing

Industrial Processes Total 3.3 5.4 6.3 8.9

Solid Waste Disposal
Incineration 0.4 0.4 0.5 0.5
Open Burning 0.5 0.6 1

Solid Waste Total 0.9 1.0 1.4 1.8

Miscellaneous
Forest Fires 3 1. 0
Other Burning 0.6 0.6 0.5 0.3
Misc. Organic Solvent Use 0 1 2

Misc. Total 4.5 3.6 3.1 3.3

Total of All Sources 18.1 20.2 22.6 26.2
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TABLE 6
1940-1970 SUMMARY OF ESTIMATED
EMISSIONS OF CARBON MONOXIDE

{TERAGRAMS /YEAR)
Source Category 1940 1950 1960 1970
Transportation
Highway Vehicles 21.9 32.9 46.2 64.2
Aircraft 0.0 0.8 1.6 0.9
Railroads 3.7 2.8 0.3 0.3
Vessels 0.2 0.2 0.6 1.2
Other-0ff Highway 3.4 6.7 8.0 6.8
Transportation Total 29.2 43.4 56.7 73.2
Stationary Source Fuel Combustion
Electric Utilities 0.0 0.1 0.1 0.2
Industrial 0.4 0.5 0.6 0.7
Commercial-Institutional 0.1 0.1 0.0 0.1
Residential 15.4 10.7 6.3 3.4
Fuel Combustion Total 15.9 11.4 7.0 4.4
Industrial Processes
Chemicals 3.8 5.3 3.6 3.1
Petroleum Refining 0.2 2.4 2.8 2.0
Iron and Steel Mills 1.5 1.1 1.3 1.6
Primary Metal Smelting 0.0 0.1 0.3 0.6
Secondary Metals 1.0 1.4 1.0 1.1
Pulp Mills 0.1 0.2 0.3 0.6
Industrial Processes Total 6.6 10.5 9.3 8.9
Solid Waste Disposal
Incineration 2.0 2.5 2.5 2.7
Open Burning 1.3 1.8 2.6 3.7
Solid Waste Total 3.3 4.3 5.1 6.4
Miscellaneous
Forest Fires 22.8 12.8 6.7 5.1
Other Burning 3.7 3.7 3.3 2.1
Misc. Total 26.5 16.5 10.0 7.2
Total of All Sources 81.5 86.1 88.1 100.2

17



21861

9861

S861

£°0 €0 £°0 %0 %70 %70 %70 9°0

20 2’0 ¢ 0 2’0 20 [y 20
170 1°0 170 20 <0 ¢0 a0

%861 2861 2861 1861 086l 6161 8161 G261
(YVIA/SHv¥OYYIL)
(dS1/Wd) ¥3ILLVW JLVINDIL1¥Vd 4O SILVWILST SNOISSIWI TYNOILVN

4 31avl

17l
170
770

061

$204N0S 11V 40 je30L

1830} "9SiK

JUSA0S JlUeBJO "ISINW
Butuang Jayi0
S9J4l4 3Isadoyd

snoaue] 19951

1e310] d3SEM PL]OS

Butuung usdp
uotijedautou]
1esodsiq 21SeM pL10S

$395S920J4d 1BLJISNPU]

je30] uoLISNqWO) 19N4

1et3uspLsay
1BUO L3N L3SU] - 1B 1IJ3UN0)
1e133sNpU]
S31317130 21439913

uo131snqwo) 12n4 29Jnog AJeuoliels

je30] uolieldodsued)

AemyblH }40-J2410

S19SSaA

speod)tey

3jeJOJLY

S9)91YaA AemyBLH
uoljezJodsued|

AJoBaje) ad4nos

18



v°0e

9861

5861

7861

1702 A4 9°2e vree
0°0 0°0 0°0 0°0
0°0 0°0 070 0°0
0°0 0°0 0°0 00
0°0 070 0°0 0°0

0°0 070 0°0 0°0

0°0 0°0 0°0 00
00 0°0 0°0 0°0

€< £ ¢ 6°¢ 8°¢

L9l £l 821 1781
270 20 2’0 2’0
%0 9°0 9°0 2’0
0°¢ € ¢°e VKA
0"yl ra" FAR1" S'Sl

L0 170 L"0 1’0
2’0 20 €0 €0
170 170 L0 170
0°0 0°0 0°0 0°0
%°0 "0 %°0 ¥°0
£861 286! 1861 0861
(AVIA/SWYEIVEIL)

6461

9°%e

0°0
0'0
0°0

8261

G264

SNOISSIW3 S3AIX0 ¥N4INS 40 SILVWILSI NOISSIKWI TVYNOILVN

g 318vL

026l

$924N0S 11V 0 jel0y

18304 *ISlNW

JUBAYOS OtuebuQ "ISLK

Buiuing J4aYy1o0

S3J14 3sd4o4
snosaue)}9oS 1K

je3of 3isem pL1os

puiudng uadp
uolledaulLou]
jesodstq 231seM p11os

$3$S9204d 1EB1JISNpU]

183101 UOL3sSnquo) janj

1ei3UspLsay
1BUOLINILISU] - (B LDJ3UM0)
1etJ3snpu]
$91311130 21439913

UoLIShquo) }aNn4 934nos AJeuoliels

je3ol uollejdodsued)

AemyBiH 430-49Y30

S)19SSIaA

speoJijtey

1je4041Y

S9121YSA AemybLy
uoliejyodsued |

AJoBale) asunos

19



ST 61 €76l 86l 2761 076l 9761 %702 v 0 [ ¥4 2'ie 6l £'8l

170 170 L0 270 2’0 170 2’0 2’0 20 20 L"0 0

070 0°o0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 00
0°0 0°0 0°0 0°0 0°0 0°0 0°'0 070 0°0 0°0 00 L0
170 170 170 ) ] L°0 0 2’0 20 20 1'0 20

1°0 170 L0 L"0 170 L°0 0 170 170 10 170 %70
10 L0 170 170 €0
o.o o.o o‘o o.o P.o

9°0 9°0 9°0 90 S0 S0 9°0 270 270 270 20 L0

£°0l g oL 2 ol 270l 96 86 c-oL Lol S0l £°0l €6 176

7°0 %0

0"l 17l 0°1 0"l 670 6°0 670 0"l 17l 17 60 870
20 20 20 <0 2’0 20 2’0 20 2°0 20 170 170
5°0 5°0 §°0 9°0 5°0 270 2°0 870 80 270 40 970
170 170 170 L0 170 1°0 170 170 170 1°0 L0 10
99 9°9 072 89 8'9 [AwA §°2 kAP §°2 82 ¢ L 1°9

2861 9861 S861 861 £861 286l 1861 0861 6.61 8L61 6261 0261

(YvIA/SHYAIVYIL)
S3QIXC NIDOYLIN 40 SNOISSIW3I TVNOILVN 40 S3ILVWILSI

6 37avl

$904N0S 11V 40 1301

1e10t "IoSii
JU3AY0S otuebug “ISIK
suluing Jayipo
sadid 1s3doy
SNOBUER ) 12IS N

1e310) 931SEM pl]0OS

Buluing uadg
uotiedaulau]
jesodsig 23seM pl)os

$S955920.d jeldisnpul

1E10] UOLISNQWO) 1an4

1eL3uspLsay
1BUO L3N] LISU] - 1B 1 O43UI0)
jeLJIsnpu]
$31111130 21439913
uoL3SNquos 13N4 294N0S AJBUOLIELS

je30] uoliejdodsued)

Aemybil $30-49430

S19SS9A

speoJyiey

1je404ly

$3191Yy3A AeMyblH
uoliejdodsued]

AJobaizeg a34nos

20



9°6l €76l 170 R ¥4 9702

ye 2 e 272 L2 42

Sl 8-l 9l

172 172 1°2 b2 v2
0'0 00 00 00 0°0
170 1°0 170 170 1°0
00 00 0°0 0°0 0°0

24861 9861 S861 Y861 £861

2'e s°¢ 62 62 272 s°Z g€
sl 94 61 072 6"l 671 £°e
1’0 170 L0 L°0 170 170 €0
90 8°0 6°0 80 20 ¢'0 70

90 9°0 9°0 270 8270 6°0 8l

£0 £°0 €0 €0 %0 S0 €l
€0 €0 €0 ?°0 270 %0 S0

L €2 22 671 9"l 1" 17
e 22 072 2% 9l 6’0 670
00 0°0 0°0 00 0°0 0°0 0°0
10 1°0 170 2’0 20 170 170
0°0 0°0 0°0 0°0 0°0 0°0 00

286l 1861 086l 661 8.6l Sl61 0261

(¥VIA/SWYYIYYIL)

SONNOdWOD JINVDNO JTILVIOA 3AILIVIY 40 SILVWILSI SNOISSIWI TYNOILVN

0l 378Vl

S324N0S 1Y 40 1B30)

1301 “OSIHW

JU3AYoSs dluebup "OSLi
Buiuing Jayip
SaJdlj 39404

snosue) 139ty

12101 331SBH P1)0S

Buluang uadp
Uo13BIBULIU]
jesods1Q a3sem pl1os

$3853004d jelJisnpu]

Je30] Uol3isnquo) )ang

1e1jUSpLSAY
1BUO 1IN} 1ISU] - 1B 1043UN0)
lerJasnpu]
S3131113N 91439913

UOL3ISNQUWOD ]9N4 33JNos AJeuoliels

1e30) uoliejsodsued)

Aemyb L $30-43420

$)9SSap

speoJ)iey

3je4241Y

S9121YsA AeMybiLy
uoljej.dodsued)

AdoBaie) a3Jdnos

21



[TaRlo R =)
Voo

179 999 4789 ¢ 9769 7792 071 AV Y7¢8 [AN4]

0°s €S £9 2L 6"y %9 972 S'9 L°S 8"y

0°0 0°0 0°0 0°0 00 0°0 60 0°0 0°0 0°0
9°0 90 9°0 9°0 9°0 9°0 L0 L°0 L0 8'0
Y Ly 'S 174 £y 8°s 6°9 8°s 0°s 0"y

271 0°¢ 6°L 6°1 0°¢ L e 2°¢ ¢e 6'e L ¢

6°0 670 0
2

8°0 6 6°0 ) 0°l
6°0 171 o'l 0’ rAN"

0"l bl
2 el A"

€9 €9 172 0L 0°L 9 %9 S°S LY €€
170 10 1°0 1°0 170 170 1'0 Ry 1Y 170
9°0 9°0 9°0 9°0 9°0 9°0 270 470 8°0 270
£°0 €0 €0 €0 €0 £°0 €0 €0 €0 £°0

9861 cg6l 7861 €861 86l 1861 0861 6461 8461 G261

(4VIA/SHY¥OVYIL)
JAIXONOW NOS¥YD 30 SNOISSIWI TVNOILVYN 40 S3LVWILS3

L1 378vl

2700} $334N0S Y1V 40 1230}

2'2 18304 "OSINW

0°0 JUaA)08 JLueBUg "ISINW

172 Buiuang 42430

1°g SaJdlj 3Isa404
SNOdUL | 13IS LK

%9 1E30] d1SEM pPl10OS
l°¢ Buiudng uado
PR (TS CRETIR N

jesodsiq a1seM pi1os

0°6 $9S$90044 R 1JISNPU]
9y Je30] UOL3ISNQUO) }3Ny

v'€ 1e13uapLsay
1°0 12UO 1IN LISU] - B 1DI3UM0)
20 1e143snpul
20 $3111113N0 21439313

UOL3ISNAWO) 19N4 32Jnos AJeuol3els

2°¢2 1230} uolijejlodsued)

9 AemybiN }30-42430

3 $19SSap

0 speod)iey

‘0 31484041V

9 $9)0tyap Aemybiy
uoljezdodsued |

0261 AJoBale) a3Janos

22



1°8

1861

9861

5861

170%

7861

€9y

9°e

€861

VA 678§ 9°0.
(33 Lt AR
L2 0°¢ 9°€
A" 8¢ 67
0°0 0°0 0°0
00 00 070
97l L2 8¢
170 170 170
679y °9% 9765
52 g e 0°¢
VAo 6° ey %799
86l 1861 0861
(YVIA/SHYYIVDID)

QV31 40 SNOISSIW3 TVNOILVN

2l 378vl

2'80L 67221 0¥l 8'¢0l
0"y 0y 8"y L9
2’s s €0l 6°¢2
6’y 179 €6 9°6
0°0 0°0 0°0 0°0
0°0 00 0°0 00
8’y 6°S L76 €6
L°0 2’0 20 €0
996 2l 9teel  9'¢9l
8°¢ 2y Sy 9°L
8706 2°gol  L'8ll 0794l
6.6l 8261 Gl6L 0261

40 S3LVWILS3

$204Nn0S 1V 40 jelo}

Jesodsiqg 23seM p110s

$9553204d e1JISNpuU]

23

1810] UOLIShquo) |3nd

1eliusplsay
JeUOLIN3LISUL - Je 1 DJ2um0)
1etaysnpu]
S3l11113n 21439913

uoLisnquo) 13and4 324nos Adeuollels

18301 uotleydodsued}
AeMyBLy 430
SI1O0LY3A AemMubiH
uotiejJdodsued]

AdoBale) aodnos



0e
0L
0g
oy
08

26171
ehe

0cg
0e

09s

1861

0e
17
o€
oY
06

0%s

9861

02
(173
0¢
oy
06

2211
9¢

143
0¢

S861

clg’L  %62'L
S S

02 02
02 0z
09 09
og 0g
0Y 0%
08 08
090°L 6£0°L
962 622
0/2 052
9 S

02 02
%92 %92
Vi Vi

0s 0s

0l 0l
06 06
0SS 0sS
4861 €861

NOILVI4OdSNVIL WO¥d (dSL/Wd) YILLYW FLVINIILAVd 4O SNOISSIKI

0¢
09
0¢
0s
0L

9L

09
172

09s

286l

Sle’t  yie'L 69¢’L
4 g S
02 0z 0g
0z 02 oz
09 09 oL
o¢ 0g 0§
0s 0§ 09
02 02 0l
090°L  6S0°L %801
c62 292 92
082 052 0g2
S € !
ol 6 S
592 264 8Y8
S . 8
09 09 09
02 0 0
06 06 06
0%s 0.8 029
1861 0861 6261
(¥VIA/SKYYOVDID)

¢l 3navl

9.8

0¢
0z
QL
0¢
0s
172

049

¥62° 1

02
oL
Qs
oc
0s
08

089

8L

02
ol
QY
oy
09
oot

je3o0i uolieydodsued |

$3191YaA AemMybLy-410 43430
AdJautyoey 1e1J43snpul
AJaulyden uollonJtisuo)
Adaulyoey waed

$19SSaA

speoJyLey

3384041y

18301 2191YaA AemybLH
j9satqg - jeio}

$3)31YdA AINp AARSH

s)onJy 6L

sJed Jabuassed
padamod-1asaLq

auljosen - Jel10]

$9)9A0J030K
S319LYdA AInp AAeal
2 - syonuy Y461
1 - S)onJ3 ayblL1
sJteo Jabuassed
paJamod.auijosey
S2191YyoA AeMmybtH

Adobaje) aaanos

24



Y88

4
oL
0¢
0s
08l
08
0¢

1861

948

oL
0¢
0s
08l
08
0¢

0§
0L

9861

98

oL
0e
0s
08l
08
ol

2ls
28¢

0.2
oL

S861

02
oy
06l
06
oL

861

98. %28
L l
0c oL
02 0¢
oY o7
08l 0oc
08 oLl
ol oL
€Ly £ey
€le £2¢
002 oLe
e ¢
1] oL
02e 0le
0 0
ol ol
0¢ 0¢
0¢ 0¢
091 0si
€861 286l

NOTLVIJOdSNVIL WO¥4 SIQIXO ¥NAINS 4O SNOISSIWI

Y88 688 998
3 L l
02 0¢ 0¢
0e 0¢ 0¢
oy oy 0§
082 0.2 0se
oLl oci 02t
oL oL oL
£ey 80% S6¢
£ge 202 981
022 002 08l
€ Z 4
oL S €
002 102 Le
0 l i
oL ol oL
0c 0c 0c
0¢ 0% 0¢
oyl oyl 0sl
1861 0861 6261
(YYIA/SWYHOYDID)

1 378vl

€08

0¢
0¢
oy
0ie
oLt
oL

8.6l

059

02
0c
(1}9
oyl
oLl
oL

0ci

SL61

209

0e
oL
0%
osl
0¢l
ol

1ejo0i uoilelsodsued |

$219149A Aemybiy-140 JO9Y310
AJaulyoen jetdasnpui
AJBUiydel UOL3oNJIISU0)
AJautyoey wae4

S)19SSaA

speoJ)Ley

3jedouLy

1830] 3)91ysA Aemybiy
19s31@ - 1eloy

S3191YaA Ainp AAeol

syondy IybL

sJes Jobusssed
paJomod- 19saiq

autjoseg - jeio]

$912A34030H
S919LYdA AInp AAeay
Z - syonJ1 34617
L - syonJ41 1ybL7
sJed Jabusssed
padJemMod-aul josey
$9121YaA AemMyb Ly

AJoBale) aaunos

25



oL oL

06l 061
0se 08¢
0%s 045
oLe 002
0€s 02s
0ogL 0%l

055’9  065°9
0s0'2z 0s0'2

020'2 0106’2
ol oL
02 0¢

00S'y  0%S'Y

ol oL

022 0¢e
0%s 0SS
056 088

082’2 08°2

4861 9861

058’ 099’8

ol oL

002 0%e
0se oLe
09s 005
06l 08L
0%S 08¢
osl 0c1

056’9 008'9
oLg’'z  086°1

022 096°)

oL ol
0g (119
o9’y 028'Y
ol ol

022 082
0SS 0SS
ol8 ol

5861 861

028’9
068°1

0581
0g

£861

0868 0s%'6 92¢'6 0L9'6 L¥8'6
ol ol ol oL ol
022 042 092 092 092
002 002 0g2 (1} %4 092
0L% 08" 09y 09S 0Ys
091 061 ost 081 all
099 ol 052 052 olLL
oLl oL oLl T4} ol
oSL‘2 06%'. 9s€’2 00S'2 182'2
0212 0922 950°2 oO%8'L  vi2'l
080‘2 0f2‘2 0202 0%8'L 0L}
ol ol 9 2 {
0s 02 ot 8 €
050°'s 0€2'S 02€'S 099'S 2909
ol ol oL ol z
00§ 0S¢ 09¢ 08¢ oLy
02s 08S 0%s 0SS 025
049 oLl 059, 059, 099
095‘€ 085'S 092°S 020'% 0l%'%
2861 1861 0861 6261 8261
(AVIA/SHYEOVDID)

822’
10%°1

00%°1

SZ61

S3JUNCS NOILVIYOdSNVIL WO¥d S3AIXO NIJOYLIN 40 SNOISSIWI

Gl aavl

£9.°2

01

022
08l
00y
06

0%9
0Ll

£60°9
0s6

056

Je30} uolilejdodsued)

$9101YaA AemybLuy- 4§40 J3Y10
AJaulydel jetdisnpul
AJaulyoel uo11onJ3suold
AJaulyoey wJed

S19SS3A

speodyiey

138J00 1Y

12301 a19tyap AemybLy
19s31q - 1®301

S3121YaA AInp AARIH

s3oNJY 1ybL1

sJdeo Jabuassed
paJdamod-asatqg

autjoseg - je3ol

S9)0A04030K
$3191YdA AInp AAeay
2 - syongy 1ybtL1
| - SyonJ3 1y611
sJed Jabuassed
paJamod-aul0sen
$9191YyapA AemybiH

AJoBaie) 934nos

26



S00'9 99L'9  9vv'9  912'9 8LL'9 8%¥8'9 L6172 v8s€'l £90°'8 129'8 002'6 090°LL 1830) Uoljejsodsued)

021 041 091 091 091 091 091 091 091 091l ool oLl S9121YaA AemublLy-340 J3yl0
7] 09 09 0L 08 06 ool 08 08 06 08 ozcl Adaulyoey etJISNpU]
0s 0§ oY 0¢ 0¢ 0¢ oY oY 0% oY 0¢ 0% AJauLyoel UO13INJISuUO)
002 002 1] 4 061 091 08i 081 061 0ce 022 0z¢ 0s2 AJautyoey wiey
0Ly 0sY oLy ols 02y oLy ogY 00Y 02y ogY 00% 0¢g S19SSaA
ogl 0gl ogl oL o€l 091 0Ll 08l 08l 0.l 091 09l speoJdyiey
06l 061 061 02l 0zl 091 091 081 08l 081 061 0se 1jedod1Ly
S22'% 916’y  9¥2'S 906'S  895'S 8S9'S  2S6'S  wSL'9 €879 I18E'Z  096°L 008°6 18101 3121y AeMybBLY

so0¢ 9i2 9ve 9ie 8¢¢e gle yxa4 Y02 £81 1L 0Ll 00l 19s91Q - jeiol
w0z  oiz o o osz oz oz ooz ogL ol ol 0oL $91914on Aanp Areak

L i l l 3 13 € l l 0 0 0 syoNJ3 3yYBLl

v [ S < g S Y ¢ 4 l 0 0 sJeo Jabuassed

padJamod-1asalq

025y  002'Y 000°S 062'S 0SE'S  OYY'S  052°S  0S6’'S 0099 oi2'z 062’2 0026 autjosey - 1e30]

0s oY oY 09 09 09 08 0Ll 0st 08 08l 08 $919A24030K
022 0%2 oL 00% 0/¢ 00% 09Y 0%% 08y oLs 0SS 052 S9191yaA AInp Aaeay
095 009 049 099 0.9 0£9 02L 0.9 02, 004 05" 00Y 2 - syond3 ybL7
098 0£8 0v8 062 082 0vL, 028, 0L 008 0S8 098 026 L - s3onJ3 1yBL
058’2 066'2 0ll'C 08€'€ 0SS 0l9'E 0S9'S ow6'S 0S¥’y 020'S  0SL°S  00S°Z sJed Jabuassed

paJamod-autjosen
$3)121Y3A AeMybLH

2186} 9861 5861 Y861 €861 2861 1861 0861 661 861 Gl61 061 AJoBaje) a94nos

(YVIA/SHWYYIVIID)
S3JAUNOS NOTLVLIYOdSNVYL WON4d SIOA JATLIVIY 40 SNOISSIWI

9L 3FTavl

27



9¢g’ 6%

oL’
0%0"1

092

0%}
oLyl

o6l
086

9.8'2Y

0se'2y

006°s
056'92

£861

90005

oLL’L
061°1

02¢

082t
06€°1

0%e
0s6

920°¢Yy

286l

926'25 06%'€S 9%6'9S
ool’L  060'L 080°L
ogg’t  oiL’'L o028
Qs 094 0lg
0gg’L 0%0’'2 0%2’2
oyy’L osg’lL  02%’L
0s2 042 022
096 066 066
96L'6% 0SL 9% 952'6Y
989 009 9¢5
029 065 0gs
9 € 2
oL y] Y
0LS'%Y 0S5°SY 022'6%
1}74 02¢ oYYy
0g2’s  069'S 008’s
065°% 09L'% 08'%
00L'9 029°'s 0s8'S
0s8°22 092’62 08.'¢%
186l 0861 6161
(¥VIA/SKYHDVIID)

L 31avl

£0g°19

050°L
020°L
ohe
0.£'2
0Ly'L
09¢
096

£81°€S
€05

00s

082°¢S
0ss

090°9
0si'Y
086°¢
095 '9¢

8/61

00259

066
090°L
LS
0562
09¢’'L
0%¢
088

02£'SS
00y

00Y%

026'%S
025
086'S
0L%'2
0%9's
09¢’'0Y

661

$32UN0S NOILVIYOASNVYL WONS 3AIXONOW NOG¥VD 40 SNOISSIK3

jelo) uotiezsodsued)

$21914aA ABMUSLY-340 JaYl0
Adaulyoey 1eLIISNPU]
AJauLydey uoliandisue)]
Adaulyoey waed

S)19SSapA

speodjley

130424 1LY

1830) 2]191ysA AeMybBiLy
19s31q - 1830}

$9191YaA AInp AAesy

s3ondd 1yblL

sJed Jobuassed
paJamod-jasalq

sulLjosey - jBlO0]

$919A240310H
S9131YsA AInp AAeay
2 - Syonugl ybLq
| - s¥onJ3 3y617
sJed Jobuasseqd
pasamod -3uLjosey
$9191YaA AemybLH

AJobale) as4nos

28



9l0'L  w6L'L  w6L'L  960°2 9%0’'2 L02'2 1s§'z  80Y'Z  0s¥'2Z 625z 89L'Z  059'% 1810) UO13SNQWo) (3Nn4

22 22 22 22 22 22 22 28 133 133 gy 2 18301 s}eny Jayio
2 2 2 2 2 2 2 2 3 g < y 1el3UdpLSaY
0z 02 02 02 02 02 02 0 o€ 0g oY 0¥ 1e1438NpU]

sjang Jayio

080'L 080°'L 080°L 022’V ol2'L o022'L oLl 02L°L 000°L 098 0L9 0Y9 12301 PooM

086 086 086 0zL'L  OLL'L  OLL'L 020°L 066 0.8 082 06Y 09y 1E13USpLSY
001 ool 004 00l 00l oLl 0zt gl ogl 0sL 0zl 08l 1B143SNpU]

pooM

V14 £2 v vs i3 s¢ s 9¢ Y1 9¢ 194 9¢ je30L seg jeaniep

9 9 9 9 9 9 9 9 2 L 2 l 1e13UapLSaY
¢ g ¢ ¢ ¢ Y e v Y Y e e 1BUOLINILISU - 1B 19J2UWO0)
ol ol 0z 02 02 02 02 02 02 02 02 02 1et43snpui
g Y < S ] g 9 9 9 S g 9 S21311130 21439913

seg jeunieN

02l 6L 801 0zl 0elL 09l 08l 012 0€2 022 0%2 622 1e301 110 19Ny
ol 6 8 ol ol ol ot ol ol ol ol 02 1BLIU9pLSaY
02 02 0z 02 02 0¢ 0€ oY 0¢ oY 0% 09 1BUCLIN LASU] - B L IJaUm0)
o oY oY oY o¢ 0s 0s 09 0/ 08 0l 08 jeiJ4isnpul
0$ 05 oY 05 09 0l 06 ool 02l oYl 02t 0it $2131)130 91412333
110 19n4
054 oLs 0SS 002 099 0L 096 0i0‘L  0SL'L  oss’L  ov8'L  0%9'S 1B30] 180)
02 ol 02 (174 02 02 ] ol oL 02 02 08 1el3luUapisay
02 02 0z 02 02 0% (1} (119 0¢ oY oY [0}/ 1eUO L3N} LISUT - & LOJaumo)
06 06 ozl oLt otL{ 022 092 052 0s2 022 09¢ oog’y jerJasnpul
00% 06§ 06¢ 08¢ oLs 06Y 0%9 022 098 0S8’V  o02v'L  022'2 $31311)130 21432313
1800
2861 9861 <861 ¥861 £861 2861 1861 0861 6161 8461 S/61 0261 >Lommwmw.mmhmmw
CYYIA/SHYHIVOI9)

NOILSNSWOD 73Nd WO¥d SNOISSIWI (dSL/Wd) ¥311VW 3JLVINO11dvd

gl 378vl

29



A

Ll

065°1
051
o%g
095
095

069'¥1
09

oyl
095’1
056°2lL

259'91

A

Ll

— O~ —

0591

0%l
oig
025
049

02yl
0zl
022
06y
0vs

0gs’sl
0s

oSl
04971
099°€1L

e861

1yl

— N —

022'6L
09
081
0%9’L
068°'¢l

861

129'91 822°21 822°21 822'8L 06%'6L 61461
22 <8 901 92 651 654

2 [ 9 9 6 6

02 08 001 0Z1 051 o€l
6l 8l 21 2l 9l St

€1 1) 2L 2l ol 6

9 S g g 9 9

g g g g S S

l l ! i ! i

l 1 L ! 1 l

2 2 2 2 2 2

1 1 i i i L
095’L 002'2 026‘2 082 066'2 025'S

00l 021 0¢l (4 094 061
082 osy ovy 089 08y 09¢

02% 002 089 058 0L6 ooL’L
092 056 021t 00g'L  O%Y'L 02974
0L0°SL 026°%L 082'Sl OL2‘St oYE'9L 008'Sl
0% 05 05 oY oY 0s
091, oSt 02t 001 oY, o8l
o%s’L  00S°L  098'L  08€‘L  OL9‘L  00S'L
0S2°SL 022°SL 0SsS'SL 06174l 0SSyl 0074l
€361 2861 1861 0861 6161 861
C4YIA/SHYDYOID)

NOILSNSWOD 13N4 WO¥4 $3AIX0 UNAINS 40 SNOISSIWI

61 3navl

o4

ooL’2L
0.
osl,
002’1
002’sl

GL61

cg2’12 18301 UoL3Snquio] 1an4
08l 18101 s)an4 Jay1Q
0¢ 1B13USpLSAY
091 1elaisnpul
s1an4 42410
o) 1830 POOM
9 1e13UapLSaY
Y 1e142SNpU]
poom
g jel0l seg jednieN
L 1B LIUSPLSaY
1 1BUO13N3LISU] - 1B 1DJ3UMI0)
4 1ELJIISNPU]
l $31311130 21439913
seq jednien
085°€ 18301 110 13n4
061 1eLluspLSay
008 12U0 11N LASUT - 1B 1 2J3UM0)
oYL’y 12LJ43SPpUl
0sy'L $31111130 51419913
110 183N
018’21 12101 €09
0} 74 1e1juspLsay
QoL 1BUOLINI L3ISU] - 181 2J3uo)
0%8'2 1eLJ3snpul
0gs 'yl S91317113IN 91439913
1e0)
0L61 AJoBaje) 934nos

30



05872
002
00l
056°1
009

02§
0L
06
0st
1]%4

¥59°9

0¢
0SS
0£0'9

4861

002

08
02l

919’9

0s
09S
028'¢

9861

¥9L'01

09

0g
0g

¥81°'01

ool
(43
0l

022
06
0¢l

060°¢
oLe
oLl
oLL 2
099

ols
09
06
Oyl
0ce

$92’9
b

0s
025
oL2’s

7861

0ce

06
0gl

088°2
002
oiL
056" 1
029

906°S

0¢
097
oLy's

€861

052’
(1]
174}
0s2‘?2
069

2861

€00'0L £LL'0L §S¥'OL YEE'ol Sig'6
06 001 ool 00l 06
(1}% 0% 0¢ oy oY
09 0L 0L 09 0s

00¢ 002 061 08} ogl

08 08 0L 09 oY
0ct 0zl 0cy 0ci 06

065°€

ol8’¢

008°€

09¢’¢

052’
1% 022 022 022 022
oLt 0zl gl 0zl oLl
ovl’z  oye'z oL’z 06l'z  0.5'2
022 082 094 089 069

ozL’t

0% 088 0s0‘L  oig’L

0L 08 06 oLl 001
oLl oyl )43 0L 091
06l 0de 09¢ 0s¢ 04¢
0L¢ oYYy Q9% 089 069

evl’'s  §168°S  S1S'G vge'v  sgs’y
€ < ¢ Yy g
0¢ 0z 0s 0% 0¢
09% 00% 09Y 024 0%
0s2's 0SL's 028'% 0lv'v  088'¢S
1861 086L 6261 8161 G261
CYVIA/SHYHIVIID)

$324N0S NOILSNEWOD 13NJ WOAJ SIAIXO NIDOALIN 40 SNOISSIWI

02 31avi

9LL'6 18301 UOL3ISNQUO] 13Nd
1] 18301 S)18N4 J3Y3lQ
09 1eLIuapLSayY
0S leidlsnpu]
s1an4 Jayio
ogL 1e30] pPoop
oY 18L3UspLsay
06 JELJIShpU]
pooM
086°€ 1e30) SeY jednieN
022 1etiuapLsay
oLl 1BUO L3N LISU] - 1B 1D42W0)
042'2 1B1J3SNpUl
088 S31311130 21439313
sey jednien
066 18304 11Q any4
1193 1B13UDpLSIY
061 12UO LN LISU] - 1B 1 24BURIO)
00¢ jeLdisnpul
06¢ S91311130 d14399)3
110 19n4
906’€ je10) YROY
9l 1BLIUSpLSaY
0z 12UOLINILISU] - JB 1 3JauN0)
00/ tetdashpu]
0.L's $3LIL1L30 1432213
1207
0461 AJoBajen mogzow

31



0612

02L'2
0l

69

0L
Qs

%S

oL

0%

861

02£°2

22¢'2

0612

2L’z
0L

02

619’2 1ss'z  vvs'z  6sg'e  esL'e
6 8 8 oL L
L ! 1 i {
8 z z 6 ol
og%’z  oey’'z OLy'Z o002z 0%0'e
oL%'z 0s£’'z 0¥E'Z  0SL'z  026°1
0.l 0 0L 0L 0L
12 &5 12 1l L2
1 oy i L 1
9 9 9 9 9
0s 0$ 0S 0s 0S
Vi € Y Vi Y
ol oL i 91 21
2 r4 2 3 €
2 2 2 r4 g
2 Z £ € g
Yy Y ] 9 8
sy vy oY o9 €Y
oL ol ol oL ol
2 1 | { i
€ € € g r4
0§ 0g 0§ 0¢ 0g
4361 €861 2861 L8sL 0861
(dVIA/SKYEOYDID)

S3IJYNOS NOILSNGWOI 13Nd WOYd SIOA JAILIVIY JO SNOISSIWI

12 378vl

861

12

oL

0LL'L

002"1
0L

€6

0c

oL

kA4

o1 .
l

£
1}%

6261

1291

4}

ol

097’1

06¢"1
0L

6

2l
02

14

ol

ye
oL
4
4
0z

8261

021’1l

2l

ol

096

ol6
04

28

4
09

(44

8261

1L’ 1830] UD13ISNQWO) jaN4

6 12301 S}1an4 440

[4 1eljuaptLsay

2 1B1J3ISNPU]
s1an4 Jayio

alé 1e30] POOM

098 1Bl3lU2plsay

0s 1eLd3ISnpuU]
poom

<6 jel0] sen jedniey

4 1eljuspLsay

9 jeuoLing L3sul - e IJauno)

04 1B143SPpU]

q S$2131113n 21439913
sey jednieN

61 18301 110 1904
1e13USp1S9Y
JBUO 1IN LISU] - 1B 1DJaumo)
1eLJdisnpul
$31311130 21439213
110 1ong

N 2

08 12101 1807

1 1e13usptsay

] 1EUO L3N LASU] - 1B L DJSUMIO)

4 jetJisnpu]

02 $31311130 21439913
1802

AJoBole) adJnos

32



26172

At

ol

082’9

080°9
002

4861

18172

A

ot

oLy
0y
0e
00¢
0§

oLy
1)
02
0L
0i2

9861

082’9
080’9
002

acy
0y
0c
00¢
09

0L

174
ol

02

oLy
oLl
02
172
01e

5861

01’8  9%6’L Gl0o'8  9l%'.  9¥E'L 86579
2 92 14 92 92 82
2 9 S 9 9 8
0z 02 02 02 62 02
ocL'Z  ov0’Z 090°L  02S8°9  00%°9  05§°S
026’9 0s8'9 028'9 028’9 0029 OSE'S

gie oie o6l 00¢ 00¢ 00Z

0sY 0cy 0% 0% 06% 0%S

0y )4 oy 0y 0% oy
02 (174 0¢ 0c 0¢ 02
0cs 00¢ 0%€ 113 0s¢ oLy
0L 09 0L 08 08 0
08 0L 06 (19} 0Ll oyl
0c 0c 0c 0c 02 0¢
0¢ oL oL 0¢ 02 0¢
0¢ 0e 0¢ 0¢ 0¢ 0g
74 0c 0% 07 oy 09
oy 06¢ 048 0S¢ 4% 149
0¢l 0cl oLl 001 06 00l
0e (174 0¢ 0l oL 0c
0L 09 09 09 0s 09

002 061 08} 081 021 091

2861 1861

0861

864 £861

(YY3A/SKYIIVIID)
SIJYNOS NOILSNGWOD T3Nd WOYd JJIXONOW NOSYVI

22 318Vl

082'S 022’y
1} 0¢
oL 1]}
0¢ 02

00L"% 021°¢

005'y  020'¢

00e ost
0ss 02s
oy oy
0c 0c
02y 06¢
0L 0L
021 0si
0¢ 0¢
0¢ 02
0s 0%
0L 09
0gg 0sg
oLl 091
0e oL
09 09
(14 02l
8461 S26L

40 SNOISSIW3

00%'Y 1830) UCIISNQWOJ 13Ny
02 12301 s)and Jaylp
oL je(iuapisay
ol yetJisnpu]
s18n4 42430
0662 18301 POOM
058°2 jetiuapLsay
oyl jeLdisnpul
poom
09S 12101 Sk jedniepN
oY jetiuspisay
0z 1BUOLIN3LISU] - 21430 )
02y jetlisnpu]
08 $91311430 91412933
seg jednien
ogl 18304 110 19n4
0% 1ELIUPLSIY
02 1BUO L3N LISU] - 1B 1II3UW0T
oYy 1e143snpuj
0Y S21311130 91439213
110 1904
004 jejol jeo)d
00s 1e13uspisay
ol 12UO L3N} 1ISU] - (B 1 IJ3u0)
06 1elJisnpu]
0ol $3131113n 21439313
1e0)
06l AJoBaje) 23.nos

33



g95°2
0S¢
oY
0S
0y
0¢
oyl
ol
06
oL
0le

0l
0z
001

ool
0y

02
0s
08y
1]53
¢l
0¢
0¢

1861

oLe

ocl
o<
06
001
06
09
0L
09
0s
08y
0l&
oLl

0¢

9861

092°2
06%
oY
09
1}
0z
o9t
oL
06
oL
0l2
0§
021
02
024
02l
08
05
ol
08
0%
02y
ole
ogl
02
02

sg6l

(1743
08
0s
oL
08
0%
00y
08¢
0%l
02
02

861

0%e
0¢
oL
0¢
oLt
0ol
0
0g
oL
0.
0¢
0.8
00%
oLl
ol
0¢

€861

001
09
0s
ot
09
0¢
ove
0ee
oLl
4
0

2861

062

1861

00¢’¢ 0¢8°¢
06Y 0SS
0y 0§
06 0oL
0% 09
0¢ (1)
olg 00y
ot ot
ogl oyl
ol 0¢
08% 0<s
0¢ 0¢
oLl 0gl
0s 0s
vl oyl
oyl 0cl
0. 08
QY 0s
0g 0%
0gl 0sl
0% 0s
0sY 048
olg 062
08l oLe
02 (4
0¢ 02
0861 6161
(YVIA/SHYYOVOID)

ogl
06
oYy
0¢
0le
0s
oL9
052
oie
0c
i1

8.6l

002°s
065
0§
002
0
06
045
0y
062
0%
a9
0%
(174
0L
0ci
022
0L
09
0g
062
oy
094
052
0cg
0c
0¢

sl6l

0%s'0L 1830l

0.9 (£515712%Y) S401BA313 Uiedn
09 (9SS HEC) SJ9313WS SNOIISJUON AJepuUOISS
06¢ Ammmv ENEMRE LY SNOJUJ3JUON >Lm=:._m
oS (2€S) S9LJpuUnod 1931S pue UoJ]
091 ($185) sho)jeossay
o6L'1L (ZLES) 1991§ pue uoJ]|
0ol (G628) Burdaaquls Aeig
0856 (22€) wnsdAg ‘awi ‘831340u0)
oY (1625) 2111 pue }ouug
085’1t (192£) Iuawa)
0y (225’12¢) sseyn
095 (662) Buijooy pue Buired 1ieydsy
09 (1162) Buruigay wnajodiad
022 (82) s1ediway)
029 (292'192) si1tw dind
08 (¥2) poomA1d pue Jaquiniy
0l (%02) BuL|1LW utedt9 pue pady
oY (G291 %2%L) %0y aieydsoud/yselod
0191 (Svi) sAeyd
0$ (%¥1)19ABJD pue pues
0se’L (2%l) 8uo3ls paysnd)
0s€ (1121) BululW 1e03
0gs (01) Butuly 240 91)1B3IH
0z (%220) Buiuutg uo3lo0)
0z (1120) si07 paad 3133e]
0261 AJoBaie) adunos

$35S370¥d TYIYLSNANI WOAd (dSL1/Wd) ¥ALLIVW 3IVINDILAVA 20 SNOISSIWI

g2 318Vl

34



08y
0c¢
o<

0%S
0¢

0.8
oL

0Ll
0se
0

4861

0gL’s
0¢
09
o6l
0¢S
062
(174
05S
0¢
088
ol
0.1
0se
osl

9861

002’¢

02
09

5861

7861

0s2’s
0
09
oLl
068
062
02
02a
1}
(73
ol
08l
1] 74
021

£861

osg’s

0¢

0.1
002
oyl

2861

068°¢

0LL

022
002

1861

092 029"y
0¢ 0y
06 08
04 0zl
066 0s%'L
olLs 08s
0g 1}3
1741 0¢9
0% 0¢
08 083
oL ol
0se 062
002 081
o%i 0%l
0861 6.61
(AVIA/SWYIYDID)

00¢’Yy
0¢
08
00!
0261
055
0
059
0¢
006
ol
092
081
ogt

8.61

056y

028
0l

]33
0sl
09t

Sl61

0s%’9
02

0z
oLy
08L'c
059
o€
095
02
002

D

0vs
ost
001

0261

$3SS300¥d IVIYLSNANI WOYd S3AIXO ANINS 10 SNOISSIW3

Y2 318Vl

1830]

(Ly5s) pesl Asepuodss

(9££g) wnuiwnNly Asewiad
(€586°2€€8) dULZ pue peaq Asewidd
(1g€g) 4addog Asewidd

AN_.MMV 19918 pue uoJd]

(y225) BwL7

(1%25) uswe)

(22s'125) sse)n
(1162)Burul}ay wnsjoJdlad
(§682) 218 uogque)

(6182) PLoY 2tuniins
(292192} si1tW dind

A:m: uotlonpodd ses jednieN

AJ0633e) 224N0S

35



069
ay
02
06
0§
oLe
0s
oy
09
0g

2861

4

9861

02

5861

02

861

0%s

002
0S
o¢
U
0¢

£861

0%s 0%9
oy 09
174 02
0L 08
0S 09
00¢ oLe
09 06
(1) 0¢
(0] 0s
0z 0c
2861 1861

089 0%
09 0L

0 02
06 004
0s 09
0%e 052
00l 001
0s 0s

0s 17

0< 0c
0861 6261
(YVYIA/SHYAIYIID)

0%
08
02
0ol
09
09¢
001
0%
09
0e

8261

069
0.
0¢
08
0s
0%
0li

09
174

SL61

002
0
02
06
0%
0ee
0sl
0¢
09
0

0261

§355300¥d WIYLSNANI WON4 S3AAIXO NIDOYLIN JO SNOISSIWI

SZ 378Vl

1e3ol

(2LsE) 199315 pue uod]
(%22¢) autT

(L42g) Iuswa)

(22¢'12¢) sse1n

(1162) Butuljoy un2)0433d

(€)82) POV JLJILN

(¢/82) eluowwy

(982) siearwsy) otuebug
(292°192) s11tW din

AJoB3ie)y 3daunos

36



00£'8
062
00g£°2
0y
06¢

0Ll

025’1
0st
05
069
095
0%6
082
06l
ol
091

0gs

2861

9861

025’8
082
022'2
0%
06Y
04
022

02%'L
0si
0S
02l
0lS
098
0sYy
0¢s
0c
04

oys

5861

861

048
092
0L
oY

oLy
(04

022

00y
oy
0s

018
0SS
008
06¢
0.2
ol

081

0£S

€8

‘L 09%'L
092
t09s°1

09¢
oy
oLe

A
0sl

6l 2861

S$3ISSII0Yd TVYIYLISNANI WO¥4 SJIOA 3AILIVIY JO SNOISSIWI

0%e

06%"L
0ge
0§
096
065
062
09¢
092
0c
084

oYs

1861

geg'z 00s‘z  ols'z  088'L
0% oY 0s 0¢
0Ls 095 0SS 0sYy
0§ 09 09 )4
062 06¢ 062 0¢e
ovs'L 002’V 0s8'L  09L'1L
(1114 062 042 00g
oY 05 09 0s

026 026 0,6 088
048 0£9 0L9 005
0¢8 006 088 00
%) 09% 0% 02¢
(129 08¢ 08¢ 052
02 0¢ 0¢ 0e

oLt 084 08i 041

09s 026 0.8 0£s

8/61

6461

SL61

0861
(AVIA/SHYIOYOID)

92 378Vl

06’8 jeiol
022 9SN JUBA10S J1ueBJQ JOYIO0
06¢°2 6utleo] aoseyuns
0% $3$59004d UOL1JBJIXT 1UBA}0S
0%9 Buiseasbaq
05 SaALsaypy
0%e (L2z) Buluesn Aug
(195571218) J3ysued)
0861 pue 36e.403S 30NpoUd WN10439d
09¢ (21£¢) 19915 pue uod]
0s (L10g) sadll Jaqgny
02l (1162)bululjay una)043ag
029 (82) s1BO2WRY] Jayip
172 (982) sieatwayy atuebyo
09¢ (620£°1282) soliseld
062 (22) s1uy olydeay
oL (22) sayiixsl
064 {0Z) saobedanag pue pooy
(€99%"L1EL) Jojsuedy
055§ pue aBedols ‘uol3onpoud 110 8pnd)
061 AJ406331E) 324N0S

37



oL’y 06%'Y 009'v 028'% 0gy'y 0€y'y 0/8'G 0SE'9  090°2 0SL'2 088'9 0S6°8 1e30]

0SS 005 025 0.9 055 0%s ovs 092 052 02 085 069 (#€€¢) unuunyy Adewisd
06¢ 08¢ 06§ 0ss 00¢ 062 062 oLE oLy oYY 065 060°1 (12£€) S914punoyj uoJl
049 029 0.9 024 049 0%9 066 046 0o2‘L  ol2'L  goL't  029°L (2L§€) 1991S pue uoJd]
oL oL oL oL ot oL ol ot 02 02 0l ot (v22¢) auLq
02 02 02 02 ol oL ol ol 02 02 ol ol (2562) Buijooy 1jeydsy
09§ 0ss 0.¢ 08¢ 0LY 00/ oLL‘L  009°L 069°L 0BZ'L 0%0'2 000°2 (1162) Butuljay wnayo.a3ad
oLL‘L 090°L 090°‘L 06L°L 0£0‘L 0S6 028t 062°L 065°L  0£9°L  02%'L 0092 (5682) joe1g uoquel
02l ool 02l hird} 001 oLl oYl 0¥l 0gl 0zl 02l 00l (5292) eruouny
095 02s 02s oLs 0LY g 0Ly 0S¥ ols 06% oLy oLg (982) siediwayy otuebio
oY oY 1} oY (1} 0g oY 0% 0s oY 11 0% (1982) 1e0dJeyl
(1} ] 0% oY os o€ o€ 0g 0§ os 0§ 02 02 (9182) Sivauwbld oiuebiou]
0.8 058 06 008 092 004 02 022 099 059 056 0sS (292°192) S11tH dind
861 986l G861 %861 €961 2861 1861 0861 6261 8261 cl6l 0261 AJoBaie) 9o4nos
(¥YIA/SWYEOYDID)

$3$S3003d TVIALSNANI WOA4 3GIXONOW NOBYVI 40 SNOISSIWI

12 31avl

38



0861
V)
02l
028
0y9
06l

21861

056”1
002
ocl
022
0v9
002

9861

G861

662°2
€5y
091
8L
649
ged

861

[A
S8y
€/l
769
148
612

€861

§2¢'0l

SlS 58S 8.. 63€°L  22'L  8sgl)
202 k4T 2l2 962 8¢ oYy

0LL’2  6%0°¢  ¥8S°E  L9L'S 6L

8L €88 020’1 Fomur ooqur moo“—
Y.8 658 8g0’L  9ig'L  g9v'L  &96°S
539 89y 9Ly 694 LL6 £20°1
2861 1861 0861 6461 8.6l Sl61
(YVIA/SHYYOVIIN)

$3SS300¥d IWIALSNANI WOY¥4 Qv31 40 SNOISSINWI

82 318Vl

£98°¢e

1830}

SNoaue| 199S LW
9. $319Npodd JeJdauly

219's S1Ee319W SNOJJ3JUON AJBpUOIdS
0ss'2L S1B13W SNOJJIJUON Adeutdd
]80’¢s AdIsnpu] }391S§ pue uod]
0261 AJoBaje) mmgmow

39



L86] - suotsstry JS.1/Id 0L61 - suoisstury 4S.I/IAd

%L SE--S2552204 |DLISNPU]
%9 8[--42410

e

L)
(>

3
0.0,

8 X
0%%%%
S

.
e

&
O
R

>

% OT--UONDILOASUDL ] R385

'6%0°6°°

%L §T--UONSNQUIOY) 19N Q&Q.MVN--:S::QEQD 1ond

Ov6l - suolsstuy 4S.L/Id

%L’ LE--S3SSID04 ] [DIUSNPUT

%C 8I--4Y10

o/’ [ [--UouvLiodsuv. SRS

%S E--uonusnquio)) 1an.4

LS6T PU® 0L6T ‘061
‘£103318)) 921n0S Aq (JS.L/INd) 191\ dje[ndI)ie] JO SUOISSTUY

/ 24N31y]



L861 - SUOISSIULY PIXQ NS 0L61 - SUOISSIUIY IPIXQ JMy[ng

T S[--535592044
[pLusnpu;

%9 TT--SIS§3004d |DIUASNPU]

94" p--uouDIIOdsUDL %1 Z--uonpriodsuni]

%E SL--uousnquioy)
% v.om-é&::aﬂmw 1ond

0%00s0see’~

0bGI - SUOISSIUIY IPIXQ INY[NS

%8 09--U0uSNqUIOD [aN,]

L861 PU® (0L6T ‘0161
‘£103338) 921n0Q§ Aq SIPIX( INJ[NS JO SUOISSTW ]

Q 24n31,J

41



0LG6T - SuoIsstwy IPIxXO udsoJ}IN

L86T - SUOISSIWIF IPIX() UISOIIN

%8 ZS--Uousnquioy) 1on

%G £--SISSI204 [DIISNPUT

9% [ £--52552004d
%6 £--43410

1p1IsIpU]
%0’ [--42410

%[ Sp--uonvriodsun. |

061 - SUOISSIUY IPIXQ UIZ0JIN

%6 Z--S355200.4 4 |DIUISNPU]
BLYI-43Y30

8,0.0.0.0.0.0,0.0,"
000,000 0.0 0"
/«oo%oo.o%%%%o&

\Aoooo%%%o&oo%o&
K y

Wt 7S --uouvLodsuvL |

LS6T PUe OL6T ‘0b61

%O’ Zp--uonuvriodsup. |

%E 0§--uous: :QN:MNW

/.o&&oooooooo&oo 0& Q . Q M.n U QN 5N QEQ D N n .nN

‘£103938)) 32aN0S A SIPIX() UISOJJIN JO SUOISSIUH

6 24N314]

42



L861 - suoisstuy 0L61 - suoissiuy
DOA 2A11083Y IO A 2A1IBIY

0§ Cp-535532044 oL
. () p§E--S2S§30044
jprLasnpuy %S 6142410 [pLsSnpuy

%7 p--uousnquio)
%L’ [[--uousnquioy) jand 1onyg

%9 0§ --uonuvLiodsuni ] %' Zp--uonvriodsuni |

0161 - suossuy
DOA 3A108Y

%8 643410

% §[--S35522044 [oLUSNPU]

%0’ 9Z--uolDIodsun.| %0 9C--uousnquio]) [an.d

L86T PU® 0L6T ‘0b61 ‘A103318) 3dan0g Aq

(SDOA) spunoduio)) diued.a() 3[IJL[0A IA[OEIY JO SUOISSTULY

0 24n31]

43



L86T - SUOISSIUIF] IPIXOUOJA] UOGIE)) 0L6] - SUOISSIUIY IPIXOUOA] UOq.IE))

%L L--53552004 ) %6 Q--535520044
[pLusnpuy BLIT --:Q.ixammw [pLasnpuy

Gt p--uousnquio)) 1an 4

%E pI--42410 %9 E1--43410

9% & 99--uonviL0dsuni | %I £L--uonvIL0dSUDL]

0P6T - SUOISSIWY IPIXOUOA] UOq.Ie)

%9 9E--42Y10
%[ §--535520044 [DLUSNPU]

9% 6 --UoNsSNquIo)) 1ang

%8’ CE--uonvIIOdsuna]

LS6T pue 0L6T ‘061
‘£1033318)) 304n0Q A IPIXOUOJA UOQ.Ie)) JO SUOISSTUIH

[[ 24n31]



L86T - SUOISSIUI Pear] 0861 - SuoISSIUIy PEa]

%S’ S--uousnquio) 1an,]
oI --S3553004 |DLASNPU]

%I CE--43Y10

L pT--SaSS2004d % T S--43Y10
jprasnpuj

9T 9--UONSNQUIO)) 19N ]
9% () LE--UoNDIIOdSUDL] 9 [ $8--UouDIIOdSUDL]

0L6T - suoissiuy pear]

%L p--UOUSNqUIOD 19N
9L [ [--53552004 |D1UISNPU]

%HE E--42410

% £ 09--uonvLiodsun. |

LS6T PUB 0861 ‘0L6T
‘£108938)) 22IN0S Aq PBITT JO SUOISSIUWF

I 24n31,

45



3. METHODS

The preparation of an emission inventory involves many steps to achieve the
desired result, which is to estimate the amount of emissions for selected pollutants in a
defined geographical area over a specific period of time. Ideally, nationwide emission
estimates should result from a summation of county, State, and Regional data in which
each component is reported separately. The National Emissions Data System (NEDS)
uses this procedure. The methods used to prepare data for this publication are as
similar as possible to those used for NEDS data preparation. To develop the NEDS
point source file, a complex calculation procedure must be used which includes data
from (1) state-by-state emissions calculation, (2) reporting of emissions for individual
sources and (3) summation of these individual emissions totals to produce national
totals. Because point source data is compiled from this variety of sources, there is a
much greater chance for errors or omissions to occur in the NEDS data.

In addition to the NEDS point source file, there is a NEDS area source file. The
NEDS area source file contains estimates of emissions from sources not included in the
NEDS point source file. The sources covered by the NEDS area source file include the
following: small (< 100 T/Y) combustion sources, transportation, and other
miscellaneous categories. Because of the basic similarity of techniques, discrepancies
between national totals reported herein and those given in NEDS reports are due largely
to incomplete data reporting and errors in the NEDS data. An additional difference
between the detailed NEDS reports and this publication is that the NEDS reports include
some fugitive dust categories not covered by this report.

Fugitive particulate matter emissions (emissions from unconfined sources such as
storage piles, material loading, etc.) are incompletely accounted for in the emission
totals. Rough estimates of industrial process fugitive emissions are included for some
industries. Area source fugitive dust emissions (unpaved roads, construction activities,
etc.) are not included at all. Similarly, natural sources of particulate matters, such as
wind erosion or dust, are not included. (An exception to the previous statement is forest
fires, some of which result from natural causes). In total, these fugitive emissions may
amount to a considerable portion of total particulate matter emissions. The controls
applied to these sources have, to date, been minimal. Due to the lack of adequate
emission factors and emission inventory techniques for these sources, fugitive particulate
matter emissions have not been included in most emission inventories. As additional
data become available, it is expected that estimates of fugitive particulate matter
emissions will be included in future emission inventories. It should be noted, however,
that a major portion of the fugitive particulate matter emissions are relatively large
particles that are not readily captured by particulate matter air quality monitors.
Similarly, these large particles do not effectively enter into the human respiratory
system. The quality of NEDS data over time has improved so that the differences
between NEDS emission reports for 1977 and later years and national emission totals
determined by the procedure used for this publication are not as great as in earlier
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NEDS reports. Moreover, historical NEDS data are not revised to account for updated
emission factors, errors or omissions in the data. As a result, annual NEDS publications
do not represent a consistent trend in estimated emissions.

Because it is impossible to test every pollutant source individually, particularly
area sources, an estimating procedure must be used. In order to do this, however, one
must either estimate the emissions directly or estimate the magnitude of other variables
that can then be related to emissions. These indicators include fuel consumption,
vehicle miles, population, sales, tons of refuse burned, raw materials processed, etc.,
which are then multiplied by appropriate emission factors to obtain emission estimates.

The limitations and applicability of emission factors should be noted. In general,
emission factors are not precise indicators of emissions from a single source;
rather, they are quantitative estimates of the average rate of pollutants released as a
result of some activity. They are most valid when applied to a large number of sources
and processes. If their limitations are recognized, emission factors are extremely useful
in estimating emission levels. A detailed discussion of emission factors and related
information is contained in Reference 2. The emission factor thus relates quantity of
pollutants emitted to indicators such as those noted above, and is a practical approach
for estimating emissions from various source categories.

A basic discussion of trends is meaningful only when there is a common basis for
evaluation. It was necessary, therefore, to quantify emissions using the same criteria for
each year. This meant using the same estimation techniques, using equal or equivalent
data sources, covering the same pollutant sources, and using compatible estimates of
pollutant control levels from year to year. Estimates for previous years were updated
using current emission factors and including the most recent information available. The
criteria used in calculating emissions was the same for all years.

The methodology used in generation of emission estimates for individual source
categories follows.
3.1 Transportation

3.1.1 Motor Vehicles

Emission estimates from gasoline-and diesel-powered motor vehicles were based
upon vehicle-mile tabulations and emission factors. Eight vehicle categories are consid-
ered; light duty gasoline (mostly passenger cars), light duty diesel passenger cars, light
duty gasoline trucks (trucks less than 6000 pounds in weight), light duty gasoline trucks
6000 to 8500 pounds in weight, light duty diesel trucks, heavy duty gasoline trucks and
buses, and heavy duty diesel trucks and buses, and motorcycles. The emission factors
used are based on the latest available data from Reference 3. The MOBILE 3.9 model,
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developed by the EPA Office of Mobile Sources was used to calculate emission factors
for each year. The emission factors are weighted to consider the approximate amount
of motor vehicle travel in low altitude areas, high altitude areas, and California to
obtain overall national average emission factors. For each area a representative average

annual temperature, together with national averages for motor vehicle model year
distributions and hot/cold start vehicle operation percentages were used to calculate the
emission factors. Average speed is taken into account according to the published dis-
tribution of vehicle-miles travelled (VMT) as published in Reference 4. The published
VMT are divided into three road categories corresponding to roads with assumed
average speeds of 55 miles per hour for interstates and other primary highways, 45
miles per hour for other rural roads, and 19.6 miles per hour for other urban streets.
For 1940 and 1950, average speeds were assumed to be 45, 35 and 19.6 miles per hour
for these roadway classifications.

Lead emission estimates from gasoline-powered-motor vehicles, were based on
highway gasoline consumption, lead content of gasoline, percent unleaded gasoline, and
emission factors. The gasoline consumption is based on highway gasoline usage as
published in Reference 4. The lead content of gasoline was obtained from Reference 13
for 1970 and Reference 2 for 1975-87. The percent unleaded gasoline is obtained from
Reference 6. The emission factor was also obtained from Reference 2.

3.1.2 Aircraft

Aircraft emissions are based on emission factors and aircraft activity statistics
reported by the Federal Aviation Administration.” Emissions are based on the number
of landing-takeoff (LTO) cycles. Any emissions in cruise mode, which is defined to be
above 3000 feet (1000 meters) are ignored. Average emission factors for each year,
which take into account the national mix of aircraft types for general aviation, military,
and commercial aircraft, are used to compute the emissions.

3.1.3 Railroads

The Department of Energy reports consumption of diesel fuel and residual fuel oil
by railroads.* Average emission factors applicable to diesel fuel consumption were
used to calculate emissions. The average sulfur content of each fuel was used to
estimate SO, emissions. Coal consumption by railroads was obtained from References 7
and 13.

3.1.4 Vessels

Vessel use of diesel fuel, residual oil, and coal is reported by the Department of
Energy.*’ Gasoline use is based on national boat and motor registrations, coupled with
a use factor (gallons/motor/year) from Reference 8 and marine gasoline sales as reported
in Reference 4. Emission factors from AP-42? are used to compute emissions. Since
AP-42 does not contain an emission factor for coal use by vessels, an average emission
factor for coal combustion in boilers was used.
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3.1.5 Non-highwa se_of Motor Fuels

Gasoline and diesel fuel are also consumed by off-highway vehicles. The fuel use
is divided into seven categories; farm tractors, other farm machinery, construction equip-
ment, industrial machinery, small general utility engines such as lawn mowers and
snowthrowers, snowmobiles, and motorcycles. Fuel use is estimated for each category
from estimated equipment population and an annual use factor of gallons/unit/year ®°,
together with reported off-highway diesel fuel deliveries given in Reference 34 and

off-highway gasoline sales reported in Reference 4.

3.2 Fuel Combustion in Stationary Sources

3.2.1 Coal

Bituminous coal, lignite, and anthracite coal use is reported by the Department of
Energy.” Most coal is consumed by electric utilities. Average emission factors and
the sulfur content of each type of coal were used to estimate emissions. The degree of
particulate matter control was based on a report by Midwest Research Institute’ together
with data from NEDSY. Sulfur content data for electric utilities are available from the
Department of Energy'. Sulfur contents for other categories are based on coal
shipments data reported in Reference 7 and average sulfur contents of coal shipped from
each production district as reported in Reference 13 or 24. For electric utilities, SO,
emissions are adjusted to account for flue gas desulfurization controls, based on data
reported in Reference 25.

3.2.2 Fuel Qil

Distillate oil, residual oil, and kerosene are consumed by stationary sources
nationwide. Consumption by user category is reported by the Department of Energy.*
Average emission factors and the sulfur content of each fuel were used to estimate
emissions.

3.2.3 Natural Gas

Natural gas consumption data are reported by the Department of Energy.”
Average emission factors from AP-42 were used to calculate the emission estimates.
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3.2.4 Other Fuels

Consumption of wood has been estimated by the Department of Energy.””*
Consumption of bagasse is based on data reported in NEDS.” Sales of liquified
petroleum gas (LPG) are reported in Reference 6. Estimated consumption of coke and
coke-oven gas are based on References 11 and 26. Average emission factors from
NEDS were used to calculate emissions.

Lead emissions from the combustion of waste o0il were based on information
obtained from Reference 32. The amount of waste oil burned has been assumed to
remain constant and the emissions have been changed as a result of a decrease in the
lead content of the waste oil.

3.3 Industrial Processes

In addition to fuel combustion, certain other industrial processes generate and emit
varying quantities of pollutants into the air. The lack of published national data on
production, type of equipment, and controls, as well as an absence of emission factors,
makes it impossible to include estimates of emissions from all industrial process
sources.

Production data for industries that produce the great majority of emissions were
obtained from publicly available reports. Generally, the Minerals Yearbook,” published
by the Bureau of Mines, and Current Industrial Reports,” published by the Bureau of
the Census, provide adequate data for most industries. Average emission factors were
applied to production data to obtain emissions. Control efficiencies applicable to

various processes were estimated on the basis of published reports’ and from NEDS
data.’”

For the purposes of this report, petroleum product storage and marketing oper-
ations (gasoline, crude oil, and distillate fuel oil storage and transfer, gasoline bulk
terminals and bulk plants, retail gasoline service stations) are included as industrial
processes. Also included as industrial processes are industrial surface coating and
degreasing operations, graphic arts (printing and publishing), and dry cleaning
operations. All of these processes involve the use of organic solvents. Emissions from
the consumption of organic solvents are estimated based on data reported in Reference
15. It is assumed that all solvents consumed are eventually released as air pollution,
except for industrial surface coating operations. Estimates of the level of control for
surface coating operations have been derived from References 10 and 28. In addition,
the methodology given in Reference 15 has been updated to be consistent with similar
procedures used for estimating organic solvent emissions in the National Emissions Data
System (NEDS).”
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3.3.1 Miscellaneous Industrial Processes for Lead

Lead emissions from miscellaneous industrial processes include the major source of
lead alkyl production as well as other minor sources such as type metal production, can
soldering, cable covering, and other minor sources. The lead alkyl production is based
on information from Reference 33. The production information for the other minor
sources is from Reference 13.

3.4 Solid Waste Disposal

A study conducted in 1968 on solid waste collection and disposal practices'® was
the basis for estimating emissions from solid waste disposal. Results of this study
indicate that the average collection rate of solid waste is about 5.5 pounds per capita
per day in the United States. It has been stated that a conservative estimate of the total
generation rate is 10 pounds per capita per day. The results of this survey were
updated based on data reported in NEDS and used to estimate, by disposal method, the
quantities of solid waste generated. Average emission factors were applied to these
totals to obtain estimates of total emissions from the disposal of solid wastes.

3.5 Miscellaneous Sources

3.5.1 Forest Fires

The Forest Service of the Department of Agriculture publishes information on the
number of forest fires and the acreage burned.” Estimates of the amount of material
burned per acre are made to estimate the total amount of material burned. Similar
estimates are made to account for managed burning of forest areas. Average emission
factors were applied to the quantities of materials burned to calculate emissions.

3.5.2 Agricultural Burning

A study* was conducted by EPA to obtain from local agricultural and pollution
control agencies estimates of the number of acres and estimated quantity of material
burned per acre in agricultural burning operations. These data have been updated and
used to estimate agricultural burning emissions, based on average emission factors.

3.5.3 Coal Refuse Burning
Estimates of the number of burning coal-refuse piles existing in the United States

are made in reports by the Bureau of Mines."” Their publication presents a detailed
discussion of the nature, origin, and extent of this source of pollution. Rough estimates
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of the quantity of emissions were obtained using this information by applying average
emission factors for coal combustion. It was assumed that the number of burning refuse
piles decreased to a negligible amount by 1975.

3.5.4 Structural Fires

The United States Department of Commerce publishes information on the number
and types of structures damaged by fire in their statistical abstracts.”® Emissions were
estimated by applying average emission factors for wood combustion to these totals.

3.5.5 Non-industrial Organic Solvent Use

This category includes non-industrial sales of surface coatings (primarily for
architectural coating, solvent evaporation from consumer products (aerosols, space
deodorants, polishes, toiletries, etc.), use of volatile organic compounds as general
cleaning solvents, paint removers, and liquefaction of asphalt paving compounds, and
other undefined end uses. Total national organic solvent use is estimated from chemical
production reports of References 21 and 33, together with estimates of the portion of
total production for use as solvent for each chemical.’™® It is assumed that all solvent
production is equal to the amount necessary to make up for solvent lost through
evaporation.
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4. ANALYSIS OF TRENDS

National trends in air pollutant emissions are a function of many factors. Of all
contributing factors, air pollution control measures and general economic conditions have
the strongest impact on total emissions. Composite national emission trends do not provide
insight into the distribution or concentration of air pollution sources within individual States
or regions. Therefore, most local emission trends do not necessarily coincide with national
emission trends. Based on the national implementation of control measures for some
classes of sources, such as highway motor vehicles, it is reasonable to infer that for most
localities, the national trend in emissions reasonably approximates local trends in emissions
for the same class of sources.

In addition to the fact that national emission trends do not measure local changes in
emission densities, national emission trends may not be consistent with air quality trends
because of the impact of hourly, daily, monthly and yearly meteorological factors on air
quality data. Also, the estimates for PM, SO,, and NO, emissions include more substances
than are routinely measured by ambient air monitoring equipment. For example,
high-volume air samplers collect only suspended particulates approximately 0.3 to 100
micro-meters in diameter, but particulate emission inventories include both suspended and
settled particulates generated by man’s activities. Likewise, sulfur dioxide (SO,) and
nitrogen dioxide (NO,) ambient air monitors measure only those two compounds while
oxides of sulfur (SO,) and nitrogen (NO,) are included in the emission estimates. In each
case, the substance measured by the ambient air monitor is the most prevalent constituent
of its pollutant class or is acknowledged to be its most representative indicator. In this
report, emissions of sulfur oxides are reported as the equivalent weight of SO,, which is
the predominant sulfur oxide species. Some emissions of sulfur trioxide (SO,) are also
included, expressed at the equivalent weight of SO, Similarly, nitrogen oxides include
predominantly nitric oxide (NO) and nitrogen dioxide (NO,). Other nitrogen oxides are
probably emitted in small amounts. In this report all nitrogen oxide emissions are
expressed as the equivalent weight of NO,. Estimates of oxidant emissions are not
provided because most oxidant species are secondary pollutants generated by photochemical
reactions in the atmosphere.  Emission estimates of VOC, a major ingredient in
oxidant-producing reactions, were developed from current emission factors.>® Generally
excluded from VOC estimates were emissions of methane, ethane, methyl chloroform, and
other compounds which are considered to be of negligible photochemical reactivity.
Organic species were identified based on Reference 22. If no data were available for a
source category, the total non-methane hydrocarbon or the total hydrocarbon emission factor

from Reference 2 was used. Highway vehicle emissions were estimated as nonmethane
VOC’s.?

The following sections discuss the most important factors influencing the emission
trends for each pollutant.
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4.1 Particulate Matter (PM/TSP)
1940-1970

The estimated particulate matter emissions for 1940, 1950 and 1960 are 10 to 30
percent higher than in 1970. Even though industrial production levels and the quantities
of fuels consumed were lower than the post-1970 period, the general lack of air
pollution controls before 1970 resulted in relatively large particulate matter emissions.
Also, for the years 1940 and 1950, particulate matter emissions from coal combustion
by railroads and from forest wildfires were significant.

A large portion of the particulate matter emissions from stationary source fuel
combustion, result from the combustion of coal. In 1940, coal was consumed largely in
the industrial and residential sectors. Residential coal use has declined substantially
since 1940, resulting in a corresponding reduction in emissions. Industrial coal use has
also declined, but not to the same extent. The degree of control employed by industrial
coal consumers has increased, however, so that overall industrial coal combustion
emissions decreased by 1970 to only about 40 percent of the estimated 1940 level. On
the other hand, coal combustion by electric utilities has increased greatly, from an
estimated 51 million tons in 1940 to 321 million tons in 1970. This increased
consumption resulted in increased emissions from 1940 to 1950. Since then, particulate
matter emissions from electric utilities have decreased, despite continued increases in
coal consumption. Installation of improved control equipment is responsible for this
reduction.

Particulate matter emissions from industrial processes increased from 1940 to 1950,
reflecting increased industrial production. From 1950 to 1970, industrial output
continued to grow, but installation of pollution control equipment helped to offset the
increase in industrial production. As a result, from 1950 to 1960 industrial process
emissions stayed about the same, and decreased slightly from 1960 to 1970.

1970-1987

Since 1970, particulate matter emissions have decreased substantially as the result
of air pollution control efforts. The extent of the reduction is most evident from the
data in Table 29 which shows theoretical 1987 national emission estimates, assuming
that pollutant control levels did not change since 1970. Figure 13 illustrates this
difference. Overall, particulate matter emissions would have increased by about 20
percent from 1970 to 1987 with no change in the degree of control from 1970. In
reality, as shown in Table 1, particulate matter emissions decreased about 62 percent
from 1970 to 1987. Thus, 1987’s actual particulate matter emissions were about a third
of what they might have been without the additional control put in place since 1970.

A large portion of the particulate matter emissions from stationary source fuel
combustion result from the combustion of coal. In 1970, a larger portion of coal was

54



TABLE 29

THEORETICAL ESTIMATES OF 1987 NATIONAL EMISSIONS

BASED ON 1970 LEVEL OF CONTROL

(Teragrams/Year)
Source Category PM S02
Transportation
Highway Vehicles 1.6 0.5
Non-Highway 0.2 0.4
Transportation Total 1.8 0.9
Stationary Source Fuel Combustion
Electric Utilities 5.0 23.8
Industrial 1.4 2.5
Residential/Commercial 1.1 0.7
Fuel Combustion Total 7.5 27.0
Industrial Processes (SIC)
Mining Operations (10,12,13,14) 3.9 0.4
Food and Agriculture (02,07,20) 1.2 0.0
Wood Products (24,26) 1.1 0.2
Chemicals (28) 0.2 0.7
Petroleum Refining (29) 0.7 1.2
Mineral Products (32) 2.3 0.6
Metals (33) 1.1 2.5
Miscellaneous 0.0 0.0
Industrial Processes Total 10.5 5.6
Solid Waste 1.3 0.1
Miscellaneous 1.0 0.0
Total 22.1 33.6
1987 Actual Emissions (Table 1) 7.0 20.4
Theoretical 1987 Emissions As a 315.1 164.9
Percentage of 1987 Actual Emissions
1970 Actual Emissions (Table 1) 18.5 28.3
Theoretical 1987 Emissions As A 119.2 118.6
Percentage of 1970 Actual Emissions
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consumed in the industrial and residential sectors. Residential coal use has declined
substantially since 1970, resulting in a corresponding reduction in emissions. Industrial
coal use has declined, but not to the same extent. The degree of control employed by
industrial coal consumers has increased, however, so that overall industrial coal
combustion emissions have decreased by 1987 to only about 7 percent of the estimated
1970 level. On the other hand, coal combustion by electric utilities has increased
greatly, from an estimated 321 million tons in 1970 to 717 million tons in 1987.
However, particulate matter emissions from electric utilities have decreased, despite
continued increases in coal consumption. Installation of improved control equipment is
responsible for this reduction. New facilities constructed in the 1970’s were required to
meet New Source Performance Standards (NSPS) requirements to achieve a high degree
of control. From Tables 2 and 29, it can be seen that if the 1970 level of control had
remained in effect in 1987, electric utility emissions would have more than doubled,
from 2.3 teragrams to 5.0 teragrams. Estimated actual 1987 emissions from electric
utilities were 0.5 teragrams, a decrease of 78 percent from 1970.

Particulate matter emissions from industrial processes have been reduced
substantially due to installation of improved control equipment mandated by air pollution
control programs. Since 1970, actual emissions from industrial processes declined by 76
percent. Table 23 shows estimated emissions for specific processes. These annual
emissions estimates reflect changes in production levels along with an increase in
average control levels from 1970 to 1987.

Comments on Particulate Matter Emission Estimates

Several caveats that should be noted with respect to the particulate matter emission
estimates presented here. First, the estimates represent total particulate matter emissions,
without any distinction of particle sizes. Thus, both large particles and small particles
are included. Emissions of very large particles are more likely to settle out of the
atmosphere and not be measured as total suspended particulate matter by air quality
monitoring equipment. Small and intermediate size particles are more likely to remain
airborne and are more efficiently captured by total suspended particulate matter air
monitoring equipment. Small particles are also capable of being inhaled into the human
respiratory system, possibly causing adverse health effects. The particulate matter
emission controls that have been employed to date have been most effective in reducing
emissions of large and intermediate size particles. The trend in the emissions of small
particles is not clearly known. However, it is very doubtful whether small particle
emissions have been reduced to the extent that total particulate matter emissions have
been reduced. It should be noted that some small particles may be formed in the
atmosphere as the result of various chemical and physical processes. Such particles are
not included in the estimated total particulate matter emissions.

A second caveat is that fugitive particulate matter emissions (emissions from
unconfined sources such as storage piles, material loading, etc.) are incompletely
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accounted for in the emission totals. Rough estimates of industrial process fugitive
emissions are included for some industries. Area source fugitive dust ‘emissions
(unpaved roads, construction activities, etc.) are not included at all. Similarly, natural
sources of particulate matters, such as wind erosion or dust, are not included. (An
exception is forest fires, some of which result from natural causes). In total, these
fugitive emissions may amount to a considerable portion of total particulate matter
emissions. The controls applied to these sources have so far been minimal. Due to the
lack of adequate emission factors and emission inventory techniques for these sources,
fugitive particulate matter emissions have not been included in most emission
inventories.  As additional data become available, it is expected that estimates of
fugitive particulate matter emissions will be included in future emission inventories. It
should be noted, however, that a major portion of the fugitive particulate matter
emissions are relatively large particles that are not readily captured by particulate matter
air quality monitors. A mitigating factor which appliess to this situation may be that
these large particles do not effectively enter into the human respiratory system.

4.2 Sulfur Oxides (SOx)
1940-1970

From 1940 to 1970, major increases in sulfur oxide emissions occurred as the
result of increased combustion of fossil fuels such as coal and oil. Industrial process
emissions also increased, but to a lesser extent. Sulfur oxide emissions from other
source categories decreased, primarily as the result of the obsolescence of coal-fired
railroad locomotives and a decrease in coal refuse burning.

1970-1987

Since 1970, total sulfur oxide emissions have declined about 28 percent. This
result is due to the use of fuels with lower average sulfur contents, some scrubbing of
sulfur oxides from flue gases, and controls on industrial process sources (Table 29,
Figure 13). Significant emission reductions from industrial processes have occurred,
mostly from non-ferrous smelters and sulfuric acid plants. By-product recovery of
sulfuric acid at smelters has increased since 1970 meaning that sulfur oxide emissions
that previously would have been released to the atmosphere are recovered as sulfuric
acid. Since 1972, new sulfuric acid manufacturing plants have been subject to New
Source Performance Standards requirements. These rules have contributed to decreased
emissions, as new plants built to meet new product demands or replace old facilities,
must achieve more stringent emission control than old facilities. As shown in the
tables, since 1970 emissions from electric utilities account for more than half of the
total sulfur oxide emissions. Combustion of sulfur-bearing fuels, chiefly coal and
residual fuel oil, is primarily responsible for this increase. Figure 14 shows how SO,
and NO, emissions from electric utility coal combustion have changed from 1940-1987.
Between 1970 and 1987, utility use of coal more than doubled. Emissions from utilities
have decreased, however, because fuels with low sulfur content have been used to the
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Figure 14
f Sulfur and Nitrogen Oxides from

Electric Utility Coal Combustion
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extent that they were available. Also, flue gas desulfurization systems have been
installed by the late 1970’s helpd to prevent increases in electric utility emissions. 1987
electric utility emissions would have been approximately 50 percent higher without the
operation of flue gas desulfurization controls. The theoretical 1987 national emission
estimates given in Table 29 for stationary fuel combustion sources are based on (1)
1987 fuel amounts, (2) fuel sulfur contents that represent 1970 average levels for fuel
oil and (3) an estimated average sulfur content of coal that would have been consumed
if there were no changes in air pollution regulations since 1970. It is estimated that the
average sulfur content of coal bummed nationwide would have declined anyway even
without new air pollution regulations due to the greater use of coal from the Western
U.S., which generally has a lower sulfur content than coal from the Eastern States. On
this basis, electric utility emissions would have increased 50 percent. In fact, emissions
decreased by 14 percent. Sulfur oxide emissions from other fuel combustion sectors
decreased, primarily due to less coal burning by industrial, commercial and residential
consumers.

Comments on Sulfur Oxide Emission Estimates

Emissions of sulfur and nitrogen oxides have been identified as precursors of
acidic precipitation and deposition. To support Federal research activities on the
subject, more detailed historical emissions estimates of sulfur and nitrogen oxides have
been developed. Interested readers may wish to review Reference 30, which contains
State level estimates of sulfur and nitrogen oxide emissions from 1900 through 1980.

4.3 Nitrogen Oxides (NO,)

1940-1970

Nitrogen oxide emissions result almost entirely from fuel combustion by stationary
sources and motor vehicles. From 1940 through 1970, NO, emissions increased steadily
as the result of increased fuel combustion.

1970-1987

Controls applied to sources of NO, emissions have had a limited effect in reducing
emissions through 1987. Table 29 (Figure 13) shows that with the 1970 control level,
national NO, emissions would have been about 30 percent higher than actual 1987
emissions. The emissions from stationary fuel combustion sources largely reflect the
actual growth in fuel consumption. For electric utilities, NSPS control requirements
have, somewhat, held down the growth in NO, emissions. Nevertheless, NO, emissions
from electric utilities increased 57 percent from 1970 to 1987. For mobile sources, NO,
emissions were controlled as a result of the Federal Motor Vehicle Control Program
(FMVCP). Nitrogen Oxide emissions from highway vehicles would have increased 82
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percent, had there been no change in control level since 1970. The estimates of actual
NO, emissions show a 8 percent increase. Figure 15 shows how NO, emissions from
major highway vehicle categories have changed from 1970 to 1987.

44 Reactive Volatile Organic Compoun *

1940-1970

From 1940 through 1970, reactive VOC emissions increased about 45 percent.
Major increases in highway vehicle travel and industrial production were chiefly
responsible. Emissions from these source categories were about two and a half times
higher in 1970 than in 1940. However, emissions from other contributing categoreis--
residential fuel combustion and forest fires--declined substantially. In 1940, residential
fuel combustion and forest fires accounted for 42 percent of total national reactive VOC
emissions. By 1970, their contribution to total reactive VOC emissions had been
reduced to 6 percent.

1970-1987

Since 1970, emissions of reactive VOC decreased primarily due to motor vehicle
controls and less burning of solid waste. Without controls, a substantial increase in
emissions from highway vehicles would have occurred. From 1970 to 1987,
vehicle-miles of travel in the U.S. increased by about 72 percent* A 63 percent
increase in emissions would have occurred had 1970 control levels remained unchanged.
As a result of the controls put in place, reactive VOC emissions from highway vehicles
actually decreased 52 percent (Table 29, Figure 13). Figure 16 shows how reactive
VOC emission from major highway vehicle categories have changed from 1970-1987.
Reactive VOC emissions also decreased due to the substitution of water-based
emulsified asphalts (used for road paving) for asphalts liquefied with petroleum
distillates (cutback asphalts). This is reflected in the decreased emissions reported for
miscellaneous organic solvent use.

Through 1978 these decreases were offset by increases in industrial process
emissions. Since then, industrial process emissions have also declined, so that overall
total reactive VOC emissions were reduced about 7 percent from 1970 to 1987.
Industrial process emissions increased due to higher production levels, particularly in
industrial sectors such as petroleum refining, organic chemical production, and industrial
uses of organic solvents. However, control procedures employed were effective in
limiting the growth in emissions. In addition, source production levels in 1981 through
1983 were relatively low due to poor economic conditions. Through the mid-1970’s,
emissions from petroleum product storage and marketing operations also increased as the
result of increased demand for petroleum products, particularly motor gasoline. Since
1978, emissions from this source sector are estimated to have decreased as the result of
more effective control measures.
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In 1970, reactive VOC emissions from residential fuel combustion were insig-
nificant. However, in the late 1970’s emissions began to increase due to the popularity
of wood stoves and fireplaces for residential space heating. In 1987, residential fuel
combustion accounted for about 11 percent of total reactive VOC emissions.

Comments on Reactive VOC Emission_Estimates

Volatile organic compounds along with nitrogen oxides are participants in
atmospheric chemical and physical processes that result in the formation of ozone and
other photochemical oxidants. Emissions of reactive VOC that are most likely to have
a role in such atmospheric processes are included in the reported emissions estimates.
Photochemically non-reactive compounds such as methane are not included in the
estimated emissions of reactive VOC. Biogenic sources of organic compounds, such as
trees and other vegetation, are not included either. Initial estimates are that emissions
of reactive VOC from naturally-occurring sources exceed the amount of anthropogenic
emissions. However, the extent to which biogenic sources of reactive VOC contribute
to oxidant formation, if at all, has not been clearly established. Ambient concentrations
of ozone are typically higher during the summer months. As a result, analysis of
seasonal rather than annual, reactive VOC emissions may be more appropriate to
understand the relationship between reactive VOC emissions and high ozone
concentrations in the atmosphere. Sources such as residential space heating, which
occurs primarily during the winter, would have little impact on summer ozone levels.

4.5 Carbon Monoxide (CQO)

1940-1970

From 1940 through 1970, the relative contribution by the various source categories
to total CO emissions changed considerably. In 1940, highway vehicles contributed
only about 27 percent of carbon monoxide emissions. Residential fuel combustion
(primarily of wood and coal), forest fires and other burning (agricultural crop residues
and coal refuse) contributed about 50 percent of total CO emissions. From 1940 to
1970, highway vehicle emissions nearly tripled, while emissions from residential fuel
combustion and miscellaneous burning sources decreased substantially. As a result, in
1970 highway vehicles accounted for 64 percent of total CO emissions. Industrial
process CO emissions increased from 1940 to 1970 by about 35 percent. The largest
increase occurred in the petroleum refining sector, primarily as the result of expansion
of catalytic cracking capacity to meet increased demand for gasoline and other middle
distillates.
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1970-1987

Since 1970, highway motor vehicles have been the largest contributing source of
CO emissions. Figure 17 shows how CO emissions from major highway vehicle
categories have changed from 1970-1987. The implementation of the Federal Motor
Vehicle Control Program (FMVCP) has been successful in reducing CO emissions since
the early 1970’s. From 1970 through 1978, motor vehicle miles of travel increased 38
percent, but because of controls on new vehicles, total CO emissions from highway
vehicles decreased 16 percent. From 1978 to 1980, VMT declined by 1.7 percent.
This lack of growth in vehicle travel, together with an increased degree of control
because of stricter emission standards for new vehicles and the gradual disappearance of
older uncontrolled vehicles from the vehicle fleet, produced an estimated 14 percent
drop in highway vehicle emissions in the two year period from 1978 to 1980. Since
1980, VMT have grown each year. From 1980 to 1987, VMT increased by 27 percent.
However, due to the FMVCP controls, CO emissions from highway vehicles actually
decreased 28 percent during this period. Overall from 1970 to 1987, without the
implementation of FMVCP, highway vehicle emissions would have increased 54 percent
(Table 29, Figure 13). By comparison, actual emissions are estimated to have decreased
48 percent.

CO emissions from other sources have also generally decreased. In 1970,
emissions from burning of agricultural crop residues were greater than in more recent
years. Solid waste disposal emissions have also decreased as the result of
implementation of regulations limiting or prohibiting buming of solid waste in many
areas. Emissions of CO from stationary source fuel combustion occur mainly from the
residential sector. These emissions were reduced somewhat through the mid-1970’s as
residential consumers converted to natural gas, oil, or electric heating equipment.
Recent growth in the use of residential wood stoves has reversed this trend, but
increased CO emissions from residential sources continue to be small compared to
highway vehicle emissions.  Nevertheless, in 1987 residential wood combustion
accounted for about 10 percent of national CO emissions, more than any source
category except highway vehicles. CO emissions from industrial processes have
generally been declining since 1970 as the result of the obsolescence of a few high-
polluting processes such as manufacture of carbon black by the channel process and
installation of controls on other processes.

4.6 lead
1970-1987

The emissions of lead have decreased due to the implementation of the Federal
Motor Vehicle Control Program (FMVCP). The implementation of FMVCP has resulted
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in the use of catalytic converters to reduce NO,, VOC, and CO emissions and has
required the use of unleaded gasoline for vehicles with converters. From 1970 through
1975, the highway use of gasoline increased 16 percent, but because of the decrease in
lead content in leaded gasoline, lead emissions from highway vehicles decreased 24
percent. From 1975 to 1987, the percent of unleaded gasoline sales increased from 13
to 76 percent, and the lead emissions decreased 98 percent (Table 12 and 29, Figure
18). A major reduction in lead emissions occurred between 1984 and 1986 when
EPA issued rules which required petroleum refiners to lower the lead content of leaded
gasoline to 0.5 grams per gallon in 1985 and .1 grams per gallon in 1986. Previously,
the lead content of leaded gasoline had been 1.1 grams per gallon or more. From 1970
through 1987, off highway consumption of gasoline decreased 34 percent and associated
lead emissions decreased 98 percent.

Lead emissions also decreased from other sources. The 95 percent decrease in
stationary source fuel combustion is a result of the decrease in lead concentration in
waste oil utilized in industrial boilers. Lead emissions decreased 92 percent for
industrial processes from 1970 through 1987. Part of this decrease reflects the changes
that result from installation of air pollution control equipment. As shown in Tables 12
and 29, the change in emissions as a result of changes in operating rates would be a 38
percent reduction. Lead emissions from solid waste disposal have decreased 61 percent
from 1970 through 1987 as a result of the decreased amount of solid waste disposed of
by incineration.
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