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ENVIRONMENTAL IMPACTS

Memories of the era when
soot-laden cities, discolored

INTRODUCTION

coal dominated the U.S. energy supply are blackened by visions of
streams, and scarred landscapes. Since the heyday of coal,

Americans have become not only “spoiled” by the cleaner fossil fuels —oil and natural gas — but
also more protective of their natural environment. They want to breathe clean air and drink pure
water, and they insist that, after its resources have been removed, the land remain capable of sup-
porting both natural ecologies and a thriving agricultural economy. Thus, if coal is to return to
prominence in U.S. energy plans, its comeback must be staged under environmentally sound
methods of extraction, cleaning, transportation, and combustion.

The “residuals ’’-unintended products that
may affect the environment — from each oper-
ation involved in handling coal are illustrated
in figure 19. The avenues of disturbances to
the environment are abundant, and the intensi-
ty of even the minor disturbances will be mag-
nified by the large quantities of coal forecast
by most current energy projections. The most
vociferous objections to coal use have
stemmed from concerns about the pollutants
released to the air during combustion and the
variety of damages to land and water that re-
sult from mining. Most of these impacts are
now addressed by Federal legislation, as in-
dicated in figure 20. In general the legislation
establishes either ambient air, land, and water
quality standards, or minimum pollution con-
trol performance standards that can be
achieved economically and effectively by the
best state-of-the-art technology. In response to
the passage of this large body of environmen-
tal legislation, public attention is shifting to
questions of whether the new laws and tech-
nology are adequate, whether they are effec-
tively enforced, and whether they are them-
selves the cause of environmental problems—
such as the pollution of one environmental
medium by the wastes collected to protect
another.

Figure 19 summarizes only the byproducts
of coal-related activities and not the resulting
effect on public health or on the ecosystem at
large. These effects may vary in their severi-
ty — from the annoyance and property damage
of blasting to a possible tragic increase in ill-

ness or mortality from air pollution. The ef-
fects also vary in their temporal and regional
extent— from the short-term creation of dust
at a local minesite to the possible long-term
global alteration of climate by carbon dioxide
(CO,). The environmental effects of coal also
differ from region to region, not only because
of the unequal concentrations of coal extrac-
tion and combustion activities but also be-
cause of the difference in geologic, demo-
graphic, topographic, and climatic factors.
Thus, for example, surface mining may be
more benign in the lignite fields of Texas than
on the steep slopes of Kentucky. As another ex-
ample, the most significant impact of a coal-
fired powerplant in New England might be to
worsen the urban air breathed by mill ions,
while that of a uti l ity in Utah might be to
degrade the quality and visibility of the clean
air that is a major resource in that region.

Figure 19 emphasizes that each environmen-
tal impact may be envisioned as primarily af-
fecting one of the three media–air, land, and
water. This viewpoint is adopted as the organi-
zational structure for this chapter, although it
should not obscure the very extensive interac-
tions among the three media. Each of the next
three sections examines the impacts of coal
use on one of the three media, describes the
resulting effects on health or ecosystems, and
assesses the ability of relevant legislation and
control technology to mitigate these effects.

This chapter draws selectively on analysis of
future energy impacts available in the liter-

183
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Figure 19.– Environmental Disturbances From Coal= Related Activities
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ature — and especially on the 1978 National En- which assumes medium economic growth,
vironmental Forecast No. 1 (NEF #l)’ —to illus-
trate the level of residuals that would be gener-
ated by future increases in coal development.
The forecast uses a “business as usual” scenar-
io developed by the Department of Energy’s
(DOE) Energy Informat ion Adminis t rat ion,

‘1978 National Environmental Forecast No. 1, Division
of Environmental Impacts, U.S. Department of Energy,
September 1978 (draft).

medium energy supply expansion, and con-
stant (corrected for inflation) world oil prices.
The scenario assumes an electricity growth of
4.8 percent per year, with total energy demand
growing from 70.6 quadrillion Btu (Quads) in
1975 to 94.6 Quads in 1985 and 108.5 Quads in
1990 (see table 22 for a more complete break-
down of the projections). Coal use is assumed
to double by 1990 to 25.4 Quads, from 12.8
Quads in 1975. Table 23 presents the environ-
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mental control assumptions used to predict Iutants. This projection is similar to scenario B
future emissions of the three principal air pol- in chapter II.

Figure 20.—Jurisdiction of Federal Control Legislation
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Table 22.—Energy Demand Projection Used to
Develop DOE’S “National Environmental Forecast

No. 1“
(quadrillion Btu per year)

1975 1985 1990

Domestic Consumption
Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32.8 43.9 48.5
Natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.0 19.1 19.3
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.8 21.2 25.4
Nuclear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.8 6.2 10.3
Hydro & geothermal . . . . . . . . . . . . . 3.2 4.2 5.0

Table 23.—Environmental Control Assumptions
Used to Develop DOE’S ’’National Environmental

Forecast No.1”

Revised NSPS

Industrial Industrial
boilers boilers

25MWe under
Pollutant Electric Utilities or greater 25 MWe

TSP Revised NSPS
.05 lbs/MM Btu

so, Revised NSPS
(scrubber
efficiency 89
percent)

NO, NSPS (.7 lbs/
MM Btu)
Schedule: For
revised NSPS,
all new utilities
on line in 1984
and after.

Pollutant Emissions

Coal Activities Other Than Combustion

Most concern about air emissions from the
coal fuel cycle centers on coal combustion,
the emissions of which can affect natural
ecosystems as well as human health and wel-
fare over a broad region. The other portions of
the fuel cycle also have important impacts on
man and nature, although these impacts tend
to be confined to a more local area. Mining im-
pacts involve primarily the fugitive dust from
surface and underground mines. After combus-
tion, the dry disposal of ash or waste from flue-
gas treatment produces particulate loadings
that can be, on the site, in excess of Federal
s tandards . 2 This dust problem is naturally of

‘Report of the Committee on Health and Environmerita/
Effects of Increased Coal Utilization (“Rail Report”), F. R.,
vol. 43, no. 10, Jan. 16, 1978; “App. on Coal Ash and FGD
Sludges, ” U.S. Environmental Protection Agency,

Revised NSPS
.05 lbs/MM Btu

Revised NSPS
(scrubber
efficiency 89
percent)

NSPS (,7 lbs/
MM Btu)
Schedule: For
revised NSPS,
all new boilers
on line in 1981
and after.

Revised
NSPS .05
lbs/MM Btu

Revised
NSPS 1.5
Ibs S02/M M

Btu

None

Schedule:
For revised
NSPS, all
new boilers
on line in
1981 and
after.

AIR POLLUTION IMPACTS

greater  intens i ty in ar id cl imates. Other
sources of particulate are the construction ac-
tivities at each stage of the fuel cycle, the
transportation of coal in open hopper cars or
on barges, the storage of coal or coal wastes in
piles, and coal processing and cleaning. All
particulate emissions that include either coal
dust or ash contain quantities of trace ele-
ments and radionuclides that may exacerbate
the health and environmental impact of these
emissions.

Additional releases can result from uncon-
trolled fires at mines or within mine piles. Such
fires, not uncommon, may smolder for years.
In January 1973, a survey counted 59 uncon-
trolled fires in abandoned mines in Appalachia
and 185 uncontrolled fires in unmined coal
seams in the West. 3 Another survey by the

‘Underground Coal Mining: An Assessment of Technol-
ogy, EIectrical Power Research Institute, AF-219, July
1976,
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Bureau of Mines in 1968 registered 292 fires in
coal refuse banks, principally in Appalachia.4

Because such fires burn under oxygen-defi-
cient conditions, they generate a somewhat
different spectrum of air pollutants than coal-
f i red boi lers . Table 24 presents a crude
estimate of the emissions of carbon monoxide
(CO), hydrocarbons, su l fu r  ox ides  ( S0x ) ,
nitrogen oxides (NOx, and fine particulate
due to such f i res.  Other releases include
hydrogen sulfide and ammonia. It is reason-
able to speculate that a significant portion of
the hydrocarbon emissions couId be polycyclic
organic matter, which is particularly danger-
ous; however, appropriate data are not avail-
able.

Table 24.—Gases Emitted From Burning Coal Mine
Refuse Banks in 1968

Percent of total
Emissions — nationwide

10’ tons emissions

Carbon monoxide. . . . . . 1.2 1.2
Sulfur oxides. . . . . . . . . . 0.6 1.8
Hydrocarbons. . . . . . . . . 0.2 0.6
Nitrogen oxides . . . . . . . 0.2 1.0
Fine particulate. . . . . . . 0.4 1.4
SOURCE Natlonwlde Inventory of Alr Pollutant Emlsslons. 1968, National Alr

Pollution Control Administration, AP-73, August 1970

Development of controls for these air emis-
sions has not received the attention given to
air emissions from combustion. Dust from min-
ing operations is not always completely con-
trolled, and may be a serious occupational
health problem. Coal dust from trains can be
avoided by covering the hopper cars if spon-
taneous combust ion of  the coal  can be
avoided. The dust from waste disposal sites
can be kept to a minimum by wetting agents
and its impact reduced by a buffer zone
around the site. Dust from coal hauling usually
is controlled by watering the roadbeds. Un-
fortunately, most of these controls are not re-
quired by Federal regulations, and State and
local requirements vary widely and often are
not strictly enforced.

The general techniques for prevention of
mine or refuse piIe fires are to reduce air cir-

4Coal Refuse fires, An Environmental Hazard (Washing-
ton, D. C.: U.S. Department of the Interior, Bureau of
Mines, 1971) I.C 8515

culation to the combustible material, mini-
mize the concentration of combustible materi-
al, and promote cooling. For abandoned mines
these techniques may not always be possible
to apply. The best means of prevention is to
remove the excess combustible material and
seal holes where feasible. The Surface Mining
Control and Reclamation Act of 1977 requires
that combustible materials exposed, used, or
produced in underground mining (including ex-
posed coal seams) be treated, if necessary, and
covered. The Act also requires that all open-
ings to the surface be capped, sealed, or
backfilled when no longer needed for mining.
Presumably, enforcement of these provisions
will substantially decrease the incidence of
new-mine fires.

Combustion

The air pollutants released in large quan-
tities by combustion units include the oxides
of sulfur, nitrogen, and carbon, as well as par-
ticles of ash that become entrained in the hot
flue gases. Smaller quantities of trace in-
organic elements, radionuclides, and hydrocar-
bons are also emitted; these are often ad-
sorbed on the surface of the ash particles.
Once emitted to the atmosphere, most of these
substances may be transformed by a variety of
chemical reactions, and all will be transported
and deposited under a variety of different
meteorological conditions. The polIutants may
react with other polIutants from the same or
different source or with natural atmospheric
components. The nature and extent of result-
ing human health hazards and environmental
damage depend on the types and rates of reac-
tions in conjunction with the atmospheric
transport and deposition, as well as the nature
o f  t h e “receptor” —the ecosystem and/or
human population. This discussion examines
the emissions of each coal stack component.
The following sections discuss the transport
and t ransformat ion of  each component.
Understanding of these factors is crucial to
predicting and mitigating the health or envi-
ronmental impacts of coal combustion.

Sulfur oxides receive more attention than any
other emission from the combustion of coal,
primarily because of the large quantity of
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emissions, the diversity of and controversy sur-
rounding the potential impacts (human health
effects, acid rain, crop damage, etc.), and the
great expense involved in SOX controls.

Coal combustion is a major source of man-
caused sul fur  emiss ions,  and al l  of  these
sources may now exceed the emission of sulfur
compounds from natural processes world-
wide. 5 Estimates of the fraction of man-caused
sulfur emissions range from about one-third to
about two-thirds. b In industrialized parts of the
United States the man-caused emissions may
be at least an order of magnitude greater than
natural emissions. 7

Coal burning contributes more than half of
man-caused sulfur emissions and 80 percent of
the sulfur emitted from stationary fossil fuel
combustion. A l l  s t a t i o n a r y  c o m b u s t i o n
sources together release 70 percent of man-
caused sulfur, with industrial processes run-
ning a distant second.8

The regional sulfur dioxide (SO2 “emiss ions
densities” (emissions per unit area) shown in
figure 21 exhibit a wide geographic variation.
The peaks in emission density do not necessari-
ly correspond to peaks in ambient sulfate con-
centrations shown in figure 22, because of
complex transport phenomena that may carry
pollutants far from their source.

Total emissions of S0x may be expected to
decline slightly in the next decade if current
State implementation plans (SIPs) for air pollu-
tion control are strictly enforced, because the
effect of existing sources coming into compli-
ance with local regulations in the next few

5R. B. Husar, et al., “Report on the International Sym-
posium on Sulfur in the Atmosphere,” Third Nat iona l
Conference on the Interagency Energy/Environment R&D
Program, 1978, p. 77.

‘E. Robinson and R. C. Robbins, “Gaseous Sulfur Pol-
lutants From Urban and Natural Sources,” J. Air Pollut.
Assn. 20, 1970; Kellog, et al., 1972, “The Sulfur Cycle,”
Science, 175; and J. P. Friend, “The Global Sulfur Cycle”
in Chemistry of the Lower Atmosphere, S. 1. Rapeol (ed.)
(New York: Plenum Press, 1973).

‘R. B. Husar, personal communication.
‘Preliminary Emissions Assessment of Conventional

Stationary Combustion Sources: Volume II-Final Report,
GCA Corporation, GCA/Technology Division, EPA-600 2-
76-046b, U.S. Environmental Protection Agency, March
1976.

years should more than balance the addition
of new sources. NEF #l computes the follow-
ing total SOX emissions for its moderate coal
use scenario:

1975 . . . . . ,  .  . . . . . . . . .29.9 mi l l ion tons
1985 . . . . . . . . . . . . . . . . 28.8 million tons
1990 . . . . . . . . . . . . . . . . 30.6 million tons

After full compliance has been achieved, SOX

emissions will begin to creep upwards. Coal
bu rn ing– and especially that from the electric
util ity industry— plays a major part of this
trend. Electric util it ies and industrial boilers
burning coal are projected to remain at their
present 70 percent of the total emissions
through 1990. Existing coal-fired powerplants
had 1975 emissions of 18.7 million tons; these
will decline to about 15 mill ion tons if full
compliance is achieved, then drop only as ex-
isting plants are decommissioned. Util it ies
commissioned after 1975 would have a maxi-
mum (no control) emission of 15 million tons
by 1990 under moderate growth conditions;
given the strong controls listed in table 23, ac-
tual net emissions will be about 3 million tons.
This imbalance between old and new source
emissions is a critical point, because it illus-
trates the need to consider existing sources in
devising a national S0x control strategy. Pro-
posed New Source Performance Standards
(NSPS) for steam electric uti l ity boilers wil l
cost tens of billions of dollars over the next
few decades but will reduce total emissions
less than 10 percent under emissions produced
under the current standards (as projected by
the Environmental Protection Agency (EPA)
and DOE in a joint, ongoing analysis). Mean-
while, the major sources of S02 emissions for
the next several decades—coal-fired power-
plants already in existence— are allowed to
operate with far less control —and sometimes
none.

Industrial coal combustion also plays an im-
portant role in SOX emissions. Because indus-
trial use of coal is expected to grow substan-
tially in the next few decades, the NSPS will af-
fect a higher percentage of the total emissions
than is the case with powerplants. Existing in-
dustrial plants emit about 2 mill ion tons of
SOx/year . By 1990, new plants will emit about
half this amount if maximum control is as-
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Figure 21 .—S02 Emission Contours—Emission Densities in g/m2/year
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SOURCE Report on the International Symposium on Sulfates in the Atmosphere, in EPA-600/9-78-022, Energy/Environment Ill, U.S. Environmental Protection
Offfice of Research & Development, October 1978.

sumed. However, final emission standards for
industrial sources have not been established.

More than two-thirds of the S0x emissions
occur in the industrialized Middle and South
Atlantic States and in the Midwest, both in
1975 and 1990, although emissions will decline
in the Middle Atlantic and Midwest if existing
sources comply with local standards according
to schedule. Substantial emission increases
should occur in the Southwest and Northwest
as coal begins to replace natural gas as the
dominant fuel.

Nitrogen oxides from coal combustion are
associated with some plant damage, possible
health effects, acid rain, and production of
deleterious secondary pollutants. Unlike the
sul fur  compounds, however, man-caused
sources produce only 10 percent of total NOX

emissions (50 million tons per year compared
to 500 mill ion tons per year from natural
sources). NOX in the atmosphere consist pri-

Agency,

marily of nitric oxide (NO), nitrogen dioxide
( N O2), and small amounts of nitrous oxides.

About 95 percent of the NO, of manmade
origin is emitted from fossil fuel combustion.
The direct product is primarily NO, which is
readily converted in the atmosphere to the
more  tox ic  NO2 and corros ive ni t r ic acid
( H N 03) .

The amount of NO produced is determined
partly by the composition of the fuel itself.
Coal has considerable fuel-bound nitrogen,
and most of the NO produced by a normal
boiler is created by the reaction of this nitro-
gen with the oxygen in the combustion air. NO
is also produced by the high-temperature reac-
tion between the oxygen and nitrogen in air;
this reaction is the sole NO source from the
combustion of nitrogen-free fuels (such as
natural gas). Coal’s high nitrogen content ex-
plains the major NOX control strategy for coal
boilers, which is to burn the coal initially in a
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Figure 22.— Yearly Average Sulfate Concentrations, µg/m3

10

SOURCE : Report on the International Symposium on Sulfates in the Atmosphere. in EPA-600/9-78-022, Energy/Environment Ill, U.S. Environmental Protection Agency,
Office of Research & Development, October 1978.

fuel-rich condition that promotes reduction of
NO to nitrogen gas (N2), and then to allow
complete combustion after the fuel-bound
nitrogen has been depleted.

Combustion of coal accounts for 24 percent
of all NOX produced by man, and about 49 per-
cent of NOX from stationary fossil fuel com-
bustion. Mobile and stationary sources con-
tribute about equally to the NOx national emis-
sions. Although manmade sources are only 10
percent of all NOx sources globally, they can
resul t  in  h igh local  concentrat ions.  Thus,
although the natural background for NO X is
about 8µg/m 3, the  nat iona l  s tandard  i s
1 OOµg/m3, on an annual average, and short-
term local concentrations can be much higher.
Figure 23 shows the 1973 national emissions
densities for NOX.

9 Spatial variability of NOx

‘National Emissions Report 1973: National Emissions
Data System (NDES) of the Aerometric and Emissions
Reporting Systems (A EROS) (Washington, D C.: U.S. Envi-
ronmental Protection Agency, 1976), E PA-450/2-76-O07.

levels and composition is related to the quan-
tities emitted, the availabil ity of ultraviolet
light to affect chemical transformation, me-
teorological conditions, and the presence of
other contaminants in  the  a tmosphere .
Because of the very large amounts of NOx

emitted by stationary and mobile sources, ur-
ban areas tend to have the highest NOX levels.
Figure 24 shows the ambient N0 3 concentra-
tions on a nationwide basis, averaged by State.

Levels of NOX are subject to temporal as
well as spatial variation, because of the com-
plex relationship of NO and NO2 to light inten-
sities as welI as to the variation in time of emis-
sion levels from industrial and automotive
sources (strong time-of-day variations have
been observed and some evidence exists for
seasonal variations).

Al though NOx emissions from automobiles
are supposed to decline in the next few dec-
ades, the lack of effective controls on station-
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Figure 23.— Nationwide Ambient NO3 Levels, µ9/m3

\
2

. . . . .

SOURCE: “Air Quality Data for Non-Metalllc Inorganic LOSS 1971-1974 from the National Air Surveillance Networks,” Gerald G. Akland,

EPA-600/4-77-003, Research Triangle Park, NC

ary sources wilI lead to a substantial increase
in total emissions. N E F #1 projects national
emissions to increase by 21 percent by 1990,
from 19,4 million to 23.5 million tons, reflect-
ing both increased energy production and a
shift from gas to coal (coal combustion pro-
duces more NOx than natural gas combustion;
although the ratio varies, it is about 3:1 for
powerplants). Coal combustion by electric util-
ities and industrial boilers will play an increas-
ing role in these emissions. In 1975, these
sources produced 4.6 million tons of NOX, or
24 percent of total emissions; with a moderate
growth in coal use they will produce 8.7 mil-
lion tons or 37 percent of the total by 1990. The
shift in emissions away from automobiles and
toward powerplants and industry should be ac-
companied by an increase in NOX concentra-
t ions in rural  areas and poss ibly a s l ight
decrease in urban areas.

Coal combust ion produces particulate
either by direct emission of primary particles

(fIy ash) or by release of gases that are “precur-
sors” to the formation of secondary particles.
Secondary particulate include sulfates, ni-
trates, and particulate hydrocarbons.

Although particulate emissions from fuel
combustion sources are generally well con-
trolled, the most common control mechanisms
are less efficient in controlI ing fine partic-
ulate (those less than 3 µm in diameter). Thus,
proportionately more particles in this size
range escape capture and are emitted. In addi-
tion to this direct emission, most secondary
particles (particles formed by chemical trans-
formation of gaseous pollutants) are also in
this size range.

Fine particulate have a greater impact on
visibility and are more Iikely than coarse par-
ticulate to become lodged deep in the lungs
and to travel great distances. I n addition,
directly emitted fine particulate have a larger
surface area than an equal weight of larger



192  The Direct Use of Coal

Figure 24.—National NOX Emission Densities, g/m2/year

SOURCE : “National Emissions Report 1973,” National Emissions Data System of the Aerometric and Emissions Reporting System,
EPA-450/2-76-007, Research Triangle Park, NC

particles and thus tend to adsorb on their sur-
faces a disproportionate share of the toxic ele-
ments in the flue gas.

Present regulations and measurement tech-
niques are based on total concentrations of
particles, which may have little relevance to
their chemical or biological behavior. In rec-
ognition of this, EPA has recommended setting
a standard for particulate matter of less than
15 µm, and examination of the effects of par-
ticles smaller than 2 pm. Information gathered
by this examination may provide the basis for a
new “ inhalable particulate matter” standard. 10

Natural sources of particulate far outweigh
manmade sources but are difficult to measure.
Coal combustion yields 33 percent of the man-

‘“’’Health Effects Considerations for Establishing a
Standard for Inhaled Particulate Matter, ” EPA-HERL, in-
ternal publication, January 1978

made particulate and 90 percent of those
from stationary fossil fuel combustion sources.
All stationary combustion sources account for
36 percent of U.S. emissions, the second larg-
est source after industrial processes, which
constitute 49 percent (NE F ##1 ).

Because compliance with all SIPs is far from
complete today, total particulate emissions
may decline quite significantly despite con-
tinued economic growth if compliance is
achieved according to schedule. NEF #1 pro-
jects a decrease in the total emissions from
14.5 million tons in 1975 to 8.2 million tons in
1985, with a rise (to 9.1 million tons in 1990)
thereafter that is characteristic of the assump-
tion that future controls on both existing and
new emission sources will not change. Clearly,
at some point controls on particulate and
other pollutants will have to become stricter if
continued growth without unacceptable en-
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vironmental degradation is to occur. Also,
none of these projections is likely to hold for
fine particulate, where emissions could in-
crease sharply unless control strategies shift to
devices that are more efficient in collecting
particles in this size range.

The role of util it ies and industrial boilers
will shrink from its present one-third contribu-
tion of total national emissions to one-fourth
by 1990 despite the substantial shift to coal.
The major portion of these particulate is con-
tributed by coal combustion.

These trends differ substantially by region.
Slight increases in particulate emissions are ex-
pected in New England and the Southwest,
while substantial decreases should occur in
those regions that now have many noncomply-
ing sources —the Middle Atlantic and Midwest.

Hydrocarbons from coal combustion may be
divided into two main groupings, correspond-
ing to the way they are emitted. First, there is a
volatile fraction composed mostly of low mo-
lecular weight species that are emitted as
vapors. Second, there is a fraction of higher
molecular weight species that are emitted as
fine particulate or are preferentially adsorbed
on the surfaces of fine particulate. Although
EPA has recently increased its efforts to char-
acterize these emissions, l ittle reliable in-
formation exists on their composition. Avail-
able data indicate that for moderate to large
boilers (greater than about 25 MW), the vola-
tile fraction (measured as methane) and partic-
ulate fraction (measured as benzene soluble
organics) are emitted in amounts of the order
of only a few milIigrams per cubic meter in the
flue gas. Emissions of polycyclic organic mat-
ter (POM), species of which are known carcin-
ogens, are emitted in quantities considerably
smaller. The available data indicate, however,
that both the total hydrocarbons and the pro-
portion of POM to the total may increase
substantially as boiler or furnace size de-
creases. For example, hydrocarbon concentra-
tions in the flue gas of boilers less than 1 MW
in capacity were found to be more than 60

‘‘N. Dean Smith, Organic Emmissions from Conven-
tional Stationary Combustion Sources (Research Triangle
Park, N C , U S Environmental Protection Agency,
August 1977)

times as great as those from util ity boilers
more than 500 MW, while POM concentrations
were several thousand times as great (but still
less than 1 percent of the total hydrocarbon
emissions). 2 Recent EPA-sponsored tests on a
10-MW industrial boiler, on the other hand, in-
dicated that POM emissions were either zero
o r  be low the  l im i t s  o f  detect ion  o f  the
available equipment. 3 There are now 12 mil-
l ion tons of coal burned each year in the
residential/commercial sector, presumably in
small boilers and furnaces in populated areas.
The potential of these units, and additional
units in the future, to generate quantities of
the more toxic hydrocarbons is uncertain but a
source of concern.

Coal combustion plays only a minor role in
total hydrocarbon emission and will continue
to do so in the future. In 1975, coal-fired utility
and industrial boilers emitted about 70,000
tons of hydrocarbons, only one-half of 1 per-
cent of national emissions. By 1990 these
boilers may double their hydrocarbon emis-
sions and increase their share of the total to 1.4
percent. During this time, strict automotive
controls should (if the standards are suc-
cessfulIy enforced) cause a sharp decline in na-
tional emissions from about 14 million tons in
1975 to 10 million in 1990. A notable exception
to this sharp decline will occur in those areas
slated for new petroleum and organic chem-
icals development. Thus, hydrocarbon emis-
sions in Louisiana will increase somewhat in
the next decade, while emissions in Texas and
Delaware, sites of expected new refineries, will
remain relatively stable.

Inorganic trace elements and radionuclides are
emitted during coal combustion in particulate
form or as vapors that can condense or be ad-
sorbed on the particulate in the flue gas as it
cools. These elements can be divided into
three classes:

1. those that are not volatilized and thus are
either left in the slag and bottom ash or
become entrained in the flue gas as partic-
ulates,

‘ ‘Ibid
“Personal communication with Wade Ponder, U S En-

vironmental Protect Ion Agency, Research Triangle Park,
N C.
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2. those that are volatilized and are ab-
sorbed on the fly ash as the flue gas cools,
and

3. those that are volatilized and remain in
vapor form (see table 25).

Those elements that volatilize and become ad-
sorbed are (as are the volatile hydrocarbons)
preferentially concentrated on smaller par-
ticles because, as noted above, fine par-
ticulate offer greater surface area than an
equal weight of larger particles for condensa-
tion and adsorption to occur. This presents a
serious problem in controlling trace element
(and hydrocarbon) emissions, as conventional
part iculate control  equipment grows pro-
g res s i ve ly  le s s  e f f ic ient  as  par t ic le  s i ze
decreases.

Table 25.—Distribution of Trace Elements in Coal
Combustion Residues

Concentrations of both trace elements and
radionuclides vary considerably among differ-
ent coals. For instance, thorium concentra-
tions are quite high in Pennsylvania anthracite
and low in interior bituminous coal (4.7 versus
1.6 parts per million (ppm), mean concentra-
tions) while uranium varies from a high (mean)
concentration of 2.4 ppm in Gulf lignite to a
low of 0.7 ppm in northern Great P la ins
coals. 4 Looking at different coal qualities or

14R, I van Hook, “Appendix on Trace Elements and Ra-
dionuclides, Oak Ridge National Laboratory, Rail Report.

“ranks,” lignite has the highest concentrations
of both radionucl ides.  This  i s  unfortunate
because lignite is the lowest rank coal and re-
quires the most tonnage to generate a unit
amount of electricity. Substantial variation
also exists between different coal deposits of
equivalent rank in the same region; some Wyo-
ming and New Mexico coals are so high in ura-
nium (up to 6,200 ppm) that the coal is essen-
tially uranium ore.

Total emissions of most trace elements are
expected to decline between 1975 and 1990,
mainly because of increased particulate con-
trols. The importance of such controls is dem-
onstrated by an examination of arsenic emis-
sions; electric powerplants produce more than
half of the gross (uncontrolled) national emis-
sions but less than one-sixth of the total actual-
ly emitted (NEF #1), owing to the high particu-
late control levels in powerplants.

NEF ##l projects future trace metal emission
increases only in arsenic, cadmium, fluorine,
and selenium (however, it is not clear that
these projections account for increases in fine-
particulate emissions); of the four, utilities and
industrial combustion are the major source
only of selenium. Selenium emissions are pro-
jected to increase from 1,270 tons in 1975 to
2,900 tons in 1990, nearly all from coal com-
bustion. Although coal combustion is a sub-
stantial source of other trace elements, and its
emissions are unlikely to decline much in view
of the future growth of coal, controls on other
sources — such as smelters —wiII drive down
total emissions.

Carbon dioxide extracted during photosyn-
thesis many millions of years ago is returned to
the atmosphere by combustion of fossil fuels.
Although CO, is naturally recycled through ab-
sorption by plants and by the oceans, the rap-
idly growing worldwide consumption of fossil
fuels could lead to increased concentrations of
CO, in the atmosphere. In fact, measurements
in Hawaii have shown approximately a 5-per-
cent increase in COZ levels since 1958. Fossil
fuel combustion facilities may be the largest
manmade source of this emission with coal
yielding 11 percent more CO, than oil and 67
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percent more than natural gas for the same
energy value. 5 By projecting worldwide uses
of fossil fuels and by modeling COZ exchange
processes between the atmosphere and the
oceans and the biosphere, a number of studies
have developed estimates of atmospheric CO,
levels over the next several centuries. Most
show peak levels in the 21st and 22nd centuries
from two to eight times higher than today.
However, these estimates and their projected
effects are subject to considerable uncertain-
ty. (See C02 under Ecological Effects.-)

Sensitivity of Emission Estimates
to Assumptions

Predictions of emissions are sensitive to
assumptions about rates of growth, energy
technologies used, environmental controls in-
stalled, quality of fuels burned, and other fac-
tors. Changes in the following assumptions are
especially important:

●

●

State Implementation Plan compliance. -
Virtually all forecasts of future emissions
assume full compliance by 1985 with ex-
isting State standards. There is substantial
pressure in many States to revise emission
standards upwards, especialIy for power-
plants. The Mitchell and Kammer plants
in West Virginia recently won adjustments
in their SOX emissions reduction require-
ments, and the requirements for several
large plants, including Cliftie Creek in ln-

diana and Labadie near St. Louis, Me., are
under review. Also, assumptions of com-
pliance for other sources—especially for
automobiles — may be too optimistic.
Growth rate.–The growth rates of elec-
tricity and coal demand are critical fac-
tors in determining emissions, yet are
highly uncertain. As an example of the ef-
fect of varying growth rates, emissions
from a “moderate growth” scenario (5.8-
percent electricity demand growth for
1975-85, 3.4-percent growth for 1986 to
2000, 1 billion tons of utility coal demand
by 2000) and a “high growth” scenario (5.8
percent for 1975-85, 5,5 percent for 1986

15Analysis of the Proposed National Energy Plan (Wash-
ington, D C : U.S. Congress, Office of Technology Assess-
ment, 1977), p 161.

●

to 2000, 1,900 mill ion tons demand by
2000) are compared for the year 2000.

Utility Emissions, Millions of Tons/Year16

Mod-
erate High

SO, 140 171 (assuming 90-percent control
for new plants)

156 207 (assuming 80-percent control).
NO, 9 5  1 7 5

Higher  growth ra tes  wi l l  have a  max imum

ef fect  on those po l lu tants  that  are not  e f -

f i c i e n t l y  c o n t r o l l e d  b y  a v a i l a b l e  e q u i p -

m e n t .  T h u s , ( N Ox  a n d  f i n e - p a r t i c u l a t e

e m i s s i o n s  a r e  o f  p a r t i c u l a r  c o n c e r n  i n  a

h i g h - g r o w t h  s i t u a t i o n .

Environmental controls. -Most forecasts ex-
amine different versions of soon-to-be-en-
acted New Source Performance Standards
(NSPS) for steam-electric powerplants but
assume constant control levels after en-
actment. This is unlikely, as EPA must
periodically review these standards. The
very high levels of control achieved in
Japan for scrubbers imply that future SO,
emission standards may become more
stringent, thus  lower ing  nat iona l  SOZ

emissions below expected levels. Other
control variations that would affect emis-
sions levels are:
—“Ful/ scrubbing” versus “sliding scale. ”

Although national utility S0 2 emiss ions
are not significantly different (in 1990,
19.6 mi l l ion tons versus 20.2 mi l l ion
tons )  fo r  the  EPA p roposa l  ( fo r  a
uniform percentage removal require-
ment) and the DOE proposal (to allow
utilities using low-sulfur coal to apply
only partial scrubbing), SO Z emiss ions
would be significantly higher in West-
ern clean air areas under the DOE pro-
posal.

— NOx controls. Since NOZ emissions are
expected to increase substantially from
expanded coal use, pressure for further
controls is likely to increase. The prob-
ability of such additional control de-
pends primarily on the success of EPA’s

“Review of New Source Performance Standards for
Coal-Fired Utility Boilers, vol 1 (Washington, D C.: U.S.
Environmental Protection Agency, August 1978),
E PA-60017-78- 155A.
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NO, control program. A particularly
promising control technology appears
to be a IoW - N OX  b u r n e r  t h a t  h a s
achieved 85-percent emission reduc-
tions on a single full-size burner in the
laboratory. Preliminary indications are
that there may be little or no cost penal-
ty for using these burners in a new facil-
ity. However, it is unlikely that suffi-
cient full-size demonstrations can be
completed and an NSPS promulgated
before the mid-1980’s.

— Particulate standards. Electrostatic pre-
cipitators (ESPs) are less effective at
capturing fine particulate than are
baghouses (fabric filters) but are gener-
ally less expensive and can achieve re-
quired emission reductions except
when used with low-sulfur coals. Thus,
the effect of S02 standards on low-sul-
fur coal use will also affect particulate
control choices and, consequently, fine-
particulate emissions.

It is clear that certain future conditions
could lead to levels of emissions substantially
greater than those projected. For example, a
greater than expected level of coal develop-
ment coupled with a significant relaxation of
SIP control requirements could lead to signifi-
cant increases in emissions of SO X and f ine
part iculate.  NOX emissions would be signifi-
cantly increased if energy demand increased at
a more rapid rate than projected.

Chemical and Physical
Transformation and Removal

As soon as each of the pollutants considered
here is released to the atmosphere, it is free to
participate in a complex series of chemical
and/or physical processes that alter its form
and location. Before the specifics of atmos-
pheric chemistry are addressed, the following
general relationships and conditions should be
understood:

. Individual pollutants in the atmosphere
are not static. That is, they react with
other polIutants to give more or less harm-
ful products, they decay, and they are ulti-
mately deposited to varying degrees on

●

●

●

soil, waterbodies, forests, farms, residen-
tial developments, and all other areas of
the Earth’s surface.
On a large spatial scale, pollutants in the
atmosphere are not well mixed. Conse-
quently, many air pollution problems are
localized over cities and large metropoli-
tan regions. Further, climatological phe-
nomena (such as inversions), topographic
features (such as the Los Angeles Basin
and the Appalachian Chain), and devel-
opment patterns (such as the concentra-
tion of powerplants along the Ohio River)
can influence what pollutants are present,
in what quantities, and what types of reac-
tions are taking place.
The nature of the atmospheric chemical
reactions is exceedingly complex and, at
present, incompletely understood. Impor-
tant factors that determine the rate at
which the reactions occur are:

— The form of the reactants (gases or aero-
sols).

– The presence of catalysts (metals, light,
and other reactants). Some of these
may be present in the same emission as
the reacting substance, or may come
from other emission sources (including
natural sources); some may exist only at
certain times of the day or in certain
seasons.

– The concentration of reactants and type
of reaction. Doubling or halving the
amount of a particular pollutant pres-
ent in the atmosphere will not necessar-
ily double or halve the rate of forma-
tion of reaction products; reactions
often are nonlinear with respect to con-
centrations. This same nonlinearity ap-
plies to the eventual atmospheric con-
centration of the reaction products;
thus, reductions in “precursor” pollut-
ants could, depending on the circum-
stance, produce proportionately greater
or lesser reductions in ambient concen-
trations of the secondary pollutants.

Cons iderable uncertainty ex is ts  as to
which chemical reactions predominate
under various atmospheric conditions.
This uncertainty results in severe difficul-
ties in predicting the effects of new con-
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trol strategies on concentrations of sec-
ondary polIutants.

Reactions involving S0x have been the most
intensely studied to date. The predominant set
of reactions involves the conversion of SOZ t o
some form of sulfate. The reactions believed
to be of major importance are summarized in
table 26. The importance of understanding the
mechanism of production is quite obvious
from the table. For example, indirect photo-
oxidation requires free radicals often present
in a polluted atmosphere, and indicates that
conversion to sulfates may then proceed more
rapidly in urban centers, especially in daylight
or summer conditions. As another example, the
fourth reaction requires ammonia to convert
suIfuric acid to a sulfate salt. This buffering ac-
tion could be important where acid rain was an
important problem; in such circumstances,
controlIing atmospheric ammonia couId be un-
desirable.

Removal of sulfur pollutants from the at-
mosphere takes place by gaseous, dry, and wet

deposition. Dry deposition (particles settling
out or coIIiding with surfaces) occurs con-
tinually, and is more important close to the
S OX source. Wet deposition (scrubbing of the
atmosphere by precipitation) is sporadic and
may be more important in regions remote from
the source. The relative importance of the two
mechanisms depends on the climate and the
form of the sulfur pollutant. However, from
observed data in temperate climates, wet and
dry removal of all S0x is believed to be of
roughly equal importance. 7 The relative im-
portance of each deposition mechanism is dif-
ferent for each sulfur species, however; wet
deposition is 10 times more important for
sulfates than for SOZ. Thus, keeping track of
precipitation is crucial in considering long-
range transport of sulfates.

The mean residence time in the atmosphere
for SO, is about 1 day. For sulfates it is 3 to 5

17R. B Husar, et al., see note 5

Table 26.—Reactions in the Atmosphere

Catalyst/special
Reaction type Reaction conditions Comments

Heterogeneous catalytic
oxidation

Liquid water; metal ions

Water droplets

Water droplets
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days and for particulate S, about 2 to 3 days.
At a speed of 500 km/day, which is typical in
the Midwest, half the particles or molecules
would travel over 500 km, 1,500 to 2,500 km,
and 1,000 to 1,500 km respect ively.  8 I n
temperate climates, 20 to 50 percent of SO Z is
converted to the sulfate ion before removal.
Overall rates of conversion ordinarily range
from about 1 to 4 percent per hour during the
day and less than 0.5 percent per hour at night
for an average daily rate of 1 to 2 percent per
hour during the summer. ’9 This gives a sum-
mertime S0 2 half-life of from about 11/2 to 3
days, Figure 25 shows, in schematic form,
sulfur removal mechanisms and the relative
contribution of wet and dry deposition.

The transformation of NO from coal com-
bustion is less well understood than that of
S0x Although a variety of reactions involving
N OX are known, no reaction rates for actual at-
mospheric conditions can yet be assigned to
them. Important inorganic reactions involve
transformations between the oxides NO and
N O2 fo rmat ion  o f  N20 5 and react ion  w i th
water to form HNO3. Organic reactions of NOX

‘81bid.
191 bid,

are particularly important. These result in
various complex organic nitrogen species, in-
cluding peroxyacyl nitrate (PAN) and perox-
ybenzoyl nitrate (PBN). PAN and PBN are ex-
tremely damaging to plants and irritating to
animal tissues.

Gaseous, wet, and dry deposition are the
sinks for atmospheric NOX, with the first two of
roughly equal importance and the dry deposi-
tion somewhat less important.

The chemistry of formation of polycyclic
hydrocarbons is both complex and incomplete-
ly understood. This subject requires more re-
search, especially with respect to formation of
benzo(a)pyrene and other species of POM
from advanced coal technologies.

Atmospheric Transport

Superimposed on the chemical interactions
ju s t  d i scus sed a re the largely phys ical
mechanisms that govern not only the degree
and duration of the mixing among pollutants
but also the direction and distance to which
the reaction products are transported. These
physical factors may be divided roughly into
mechanisms that primariIy affect shorter range
transport and those that determine the extent
of long-range transport.

Figure 25.— Flow Diagram of Sulfur Transmission Through the Atmosphere. Over Half of the SO2 is Removed
or Transformed to Sulfate During the First Day of Its Atmospheric Residence

S 04 Aerosol

SOURCE: Report on the International Symposium on Sulfates in the Atmosphere, in EPA-600/9-78-022, Energy/Environment Ill, U.S. Environmental Protection Agency,
Office of Research & Development, October 1978



Ch. V—Environmental Impacts ● 199

The short-range geometry of the plume is
critical to both short- and long-range transport.
Under some conditions, the plume spreads
quickly to the ground level (“fumigation”) and
high concentrations of primary pollutants may
result. Under other conditions, the plume re-
mains isolated in a narrow vertical layer that
disperses little and travels far (“fanning”), car-
rying high levels of secondary products far
from the source. A variety of other possibilities
falls between these two. Each type of plume
behavior is associated with different atmos-
pheric conditions.

An important factor in the short-term disper-
sion of pollutants is the vertical temperature
variation with altitude. I n daylight hours of in-
tense sunlight, air that is heated by the warm
surface continually rises, causing the atmos-
phere to be unstable and well mixed. These
conditions promote the local deposition of
pollutants, especially when persistent surface
winds are Iight. Under the conditions of a tem-
perature inversion (warmer temperatures at
higher altitudes)–whether it is caused by
nighttime cooling of the surface faster than
the air or by a cold air mass sliding under a
warm air mass—the air layers are stable and
do not mix. At these times, effIuents from mod-
erate stack heights may be trapped below the
inversion, while those from tall stacks may
become embedded in the layers above, and
hence subject to longer range transport. Night-
time conditions often lead to fanning plumes
that remain in a narrow region and may be
transported especially rapidly by a nighttime
jet stream.

Other local factors determine the extent of,
vertical mixing of a plume. One is the wind tur-
bulence caused by rough terrain, surface ob-
stacles, or variation of wind speed with alti-
tude. Another is the local wind pattern, such as
the urban-rural wind or the land-sea breeze. If
the local wind system becomes a temporary
closed loop, pollutants can be sloshed back
and forth with no real dispersal, and produc-
tion of secondary products can further deteri-
orate the air quality until the cycle is broken.

Once the plume type has been determined
by short-range transport mechanisms, several
long-range factors govern the way the pollut-

ants travel. Before 1973 there was little docu-
mented evidence to suggest that air polIutants
were transported in significant quantities to
regions remote from their origin.

Numerous studies since then have confirm-
ed that this phenomenon does indeed occur.

One such example is the plume of the
Labadie Power Plant, outside of St. Louis, Me.,
which has been extensively tracked by the
EPA’s Project MI STT. This plume has been
followed for more than 180 miles, and at that
distance its width was not much greater than
15 miles. Other examples include the Electric
Power Research Institute’s (EPRI) SURE pro-
gram’s observations that sulfate episodes in
West Virginia occurred only when the air mass
over the area had first traveled over high-
emission regions; satellite tracking of “hazy
blobs,” masses of polluted air that have been
observed over the Midwestern and Eastern
United States, lasting for more than a week;
and observations and analyses of acid rain in
Europe, where Scandinavian rivers and lakes
have apparently been degraded by long-range
transport  of  NOX and S0x f rom the United
Kingdom and other Western European coun-
tries .20

One of the four factors important in long-
range transport is the blend of local factors,
discussed above, that determine dispersal of
pollutants from a given source. Local condi-
tions promoting long-range transport are tall
stacks, nighttime or cloudy conditions, and
relative constancy of wind speed and direction
with altitude.

A second factor is the persistence of surface
winds, These have been studied in great detail
at many stations in recent years. It has been
found that many regions are characterized by
surface winds that persist for 6 hours or more
in a given direction (or, to be more accurate,
within a narrow anguIar sector). They help de-
termine the dominant direction(s) of transport.

A third factor is the type of winds prevailing
at the altitude typical of plant stack heights.
These, too, are characterized by dominant di-
rections that often may differ only sl ightly

20 Altshuller, et al, “Appendix on Transport and Fate, ”
Rail Report.
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Photo credit: EPA —Documerica

Conditions leading to long-range transport of a plume from a coal-fired powerplant: persistent winds,
and a stable atmosphere

from that of the persistent surface winds. Thus,
the two often couple positively to carry pollut-
ants still longer distances from their point of
generation.

These last two factors can contribute to the
additive effect of pollutants from several
sources. Because the winds tend to blow more
frequently in some directions than others, any
emission sources Iined up in the same direction
will contribute to intensification of pollution
concentrations. For example, powerplants
clustered along the Ohio River are also in line
with prevailing winds blowing to the northeast;
occurrence of these winds has been correlated
with high pollutant concentrations in Pennsyl-
vania and other States to the northeast.

A final factor is the large-scale meteorologi-
cal  condit ions result ing f rom the relat ive
movements of low- and high-pressure systems.

These conditions can create large regional
areas of stagnation.

Several research organizations are develop-
ing long-range transport models and are cur-
rently using such models primarily in an ex-
perimental mode. Models in current use have
not undergone extensive peer review and thus
are not Iikely to be immediately acceptable for
regulatory purposes. Th i s  s i tuat ion  cou ld
change drastically within a short time— per-
haps a year– and conceivably lead to greater
regulatory attention to long-range transport
problems.

Although long-range transport models are
still not fully verified, regions of the United
States can be surveyed for some of the key fac-
tors in long-range transport mentioned above.
Data compiled by Teknekron for EPA on re-
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gional air quality and aerometric parameters
yield the following brief survey .2’

One potential air quality problem lies in the
West, especially in the northern Great Plains
and southeastern Utah, an area slated for con-
siderable future powerplant development.
Many areas nearby currently are designated as
Class I (i.e., areas where air quality is to be
strictly protected, with very Iittle development
allowed), and many of these lie in the direction
of extremely persistent winds coming from

21An Integrated Assessment of EIectrlc Utlllty Energy
Systems Briefing Material s,” prepared for EPA/NASA
Meeting on Cooperative Program on Synoptic Regional
Air Pollution Problems, Sept 11-12, 1978, by Teknekron
Inc , Berkeley, CaIif , and Waltham, Mass/pt 2, Aero-
metric Data Compilation and Analyses for Regional Sul-
fate Modeling

areas with a large number of current and pro-
jected urban and utility emissions sources. In
addition, the prevailing winds tend to be from
the south and may entrain elevated levels of
sulfates from smelters in the Southwestern
United States.

The gulf coast is expected to increase its
utilization of coal, partly in response to the
growing development of lignite fields. These
fields lie primarily in eastern Texas and are
alined approximately parallel to the prevailing
wind direction (from southwest to northeast).
If powerplants develop along the same line, in-
tensification of concentrations may result.

The region that has been the most heavily
studied for air pollution transport is the Ohio
River Basin. This region not only contains a
large cluster of coal-fired powerplants but also
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exemplifies some of the meteorological fac-
tors that contribute to long-range transport. Ex-
tremely persistent winds in the Basin lead to
intensification of pollution levels from a string
of sources. Prevailing winds in the Upper Basin
blow predominantly east and north, carrying
polluted air as far east as Pennsylvania and
beyond, while winds in the Lower Basin carry
pollutants north into Canada.

Several regions in the Eastern United States
have been found to be susceptible to pro-
longed atmospheric stagnation. Many of those
cases are centered over a line from southern
West Virginia to Georgia. Although emissions
are generalIy low along this region, they are ex-
pected to grow.

Health Effects**

Introduction

It is known that very high levels of air pollu-
tion cause illness and death. Present ambient
air standards are well below these levels, and it
is unlikely that episodes of high concentra-
tions of “criteria pollutants” similar to the
notorious catastrophes that  occur red  in
Donora, Pa., in 1948 and London in 1952 will
be repeated in this country. However, occa-
sional episodes of adverse meteorological con-
ditions such as those that occurred in the
Northeast during November 1966 could lead to
high (and possibly dangerous) levels of current-
ly unregulated pollutants. Also, elimination of
acute, high-concentration episodes does not
preclude the possibility of chronic damage and
life shortening as a result of exposure to low
levels of pollution. The existence of these
types of effects is quite difficult to establish
because the damages may take the form of
common illnesses (e. g., bronchitis, asthma,
cancer) that are known to have other causes
and would not necessarily be attributed to air
pollution. The effects, if any occur, would also
tend to be masked by the very widespread dis-

‘2This section summarizes a detailed and extensively
referenced report on health effects to be published
separately as an appendix to this report. Full referencing
of source material was considered impractical for this
summary

tribution of air pollution and the large number
of different polIutants usualIy present.

Increased coal combustion will eventually
increase the ambient concentrations of SO X,
N OX, fine particulate, and other pollutants, as
discussed in the previous section. The popula-
tion exposed to the increased concentrations
will be large because pollutants travel long
distances and, due to prevailing wind patterns,
will be concentrated along the heavily popu-
lated Eastern seaboard. The present regulatory
structure fails to address this problem directly.

If present and projected levels of ambient
pollutant concentrations are shown to cause
severe chronic effects, the implications for
coal use and the degree of control to which it
is likely to be subjected wilI be profound.

Evaluating Health Effects

The determination of the potential of a sub-
stance for causing adverse health effects can
be accomplished by combining the results of:
1 ) short-term tests, 2) animal bioassays, 3)
chamber exposures to human beings, and 4)
epidemiologic studies on human populations.

Short-term tests expose tissue, cellular, and
microbial cultures to controlled levels of pol-
lution to measure toxic effects, such as cellu-
lar or bacterial death, or mutagenic changes
refIecting alterations in genetic structure.

Animal bioassays are used to measure acute
and certain chronic effects. Tests for acute tox-
icity may measure the dose that causes death
or impairment of target organs such as the
lungs, kidneys, liver, reproductive system, etc.
Chronic effects might include gradual impair-
ment of target organs (e. g., chronic bronchitis
through long-term insult to the lungs), terato-
genic effects, or carcinogenesis.

Exposure studies using human beings are re-
stricted, for ethical and legal reasons, to
(usually) short durations and exposure levels
no greater than might be expected in the nor-
mal working or outdoor environment. Further,
“health effects” induced by controlled human
exposures are limited to those responses that
are known to be reversible, such as increased
carboxy-hemoglobin levels in the blood or
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changes in airway resistance. Controlled
studies of the short-term effects of air pollu-
tant exposures to human beings provide a vital
link between toxicologic animal studies and
large population epidemiologic studies.

Photo credit: EPA — Documerica
Tests on mice are used to measure acute and chronic

health effects

Photo credit. EPA —Documenca

Clinical studies on humans are limited to pollution
levels that result in treatable health problems

Epidemiologic studies are statistical examina-
tions of illness and death rates, air pollution
levels, and other variables–studies that seek
to discover whether there is a direct correla-
tion between a suspect air pollutant and ad-
verse health effects. As such, they extend be-
yond the function of short-term tests and ani-
mal bioassays that are used to identify the
mechanism of damage and the dose response
function of the substance under study, and at-
tempt to quantify those effects in human
beings.

All of these methods of assessing health ef-
fects are necessary to establish the damage
potential of a substance. Animal tests are in-
sufficient by themselves because a biological
effect in any living system cannot always be
appl ied to a biological  effect in others .
Although the cellular or subcellular effect may
be similar, the clinical effect may be quite dif-
ferent. The chamber tests can show human
sensitivity to the substance, but it is impossible
to infer from studies exposing 5 to 20 subjects
to low levels of the substance for relatively
short times what the chronic morbidity or mor-
tality effects on the entire population may be,
Finally, epidemiologic studies can establish
statistical associations between a substance
and damage to human beings, but they cannot
prove cause and effect; the short-term and ani-
mal tests, by establishing the existence of
damage mechanisms, and the chamber tests,
by demonstrating human sensitivity, provide
credibiIity to the cause-and-effect argument,

The epidemiologic studies have proven to be
a weak link in the analytical chain needed to
establ i sh ai r  pol lut ion standards that wi l l
guard against chronic health effects. The
studies that have attempted to examine the ef-
fects of low levels of pollution on the health of
the general population have run into several
problems:

heterogeneous populations with different
thresholds to particular toxic substances
and different socioeconomic characteris-
tics;
very poor measurements of pollution lev-
els — in most cases, the limited number of
monitoring sites and the failure to in-
corporate levels of pollution indoors lead
to poor determination of the pollution
levels that the population is actually ex-
posed to;
outright failure to measure some poten-
tially important pollutants (such as fine
particulate);
lack of data on variables (such as smoking
habits) that are important determinants of
health;
wide variations of pollution levels with
time, raising the question whether any
observed health effects are caused by the
mean levels or the occasional peaks; and
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● presence of multiple pollutants that might
act in combination.

Some of these problems are discussed in more
detail later in the context of epidemiologic
studies of sulfate damage to human health.

Effects of Specific Combustion Pollutants

Coal combustion releases a mixture of gases
and particles into the atmosphere. These in-
clude sulfur compounds, nitrogen compounds,
fly-ash particulate, CO, CO2, hydrocarbon
vapors and particulate, radionuclides, and
many trace metals. These emissions may lead
to the formation of secondary pollutants, in-
cluding photo-oxidants and particulate.
Human beings are exposed to a complicated
mixture that may act additively, competitively,
or synergistically. However, clinical studies
have seldom examined more than two pollut-
ants  in  combinat ion. Even epidemiologic
studies, in which the populations are exposed
to the entire gas-aerosol mixture, rarely at-
tempt to sort the effects of more than two of
the pollutants of the mix. This adds to the
uncertainty of predicting health effects from
future coal use.

The following discussion summarizes the
health effects of specific pollutants from com-
bustion. Table 27 presents the acute and
chronic effects of specific gases, elements, and
particulate compounds that are emitted from
coal combustion. Little is known about the ac-
tual magnitude of the effects attributable to
increased coal use. The ambient concentra-
tions of radionuclides, organic compounds,
and various trace metals due to increased coal
combustion are projected to be very low. How-
ever, these polIutants are stilI a concern be-
cause  o f  mu l t ip le  exposu res  f rom other
sources. Health effects from these pollutants
are Iikely to appear first in the population
working in coal conversion or related technol-
ogies because exposures wilI be higher.

Total suspended particulate (TSP) are com-
posed of many different substances. The ambi-
ent aerosol (suspension of solid and liquid par-
ticles in air) includes trace metals, radionu-
clides, and organic compounds, as well as sil-
ica and other minerals. TSP can be roughly

divided into fine (usually defined as less than 2
or 3 pm in diameter) and large particulate.
This differentiation is important because:

1. Fine particulate are not explicitly regu-
lated and are not as efficiently controlled
by existing technologies as the large par-
ticles.

2. The most significant route of exposure to
air pollutants is through inhalation. Fine
particulate can pass through the filtering
mechanisms of the upper respiratory tract
and penetrate deeply into the lungs. Sev-
eral studies using zinc ammonium sulfate
and sulfuric acid aerosols have demon-
strated that smal l  part ic les result  in
greater functional and structural changes
in the lungs than result from larger par-
ticles of the same substance.

3. Toxic substances, either gases or recon-
densed metal vapors, can be transported
into lung tissues by inhaled fine particles.
A unit mass of fine particulate has a
greater total surface area than the same
mass of large particulate, hence can
transport more toxic material on its sur-
face.

Thus, although there is not much explicit
evidence defining their impacts on health,
fine-particulate emissions are a primary con-
cern in considering the impacts of expanded
coal combustion.

Both chemically inert and active aerosols
have been shown to alter the mechanical
behavior of the lungs, The principal response
of different aerosols as measured by animal
and human control led studies is to increase air
flow resistance in the lungs, This indicates that
lung airways are in some way altered. Several

p h y s i c a l  m e c h a n i s m s  a r e  k n o w n  t o  c a u s e  t h i s

symptom:  reflex constriction of the trachea
and bronchi, excessive secretions of mucus,
edema, and local enzyme stimulation causing
smooth muscle constriction. In general the
deeper that relatively insoluble particles are
deposited in the lungs, the longer the time re-
quired for their clearance, Some particles,
such as asbestos fibers, penetrate the lung lin-
ing and lodge in the interstitial space or are
carried by the lymphatic and circulatory sys-
ens to other body sites. In these cases, the
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manifest health effects may not be respiratory,
but rather carcinogenic or systemic. The toxic
elements contained in insoluble aerosols may
uItimately affect extrapuImonary tissue irre-
spective of where they enter the body.

Besides changing airway resistance or caus-
ing systemic changes, aerosols can cause harm
by altering lung clearance, transporting dis-
solved gases that may damage lung tissue, and
affecting the compliance (tissue elasticity) of

the lung (the importance of the transport of
dissolved gases makes it very difficult to con-
sider the health effects of specific chemical
compounds or particulate in general without
considering gas-aerosol interactions). A num-
ber of coal-related aerosols have been studied
in animals and human beings. These include
several sulfates, chemically inert dusts, metal
oxides, and fly ash. Surprisingly, the effects of
nitrate aerosols have not been reported.

Table 27.—Some Gaseous and Particulate Substances From Coal Combustiona

Toxicity
Sources of Environmental

Substanceb Acute Chronic Pollution standards Comments

Sulfates Increased
respiratory
disease;
breathing
difficulty in
asthmatics.

Organic matter Unknown for
many com-
pounds.
Specific
toxicity for
others.

Pulmonary irritation,
chronic
obstructive and
restrictive lung
disease.

Respiratory disease
and increased
mortality
suspected.

Long-term is poten-
tially carcinogenic
and mutagenic.
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Table 27.—Some Gaseous and Particulate Substances From Coal Combustiona–Continued

Toxicity
Sources of Environmental

Substanceb Acute Chronic Pollution standards Comments

Beryllium

Cadmium

Arsenic (oxide forms) Effects large to
small
depending on
form and
route of
exposure;
rarely seen.

Short-term
poison at high
concentra-
tions,
especially
toxic by in-
halation.

Very toxic at
high
concentra-
tions; to
animals
and aquatic
life. Toxic by
all routes of
exposures.

Chromium

Mercury

Selenium

Carcinogen, and
teratogenic
cumulative
poison.

Long-term systemic
poison at low
concentrations;
carcinogenic in
experimental
animals

Possible
carcinogen,
cumulative
poison;
associated with
hypertension,
cardiovascular
disease, kidney
damage

Weathering; mining,
and smelting; coal
combustion;
pesticides;
detergents.

Industrial; combustion
of coal, rocket fuels.

Weathering; mining
and smeiting,
especially of zinc;
iron and steel
industry; coal
combustion; urban
runoff; phosphate
fertilizers.

0.05 mg/1
drinking
water.

0.01 pg/m3

hazardous air
pollutant

0.010 mg/1
drinking water
40 ~g/1/day
proposed
effluent
standard
(withdrawn)

. .  

Methyl mercury
and mercury
fumes very
toxic; other
forms of
variable
toxicity

Soluble
compounds
are highly

Probable
carcinogen; also
essential for life.

No chromium now
mined in U.S.
Emissions from
industrial processes,
including
electroplating,
tanning, dyes; coal
combustion.

Weathering; volcanoes;
mining and smelting;
industrial;
pharmaceuticals;
coal combustion;
sewage sludge;
urban runoff;
fungicides.

Natural; mining and
smelting; industrial
process; coal

0.05 mg/i
drinking water

Chronic cadmium
poisoning resulting in
illness and death
has occurred in
Japan, where
cadmium mobilized
by mining
contaminated daily
diet. Margin of
safety—measured
levels of cadmium in
renal cortex
compared to
threshold for renal
dysfunction-is low:
4 to 12.5.

Environmental pollution
leading to
contamination of fish
and shell fish caused
illness and death in
Japan;
contamination of fish
in U.S. has caused
closure of waters to
commercial fishing.

interacts with other
metals, increasing or
decreasing toxicity.

toxic combustion.
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Table 27.-Some Gaseous and Particulate Substances From Coal Combustiona —Continued

Toxicity
Sources of Environmental

Substanceb Acute Chrome Pollution standards Comments

Gases
Sulfur dioxide Increased

respiratory
impairment—
morbidity and
mortality-in
combination
with
particulate.

Nitrogen dioxide Increase
respiratory
infections

Ozone

Carbon monoxide Behavior
changes,
nausea,
drowsiness,
headaches,
coma, death

Increased
respiratory
infection, eye
irritation,
headaches,
chest pain,
impaired
pulmonary
function

Aromatic hydrocarbons Fatigue,
weakness,
skin
paresthesia
(> 100 ppm)

Increased
respiratory
disease and
decreased
respiratory
function with
parlculates.

Changes suspected
in lung function;
emphysema.

Increase risk of
coronary heart
disease-arterial
sclerosis
suspected

Unknown

Irritation,
Ieukopenia and
anemia. Certain
compounds are
mutagens and
carcinogens.

Sulfur contained in
fossil fuels, smelters,
volcanoes

Nitrogen fixation in
high temperature
combustion, and
from nitrogen
contained in fossil
fuels: coal, oil,
gasoline combustion.

Incomplete combustion
of fossil fuels: coal,
oil, gas, gasoline
combustion.

Photochemical
reactions involving
hydrocarbons,
nitrogen oxide and
other compounds in
lower atmosphere;
reaction of atomic
oxygen and oxygen
in upper
atmosphere.

A broad class of
compounds naturally
evolved from organic
material, and from
the evaporation and
combustion of fossil
fuels and other
organic industrial
chemicals.

a This table is provided merely to  indicate some of the substances which are potential environmental hazards along with some Information on each regarding toxicity, sources,

standards, etc.  It IS not to be interpreted as definitive.
b The substance listed is not necessarily the form in which it becomes a potential environmental threat in some cases the oxide or some metabolite, rather than the substance

Itself, IS the culprit

Controlled exposures to sulfates represent
the vast majority of aerosol-health effects ex-
posure studies. Overall, the aerosol studies
report “health effects” at levels many times
higher than common urban levels. There is
evidence that chronic exposures below these
levels adversely affect health by increasing
respiratory disease (although a recent review

of health effects l iterature concluded that
“research on the toxicity of aerosols has not in-
frequently led to an overinterpretation of
technically weak or insufficient data. ”23 Some
studies suggest that particulate pollution,

23Airborne Particles, National Academy of Sciences,

National Research Council (Baltimore University Park
Press, 1978)
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much of which is sulfur compounds, can ini-
tiate the development and progression of bron-
chitis and emphysema. Ambient particulate
pollution has been associated with the devel-
opment of lung cancer; the benzo(a)pyrene
component of soot has been advanced as the
causal factor. Although benzo(a)pyrene is a
known carcinogenic material, it may be serv-
ing as a surrogate for a class of hazardous
organic compounds found in urban aerosol
samples.

Polycyclic organic matter (POM) is a frac-
tional const i tuent of  part iculate matter
emitted during coal combustion. POM emis-
sions appear to vary inversely with combustion
efficiency. There is a factor of approximately
10,000 difference between POM emission fac-
tors (emissions per pound of coal) for hand-
stoked coal stoves and large new utility coal
boilers. 24 Therefore, the major health risk of
POM is not from the large sources but with the
older,  less  eff ic ient ut i l i ty  and industr ia l
boilers near populated areas. Depending on
dispersion characteristics, POM from these
coal sources may add to POM concentrations
from other sources such as refuse burning,
coke production, and motor vehicles. Also,
any substantial increase in residential and
other small-source coal combustion could ag-
gravate problems with POM emissions.

Nitrogen dioxide health effects are normally
associated with exposures close to the pollu-
tion source, because N02 is reactive and takes
part in complex reactions within the atmos-
phere that produce ozone, PAN, and other
complex organic nitrogen species.

The Clean Air Act Amendments of 1977 re-
quire EPA to promulgate a short-term N0 2

standard (not more than a 3-hour averaging
time) by 1980. An extensive review of N02 i s
reported in the EPA Office of Research and
Development’s draft document “Health Ef-
fects for Short-Term Exposures to Nitrogen
Dioxide,” March 1978. Although this draft
document does not contain a synthesis, it does
contain extensive review with some critical in-
terpretations and serves as a draft criteria
document. EPA has requested public comment

24N, Dean Smith, see note 11
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Table 28.—Nitrogen Dioxide: Levels and Effects

Comments Concentrations Reported Effects (exposure time)

EPA lowest

400

t -

.2

SOURCE Health Effects Appendix

Although there is extensive literature on ex-
periments relating health effects of ozone and
other oxidants, assessment of a safe standard
is difficult. The problems parallel similar diffi-
culties with interpreting health effects from
other pollutants. First, questions are raised by
the specificity and accuracy of ambient moni-
toring used in epidemiological studies. Sec-
ond, there are uncertainties in extrapolating
from cell and organ studies, as well as from
whole animal studies, to estimates of human
damage. Finally, field studies measure only the
ozone component of total oxidant levels but
are actually observing the effects of all ox-
idants. The evidence is consistent that nose,
throat, and eye irritation occurs in the range of
200 to 294 pg/m3 (0.1 to 0.15 ppm) of measured
ozone. Breathing di f f icult ies in exercis ing
adults and chest pain in children exposed to

ozone have been reported in the range of 200
to 400 pg/m3 (0.1 to 0.2 ppm). Decreased run-
ning performance has been associated with
similar ozone levels. More severe symptoms of
chest discomfort and coughing have been re-
ported in healthy young adults at measured
ozone levels of about 725 µg/m3 (0.36 ppm)
and at 490 µg/m3 (0.25 ppm) in hypersensitive
individuals, Levels high enough to cause these
more severe symptoms occur in Washington,
D. C., Houston, Tex., Philadelphia, Pa., and Los
Angeles, Cal if., with some regularity.

Japanese investigators have observed that
the frequencies of several symptoms in school
chiIdren, including sore throat, headache,
cough, and
maximum
equaled or

dyspnea, are higher on days when
hourly oxidant concentrations
exceeded 0.15 ppm than on days

44-102 [) - -i~ - 15
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Table 29.-Ozone (OJ: Levels and Effects

SOURCE: Health Effects Appendix.
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when corresponding concentrations were be-
low 0.10 ppm.25 in Japanese studies, the num-
ber of individuals experiencing symptoms has
generally been more strongly associated with
ozone concentrations than with total oxidant
concentrations. The Japanese studies also sug-
gest that people with allergic tendencies are
more susceptible to short-term photochemical
oxidant exposure than are other segments of
the population.

Japanese studies have generally shown oxi-
dant- or ozone-associated effects at lower oxi-
dant or ozone concentration than have Ameri-

25J. Kagawa and T. Toyama, “Photochemical Air Pollu-
tion: Its Affects on Respiratory Function of Elementary
Schoolchildren, ” Archives of Environmental Health, 30:
117-122,1975.

can studies. The consistent difference between
Japanese and American findings raises several
questions, including whether the components
of oxidant pollution in Japan are different
from those in Los Angeles, or indeed, from
those in any U.S. location. It is possible, for in-
stance, that oxidants in Japan are accompa-
nied by higher SOX levels than in the United
States. In any case, the Japanese results
underscore the point that epidemiological
results gathered in one area can be generalized
to other areas only with the greatest caution.
The Japanese results also demonstrate the
need to gather comprehensive data in U.S.
locations other than Los Angeles.

Because the discrepancy among these re-
suits is along national lines, it is of particular
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interest to note the results of a study on nine
new arrivals to the Los Angeles area. 2G T h e y
showed substantial decreases in pulmonary
function for ozone exposures of 800 µg/m3 for
2 hours, whereas six local residents did not
show measurable effects. In a further study,27

four southern Californians and four Canadians
were exposed to 700 µg/m 3 for 2 hours with
light intermittent exercise. The Canadians ex-
hibited discernible decreases in lung function,
but the Californians did not. Thus, either a
possible adaptation or a “selective migration”
effect is inferred. (“Selective migration” oc-
curs when people moving into or out of an
area show a sensitivity to a pollutant that is
markedly different from the average). Any
adaptation would indicate an altered lung sur-
face due to air pollution, which is an effect
that should arouse considerable concern. This
observation is consistent with the observation
that at low ozone levels smokers are generally
less reactive than nonsmokers. An alteration in
the lung would also be consistent with deacti-
vated surface cells in the bronchi, which may
lead to long-term respiratory problems.

In his comprehensive review of health ef-
fects from exposure to low levels of air pollu-
tion, Ferris concludes:

Because of the highly reactive character of
0 3, prudence dictates that we should abide by
the present standard until more val id data
have been collected. Chamber studies will be
useful to define acute or short-term effects but
cannot identify subtle long-term effects. For
these we shall have to turn to epidemiologic
studies which have many confounding vari-
ables. To date there is no evidence that health
effects result from chronic exposure to levels
of oxidants that currently occur in Los
Angeles, but careful studies to confirm this
have yet to be done. ”

26 J. D.Hackney, et al , “Studies in Adaptation to Am-
bient Oxident Air Pollution: Effects of Ozone Exposures
in Los Angeles Residents vs New Arrival s,” in E n -
vironmental Health Perspectives, 18: 141-146, 1976.

27). D Hackney, et al., “Effects of Ozone Exposure in
Canadians and Southern Californians, ” Archives of En-
vironmental Health, 32: 110-116, 1977.

28 B. G.  Ferris, Jr., “Health Effects of Exposure to Low
Levels of Regulated Air Pollutants, A Critical Review, ” ).
Air Poll. Control Assoc., 28:482 (1978).

As yet, no convincing association has been
shown between short-term oxidant exposures
and rates of mortality due to any cause. Al-
though a positive association has been ob-
served in one study, a re-analysis appears to
negate this conclusion. Interpretation of mor-
tality studies has been hampered by limita-
tions in statistical methodology. It has not
been possible to fully separate the effects on
mortality of oxidants, other polIutants, and
meteorologic factors, most notably tempera-
ture.

Sulfur dioxide.–Although there have been
many studies of SOZ, there is little evidence of
acute adverse effects at ambient levels (usual-
ly below 0.4 ppm). The gas is soluble and
removed almost entirely by the upper airways.
At levels much higher than the ambient stan-
dard of 0.14 ppm for 24 hours, controlled ex-
posure studies have demonstrated increased
airways resistance in subjects. These and other
reversible effects occurred at 1 ppm (2- to 3-
hour exposures) and higher. Long-term animal
exposures in the range of 340 to 15,000 pg/m3

(0.1 3 to 5.72 ppm) show no functional or struc-
tural lung damage. All long-term exposure
studies on human beings have involved a
simultaneous exposure to the gas-aerosol mix-
ture. However, it would appear on the basis of
a lack of cumulative functional or structural
impairment of the lungs from high-SOz animal
exposures that SOZ alone at ambient levels is
not hazardous for human beings. The observed
effects are shown in table 30.

Sulfur dioxide and particulates.-Exposure to
S 02 virtually always occurs in the presence of
particulate and other gases. Generally, there
is a heightened response from the dual expo-
sure that is not observed from single expo-
sures. A popular explanation of this synergism
is that the aerosol acts as a carrier for the S02

(which would otherwise be screened by the
lung’s defenses), thereby delivering a higher
fraction of the gas to the deep recesses of the
lungs. An alternative explanation is that chemi-
cal reactions can occur between the gas and
particle, forming new compounds (such as sul-
furic acid) that are more toxic. Both expla-
nations are supported by laboratory animal .
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Table W.—Health Effects of Sulfur Dioxide

SOURCE: Health Effects Appendix.

studies using combined exposure of SO2 a n d
various particles.

Gas-aerosol interactions have been docu-
mented in the laboratory and observed in
population studies at levels sl ightly higher
than the present standards. Given that these
potentially harmful reactions are quite com-
plex, perhaps impossible to understand com-

, pletely, violations of National Ambient Air

Quality Standards (NAAQS) by coal combus-
tion may be damaging to human health.

Sulfate particulates. -Over the past decade
emissions of SOZ have remained fairly stable,
but their distribution has changed substantial-
ly. Urban SOZ levels have decreased consider-
ably as powerplants and other sources have
either moved away or come into emissions
compliance. At the same time, however, sul-
fate levels in most cities have not declined.
This can be attributed to the formation of
sulfate from the SO Z emitted by new rural
sources, and its long-range transport to the ur-
ban areas. Sulfate particulate can travel more
than 1,000 km, with atmospheric residence
time of between 2 and 4 days. The available
data indicate that large regional reductions in
total SO Z emissions would be required to re-
duce sulfates. Thus, current policies designed
to reduce ambient pollutant concentrations
are not fully successful because they inade-
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quately deal with long-distance transport of
pol lutants  across jur i sdict ional  and inter-
national boundaries.

Review of the available human experiments
and epidemiologic studies indicates that high
levels of some sulfates irritate eyes and the
respiratory tract, decrease lung function, ag-
gravate emphysema, asthma, and chronic
bronchitis, and may increase mortality.

Research seems to indicate that sulfates
function independently of SO, in producing
health and ecological effects. Sulfates exist as
several chemical species. Sulfuric acid mist
and several species of sulfate particles have
been demonstrated to be more toxic than SO2,
as measured by flow resistance in pulmonary
airways in animals, while at least two sulfate
species appear less toxic than the S0 2 gas. It
has also been demonstrated that for a given
concentration of a sulfate compound, toxicity
increases with decreasing particle size. Atmos-
pheric sampling has repeatedly shown that
more than half of the mass concentration of
sulfate is found in the aerosol fraction of par-
ticles less than 1.0 µm in diameter.

The most extensive epidemiological study of
S 02 and sulfate is the Community Health and
Environmental Surveil lance System (CHESS)
study conducted by EPA.29 As a consequence
of many valid criticisms, it is generalIy felt that
insufficient information exists in the CHESS re-
sults to propose a standard for sulfate.30 Upon
re-analysis, the CHESS results do not substan-
tiate the original conclusions that ambient sul-
fate levels are associated with respiratory
symptoms in asthmatic adults and acute lower
respiratory illness in children. However, other
CHESS results are not inconsistent with other
findings and represent a large body of epidemi-
ological data. 31

29 Health Consequences of Sulfur Oxides: A Report
From CHESS, 1970-71 (Washington D. C.: U.S. Environ-
mental Protection Agency, May 1974), E PA-650/l-74-004.

30B. G. Ferris, Jr., see note 23.
31 “R. S. Chapman, discussion in: “Health Effects of Ex-

posure to Low Levels of Regulated Air PolIutants: Discus-
sion Papers, ” Journal of the Air Pollution Control Associa-
tion, vol 28, no 9, September 1978, pp. 887-889

Laboratory studies provide mixed evidence
on the adverse health effects of sulfates on
both human beings and experimental animals.
Airway resistance has been measured in ani-
mals at sulfate levels higher than those ex-
perienced in ambient exposures. Impaired lung
clearance in animals has been reported in the
upper range of ambient exposures. Some
human studies show effects at levels below 100
µg/m 3 for short-term exposures. However, these
observat ions are not conf i rmed in other
studies. Table 31 summarizes the data avail-
able over the range of ambient exposures.

In summary, animal and human respiratory
studies indicate health effects for sulfates by
themselves and in combination with other
gaseous pollutants at levels higher than cur-
rent ambient exposure. Further, these studies
distinguish among sulfate compounds. Ammo-
nium sulfate, the principle constituent of air-
borne sulfates, is less hazardous than other
sulfate compounds. Sulfuric acid aerosol, also
detected in urban atmospheres, is the most
hazardous. At times, urban and rural sulfate
levels are almost exclusively comprised of
sulfuric acid.

Effects of Air Pollution on Death Rates

Several epidemiologic studies of mortality
(death) rates have shown an association be-
tween sulfate and TSP levels and community
mortality rates. Most of these studies are
“cross-sectional;” that is, they examined differ-
ences in mortality, air pollution, and other
variables among geographical areas over one
time period. Increased levels of mortality are
observed at or near air pollution levels that
prevail in urban regions of the United States.
Although different studies show a consider-
able range of pollution/death rate associ-
ations, the majority of these studies derived
coefficients of air pollution-induced mortality
(deaths per unit population exposed per unit of
pollutant concentration, or annual number of
deaths that would be expected to occur if
100,000 persons were exposed to an average of
1 µg/m3 of pollution) that indicate that several
tens of thousands of premature deaths annual-
ly are associated with current pollution levels.
Owing in part to limitations in the pollutant
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Table 31.—Health Effects of Sulfates
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measurements (several important pollutants
were unmeasured), it is impossible to deter-
mine from these studies whether sulfates and
suspended particulate are the true causes of
the statistically observed deaths, or whether
they serve as a measure of some other pollut-
ant or  combinat ion of  pol lutants .  In  the
absence of a plausible alternative hypotheses,
however, any other causative pollutants ap-
pear likely to have been the products of the
same (fossil fuel combustion) sources that pro-
duced the sulfates and TSP.

These studies have been widely criticized in
the health community for deficiencies similar
to those described earlier on pages 202 to 204,
and their results have been rejected by many.
Statements of the more frequent arguments
against the studies and discussions of the argu-
ments’ validity are presented below:

1. These studies typically use data from a
single monitoring station to represent the
exposure to the residents of a metropol-
itan region. Measurements taken at a
single point are a poor measure of the
mean exposure of the population.

Discussion: The effect of using poor
data is, if the error is random, to bias
downward the estimated coefficient of

2

3

the independent variable being measured.
It is likely that the error introduced by
using central station data as measures of
population exposure would make it less
likely that the analyst would find a posi-
tive association between air pollution and
mortality. Thus, this is not a logical argu-
ment against a positive finding.
The single monitoring station is typically
located in the center of the urban area,
which often coincides with the areas of
highest pollution exposure. This biases
results.

Discussion: The bias produced by loca-
tion of monitors in areas of relatively high
pollution may be either positive or nega-
tive, depending upon the relative gradi-
ents of exposure among the cities under
consideration.
It is unlikely that current air pollution ex-
posure is an adequate exposure param-
eter. Past exposure or cumulative history
of exposure is undoubtedly more relevant.

Discussion: It can be demonstrated that
regardless of whether air pollution levels
are increasing or decreasing, it is possible
that this bias could operate in either direc-
tion. To the extent that present exposures
are less than perfectly colinear with past
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exposures, there will be a tendency to un-
derestimate the true magnitude of the
relationship. Also, efforts to include meas-
ures of cumulative exposure have gener-
ally failed to increase the explanatory
power of air pollution mortality models.
The studies have been confounded by the
similarity of patterns of certain critical
socioeconomic variables with patterns of
air pollution. Whereas the researchers
believe that they are seeing the relation-
ship of death rates to pollution, they are
actually seeing the relationship of death
rates to occupation and other factors that
happen to be somewhat colinear with pol-
lution in the United States. If these vari-
ables were taken into account, the pollu-
tion/mortality association would disap-
pear.

Discussion: Confounding is possible in
any epidemiologic study. This can influ-
ence results in two ways: either an impor-
tant variable is not included or two or
more seemingly independent variables are
really measures of the same thing. In sta-
tistical studies on mortality and air pollu-
tion, smoking and occupation are fre-
quently cited as confounding variables
left out of regression analyses. The effect
of confounding would be the production
of seemingly valid but spurious associa-
tion. For confounding to occur, the vari-
able must be a cause of disease, and must
be highly correlated with the variable of
interest, air polIution.

a. Smoking. It is certainly reasonable to
argue that smoking may be confounding
the results. Data on the smoking habits of
metropol i tan populat ions are vi r tual ly
nonexistent. It is generally accepted that
smoking can induce lung cancer, induce
and/or exacerbate bronchitis and emphy-
sema, and reduce life expectancy. There-
fore, if there were substantial differences
in the amount of smoking across metro-
pol i tan areas–di f ferences that var ied
similarly to air pollution — then smoking
may be the real cause of mortality now at-
tributed to air pollution. There is mixed
evidence on this issue. Several investiga-
tors have independently examined the
mortality experience of men and women

in relation to air pollution exposure. In
most of this work, air pollution exposure
appears to have a stronger effect on men
than women. Combining this with the
knowledge that historically men in the
United States smoke more heavily (and
more men smoke) than women, two hy-
potheses become possible:

i. smoking is confounding the associ-
ation;

ii. smokers have more respiratory dis-
eases, and thus are more susceptible
to air polIution.

Because of a lack of data on community
smoking habits, cross-sectional studies
can do little to resolve these two hypoth-
eses. However, it is important to note that
a very high correlation between air pollu-
tion and the smoking habits of entire ur-
ban populations would be required to ac-
count for the mortality differences now
attributed to air pollution. It is unlikely
that this is true.

b. Occupational exposure. It is argued
that the regional differences in heavy
manufacturing and other industrial activ-
ities vary simiIarly to the air polIution con-
centrations and that the differences in
mortality reflect the hazards of working
rather than breathing outdoor air.

When occupational variables such as
the percentage of the work force em-
ployed in each of the following categor-
ies — agriculture, construction, manufac-
turing, transportation, trade, finance, edu-
cation, white collar, and public admin-
istration —are added to regressions, the
amount of mortality associated with air
pollution is reduced. This indicates that
adequate accounting for the occupational
variable could reduce the effect attrib-
uted to air pollution. Lave and Seskin32

suggest an alternative interpretation.
They argue that occupational variables
are surrogates for unmeasured air pollu-
tants that affect the general population. If
differences in occupation patterns are
correlated with air pollution levels, this

32L. B. Lave and E. T. Seskin, Air Pollution and Human
Health, John Hopkins U. Press, Baltimore and London,
1977
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represents a limitation of the air pollution
mortality associations derived from cross-
sectional studies. Currently available data
do not permit resolution of this issue.

c. Differential/ migration. Occasionally
it is argued that people have been moving
out of the heavily polluted Northeast and
East Central United States to the less
pol luted Southeast,  South, Mountain
States, and West. It is well established
that those who move tend to be relatively
young and healthy. Thus it is possible that
selective outmigration from the polluted
areas might result in a spurious associa-
tion between air pollution and mortality.
Lave and Seskin have approached this
problem by splitting their data base into
areas of “high” and “low” migration and
performing independent analyses on these
two groups. The coefficients of air-pollu-
tion-induced mortality derived from the
low-migration data set were about half as
large as those from the high-migration
data. Differential migration may be par-
tially confounding the results, but a posi-
tive association remains for air pollution.

These arguments are the most important of
many criticisms of cross-sectional studies of
air-pollution-induced mortality. Others are
considered in volume 11, appendix IX. Although
the findings and interpretations of these cross-
sectional studies are still being debated, a
positive relationship between air pollution and
mortality cannot be rejected.

Quantitative Assessments of Health Damage
From Future Pollution Levels

The coefficients of air-pollution-induced
mortality derived from the studies discussed
above can be used to project the deaths that
might result from future coal development. In
conducting such a projection, the analyst must
develop a “scenar io” that descr ibes the
development, compute its air quality effects,
and overlay those effects on the population.

The Biomedical and Environmental Assess-
ment and the Atmospheric Sciences Divisions
of Brookhaven National Laboratory (BNL) have
developed a methodology for quantifying the

mortality associated with fossil-fuel-derived
air pollution. 33 The Atmospheric Sciences Divi-

sion has applied a long-distance trajectory
model to predict the ground-level concentra-
tions of a number of pollutants emitted from
coal combustion. The model is capable of in-
corporating alternative siting and emission
patterns to show the air quality implications of
various scenarios. The modeling effort:

1

2

3.

projects pollutant emission from 1,088
coal-fired sources (71 1 industrial point
sources and 377 util ity point sources)
using 1985 and 1990 emissions projec-
tions, and assuming 80-percent SOX con-
trol for existing sources and 85-percent
SO control for new sources;
computes the resulting ground-level air
qual i ty  concentrat ions with a model
which accounts for long-range transport
and chemical conversion (i. e., SOZ a n d
S0x concentrations are calculated by the
BNL model); and
ca l c u I ates t h e  a n n u a l population
weighted sulfate exposure with 32 x 32 km
grids for the entire country.

Figure 26 displays the calculated sulfate an-
nual concentrations for the 1990, 25.7 Quads
coal-use scenario. The pattern reflects very
high sulfate concentrations in the Northeast
with peak levels in the region of eastern Ohio,
western Pennsylvania, and West Virginia. After
obtaining population sulfate exposure, BNL
applied to them a mortality coefficient of 3.25
deaths per year for every 100,000 people ex-
posed to a 1 µg/m3 annual averaged sulfate
level. This coefficient is a “most likely” coeffi-
cient of mortality derived from BNL’s examina-
tion of the available cross-sectional mortality
studies and their data bases. In the BNL work
the mortality coefficient is expressed in a prob-
ability function that ranges from no health ef-
fects (actually a negative coefficient) to four
times this “most likely value. ” In this way the

‘ ] For example, see L. D. Hamilton, “Alternative
Sources and Health, ” in CRC forum on Energy, e d .
Robert. T, Budnitz, by CRC Press, Cleveland, 1977 and
M. G. Morgan, et al, “A Probabilistic Methodology for
Estimating Air Pollution Health Effects from Coal-Fired
Power Plants, ” in Energy Systems and Policy, vol. 2, No. 3,
Crane Russak & Co., Inc., 1978
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Figure 26.— Annual Concentrations of Sulfate for a 199025.7 Quads Coal-Use Scenario
(Brookhaven National Laboratory, 1978)

BNL excess mortality, as shown in table 32, is
approximately the 50th percentile. That is,
there is a 50-percent chance that the actual ex-
pected mortality is greater than the estimates
presented, based on the BNL probability func-
tion for the mortality coefficient.

The implications of the estimates shown in
table 32 are startling. First, they imply that
coal emissions are responsible for approx-
imately 2.5 percent (48,000 deaths) of the total
annual mortality in this country. The second
implication is that an increase in coal use
could raise the air-pollution-caused annual
mortality by approximately 7,000 in 1990. I n
comparison to the more than doubling in coal
use, the projected annual air pollution mortali-
ty would increase by less than 20 percent over

the current air pollution mortality estimates.
This increase is approximately 0.4 percent of
the annual total U.S. mortality.

The credibility of estimates of this type has
been severely challenged by many in the
health community. As noted above, there is
widespread skepticism that any air pollutants
at current levels of concentration are killing
people in large numbers, Furthermore, even
the supporters of the air pollution/mortality
associations used in the analysis generally
agree that sulfates may not be the “guilty”
pollutant. Other problems with the analysis in-
clude potential inaccuracies in the sulfate pro-
jections and the use of a simple linear model
for health effects. However, this work is the
first comprehensive attempt to formulate a
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Table 32.-Annual Projected Mortality From Coal Combustion

Year Quads of coal use Expected mortality

1975. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.3 48,120

1985. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.5 49,543

1990. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.7 55,835

NOTE: Proportional Mortality Model—3.25 deaths/y r/100,000 populations/(1 µg/m3—annual average for
sulfate).

SOURCE: Based on population exposures from: Meyers, R. E., Cedarwall, R. T., Kleinman, L. l., Schwartz,
S. E., and McCoy M., “Constraints on coal utilization with respect to alr pollution production and
transport over long dtstances: summary,” Oct. 2, 1978 (draft report), Brookhaven National
Laboratory.

quantitative methodology for assessing air
pollution health effects. Even if the damage
coefficient is not accepted, the model can
identify population exposures to sulfates and
related pollutants and can identify the rela-
tionships between regions of high exposures
and regions with multiple pollution sources;
this information can be used to evaluate the
relative effects of alternative siting patterns.

Research Needs

DOE, EPA, the National Institutes of Health
(NIH), and other agencies support air pollution
health effects research in areas of bioscreening
for hazardous substances, cellular toxicology,
animal toxicology, human exposure studies,
and risk analyses. This research is funded
through the Federal Interagency Energy En-
vironmental Research and Development Pro-
gram, as well as the basic contract and grant
programs of various agencies. Health effects
research programs related to fossil fuels are re-
viewed in volume 11, appendix IX.

Quantification of mortality and morbidity
f rom foss i l  fuel  ai r  pol lutants i s  current ly
limited because:

1. Population exposures to pollutants are
poorly defined.

2. The mechanisms of biological injury in-
duced by specific pollutants are not ade-
quately understood.

3. Insufficient epidemiologic evidence exists
to relate mortality and/or morbidity to
ambient levels of air polIution.

Significant improvement in the ability to quan-
tify the effects of coal combustion is con-
tingent upon continued development in ex-
posure assessment, health effects research,
and quantitative applications.

Exposure.-Comprehensive pollutant moni-
toring i s  fundamenta l  to  ep idemio log ic
studies. Present monitoring assesses outdoor
concentrations of relatively few pollutants.
Particulate, for instance, are determined on a
weight basis only and are not differentiated by
size or chemical composition. Encouragingly,
EPA is conducting a nationwide fine-partic-
ulate monitoring program. The relationship of
outdoor air pollution to indoor exposures and,
in fact, the total integrated dose of pollutants
to the indiv idual  are not understood. ln-
tegrated exposure assessments that measure
the human body burden from multiple ex-
posures to pollutants are urgently needed.
Moreover, to facilitate epidemiologic work,
the exposure of entire urban populations must
be better characterized by implementation of
more “dense” monitoring networks, including
personal monitors.

Damages.-The specific mechanisms causing
biological injury from many atmospheric pol-
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Iutants are unknown. Knowledge of these
mechanisms wil l provide a firmer scientific
bas i s  fo r  ep idemio log ic  inves t igat ion  o f
specific health damages and pollutants and,
consequently, a foundat ion for  effect ive
pollutant-specific control strategies.

Ideally, understanding of the biochemical
and metabolic fate of pollutants is desired.
However, the precise fate of pollutants is often
impossible to determine. When this is the case,
research must be focused on understanding
the grosser, aggregate effects of pollutant in-
sults. For example, pollutant effects may mani-
fest themselves as increased susceptibility to
infect ion, or as inhibition of lung-clearing
mechanisms. In pursuit of a better understand-
ing of these effects, new techniques and tradi-
tional research for assessing defense mecha-
nism inhibition should be expanded. New tech-
niques are currently being developed for non-
invasive methods for mapping particulate dep-
osition and particle retention in the lungs.
These techniques would permit rapid survey-
ing of pollutant loadings in human lungs; they
may allow the detection of health effects in
human populations before the onset of clinical
symptoms.

As the result of suggestive evidence on
synergistic interactions of multiple pollutants,
additional studies examining the combined ef-
fects of two or more pollutants should be
begun. Few clinical studies of this type have
been done. Federal health organizations as
well as EPRI have recently recognized this
fact. A few animal and human studies of multi-
ple pollutant exposures have started; however,
more such studies should be encouraged. In
addition, there have been too few controlled
exposure studies on subjects under stress.
Stress may be induced by exercise or with
medication. Stress-pollutant studies are impor-
tant in determining biomedical effects in sen-
sitive individuals.

Epidemiology .-Epidemiologic studies will be
necessary for monitoring possible changes in
morbidity and mortality as the total popula-

tion exposure to coal-related air pollution in-
creases. Such studies must receive long-term
funding commitment to comprehensively ex-
amine multiple health indicators whiIe proper-
ly assessing pollutant exposures.

Until direct information from controlled tox-
icologic and epidemiologic studies is avail-
able, quantitative assessments of health im-
pacts from fossil fuel combustion must rely on
cross-sectionaI statistical s tud ies .  These
studies can be improved by a more accurate
measurement of socioeconomic variables. For
example, as noted above, differences in region-
al smoking habits have not been adequately
accounted for. This deficiency could be cor-
rected if social, economic, and geographic
smoking patterns were assessed as part of the
National Census.

In order to resolve the question of whether
long-term health effects are caused by peak ex-
posure or are the cumulative effect of mean
exposures, studies should be undertaken of the
effects of periodic exposures to sulfate, ni-
trate, ozone, and fine particulate. Summer-
time “episodes,” where these and other pollu-
tants are elevated for hours to days over large
areas of the Northeast, have been documented
in ongoing field monitoring studies. Selected
populations must be closely monitored for res-
piratory and other physiological changes be-
fore, during, and after such episodes.

Conclusions

The discussions in this section and in appen-
dix IX indicate that there are grounds for
speculation (for example, our knowledge of
the abil ity of fine particulate to penetrate
deeply into the lungs) and some positive but
not conclusive statistical evidence that current
and expected future concentrations of coal-
related polIutants may be dangerous to human
health. A significant segment of the health
community considers the statistical evidence
to be meaningless. Several of the objections
they raise are valid but do not appear to justify
rejection of the evidence.
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Policy makers are faced with a difficult
tradeoff. More stringent regulation of air pol-
lution can involve very large costs and can
even incur new environmental damages. For
example, an insistence on full scrubbing will
cost several tens of billions of dollars by 1990
and create a substantial disposal requirement
for millions of tons of scrubber sludge. On the
other hand, a failure to control incurs the risk
that significant health damages may occur.
The tradeoff is complicated by the current in-
ability to definitely associate the (statistically
observed) health effects with one specific pol-
lutant; although sulfates have been implicated
by most of the statistical analyses, they may be
an indicator for another pollutant or mixture
of polIutants.

Uncertainty in environmental policymaking
is inevitable. However, the level of uncertainty
and the stakes in coal policy are very high.
There is thus a high premium on reducing the
uncertainty by improving predictions of future
coal-related health effects. The research needs
identified above (increased monitoring, im-
provement in the capability to conduct cross-
sectional and time series statistical studies,
and expanded investigations of the mecha-
nisms of pollution-caused biological injury) are
critical elements in this process.

Ecological Effects

Sulfur Oxides

As emphasized in the discussion of pollutant
transformation and transport, SOZ may retain
its chemical identity or may convert in the at-
mosphere to sulfuric acid or to a variety of
sulfate salts. Within about 40 km of a coal-
fired powerplant, the form of sulfur most likely
to be deposited is S02. To place experimental
evidence in proper perspective, one must com-
pare levels at which damage is observed both
to levels mandated by the current air quality
standards and to those actualIy prevaiIing near
and far from powerplants. The secondary
NAAQS SO Z standard is 0.5 ppm (3-hour aver-
age) and the primary standards are 0.14 ppm
(24-hour average) and 0.03 ppm (annual aver-
age). In the United States as a whole in 1975,
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Although ambient levels near powerplants
usualIy are below the current secondary stand-
ards, much higher values can occur during
plume touchdowns. The S0 2 levels during a
touchdown, as wel l  as the f requency of
touchdowns, strongly depends on local factors
surrounding a given powerplant. Measure-
ments of concentrations during these episodes
are scarce, although measurements 3.6 miles
from an Indiana powerplant showed nearly 100
episodes per year of l-hour SOZ concentrations
above 100 pg/m 3 (.037 ppm) in the direction of
persistent winds. 3 9  B e t t e r  d o c u m e n t a t i o n  e x i s t s

for the actual damage done by plume touch-
downs, or fumigations, from coal-fired power-
plants and industrialized sources. These fumi-
gations have caused acute foliage burning to
commercial soy beans,40 ponderosa and lodge-
pole pine forests, Douglas fir forests, ” and to
other plants.

Damage caused by mixtures of pollutants
have been shown in the field and in chamber
studies over a wide range of environmental
conditions, including variations in soil type,
temperature, light, and humidity. Combined
effects appear to take place through several
mechanisms. The most common seems to be
that the combination of pollutants reduces the
plant’s threshold of injury; frequently the ef-
fect of the more toxic of two pollutants is
enhanced.

A wide variety of field, vegetable, fruit, nut,
forage, and forest crops have been shown to be
sens i t ive to SOZ —even at levels below the
Federal secondary standard – in mixtures with
common pollutants (ozone, nitrous oxides,
hydrofluoric acid, and peroxyacetyl nitrate).
Such pollutant mixtures disrupt critical pIant
functions, including growth, yield, root/shoot
ratios, photosynthesis, and respiration. The

physical appearance of produce can also be in-
jured by the combined impact of different air
pollutants. As a result, the marketabil ity of
vegetables and ornamental may be reduced.

Damage to animals occurs at far higher
doses of SO, than those levels at which plants
are affected. Rather than being affected di-
rectly by S02, animals may be more seriously
endangered by its indirect effect; sulfur com-
pounds can destroy or alter their natural
habitat. 42

S 02 is transformed in the atmosphere to
various forms of sulfate that are damaging to
plantlife. Plants are directly injured when ex-
cessive sulfates accumulate in their tissues.
The rate at which this occurs varies according
to the plant species and according to the
amount of sulfur already available in the soil
(some possibly stemming from chemical fertili-
zation). The California Air Resources Board
has reported growth and yield reductions from
sulfate accumulation in cotton, oats, rye,
tomatoes, barley, and in forests in New Hamp-
shire. Other studies have shown damage to
spruce needles from sulfate accumulation
over periods of time as brief as 10 to 100 days.

Some sulfates, notably ammonium sulfate,
can act as plant fertilizers. Nevertheless, even
apparently beneficial sulfate compounds may
be deposited at times not conducive to good
farming practices, and the deposition of such
sulfates may interfere with the individual farm-
er’s schedule of chemical fertilization.

As discussed previously, the emission of SOX

from all sources may be relatively stable in the
next 10 years (at moderate coal use growth
rates), although emissions may begin to grow
again unless controls are placed on older
powerplants. DOE projections show that the
emissions in the eastern portion of the United
States will generally decline during this period.
This is fortunate because that is where the
brunt of SOX impact is now borne. However,
some impacts –for example, the acidifying ef-
fects of acid rain – may be somewhat cumula-
tive and thus could become more intense un-
less changes in control strategies are forth-

4ZN. R. Glass, cd., “Appendix on Ecological Effects, ”
U.S. Environmental Protection Agency, p 6, Rail Report.



222 ● The Direct Use of Coal

coming. An intensification of SOX controls on
existing combustion sources is the only prac-
tical alternative available, as the proposed
NSPS is near the present l imits of control
technology and increased requirements on
new plant facilities would have only minor ef-
fects in this period.

Nitrogen Oxides

The direct action of man-caused NOX on the
ecosystem is difficult to analyze because
nitrogen is an element essential to all biologi-
cal systems and because natural sources of
NOx (especially anaerobic bacterial action and
chemical decomposition of nitrate) account
for more than 90 percent of global levels.43 The
limited evidence suggests that NO, is more tox-
ic than NO and that the most susceptible re-
ceptors in the terrestrial ecosystem are the
higher plants, among them oats, barley, tobac-
co, apples, and lettuce. Still, the threshold for
almost all observed effects on ecosystems is
well above the NO X levels in most U.S. cities.
NOx is not nearly as obviously damaging to
vegetation as either SOX or photochemical oxi-
dants at similar levels of concentration. Also,
very high NOZ concentrations are required to
produce morbidity or mortality in most ani-
mals, 44

However, there are some poorly understood
areas of ecosystem effects that may be a cause
for concern. For example, soils absorb NO and
N OZ quite readily and change them to nitrate,
decreasing soil pH and possibly affecting the
micro-organisms in the soil. The effects of
chronic low-level or intermittent NO Z e x p o -
sures on vegetation also deserve attention.

The role of NOX in the formation of photo-
chemical oxidants is of greater concern than
NO, by itself, for oxidants are the most damag-
ing air pollutants affecting agriculture and
forestry in the United States.45 NO, is the one
primary “criteria pollutant” (pollutant regu-
lated by a NAAQS under the Clean Air Act)
that is likely to increase significantly in the
next few decades. The 21-percent increase in
NO, projected for 1990 by DOE (NEF #l) may

“I bid,, p. 10.
“I bid., p. 13.
‘s Ibid., p. 19.

lead to an increase in concentrations of ozone
and peroxyacyl nitrates. However, the degree
of increase is complicated by a certain degree
of quenching of oxidants by NOX and by an ex-
pected decline in hydrocarbon emissions,
which are also oxidant precursors and may be
the limiting component for oxidant produc-
tion.

Any increase in oxidants appears particular-
ly worrisome when it is recognized that ele-
vated ozone concentrations caused by long-
range transport of pollutants from urban areas
have become a severe regional problem
throughout the United States. “Repeated epi-
sodes during 4 to 6 months of the year . . .
cause obvious foliage injury, impaired photo
synthesis, and growth reductions of sensitive
species populations, in both agricultural and
forest ecosystems.’’” Oxidants have caused
well-documented damage to agr icultural
crops, forests, and native vegetation in south-
ern California as well as widespread damage to
crops in the East, and have become a new
stress on ecosystems in the Southwest. Al-
though animals do not appear to be sensitive
to existing levels of oxidants, they are affected
by the loss of cover and food accompanying
such levels.

N OX, like SOX, has the potential for synergis-
tic effects. It may facilitate the creation of
nitrosamines, which are known carcinogens,
and it also seems to have more adverse effects
when present together with SOX.

Finally, the most serious effect of NOX m a y
be its involvement with SOX in the formation of
acid rain, which is discussed separately below.

Acid Rain

Both NOX and SOX are implicated in the oc-
currence of acid rainfall at many locations
around the world. “Normal” precipitation is
expected to have a pH of about 5.7, based on
theoretical calculations that postulate an
equilibrium with CO2 .

47 Precipitation samples
from various points in the United States in-
dicate that in large portions of the Eastern

“ Ibid.
“J. N. Galloway, C. E. Likens, and E. S. Edgerton,

Science, 194, p. 722,1976.
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United States, the pH falls between 3 and 548

(see figure 27). In northwestern Europe, where
acid rain has been more intensely studied, a
network of monitoring stations yields evidence
that the pH of the precipitation has dropped
over the past 20 years.4g It has been widely
stated that the region of acid precipitation in
the United States is extending westward and
southwestward. 50 The  data  ava i lab le  a re
strongly suggestive of this statement, but are
neither systematic nor extensive enough to be
considered conclusive. EPA and the Forest
Service are currently establishing networks of
monitoring stations that wil l provide better
data in the future.

One effect of acid precipitation is to lower
the pH of bodies of water into which it falls. If
the pH dips below 5.0, fish such as trout or
salmon may perish, for they are very sensitive
to pH. Fish kills have in fact been reported in
areas such as New York’s Adirondack Moun-
tains, where 51 percent of the lakes now have a
pH below 5.0, and where 90 percent of these
support no fish populations.5’ A valuable rec-
reational trout industry has thus been endan-
gered. In Norway the losses to the salmon fish-
eries attributed to acid rain are estimated in
the tens of millions of dollars.52 Other aquatic
effects include reduction in algal communi-

Figure 27.–Regional Impact of Acid Rainfall
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ties, growth of thick mats of benthic moss, and
hindrance of nutrient recycling.

The evidence for damage to terrestrial vege-
tation is somewhat more elusive. An associ-
ation has been postulated between acid pre-
cipitation and the decline in forest growth
observed in both the Northeastern United
States and in southern Sweden, where growth
declined between 2 and 7 percent from 1950 to
1 9 6 5 .5’ The ecosystem is unfortunately too
complex for the cause to be laid so unequivo-
calIy at the door of just one of many environ-
mental stresses. Nevertheless, numerous ex-
perimental studies have shown that acid rain
can harm terrestrial systems in several ways: it
may “damage foliage; accelerate cuticular
erosion; alter responses to associated patho-
gens, symbionts, and saprophytes; affect the
germination of conifer and hardwood seeds
and the establishment of seedlings; affect the
availability of nitrogen in the soil; decrease
soil respiration; and increase leaching of nutri-
ent ions from the soil. ”54 Acid rains have been
strongly implicated in causing extensive dam-
age to Christmas tree farms in West Virginia
downwind of  the Kyger Creek coal- f i red
powerplant in Ohio. The disease afflicting the
trees has been duplicated in at Ieast two inde-
pendent laboratory studies using sulfuric acid
mists. In other studies, several important food
crops and trees were adversely affected by
simulated acid rain and mist. It has also been
shown that increasing acidity of rain signifi-
cantly increases the uptake of cadmium and
other toxic substances by plants that may sub-
sequently be included in human and animal
diet. 55

The effects of acid precipitation depend
largely on the buffering capacity of the region
on which the rain falls. The damage may be
quite dramatic in Scandinavia, for example,
because 80 percent of the forest land in Swe-
den is acid podzolic soil and thousands of its
lakes are underlaid with granitic bedrock.5’ By

“Ibid , p I105
“L S Dochinger, see note 49
’51 Shen-Miller, M B Hunter, and J Miller, “Simu-

lated Acid Rain on Growth and Cadmium Uptake in Soy-
beans, ” Plant Physiology, vol 57 (1976), p 50

“L S Dochinger, T A Seliga, p 1104

contrast, in the Western United States, where
indications are that rainfall may be growing
more acidic and may continue to do so, the ef-
fects may never become serious because the
soils and lakes are so alkaline. More studies
must be initiated to identify sensitive regions
with low buffering capacity and to understand
the processes that affect the buffering capaci-
ty of soils, such as acidification by natural
processes and by chemical fertilization.

Any increase in soil acidity may alter the
delicate balance of soil calcium, magnesium,
and potassium to aluminum. Essential nutri-
ents, including nitrogen, potassium, and phos-
phorus, can form compounds that are not use-
ful to plants, or they may be leached from the
soil altogether. The living organisms of the soil
are very sensitive to pH changes in their envi-
ronment, and these include not only important
lower plant forms such as algae, lichens, and
fungal associates of higher plants, but also the
nitrogen-fixing bacteria, which are essential if
airborne nitrogen is to be made available for
use as a nutrient by plants. Current high nutri-
ent erosion rates from soils subjected to acid
precipitation of 4.0 pH or less in remote for-
ested areas of the Adirondack Mountains57 and
elsewhere are evidence that forest soils in the
Northeastern United States are becoming
acidic at an accelerated rate.

Fossil-fueled powerplants may be major
contributors to the occurrence of acid rain
through their generation of NOX and SOX. Re-
searchers in Scandinavia attribute its acid rain
to the long-range transport of sulfates from the
heavily industrialized areas of northern Europe
and England. Data from New York and New
England indicate that about 60 to 70 percent
of the acidity in precipitation there is caused
by sulfuric acid, with the contribution from
nitric acid becoming increasingly important.58

Because the background of air pollutants from
stationary and mobile sources varies with lo-
cale, these figures may not universally repre-
sent the composition of acid rain.

“C W. Cronan, R C. Reynolds, Jr,, and G, E Lang,
“Forest Floor Leaching: Contributions From Mineral,
Organic, and Carbonic Acids in New Hampshire Subal-
plne Forests, ” Science, vol. 200 (1978), pp 309-11.

58 G. D Likens, “AC id Precipitation, ” Chemical and
Engineering News 22,1976.
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Future increases in energy development, and
in coal use, may seriously aggravate acid rain
problems through two mechanisms. First, al-
though tall-stack emissions of SOZ will not in-
crease rapidly if best available controls are ap-
plied, serious increases in NO, emissions will
be inevitable if Federal emission standards–
which require only about 50-percent control —
are continued. As noted earlier, success of
EPA’s IO W- N OX burner will be a primary deter-
minant of this required control level. Second,
there is a possibility that the fraction of sul-
fates and nitrates that are in the strong acid
form – currently thought to be about one quar-
ter– may rise because of exhaustion of the
neutralizing capacity of the atmosphere. If ex-
haustion occurs, a l-percent increase in emis-
sions would subsequently lead to a 4-percent
increase in acid rain. 59 Very l ittle is known
about the atmosphere’s neutralization capaci-
ty. Finally, as some of the impact of acid rain
may be cumulative, even a stable level of acid-
ity may lead to an increase in acid rain dam-
ages.

Visibility Reduction

S0x emissions from coal combustion have
been strongly implicated as a major factor in
the  occur rence o f vis ibi I i ty reductions
throughout the United States. The evidence
consists of the following.

●

●

●

●

Sulfate particles formed as the result of
the atmospheric transformation of SO Z

emissions tend to be in the size range of
fine particles that are most effective in
scattering light and hence in producing
haze.
Field studies by EPA indicate that power-
plant S02 emissions are converted to sul-
fates at significant rates.
Sulfates account for about half of the par-
ticles in the “maximum light scattering”
size range in industrial regions.60

Visibility reductions and sulfate concen-
trations have been strongly correlated; for
example, large-scale polIuted air masses
characterized by decreased visibility, or
“hazy blobs, ” as they are sometimes

59’’Appendlx on Transport and Fate, ” Rail Report.
‘“’’ Appendix on Ecological Effects, ” Rail Report

●

called, have been tracked over periods
longer than a week as they moved over
large portions of the United States. These
“blobs” are correlated closely with sulfate
level s.”
Visibil ity substantially increased during

4 4 - 1 0 2  0 - ;rl - 15
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caused almost exclusively by fine particulate
and the associated trace elements and hydro-
carbons that are preferentially adsorbed on
their surfaces. Although total particulate load-
ings will be substantially reduced in the future
as the result of strict controls on new plants
and progress in obtaining conformance with
State regulations from existing pIants, emis-
s ions  o f  f i ne  par t icu la te  a re  un l i ke ly  to
decline unless controls that are effective on
fine particulate (such as baghouses) are retro-
fitted on older plants as well as being installed
on new ones.

Fine-particulate effects on ecosystems may
be more of a regional than a local problem.
Glass” notes that more than 95 percent of the
particulate emissions from a large powerplant
with an ESP travel beyond a 20 km radius, and
most studies of trace element contamination
near powerplants have shown few significant
effects. 65

Soils are the principal repository for fine
particulate, and there is some concern that
the heavy metals contained within or on the
surface of the particles could eventually alter
the normal soil processes associated with
nutrient recycling and with soil micro-orga-
nisms. Plants are also an important sink for
fine particulate, which are captured by the
fine hairs on plant surfaces. Plants are general-
ly not considered to be endangered by such
pollution; Van Hookbb notes that “there is no
reason to expect acute effects on plants . . .
the potential chronic toxicity is relatively low
except in local areas already enriched with a
particular element. ” However, more subtle ef-
fects, such as reduction in photosynthesis due
to reduced light or interference with stomatal
function, and foliar lesions have been at-
tributed to fIy ash. b’

Both inorganic trace elements and trace
hydrocarbons present a potential danger to
animals in water and on land. Biomagnifica-
tion, whereby trace materials can be concen-
trated as they move up the food chain, is a par-

“’’Appendix on Ecological Effects, ” Rall Report
‘s’’ Appendix on Trace EIements,” Rail Report.
“ Ibid.
“’’Appendix on Ecological Effects,” Rall Report.

ticular problem in aquatic ecosystems (see
table 33). Another source of concern is the ex-
tent to which trace element impacts are cumu-
lative; logic argues that many will be cumula-
tive, although the ambient levels caused by
coal combustion are not likely to be high in
most instances. Although the uncertainty sur-
rounding these effects is very great, concentra-
tions of polycyclic aromatic hydrocarbons that
have been demonstrated to be damaging to
fish have been observed in Norwegian rain-
water .68 However, the potential for significant
impacts on either terrestrial or aquatic ecosys-
tems is clearly a very speculative area that re-
quires considerably more evidence before firm
conclusions can be drawn.

Carbon Dioxide

C OZ concentrations measured at Mauna
Loa, Hawaii, and elsewhere have increased at a
rate that appears to be tied to fossil fuel com-
bustion. b’ The combustion of coal yields 11
percent more CO, than oil and 67 percent
more than natural gas. 70 The confluence of
these two facts has led to concern about the
role that increased coal development might
play in altering the Earth’s climate.

C O2 is relatively transparent to short-wave
radiation (sunlight), but absorbs long-wave (in-
frared or heat) radiation. Thus, atmospheric
C O2 admits incoming sunlight that warms the
Earth, but absorbs a portion of the infrared
heat radiation coming from the surface of the
warmed Earth and re-radiates part of it back to
the surface. The heat is “trapped” in the at-
mosphere in the same way that heat is trapped
inside a greenhouse, or an automobile with its
windows closed; hence the “greenhouse ef-
feet. ” (See figure 28). Although no effects on
global temperatures have yet been measured,
most scientists believe that a continued in-
crease in COZ levels must eventually affect the
Earth’s temperature.

“ Ibid.
“C. Marland, and R. M. Rotty, “The Question Mark

Over Coal; Pollution, Politics and CO, ” Futures, February
1978,

‘“Analysis of the Proposed National Energy Plan, 1977.
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Table 33.—Biological Concentration Factors for Selected Trace Elements in Aquatic and
Terrestrial Environments

Biological Concentration Factor”
As Cd Hg Pb Zn

a concentration in organism to concentration in substrate.

SOURCE Van Hook, R 1, ‘Transport and transformation pathways of hazardous chemicals from solid waste disposal," Environ. Health Perspectives (in repress)

Figure 28.— Heat Radiation Emitted to Space by CO2

SOURCE: Mitchell J. Murray, Jr., “Carbon Dioxide and Future Climate,’’ EDS,
March, 1977 cited in Norwine, J., “A Question Climate,” Environment,
Vol. 19, N0. 8, November 1977.
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The legitimacy of environmental concern
over the climatic influence of coal production
hinges on the answers to two critical questions:

● How wiII future atmospheric C02 concen-
trations be affected by fossil fuel combus-
tion and other activities such as forest
clearing?

● What effect wilI increased C02 in the at-
mosphere have on global climate?

Considerable uncertainty clouds both ques-
t ions.

C 02 Concentrations.–There is general agree-
ment about the amounts of carbon currently
being released as C02 through fossil fuel com-
bustion (about 5 billion kilograms per year)
and the increase in the amount of carbon in
the atmosphere (about 2.3 billion kilograms
per year) .7’ Until recently, scientists thought
they could readily explain where the remaining
2.7 billion kilograms per year went; a max-
imum of about 2.5 billion kilograms per year
was thought to be absorbed by the oceans, and
the remainder by the biota-forests, grasslands,
etc. A number of researchers have now chal-
lenged this view based on evidence that the
largest and most intensive pool of carbon in
the biosphere— the forests (both the trees
themselves and their  humus f loors)— are
shrinking significantly in area because of wood
harvesting and clearing for agriculture and
other development. This is especially true of
the tropical rain forests such as those in the
Amazon Basin, which are said72 to play the ma-
jor role in carbon storage in the biosphere.
Thus, a net carbon release rather than a net ab-
sorption now is theorized. Woodwell 73 esti-
mates this release from the biosphere to be
about 8 billion kilograms, although he esti-
mates the range due to uncertainty to be 2 bil-
lion to 18 billion kilograms per year. Other re-
searchers have developed lower estimates,
ranging from about one-tenth to one-third of
the fossil fuel contribution. 74

“G. M. Woodwell, “The Carbon Dioxide Question,”
Scientific American, January 1978, vol 238, No 1.

“lb Id.
“ I b i d
“R A. Kerr, “Carbon Dioxide and Climate: Carbon

Budget Sti l l  Unbalanced, ” Science, vol. 197, pp.
1352-1353, Sept 30,1977.

Accepting even the lower value still leaves
an enormous gap in the existing models of car-
bon balance; it is not known where all this ex-
cess carbon is going. However, if Woodwell is
correct that the biosphere is a C0 2 s o u r c e
rather than a “sink, ” this means that an un-
known mechanism, capable of removing and
storing atmospheric C02 at a substantial rate,
must exist and might be available to remove
excess C02 from fossil fuel combustion if the
shrinkage of the forests could be halted

Uncertainty also is added by a lack of full
understanding of the various known mecha-
nisms involved in oceanic uptake of COZ. For
instance, carbonate ions in the surface layers
of the ocean react with and remove atmos-
pheric C02. As the pressure of C02 increases
and the carbonate ions are used up faster than
they can be replaced by mixing, the ocean’s
absorption of COZ from the atmosphere could
slow and the atmospheric COZ buildup could
accelerate. On the other hand, increased acid-
ity of surface waters caused by greater dis-
solved C02 concentrations could increase the
dissolution of calcium carbonate and thus in-
crease the supply of carbonate ions. The extent
of  these potent ia l changes present ly  i s
unknown. Uncertainty also is caused by the
lack of understanding of the effects of in-
creased C02 on ecosystems and the corres-
ponding effect on their photosynthetic produc-
tion and carbon storage capacities.

Any changes in these factors would alter the
capacity of the biosphere to act as a sink — or
source — of atmospheric COZ.

Despite these uncertainties, however, prob-
ably few scientists would disagree with the
statement that continued reliance on fossil
fuels, in the absence of drastic measures to
change worldwide development patterns that
are radically altering the biosphere, will result
in substantially increased levels of COZ in the
atmosphere. Kellogg’s75 estimate of a 400-ppm
C 02 concentration by 2000 and a doubling of
that level by 2040 (if fossil energy trends con-
tinue) should be taken quite seriously.

“W. W Kellogg, “Global Influence of Mankind on the
Climate,” in Climate Change, J. Gibbin, cd,, Cambridge
University Press, 1978.
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Climatic Effects. -Even if precise forecasts of
future atmospheric C02 concentrations were
possible, the effects of these concentrations
on the climate and on man would be uncertain
owing to several confounding factors. One fac-
tor is that the climate, with or without man’s
influence, may be changing as part of a natural
cycle. Scientists disagree as to the nature of
these changes. Secondly, the “anthropogenic ”
(man-caused) effect on global temperatures in-
cludes several effects aside from the “green-
house effect. ” Their role complicates the cal-
cuIation of the temperature effect of man’s ac-
tivities. Finally, the translation of more precise
knowledge of the “greenhouse effect” and the
other temperature-changing factors into a
global climatic effect is a modeling problem
that requires considerably more knowledge
and sophistication than is currently available.
It is the distribution of temperature and other
effects, rather than the global average tem-
perature effect, that i s  cr i t ical  to under-
standing the changes that will occur in actual
Iiving conditions.

There are three major schools of thought on
the nature of future climatic cycles. ‘b The first
is that the recent climatic record is not suffi-
cient to allow accurate forecasts of future cli-
mate. The second is that the Earth is due for a
short period of cooling followed in the early
21st century by mild warming, and that man’s
activities will not affect these trends. The third
and most widely accepted is that global warm-
ing will occur sometime in the next century or
so as a result of man’s activities, and that any
manifestation of natural climatic cycles will
eventually be overwhelmed by this induced
warming.

In addition to the “greenhouse effect, ” the
other man-created effects that may affect
global temperatures” include:

● Change in reflectance of the Earth: con-
tinued injection of particles into the up-
per atmosphere will lead to increased

●

●

A

reflection of incoming solar energy and,
consequently, a cooling effect.
Changes in cloud cover: the increasing
level of fine particulate (which act as
condensation nuclei), the increasing areas
of irrigation projects, the expanded use of
cooling towers, and any warming trend
(leading to increased evaporation rates)
would al I tend to increase the cloud cover
of the Earth and increase its reflectance.
This provides a “negative feedback” to
compensate for the greenhouse effect,
Thermal pollution of the atmosphere: by
the year 2050, the total heat added to the
Earth’s atmosphere by energy production
wilI approach 10’ 9 Btu per year, which is
on the order of one-half of 1 percent of
the solar energy reaching the Earth’s sur-
face. A 1- percent increase in this energy
“flux” would generate about a 10 F in-
crease in global temperatures.

reliable computation of the climatic
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community generalIy agrees that the probabili-
ty of significant global warming and other
climatic changes is sufficiently high to warrant
exceptional attention in form of expanded re-
search and monitoring, and caution in weigh-
ing any decisions that might tend to tie us ir-
revocably to a fossil-based energy economy.

It must be stressed that the “scenarios”
postulated by the more pessimistic researchers
would involve massive disruption of the world
economy and well-being. A 20 to 30 C change
in mean world temperatures could lead to
melting of the polar icecaps sufficient to cause
flooding of coastal regions. Another critical ef-
fect would be significant shifts in the viability
of the world’s food-producing areas owing to
massive shifts in rainfall distribution. 1 n the
long run, such shifts might not lead to a net
decrease in potential worldwide productivity.
However,  the t rans ient effects  would be
severe. Given appropriate climatic conditions,
overalI agricuItural viability depends upon ex-
isting land use, ownership patterns, transporta-
tion, water, and other resource availability,
etc. These factors represent a massive physical
and societal infrastructure that would have to
be virtually torn down and rebuilt to make a
successful transition to a warmer climate.
Problems with such a transition process could
mean food shortages and social and economic
disruption on a massive role.

Effects on Materials

Although human health and ecological ef-
fects are the most serious problems associated
with air pollution from the coal fuel cycle,
damage to nonliving materials from this pollu-
tion is substantial today and may remain a po-
tent policy issue because of memories of
coal’s past. The soil ing problem commonly
associated with coal combustion has been all
but eliminated by extensive controls on par-
ticulate emissions and the phasing out of most
of the small coal-fired furnaces. However,
problems that remain include the deterioration
of building materials and works of art, fading
of dyes, weathering of textiles, and corrosion
of metals.

A 1970 estimate of total damage to materi-
als from air polIutants (not limited to emissions

from powerplants or coal combustion sources)
is $2.2 billion per year. The relative contribu-
tions of the four major pollutant components
are: SOX— 41 percent, particulates —27 per-
cent, ozone —26 percent, and NO X—6 per-
cent. 80

There are five major causes of damage:

●

●

●

●

●

abrasion by high-velocity and/or sharp-
edged particles,
direct chemical attack,
indirect chemical attack —where the pol-
lutant becomes harmful only after a trans-
formation when in contact with the mate-
rial,
electrochemical corrosion —where pollu-
tion increases conductivity of thin surface
films of moisture and helps to destroy pro-
tective films on material surfaces, and
discoloration by particulate.

Each mechanism depends on a variety of inde-
pendent variables, including moisture, tem-
perature, sunlight, etc. If estimates of future
pollution levels are a guide, one might expect
that acid rain and ozone damage caused by
powerplant NO, emiss ions wi l l  r i se in the
future, that SOX-caused damage will not under-
go radical changes if best available control
technology (scrubbers) is enforced, that partic-
ulate soiIing damage should decrease with sub-
stantial decreases in particulate emissions as
all new powerplants control to better than 99-
percent efficiency and existing particulate
emitters comply with State and local control
requirements, and that chemical damage due
to particulate might increase because of in-
creases in emissions of fine particulate.

Regulations

Air pollution from coal combustion is regu-
lated under the Clean Air Act, which sets am-
bient air quality standards and establishes
l imits  on the emiss ions f rom a var iety of
sources in order to achieve and maintain those
standards. The legal framework of the Clean
Air Act is discussed in chapter VI 1; this section

80T E Waddell, “The Economic Damages of Alr Pollu-
tion, ” U S Env i ronmenta l  Pro tec t ion Agency,
E PA-600/5-74-012, May 1974
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summarizes the way the Act seeks to regulate
the health and ecological effects of the pollu-
tants.

Nat ional  Ambient Ai r  Qual i ty Standards
(NAAQS) have been promulgated under the
Clean Air Act for six pollutants: S0x partic-
ulate matter, NO Z, photochemical oxidants,
hydrocarbons, and CO. There are two types of
NAAQS: primary standards are those needed
to protect public health, allowing an adequate
margin of safety. The secondary standards are
intended to protect the public welfare from
pollution damage to soil, plants, animals,
materials, and other factors  not di rect ly
related to human health. The NAAQS are
based on air quality criteria that reflect the
latest scientific knowledge useful in indicating
the kind and extent of identifiable effects of a
pollutant on public health or welfare. These
criteria must include information about vari-
able factors, such as atmospheric conditions
that may alter the effects of a pollutant, and
about interactive effects among polIutants.

The Clean Air Act is implemented at the
State level through a variety of regulatory pro-
grams designed to achieve and maintain the
NAAQS. F i r s t ,  State Implementat ion P lans
(SIPS) must include control strategies designed
to reduce the contribution of existing sources
to ai rborne pol lutant loadings,  general ly
through the application of reasonably avail-
able control methods. Second, the Act estab-
lishes performance standards for large new
sources that mandate the use of the best tech-
nological system of continuous emission re-
duction as well as a percentage reduction in
emissions over those from the uncontrolled
combustion of untreated fuel. Third, in those
areas where air quality now exceeds the
NAAQS (nonattainment areas), new sources
must meet the lowest achievable emission rate
(LAER) by applying stringent technological
controls and must secure emission reductions
from existing sources in the area that will more
than offset the emissions from the proposed
facility. Fourth, in order to prevent significant
deterioration of air quality in areas where the
air currently is cleaner than the national stand-
ards, the Clean Air Act specifies maximum al-
lowable increases in pollutant concentrations
as well as ceilings for ambient concentrations,

and requires large new sources to use the best
available control technology. Finally, the Act
requires the retrofitting of polIution control
technology on existing large sources near areas
primarily important for scenic values (such as
national parks) in order to protect visibiIity.

There are problems associated with imple-
mentation of the Clean Air Act to protect pub-
lic health and welfare. As of mid-1976, 178 of
the 313 air quality control regions (AQCRS) or
State portions thereof had not attained the pri-
mary particulate standard, while 46 had not
achieved the primary S02 standard. Most con-
ventional stationary sources (such as coal-fired
powerplants) in these nonattainment areas are
either in compliance with the standards or are
on compliance schedules. The particulate vio-
lations tend to arise because of fugitive emis-
sions, fugitive dust, and fine particulate, alI of
which are more clifficuIt to monitor and con-
trol, and which are not now explicitly regu-
lated under the Clean Air Act.

No deadlines have been set for attainment
of the more stringent secondary standards.
Rather, the States are given a reasonable time
to achieve the secondary standards, where
“reasonable time” depends on the degree of
emission reduction needed to attain the stand-
ards and on the social, economic, and techno-
logical problems involved in implementing a
control strategy adequate to achieve and
maintain the standard. Thus the secondary
standards are not being enforced, and soil,
plants, animals, materials, and other environ-
mental factors are unprotected to the extent
they require greater protection then that af-
forded by the primary standard.

The air quality criteria on which the NAAQS
are based were published in 1969-71 and re-
flect the scientific knowledge current at that
time about the effects of the various pollu-
tants. However, in 1969-71 the phenomena of
pollutant t ransformat ions and long-range
pollutant transport had not been documented.
Consequently, the Clean Air Act and the regu-
latory programs that implement the Act gener-
alIy treat S02 and particulate matter as static
pollutants that do not convert. The transfor-
mation products, such as sulfates and acid
precipitation, are not regulated. In addition,
current EPA regulations limit the applicability
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of air quality modeling techniques to a down-
wind distance of not more than 50 km from the
source (because of EPA’s judgment that the
models are not reliable beyond this distance).
Although the 1977 amendments to the Clean
Air Act include procedures for the prevention
and abatement of interstate air polIution prob-
lems attributable to particular sources, longer
range transport that may contribute to air
quality problems farther than 50 km downwind
currently is unregulated.

The 1977 amendments to the Clean Air Act
include two provisions designed to remedy
these problems. F i r s t ,  they requi re EPA to

review the NAAQS and the criteria on which
they are based, and revise them if necessary by
1980 and every 5 years thereafter. Thus more
recent evidence on health effects and on pollu-
tant transformations and transport should be
reflected within a couple of years in the stand-
ards and in the programs that implement them.
Second, the amendments require the States to
revise their implementation plans by 1979 in
order to provide for achievement of the pri-
mary standards by 1982. However, this require-
ment may be largely moot if the standards are
made more stringent in 1980, and it does not
address the problem of implementing the sec-
ondary standards.

IMPACTS TO WATER SYSTEMS

The impurities in coal that are released to
the air and land in all stages of the fuel cycle
may wend their way eventualIy into the water-
ways. Thus water may become the ultimate re-
pository for many of the byproducts of coal
activities. The water system can transport
these impurities both geographically—from
the local source to distant sites—and blologi-
cally —from micro-organisms on up the food
chain, often in ever-increasing concentration.

The uses for which our water systems are
needed include — roughly in order of increas-
ing demand for water purity — navigation, rec-
reation, irrigation, industrial processing, water-
ing of stock and wildlife, maintenance of aqua-
tic life, and drinking water supply. A lowering
of water quality may affect these uses and
consequently the health, economy, or quality
of Iife within a community.

The various activities of the coal fuel cycle
affect not only water quality but also water
quantity and hydrology. For example, mining
can cause stream flows to change and water
tables to decline, and in some instances may
affect the intensity of floods. Of particular
concern is the potential alteration of the
ground water system.

Sources, Effects, and
Control of Water Pollution

Coal Mining and Cleaning

Surface Water Impacts. -In mining,  huge
slices are made into the earth, and layers once
deeply buried are brought to the surface to be
deposited, often only temporarily. In surface
mining, the top layers of overburden are
placed in “spoil banks” until time for reclama-
tion. In underground mining, the waste materi-
al is heaped at the surface, and the mine walls
often remain exposed when the mine is aban-
doned. At the preparation plant, where impuri-
ties are removed from the coal, sti l l  more
waste piles are generated. As long as these
once-buried materials remain exposed and un-
stabilized, they are subject to runoff and ero-
sion, and become the source of chemical and
physical alteration of local streams. These im-
pacts are addressed by a variety of State laws
and, as discussed later, by Federal water pollu-
tion and surface mining laws.

Within the coal production waste piles are
many soluble components that dissolve as rain
water percolates through them. A conse-
quence is an elevation of total dissolved so/ids
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(TDS) within the local watershed. TDS is a pa-
rameter of water quality that very generalIy in-
dicates the presence of soluble ions such as (in
the case of coal waste runoff) sulfates, cal-
cium, carbonates, and bicarbonates (hardness).
Elevated concentrations of these ions make
water largely unpotable by altering its taste
but otherwise have only minor human health
effects. TDS and hardness can also degrade
the use of water for agricultural and industrial
uses. Regions that will absorb substantial TDS
as a result of expanded coal mining are the
M i d d l e  A t l a n t i c  ( s u l f a t e  a n d  f l u o r i d e  f r o m
underground mining), and the Midwest and
North Central (sulfate from strip mining).

Acid mine drainage is a particularly severe
byproduct of mining in those regions –Appa-
Iachia and parts of the interior mining region

(Indiana, I l l inois, Western Kentucky )–where
the coal seams are rich in pyrite (iron disul-
fide), The mining process exposes the pyrite to
water and air, causing a reaction that forms
sulfuric acid and iron. The lowered pH also
tends to dissolve heavy metal compounds,
adding metal ions (aluminum, manganese,
zinc, nickel, etc. ) to the acidic drainage water.

Acid drainage is a problem with active and
inactive mines, and with both surface and
underground mines. Recent data are not readi-
ly available, but in the 1960’s underground
mining accounted for fully three quarters of
the problem (see table 34). About 10,000 miles
of streams and rivers, principally in Appalach-
ia, have been degraded by acid drainage. The
effects are most severe in Pennsylvania and

Photo credit. EPA —Documerlca

Acid mine drainage from abandoned underground mines and other sources still affects thousands
of miles of streams in Appalachia
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West Virginia, while less severe in southern Ap-
palachia. ”

Table 34.—Acid Drainage in Mines

Acidity
Source 1,000 lb/day Percent

614 9
1,712 53

28 01
361 11

60 02
238 07
245 07

3,258 100

alncludes sources where underground could not be separated from surface

The environmental effects of acid mine
drainage are severe. The acid and heavy
metals are directly toxic to aquatic life, and
render the water unfit for domestic and indus-
trial use. Zinc and nickel, often present in
substantial quantities, are known carcino-
gens.82 Other carcinogenic trace elements are
present in smaller concentrations but may
have additive effects.

Many of the metals found in acid mine
drainage can become concentrated as they
move up the food chain. Adsorption of these
metals can occur on the surfaces of small sus-
pended solids and sediments; thus, the largest
reservoir of trace contaminants resides in the
bottom sediment and is available to the rest of
the ecosystem according to a complex web of
factors. An additional ecosystem impact is the
smothering of stream bottom-dwelling orga-
nisms by precipitated iron salts.

The acid content of the mine drainage also
causes substantial material damage by eating
away metal structures and destroying con-
crete.

A variety of measures exists to control acid
mine drainage from active and inactive sur-
face and underground mines. All involve pre-
venting the formation of acid by controlling
oxygen flow to the pyrites, preventing a dis-

charge by controlling water flow in the mine,
or treating the discharge by neutralizing the
acid (or by using reverse osmosis or ion ex-
change techniques, at much higher costs).
Although neutralization treatment can in-
crease hardness and dissolved sol ids content,
it is the commonly used method for controlling
acid mine drainage from active surface and
underground mines and is considered an effec-
tive control. Surface mines also must utilize
drainage control and special mining tech-
niques to properly control acid drainage.

The only major problem facing successful
control of acid damage from active surface
mines is enforcement, which has been a long-
standing problem with the smaller mines. This
situation is essentially duplicated with the con-
trol of inactive surface mines: available recla-
mation techniques can control acid drainage
from most inactive mines, but enforcement ef-
forts on small mines must be strengthened to
ensure adequate control. Also, a small percen-
tage of mining situations still defy acid control
attempts. For instance, a few mines in West
Virginia have been found to produce acid
seepage from horizontal water movement
through buried spoils. However, strict enforce-
ment by the new Office of Surface Mining and
continued development of control techniques
for the remaining problem situations should
ensure an acceptable degree of control.

Unfortunately, available controls for inac-
tive underground mines are not likely to be as
successful. When an underground mine is be-
ing closed, the techniques for stopping acid
drainage are:

●

●

●

●

●

sealing the mine to prevent air infiltration;
filling the mine with water;
preventing water infiltration by grading,
sealing, aquifer control, etc.;
backfilling the mine; and
removing mine pillars and allowing the
mine to collapse.

Although these techniques can be effective in
some circumstances, success in preventing a
continuing significant flow of water has been
intermittent; the technology available to con-
trol acid drainage from most inactive under-
ground mines must be considered inadequate.
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cline significantly in the future. For example,
loadings in the Middle Atlantic are projected
to decrease to one-third of 1975 levels by 1990.
One notable exception to this trend may occur
in the North-Central region, where sediment
loadings may increase sharply by 1990 unless
better controls are devised and implemented.

Flooding potential is affected by several fac-
tors related to surface mining:

. permeability of land surface,

. vegetation cover of surface, and
● carrying capacity of streams.

The mining and reclamation process may act
to increase surface permeability and thus
allow the ground to soak up more water in a
given period than the premined surface could.
The loss of vegetative cover that acted as a
water retention mechanism will tend to coun-
teract this effect. In addition, increased ero-
sion and consequent si ltation lead to de-
creased carrying capacity of streams and
greater flooding potential. Studies of the ef-
fect of surface mining on flooding potential
thus have tended to conflict, with one study of
strip-mined watersheds in Kentucky showing
increased flooding potential and studies in ln-
diana indicating the reverse.85 An examination
of these factors leads to the tentative conclu-
sion that flooding potential may be decreased
by area mines, while contour mines may cause
increased flooding. Indeed, several studies
now appear to support the association of sur-
face mines with flooding in steep terrain. More
studies, of surface mine hydrology, soil me-
chanics, revegetation techniques, and the posi-
tive impacts of methods to stabilize benches
are needed to settle this issue. However, the
only practical control of this problem in some
flood-prone areas may be a limit on surface
mining.

A final group of impacts is the alteration of
the hydrology of local water systems. Surface
streams often are diverted around mines to
lessen the degree of siltation or acid or alka-
line drainage. Some surface water may have to
be impounded for entrapment of silt or sludge

* s’’ Appendix on Reclamation, ” Coal Extraction Land
Reclamation Group, ” Argonne National Laboratory, Rail
Report.

from treatment of acid mine drainage. More
water also may be demanded for irrigation of
revegetated surface mines, especially in the
West where reclamation is more difficult. The
quantities of water are comparatively small
(see table 35) but may nevertheless become a
public concern in arid regions where competi-
tion for water is becoming critical. However,
the potential for water conservation in the
West is great enough to offset any potential
regional shortages if the legal and political bar-
riers to conservation can be dealt with (see
chapter IV, Water Availability).

Ground Water Impacts. -Mining is likely to
have significant effects on ground water as
well as surface waters. Mining operations can
both contaminate ground water and cause se-
vere physical dislocations of aquifers,

A primary mechanism of ground water con-
tamination is the seepage of acid mine drain-
age into aquifers via joints and fractures in the
rock or via direct interception of the aquifer.
Inadvertent connection of two aquifers also
can lead to contamination; this is more of a
problem in the West, where deep saline aqui-
fers abound. Coal spoil banks also can be the
source of this contamination through leaching
and penetration of the soil. Investigations of
ground water contamination typically have
shown high local effects but extremely vari-
able effects some distance from the m inc.

Direct interception of aquifers and other
physical disturbances can substantially affect
the quantity of ground water as well as its
quality. Where a mine is located below the
water table, seepage of water into a mine pit
can lower the water table and dry up wells in
the vicinity. (Thus, the trend towards deeper
mines, identified as providing a benefit in
reducing acid drainage, can cause additional
ground water problems.) Blasting may rupture
the impermeable strata below an aquifer and
cause water to seep to a lower level, or may in-
advertently connect two aquifers. The process
of mining and reclamation will change the per-
meability of the overlying soil, altering the rate
of ground water recharge, and affecting flood-
ing potentials (as discussed in the preceding
section).
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Table 35.-Water Requirements for Coal System Activities

Peak water requirements

Water consumed by
associated with

population increases’
energy facility

Peak

Acre-ft Gallonsl/106 Construction Operation
Coal activity Size per year Btu in product (acre-ft yr) (acre/ft/yr)

Surface mine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 MMtpy
Underground mine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . —
Power generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,000 MWe

Lurgi gasification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 MMscfd
Synthane gasification . . . . . . . . . . . . . . . . ..2 5 0  M M s c f d
Synthol liquefaction . . . . . . . . . . . . . . . . . . .. I00,000Bbl

day
Slurry pipeline -...-..=. . . . . . . . . . . . . . . 25MMmtpy

3,400 4
0 0

29,000 54 (thermal)
157 (electric)

6,700 28
9,100 38

17,500 28

18,400 14

71
275
853

1570
1570
1750

Not
considered

323
1490
260

350
350

1800

Not
considered

aAssumes 150 gallons per capita per day, multiplier of 2 to account for added service personnel during construction, and a multiplier of 3.5 to account
for families and service personnel during operation.

SOURCE White et  al., ’’Energy from the West’’, EPA-6OO/7-77.O72a, July 1977

Transportation

Coal energy transportation systems—trucks,
railroads, coal slurry pipelines, barges, and
transmission lines– can directly or indirectly
affect water quality. New clearing of rights-of-
way and construction of facilities will increase
sediment loadings. Where herbicides are used
for clearing and maintenance, excess applica-
tion can lead to both surface and ground water
contamination. Both coal slurry pipelines and
barge transportation on canals “consume”
water, the former by exporting water (approx-
imately 500 acre-feet per mill ion tons of coal)
out of arid regions, the latter by exposing more
water surface to evaporation.

Transmiss ion generally has insignificant
direct effects on water quality. The major in-
direct effect is associated with powerplant
siting. A mine-mouth plant with long-distance
transmission l ines may be sited in an arid
region, where the impact on water availability
is greater than if the coal were shipped to
another site with abundant water.

Coal Combustion

Coal combustion releases thermal as well as
chemical effluents into water systems. The
waste heat from a coal-fired boiler represents

that percentage of the energy originally pres-
ent in the coal (about 60 percent in a modern
utility) that is not converted to electricity. This
thermal energy is transferred to an adjacent
river, lake, or cooling pond and to the local at-
mosphere, in proportions depending on the
cooling system. The thermal pollution problem
is not unique to coal-fired utilities but is shared
to the same degree with oil and gas plants and
to a greater degree by nuclear plants (which
currently are less efficient than fossil-f uel-f i red
plants and thus produce more waste heat).

The large quantity of heat that emanates
from a coal-fired utility boiler is bound to af-
fect at least the local environment. If heat is
released in an open cooling cycle (that is,
water is withdrawn from a source such as a
river, lake, or ocean, circulated within the
plant’s heat exchanger, and released at higher
temperature, usually to the original source),
many properties of the receiving waters are
altered by the resulting temperature rise.
Changes occur in such properties as salinity,
vapor pressure, etc.; the amount of dissolved
oxygen in the water will decrease owing t o
lowered volubility and re-aeration rates, while
TDS will increase because of the increased
volubility of many compounds with increasing
temperature. These changes in turn alter the
life functions of organisms within the water.
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Higher temperatures also may elevate meta-
bolic rates of organisms, thus influencing ox-
ygen demand, total energy needs, foraging
ability, reproduction, migration, and suscepti-
bility to disease. Heated effluents accelerate
the consumption of dissolved oxygen by orga-
nisms; when coupled with lower oxygen levels
as a result of the physical mechanisms noted
above, oxygen content can become critically
low within the thermal plumes.

In addition to the thermal effect, physical
impacts are caused by small organisms or even
fish eggs and larva being drawn through the
cooling system of the plant. This entrainment
may damage these organisms and affect not
only their own lifespans but those of large fish
that feed on them.

These impacts can be mitigated by careful
siting of powerplants and construction of cool-
ing intakes and outflows. However, complete
control can be obtained only with cooling sys-
tems that emit heat into the atmosphere or
into a small artificial body of water. These are
called “closed-cycle” cooling systems.

Current Federal regulations require that,
with certain exceptions, closed-cycle cooling
systems be used in large, steam electric-gener-
at ing plants bui l t  after  1970 and certain
smaller units built after 1974. Thus, closed-
cycle systems wil l be essentially standard
equipment on new powerplants, and open-
cycle (“once through”) systems will be used
only in the Iimited cases where exemptions can
be obtained (see chapter VII, section on Pres-
ent Federal Coal Policy).

The two major water impacts of closed-cy-
cle, or evaporative, cooling systems stem from
water consumption and “blowdown” disposal.
Although water consumption by evaporative
cooling towers and cooling ponds depends on
many site-specific and design factors, in
general the evaporative systems associated
with powerplants are the largest water con-
sumers in the coal fuel cycle (see table 35).
Their widespread use causes the issue of water
use for energy to be a major concern nation-
wide, and especially in the arid Southwest (see
Water Availability, chapter IV). However, the
use of relatively water-’ ’conserving” once-
through (open-cycle) cooling, in those areas
where a sufficient volume of water would be

available, would still consume a large amount
of water (50 to 60 percent of evaporative tower
consumption) because of the evaporative cool-
ing that takes place in the river or other body
of water into which the heated water is dis-
charged. This fact has not always been consid-
ered by critics of the current requirements for
closed-cycle systems.

The environmental effect of massive con-
sumption of water by powerplant cooling sys-
tems is twofold:

●

●

The

The amount of water available to dilute
downstream discharges is reduced, and
water quality is thus degraded. This effect
is especially evident in the Colorado
River, where massive water consumption
(by agriculture, in this case) coupled with
substantial pollution loadings have ele-
vated salt concentrations in the River to
the point where desalinization plants are
required to keep water quality within
standards.
In critical watersheds, the physical quanti-
ty of water remaining in the streams may
fall below that needed to support the wa-
ter ecosystem. The recognition that this
“instream use” of water is a “beneficial
use” within the legal system established
for allocating water rights is a recent one,
and thus protection of water ecosystems
from destruction by sheer lack of water is
a recent development.

concentrating effect of evaporation in-
creases the levels of mineral salts in the circu-
lating water of an evaporative cooling system.
This water must be continually bled from the
system and replaced with freshwater to main-
tain system operation. This bleed water, which
is extremely high in salt concentration, is
called “blowdown. ” Although the majority of
the “pollution” in the blowdown water is the
same mix of salts as in the water source (with a
small concentration of biocides to keep the
tower clear of fungae and algae, and some
dust scrubbed out of the air), this water can be
damaging locally because of the high salt con-
centration levels, or when the water enters
ground water or surface water other than the
source. In some cases, the local effects of the
biocides may be more damaging than those of
the high salt concentration.
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Photo credit: EPA — Documerlca
The enormous quantity of water that must be evaporated to cool a large generating facility

is graphically illustrated by these cooling tower “plumes”, which overshadow the plume from the plant’s stacks

Uncertainty about the precise level of con-
trols that will be required is considerable. Pres-
ent EPA effluent guidelines forbid the dis-
charge of biocides but allow the discharge of
the salts originally present in the intake water.
However, if the cooling process uses a signifi-
cant portion of the water source, the blow-
down could violate water quality standards by
substantially increasing the overall salt con-
centration; in these cases, some level of treat-
ment will be required. Also effluent standards
for new powerplants in some parts of the West
require totally closed-cycle operations, with
blowdown being concentrated and either dis-
charged to evaporation ponds or else undergo-
ing further treatment and disposal as a sludge.
Disposal problems are similar to those associ-
ated with disposal of fIy ash and fIue-gas
desulfurization (FGD) sludge, except that trace
elements should not be a problem.

The dissolved solids loading that electric
utiIities impose on the Nation’s waterways as a
result of blowdown (from both the cooling sys-
tem and the boiler) is extremely large. Utilities
produced nearly 6 million tons, or nearly 28
percent of the total national dissolved solids
discharge in 1975 and may increase this to 10
milIion tons by 1990. The share of this burden
contributed by coal-fired utilities was nearly 4
million tons in 1975 and will be around 6.6
mi l l ion tons in 1990 with moderate coal
growth. Increases in utility coal burning play
important roles in the projected substantial
growth in TDS by 1990 both nationally and in
several regions: South At lant ic,  Midwest ,
North-Central, and Central.

The large water requirements associated
with operation of a coal-fired powerplant can
be reduced substantially by the use of air-
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cooled or “dry” cooling systems, either by
themselves or in combination with evaporative
systems. In the combination or “wet/dry”
system, the air-cooled tower may fulfill the
total cooling requirements of the powerplant
in winter and be supplemented by the wet
tower when weather conditions lower the cool-
ing capacity of the ambient air. Using either
system, the cost of building and operating the
powerplant increases substantially because of
the large capital cost of the cooling systems,
lessened efficiency of the pIant due to a lower
cooling capability, and the increased capital
cost of turbines designed to operate in a higher
pressure environment. In a strictly economic
tradeoff, a decision to use these systems would
be correct if the cost of water began to ap-
proach $700 to $1 ,000/acre-foot. In few cir-
cumstances would this tradeoff be made to-
day, but these systems still might be utilized
where water is unavailable for physical or poli-
tical reasons.

In addition to the environmental impacts
associated with their cooling systems, power-
plants generate additional water pollutants in
the form of a blowdown from the boiler and
acid drainage from coal storage piles. How-
ever, these pollutant sources are relatively
minor compared to their counterparts from the
cooling and extraction portion, respectively, of
the fuel cycle

Wastes From Coal Combustion

Under current and future combustion con-
trol technologies, coal impurities are removed
from the air– onIy to reappear in solid or slur-
ried form. An air pollution problem is thereby
transformed into a waste disposal problem.
The concentrations of undesirable constitu-
ents within the wastes demand strict attention
to disposal methods to prevent contamination
of surface or ground waters.

The wastes generated by coal combustion
facilities are the fly ash from particulate con-
trol devices: the bottom ash and slag from the
boilers, and the sludge from FGD systems. In
the future these wastes may include spent sor-
bent from fluidized-bed combustion (FBC)
units. By 1985, the quantities of ash and slag
requiring disposal may total 80 million tons,

and that of sludge may be 19 million tons
assuming moderate coal growth. These wastes
represent approximately half of the Nation’s
total  noncombust ib le sol id waste and in-
dustrial sludges, respectively. By 1990, the
quantities of coal combustion waste requiring
disposal may grow to 90 million tons of ash
and slag, and 35 mill ion tons of scrubber
sludge (NE F #1).

The major ash-producing areas are the Mid-
dle and South Atlantic and Midwestern States.
By the end of the century, the Southwest is ex-
pected to join these regions as a major ash pro-
ducer. With the exception of New England and
the Northwest, the rest of the country should
also experience substantial increases in ash
production in the near future. Although sludge
production is relatively minor now, by the end
of the century the South Atlantic and Midwest-
ern States should be major sludge producers,
with the New York/New Jersey, Middle Atlan-
tic, Southwest, and Central regions being ma-
jor contributors.8 G

The potential disruption of water quality by
these ash and FGD wastes depends largely on
their chemical and physical structure. The ash
is an alkaline material consisting primarily of
insoluble inorganic elements (most of which
are enriched in concentration compared to
their natural abundance), as well as elevated
levels of radionuclides. Up to 10 percent of the
ash consists of water soluble species, principal-
ly calcium, magnesium, potassium, sulfate,
and chloride. The presence of these materials
creates a strong potential for leaching of ash
components into surface and ground waters
unless the ash is carefulIy disposed. a’

The sludge from FGD systems varies with the
scrubber design and operation but in general
consists primarily of calcium sulfite or calcium
sulfate with some carbonates, inert elements,
and insoluble ions.88 Calcium sulfite hemihy-
drate (the major species in the lime/limestone
scrubbers) consists of small, thin crystals that
settle very slowly, making the sludge difficult
to dewater and contributing to its physical in-
stability.

‘b’’ Appendix on Ash and Sludge, ” Rail Report.
“Ibid , p. 11,
881 bid., p. 13
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FGD sludge pond–Commonwealth

The concentration of trace elements in FGD
sludge is much smaller than that in fly ash;
those that are present tend to be elements that
escaped the ESP in gaseous form or that came
from the sorbent used. Often fly ash and FGD
sludge are combined for disposal, and the mix-

ture may be referred to as flue-gas cleaning
(FCC) wastes. The ash helps increase the solids
content of the sludge but also contributes a
substantial load of trace elements to the mix-
ture.

Whether these undesirable elements in FCC
wastes enter surface or ground water depends
on the disposal method used. The disposal
methods traditionalIy used for ash and current-
ly being considered for FGD are impound-
ments (ponds), landfil l , and util ization, in
decreasing order of common use for ash.
Open-cycle ponds allow direct discharge of

Photo credit: EPA — Documer/ca

Edison’s Will County powerplant

ash transport water to receiving streams. Some
of the solids and trace metals that are not in
solution in the alkaline ash medium may dis-
solve as the pH is lowered in the receiving
stream. If the ash transport water pH exceeds
9, it may have to be treated with sulfuric acid,
causing the formation of a precipitate (floe)
that can affect the receiving stream.

In addition to direct discharge to surface
waters, ponded wastes may leach to ground
water. In the case of sludge, the leaching
comes both from the fluid (l iquor) initially
present and from the dissolution of sludge
solids once the fluid is gone, The major soluble
species in most FCC (combined) wastes are
chlorides and sulfates (primarily in calcium,
sodium, and magnesium salts). 89 These species

“Ibid , p 11
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have been found in high levels in FCC leach-
ates and would increase the TDS of ground
and surface waters if leaching or surface
discharges occurred. In addition, trace ele-
ments present in the ash may be leached out
and added to the potential groundwater con-
tainination.

The characteristics of FCC discharges that
are most important from an environmental im-
pact standpoint are the:

● presence of small particles,
• high trace element concentrations, and
● reducing capacity of sulfite-rich sludge.90

Trace element contamination of surface and
ground water can lead to ingestion by aquatic
organisms and contamination of soils (and, in
turn, crops). Iron oxide floe and the FCC sludge
itself can coat the bottom of streams and dis-
rupt bottom communities. The oxygen demand
of sulfite-rich sludge can cause serious stresses
on aquatic Iife by depleting oxygen supplies.
These and other impacts, coupled with the
very substantial increases expected in FCC
waste generation, focus attention on the im-
portance of appropriate specification of re-
quired controls for waste disposal.

Virtually all of the above pollution impacts
of waste disposal are controllable with avail-
able techniques, as discussed below, and both
surface discharge and leaching to ground
water fall under existing regulations (discussed
in the following section). Although leaching of
salts and trace elements into ground water
generally is considered a major problem with
FCC disposal, the actual impact is extremely
dependent on site-specific factors. In some
cases, it could be quite small because of the
attenuation of pollutants as they pass through
soil layers. Unfortunately, gaps in our knowl-
edge of the pollutants present, the attenuative
nature of different soils, and the actual physi-
cal characteristics of ground water systems
complicate the specification of potential envi-
ronmental effects.

As noted previously, the options for coal
combustion waste disposal include impound-

ment, landfill, and utilization. Considerable ex-
perience exists with the disposal of ash by all
of these methods. Pending has been the most
common because it is the easiest and cheapest
method; ash is sluiced to a lagoon near the
plant, and the water is either returned or dis-
charged. The imminent restrictions on ash
transport water discharge and the declining
availability of land near powerplants may dis-
courage future use of ponds (at least open-
cycle ponds) for ash disposal.

Ponds are less satisfactory for disposal of
FGD sludge (either alone or mixed with ash)
than they are for ash. The use of a pond for
sludge disposal represents a long-term commit-
ment of the land; pending of untreated sludge
(and perhaps even some treated sludge) does
not result in the degree of settling that would
be required for future development on the site.

The problems of leaching associated with
pending of wastes mandate attention to possi-
ble lining of the pond, selection of a pond site
with highly impermeable soil, and treatment of
the sludge itself to reduce its porosity and
permeability. In addition, continual removal
of the surface layer of water that develops in
the pond from rainwater or other runoff is
necessary.

These problems with pending appear to be
turning more plant operators in the direction
of landfill for FCC wastes,9’ despite its higher
cost. For landfill purposes the ash is collected
dry and the sludge is dewatered and/or treated
to improve its structural properties. In this
form the wastes are more easily transportable
than the wet sludge, allowing the landfill site
to be further from the powerplant, perhaps in a
less valuable location. However, the cost of
transporting the dried and treated sludge is
high, and onsite disposal will be favored where
it is possible. Land impacts are decreased with
landfill because of the smaller area and shorter
retention time required before the land can be
developed. As a tradeoff, the air pollution
from fugitive dust (especially for a dry ash
landfill in an arid climate) is greater during

9[)1 bid

“J. Jones, “Disposal of Power Plan:t Wastes, ” pre-
sented at the Third National Interagency Energy/Envirorr-
mental R&D Conference, Washington, D.C, June 1978
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transport and disposal. This effect is highly
local and may be mitigated by use of a wetting
agent or by a buffer zone around the site.

Before sludge may be used for landfill it
must undergo some physical or chemical treat-
ment to improve its structural stabil ity and
reduce its volume, permeability, and porosity.
One method is to alter the operation of the
scrubber itself to force the oxidation of sulfite
to gypsum. Alternatively, one might exploit the
finding that some modes of scrubber operation
seem to produce forms of calcium sulfite that
are easier to dewater. 92

The FGC wastes may be dewatered by sever-
al physical techniques such as vacuum filtra-
tion, centrifugation, or gravity settling in order
to increase the percentage of solids (65 to 70
percent is desirable). Adding ash to the sludge
also increases the solids content and lends
structural strength.

Several commercial chemical sludge treat-
ment processes have been developed and are
being used by coal-fired plants. Field tests of
chemically treated wastes demonstrate signifi-
cant structural improvement and a reduction
in permeability, as well as a reduction in the
concentration of dissolved solids in the leach-
ate and a decrease in the actual volume of
leachate. ” An additional benefit of sludge
treatment is the improvement in handling
characteristics, which allows better sludge
placement and thus additional control of
leaching.

Another disposal method for FCC wastes is
burial with the mine wastes. This technique is
felt to be too expensive for underground mines
but may be feasible for surface mines. The
concept is made more appealing by the coal
transportation link that connects a mine with a
plant. Alternatively, the plant may be a mine-
mouth plant with close ties, both geographical-
ly and economically, to the mine. The mine
may welcome the wastes as additional fill to
restore the original land contour and, in the
East, as alkaline material to help neutralize
some of the acid wastes. It is not known

92lbld , p 12
‘]’’ Appendix on Ash and Sludge, ” Rail Report

whether the economics and institutional links
between mine and plant are favorable enough
on a large scale to promote widespread use of
this disposal method.

Another disposal method for FCC wastes is
to dump them in the ocean. The idea is appeal-
ing for northeastern utilities that are close to
the coast but have little space to store wastes.
The concept is further encouraged by the fact
that the major chemical constituents in FCC
wastes are already in relatively high concentra-
tions in seawater. Promising forms of disposal
are concentration of treated FCC wastes in
br ick l ike form or dispers ion of  t reated or
sulfate-rich FCC wastes in either deep ocean or
on the Outer Continental Shelf .94 The envi-
ronmental impacts of ocean disposal are being
investigated by EPA.

The utilization of wastes is more appealing
from a resource conservation standpoint than
is disposal, but it is not always as economicalIy
attractive. About 20 percent of all ash is now
used for some purpose, and the National Ash
Association is actively pursuing new uses for
ash. The most promising use is in the manufac-
ture of portland cement. Approximately one-
third of the 1980 fly ash production could be
used for this single application .95 Other uses
are as a light aggregate for construction, as a
filler for asphalt, as an abrasive, and as a soil
additive. In addition, extraction of valuable
minerals from the ash may be economically
feasible.

The potential uses for sludge are not as
numerous. In Japan, scrubbers are operated so
as to produce gypsum, which is then used for
wallboard and portland cement. However, the
economics are not favorable enough for FCC
wastes to penetrate the market in this coun-
t r y .9 6

An alternative to sludge disposal is to avoid
sludge generation altogether. Several “regener-
able” systems have been developed for FGD.
These typically produce elemental su!fur or
sulfuric acid. Some wastes are emitted as a

“J. Jones, “Disposal of Flue-Gas Cleaning Waste, ”
Chemical Engineering, Feb. 15, 1977

“Jones, R&D Cont., p 1
“Ibid , p 2
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bleed stream, but the volume is far less than
wastes from nonregenerable systems. Sulfur is
unfortunately not a scarce element but may
become valuable when present sources are
depleted.

Only general statements can be made about
the waste disposal problems associated with
the spent sorbent from FBC, because no large-
scale demonstration yet exists. The amount of
sorbent waste generated will depend on the
chemical balance needed to assure adequate
removal of sulfur in the coal, but indications
now are that the volume will be greater than
that of sludge for a plant of comparable size
burning the same coal.  By contrast  with
SIudge, however, the sorbent has a much
higher solids content and greater structural
stability. Among the possible uses being in-
vestigated is as an agricultural fertilizer.

A key to the actual waste disposal alterna-
tive selected will be the application of the Re-
source Conservation and Recovery Act (RCRA)
described in the following section. Designation
of sludge as a “hazardous” material under
RCRA will result in extensive use of l iners,
chemical fixation, and landfi l l  disposal of
scrubber sludge. DOE has estimated that such
a designation could increase sludge disposal
costs by about 20 percent over costs incurred
by a “nonhazardous” designation” to a total
of about $600 million per year by 1990. Similar-
ly, designation of ash as hazardous material is
estimated to yield a 30-percent increase over
the costs incurred with a nonhazardous desig-
nation, to a total of about $1 billion by 1990
for utilities. As even a nonhazardous designa-
tion will require an upgrading from present
practice, the total cost of disposal for sludge
and ash is estimated to increase up to 45 per-
cent over present practice for a nonhazardous
designation, and up to 84 percent if both are
designated hazardous. The incremental cost of
waste disposal on electric generation was
estimated to range from 1.22 to 2.01 mils/kWh
under RCRA; in comparison, continuation of
current practice would cost approximately 1
mil/kWh (NEF#l). All of these cost estimates
have been challenged by the utility industry as

“National Environmental Forecast No 1.

being severe underestimates of the costs that
wilI have to be borne under RCRA.

These costs must be balanced against the
protection of ground waters and reduction in
Iand use impacts provided by the increased
controls. An unfortunate side effect of a haz-
ardous designation for ash might be the elimi-
nation of the ash byproduct market, but this is
clearly dependent upon the precise nature of
EPA’s regulatory stance,

Regulations

Impacts to water systems are regulated
under the Clean Water Act, the Surface Mining
Control and Reclamation Act (SMCRA), and
RCRA. These are discussed in detail in chapter
VII and summarized below.

The Clean Water Act sets effluent limita-
tions for chemical and physical discharges
from steam electric-generating plants, coal
preparation plants, and coal mines. For gener-
ating units, limitations have been established
for discharges of: total suspended solids and
oil and grease from low-volume waste sources,
ash transport water, metal-cleaning wastes,
and boiler blowdown; copper and iron from
metal-cleaning wastes and boiler blowdown;
free available chlorine from once-through
cooling water and cooling tower blowdown;
and materials added for corrosion inhibition,
including zinc, chromium, and phosphorus,
from cooling tower blowdown. In addition, dis-
charges of total suspended SO I ids from materi-
al storage and construction runoff are regu-
lated.

For coal mines and coal preparation plants,
l imitations have been established for dis-
charges of iron and total suspended solids
from acidic and alkaline mine drainage, and
for manganese from alkaline drainage. In addi-
tion, the pH of all discharges from generating
units, mines, and preparation plants must be in
the range of 6.0 to 9.0.

The Clean Water Act also limits thermal dis-
charges from steam electric-generating plants.
Standards of performance for new units pro-
vide that there shall be no discharge of heat
from the main condensers; existing units (with
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some exceptions) must meet this limit by 1981.
In addition, the Act requires that the location,
design, construction, and capacity of cooling
water intake structures reflect the best tech-
nology available for minimizing adverse envi-
ronmental impacts such as impingement and
entrainment of organisms.

Effluent sources must obtain a permit under
the National Pollutant Discharge Elimination
System (NPDES), which includes all applicable
effluent limitations. Variances are available
only for sources that can demonstrate that fac-
tors related to the equipment or facilities in-
volved, the process applied, or nonwater quali-
ty impacts (such as economic factors) are fun-
damentally different from the factors consid-
ered by EPA in establishing the effluent limita-
tions.

For the most part, the effluent limitations
established under the Clean Water Act are in-
tended to achieve a water quality goal that
provides for the protection and propagation of
fish, shellfish, and wildlife and for recreation
in and on the water by 1983. Stricter I imita-
tions designed to eliminate all pollutant dis-
charges will not be enforced until at least the
late 1980’s.

No Federal regulations deal with water con-
sumption by coal combustion facilities. Water
rights traditionally have been regulated by the
States, and the means of allocation vary wide-
ly by region. The 1977 amendments to the
Clean Water Act reaffirmed this system by
stating that the Act in no way impairs the au-
thority of each State to allocate quantities of
water within its jurisdiction. However, the Act
does require that water resource management
be considered in State water quality planning.

SMCRA sets performance standards for sur-
face mines and for the surface operations of
underground mines that are designed to pre-
vent acid and other toxic drainage as well as
runoff containing suspended sol ids, and to pre-
vent disruptions in local water supplies. Man-
dated pract ices to control  sur face mine-
related water pollution include stabil izing
disturbed areas, diverting runoff, regulating
the channel velocity of water, lining drainage
channels, mulching, selectively placing and

sealing acid-forming and toxic-forming materi-
als, selectively placing waste materials in
backfill areas, achieving rapid revegetation
and, where necessary, maintaining water treat-
ment facilities. In addition, all surface drain-
age from disturbed areas must be passed
through at least one sedimentation pond.

Additional requirements for underground
mines include designing mines to prevent grav-
ity drainage of acid waters and sealing and
controlling subsidence. Similar provisions ap-
ply to support facilities such as coal loading
and storage fac i l i t ie s ,  roads  and other
transportation faciIities, and mine buildings.

SMCRA also requires mine operators  to
minimize hydrologic disturbances. Overland
flows and stream channels may be diverted
when necessary to comply with other perform-
ance standards in the Act and when the diver-
sion meets specified engineering standards. In

addition, mine reclamation must restore the
premining capability of the area to transmit
water to the ground water system. The mine
operator also must replace water supplies used
for domestic, agricultural, industrial, or other
uses when they become contaminated, dimin-
ished, or interrupted as a result of mining ac-
tivity.

In order to obtain a mining permit, the mine
operator must demonstrate that these require-
ments will be met and that they will be ade-
quate to comply with all applicable Federal
and State water quality standards and effluent
limitations.

The disposal of combustion byproducts is
regulated under the Clean Water Act and
RCRA. Where the wastes are discharged to
receiving waters, they come under the Clean
Water Act; an example, as discussed above, is
ash transport water. Land disposal of the
wastes is regulated under RCRA, which seeks
to control open dumping of wastes under a
system of State plans and permits for waste
disposal. The Act distinguishes hazardous and
nonhazardous wastes and places more strin-
gent restrictions on the former. If either ash or
scrubber sludge is determined to be hazard-
ous, the disposal options for these substances
are constrained. For example, sludge ponds
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would have to be constructed in a manner that
would prevent any leaching to the ground
water. Similarly, burial of wastes or their use in
landfills or in roadbeds would be prohibited
where there is any possibility of leaching. In
addition, disposal of hazardous wastes would

be prohibited in wet lands or  f loodplains
(where most large combustion facilities such
as powerplants are located), adding substantial
transportation costs to the waste disposal
costs.

IMPACTS TO THE LAND

The impacts from air pollution provide an
interesting contrast to the direct impacts to the
land caused by the use of coal. The air emis-
sions from the coal fuel cycle stem primarily
from coal combustion. Many of the impacts
are subtle or are masked by other factors;
others take a long time to become manifest.

By contrast, the land impacts of the use of
coal stem primarily from the mining and waste
disposal portions of the fuel cycle. These im-
pacts are more site specific and often cause
acute and drastic alterations of a local area.
The land impacts of mine activities are more
likely to damage plantlife, animals, or human
beings by mechanical harm (such as that re-
sulting from removal of habitat or from land-
slides and floods) than by chemically induced
damage. Some land disruptions, such as blast-
ing damage, may be short term. Others, such
as subsidence, may Iinger for many years.

A variety of impacts to other media result in-
directly from perturbation of the Iand by coal
extraction and waste disposal. These include
air pollution from coal mine fires and fugitive
dust or water pollution from waste pile runoff.
Although the specific details are treated in the
sections concerned with the air and water
media, the interaction of the three media
shouId not be forgotten.

Sources, Effects, and
Control of Land Impacts

Surface Mines

Although estimated future coal production
levels, and therefore land use impacts, vary
considerably with assumptions about environ-
mental policy and economic conditions, most
studies show a very substantial increase in sur-

face mining in the northern Great Plains and,
to a lesser extent, in the Southwest. Surface
production in the Midwest fluctuates widely in
the long term with varying assumptions, al-
though it is unlikely to increase much by 1985.

As shown in table 36, Western surface min-
ing disturbs considerably less land per ton of
coal extracted than do Eastern and Central sur-
face mining. This occurs because many West-
ern coal seams are over 50 feet thick, allowing
extraction of more tons per mined acre.

The most obvious land impact of a surface
mine, while it remains active, is the complete
removal of the land from its normal uses. The

Table 36.—Land Affected by Coal Utilization

Acres over
30-year

Facility period

Mining: 10T5 Btu’s per yeara

Western strip ..........................................4...
Central strip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Central room and pillaP . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eastern contour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eastern room and pillarb . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gob and refuse disposalc . . . . . . . . . . . . . . . . . . . . . . . . . . .

Combustion/Conversion: c Input of 10’5 Btu’s/
year

Powerplants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lurgi gasification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Synthoil liquefaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

15,000-96,000
216,000
525,000
470,000
560,000

15,000

13,600
6,500
6,300

SOURCE: Calculated from White et al , “Energy from the West”, EPA—60017-77.
072a, July 1977.
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surface covering, which may have been agri-
cultural crops, range land, forests, or desert, is
replaced by the sights of excavation and the
sounds of blasting. Wildlife, deprived of food
and cover, must migrate if possible to other
areas. The unsightliness may degrade both
property and scenic values, impacting a dis-
tance beyond the mine equal to the extent of
the vista. Thus the surface mining of one
mountain can alter the recreational quality of
a large geographical area.

Once the coal resource has been extracted
from a given area, the land generally can be
recontoured and revegetated so that it can
support former uses. There is sufficient recla-
mation experience with most of the coal-pro-
ducing areas to suggest that successful recla-
mation will occur with the appropriate com-
mitment of resources. Doubts about the suc-
cess of reclamation procedures, however, have
been fostered by the poor attention given to
reclamation in the past. Some 420,000 acres of
mine lands are unreclaimed. Although more
stringent reguIations and keener public aware-
ness should produce a better record in the
future, the past can serve as a reminder of the
importance of constant monitoring. Doubts
about reclamation also stem from lack of ex-
perience in reclaiming some of the more eco-
logically fragile regions to be mined in the
future. In particular, experience with revege-
tating strip mines in the arid or semiarid
regions of the West is not extensive. A key
issue here is whether apparently successful
reclamation efforts may degrade over time, es-
pecialIy in the face of periodic droughts.

The concern over reclamation centers on
lands that play a unique vital role in a region,
and many of these critical lands are protected
by the 1977 SMCRA. Among these are the allu-
vial valleys, which often form the backbone of
the ranching and farming economy in semi-
arid regions. Even though only 3 percent of the
coal leases in an eight-State area of the West
underlie such valleys, the shallow overburden
there makes these lands most attractive for
mining. ” Some fear that even strip mining in
the lands adjacent to alluvial valleys, where 10
percent of the strippable coal exists, may have

9“’Appendix on Reclamation, ” Rall Report, p 27

hydrological impacts that would affect the
agricultural productivity of the valley floors.
As discussed below, SMCRA strictly regulates
mining on alluvial valley floors, but interpreta-
tion and enforcement of the law’s provisions is
critical to the actual degree of protection af-
forded these lands.

Another type of land where surface mining
might threaten the resumption of a vital func-
tion is the agricultural farmland of the Mid-
west. Before passage of SMCRA, new strip min-
ing would have encroached on prime agricul-
tural lands. For example, in 1976, about 75 per-
cent of the surface mine permits issued in 11-
Iinois were for lands classified as prime agri-
cuItural lands by the Soil Conservation Serv-
i c e . The main concern surrounding agricul-
tural lands is that the ecology of the soil sys-
tem is too little understood for the success of
reclamation to be guaranteed. Only recently
have researchers begun to treat soil as an
ecosystem rather than as a mineral. 00 It is not
known whether the soil productivity deteri-
orates as the soil layers are removed, sepa-
rated, piled, and stored.

Some concern also centers on stands of
hardwood timber in southern Appalachia that
require decades or even centuries of natural
forest succession to become re-established.
The Ponderosa pine forests in the West also
are believed to be quite difficuIt to re-
establish. A final concern is that some areas
(southern Appalachia in particular) have such
steep slopes that reclamation is unfeasible.
The rapid erosion of soil prevents successful
rooting of vegetation.

Surface mine reclamation usually proceeds
in parallel with excavation; the overburden
and topsoil from the active area are placed in
the area of the previous cut. The overburden is
backfilled, graded, and compacted. The top-
soil is removed and replaced as a separate
layer. The land is then replanted with some
species of vegetation.

Besides merely replacing topsoil and over-
burden separately, these materials must be

“ D e p a r t m e n t  o f  M i n e s  a n d  M i n e r a l s ,  “ 1 9 7 6  A n n u a l
Report – Surface Mine Land Conservation and Reclama-
tion, ” Springfield, III , 1976

1100’’Appendix on Reclamation, ” Rail Report, p 35



replaced properly: toxic or acid-producing
layers in the overburden must be identified
and covered by sufficient depth of acceptable
material to prevent containinants from enter-
ing the aquatic environment; layers must be
ordered to prevent fine topsoil particles from
being swallowed by coarse particles. Finally, a
thick layer of subsoil must underlie the topsoil.
All plans for soil layer replacement must be
based on thorough analysis of the overburden
in the area.

In prime agricultural lands, the permanent
provisions of SMCRA require the segregation
of topsoiI horizons so that the root zone can
be reestablished. Before a permit is granted for
a new surface mine in such areas, the operator
must demonstrate that the original soil produc-
tivity will be restored. Some operators current-
ly mining prime farmlands contend that they
have indeed done this, but the regulations re-

quire proof in the form of scientifically valid
experiments.

The provision to return land to its approx-
imate original contour will help minimize any
permanent disruption by surface mining in
most locations. However, universal applica-
tion of this requirement may be inappropriate.
I n the steep terrain of Appalachia, reclamation
of slopes greater than 300 may be hindered if
the land must be returned to its original slope,
as the long, uninterrupted slopes will promote
erosion. (The law does, however, allow the use
of terracing and other erosion control meas-
ures to alleviate this problem. ) In other areas,
local governments and residents might prefer
alternative configurations to allow new uses
(or enhance old uses) of the land. For instance,
land contour shaping can be used to trap water
and allow growth of important wildlife cover
in portions of the arid West.
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Underground Mines

Although less conspicuous than surface
mines, deep mines nevertheless can have se-
vere impacts on the land. Aside from their im-
pacts on hydrology, underground mines have a
potential for subsidence. This problem occurs
when the support of the mine roof either shifts
or CO I lapses. While subsidence can occur dur-
ing the active operation of a mine, it is more
likely to be delayed for many years as the mine
pillars slowly erode and collapse. The altered
ground slopes can damage roads, water and
gas lines, and buildings. The subsidence may
further change natural drainage patterns and
river flows, intercept aquifers and existing
springs, or create new springs and seeps.

The extent, severity, and timing of the sub-
sidence are complex functions of soil composi-
tion, overburden thickness, and mining meth-
od, to name only a few relevant factors. The
difficulty in predicting and preventing sub-
sidence complicates land use planning greatly.
Just the potential for subsidence may reduce
the land available for construction of homes
and businesses. Even farming of the land may
be discouraged by possible future unevenness
of the surface.

Unfortunately, re l iab le  su rveys  o f  sub-
sidence do not exist, although a sizeable per-
cent of the 8 milIion acres undermined to date
have experienced some degree of subsidence,
and more of this acreage may yet subside in
years to come. Future subsidence impacts will
depend heavily on the success of preplanning
and control measures, and upon the degree to
which underground mines will contribute to
the future U.S. coal supply. A Bureau of Mines
report estimates that a potential 1.5 million
acres would be affected by subsidence by
2000. 101 A study of the environmental impact
of the National Energy Plan assumed that 35
percent of coal production would come from
underground mines by 2000. The study pre-
dicted that, in that year, underground mines
would account for three-fifths of the land
disturbance by total coal production. Most of
the impact would be in the Middle and South

‘“ ’ ’ ’  Appendix on Acid Mine Drainage and Subsi-
dence,” Rail Report, p 37.

Atlantic regions, where underground mines
could affect up to a few percent of the total
land in those regions. 102

The amount of land potentially disturbed by
underground mines is greater than that for sur-
face mines of the same production capacity,
as illustrated in table 36. This table compares
the land affected by 30 years of various types
of coal activity that produce or consume 1
Quad of energy. This comparison between the
effects of surface and deep mines must be
made cautiously. Surface mining disturbs all
the land, but for a l imited time. For deep
mines, one can cite only the maximum amount
of land that could be disturbed, with the ac-
tual acreage, duration, and degree of disrup-
tion subject to greater uncertainty.

Subsidence problems can be addressed by
both preventive and corrective measures. The
common preventive measure for subsidence is
to leave a considerable portion of the coal
itself — sometimes as much as half — in place
as a roof support.

Another strategy is to allow subsidence to
occur but in a controlled manner. In this
scheme, called longwall mining (see chapter
I II) each section of the mine is collapsed after
all the coal is extracted. This allows surface
subsidence to occur sooner than with room
and pillar mining, and the subsidence also oc-
curs more evenly with major disruptions only
at the perimeter of the mined area. Thus,
future plans for the land may be made with
greater certainty. Longwall mining is used ex-
tensively in Europe, but there has been less ex-
perience in the United States.

One of the few corrective measures that can
be applied to existing mines is to backfill them
with mine waste or other materials (including
FGD sludge). At first glance this suggestion
seems to solve the waste disposal and subsi-
dence problems at the same time. More exten-
sive studies, however, reveal that this method
i s  qu i te expensive, involves considerable
hazard to workers and may release contami-

‘[’2 Annual Environmental Analysis Report, Vo/ume I
Technical Summary (Washington D C U S Energy
Research and Development Administration, Office Of
Environment and Safety, September 1977)
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nants into the ground water. I n addition, some
mine wastes and untreated sludge lack the
structural strength to provide the needed sup-
port for the mine roof. An additional tech-
nique that is quite feasible for some of the
shallower mines is “daylighting;” it involves
surface mining to obtain the remaining coal
and reclaiming the entire area. This technique
is a cure for acid mine drainage as well as sub-
sidence in abandoned mines.

Regional Factors

The regional variation of the extent of land
disturbed is largely a function of the thickness
of the predominant coal seams. Western coal,
although low in heating value (and thus at a
certain disadvantage when comparing impacts
on a unit energy basis), affects strikingly less
acreage than either Eastern or Central coal
because of the extreme thickness of the coal
seams (seams greater than 50 feet in thickness
are not uncommon). On the other hand, many
Appalachian seams are only a few feet thick
and thus require the disturbance of consider-
ably greater acreage to extract the same coal
energy. In fact, virtually all of the effects of
mining vary greatly with geographical factors,
so it is instructive to give an overview of the
pertinent characteristics of each general pro-
vi rice.

The major coal-producing area in the East –
Appalachia —can be divided into two regions,
based on differing concerns over mining. In
northern Appalachia, stretching upwards from
the northern coalfields of West Virginia, the
topography is not rugged, and the soils contain
substantial acid-forming materials. The region
is densely settled, and the land is dotted with
small farms and forested primarily with soft-
woods. By comparison, southern Appalachia
has more steep, rugged terrain and smaller
concentrations of acid-forming strata. The
population is less dense and the forests are
mainly hardwoods.

These characteristics make the impacts of
acid drainage more severe in the northern re-
gion and necessitate careful attention to prop-
er management of toxic spoil banks there. In
addition, the subsidence problem is of greater
impact in northern Appalachia, for more lands

are subject to residential or agricultural devel-
opment. A considerable fraction of the subsi-
dence problem in Pennsylvania has resulted
from the underground mines in the urban areas
of the anthracite region.

The problems of surface mining are more se-
vere in southern Appalachia because of steep
slopes and heavy rainfalls. The stands of hard-
wood forests require much longer times to re-
establish than do the softwood forests of the
northern region.

Surface mining in the Illinois Basin will be
limited in those portions that are designated as
prime farmland, as discussed earlier. In other
regions, reclamation is facilitated by relatively
flat topography and favorable rainfall. The im-
pact of subsidence from underground mining
in this region is relatively unknown, but sub-
sidence may pose serious problems for agricul-
tural lands.

Over the next several decades, surface min-
ing is expected to dominate coal extraction in
the northern Great Plains. The key problem in
reclamation will be the scarce water supply
and rainfall, coupled with the lack of ex-
perience with reclamation in this region. The
alluvial valleys in these regions are protected
by the SMCRA, as discussed earlier.

Surface mining also will be the dominant
mining method in the gulf coast, where lignite
reserves are concentrated in Texas. Except in
the areas south of the Colorado River, rainfall
appears adequate and potential land impacts
minimal.

In the Rocky Mountains, most mines in west-
ern Wyoming, western Colorado, and Utah will
be underground. The low population density
and infrequent farms should minimize eco-
nomic damage from subsidence. By contrast,
the subbituminous coal deposits in New Mex-
ico and Arizona will most likely be surface
mined. The l imited rainfal l  could hamper
reclamation efforts, but some mines have been
successfully revegetated when irrigated.
Therefore, the surface mine impact there is
uncertain.
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M i n e  W a s t e s

Both surface and underground mines g e n e r -
ate large quantities of wastes that impact both
water and land. The waste is of three types:

1. the solid waste from underground mines,
which commonly is called “gob” and cor-
responds in composition to the over-
burden removed in surface mining;

2. the refuse from coal washing and prepara-
tion, which consists of coal waste and
other impurities; and

3. the sludge resulting from treatment of
acid mine drainage.

The total amount of solid waste generated
by coal mines in 1975 was estimated to be
almost 50 milIion tons.

Although the percentage of coal that is
washed has decreased from about 65 to 41 per-
cent between 1965 and 1975, the fraction of
coal that is discarded has increased from
about 20 percent to around 29 percent. One
reason for the larger quantity of waste from
coal cleaning is the greater use of automated
equipment that digs less selectively than the
hand-mining methods of the past. A second
reason is that most coal is now being extracted
from seams that are less rich and hence con-
tain more impurities. More than 3 billion tons
of waste Iie in 3,000 to 5,000 refuse banks in
Eastern coalfields.

One of the most obvious impacts of these
unsightly wastes is the degradation of local
property values and destruction of esthetics.
The land used for waste disposal, unless re-
claimed, is no longer available for other uses.
Furthermore, the gob, refuse, and sludge cre-
ate dangers of many kinds if effective disposal
techniques are not applied to them. First, the
refuse piles contain flammable material that
makes them susceptible to spontaneous com-
bustion. They are also vulnerable to landslides
and erosion because they usually are com-
prised of mixed, poorly graded, and uncom-
pacted material. These wastes have been used
to construct dams near the minesite for im-
poundment of water or slurry, a use to which
they are poorly suited. The danger of this prac-
tice was dramatized in 1971 when such an im-
poundment, in Buffalo Creek, W. Va., broke

during a heavy rainstorm and flooded the val-
ley below, causing more than 125 deaths and
millions of dollars in property damage. A 1974
study of dams in the East, only 40 percent com-
pleted, found 30 similar water impoundments
that were classified as imminent flood hazards
and 176 additional structures that were classi-
fied as potential flood hazards ‘“3

A major concern about coal gob and refuse
piles — especially in the eastern regions — is
their content of acid-producing materials. Ex-
posure of these layers to air and water causes
the leaching of coal impurities into surface
and ground waters. Erosion of these wastes
also contributes sediment and dissolved sol ids
to local waterways, as was discussed in the sec-
tion on water impacts.

Transportation and Transmission

The key factors determining the land re-
quirements for the various coal energy trans-
portation modes are the right-of-way require-
ments, disturbances outside the right-of-way,
the directness of the route, barriers created,
other uses of the right-of-way, and other uses
of the mode. Transmission and waterways gen-
erally require the widest paths, typically about
200 feet. Waterways may also produce flood-
ing for a much wider distance, or require exten-
sive areas for disposing of dredged material,
Slurry pipelines may disturb large areas during
construction. Rails, waterways, and highways
may act as barriers to people or wildlife. These
three modes can be useful for other purposes,
while slurry and transmission lines are dedi-
cated to one product. The rights-of-way of the
latter, as well as those of waterways, however,
may have multiple uses such as pathways or
farming, which may provide a Iand benefit. In
the case of very high-voltage transmission
lines, multiple use may be compromised be-
cause of the possibility of electrical effects.
The existence of these effects remains a con-
troversial issue.

‘“’ The National Strip Mine Study– Vol. 1, Summary Re-
port, (U S Department of the Army, Corp of Engineers,
Washington, D.C. 1974)
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Coal Combustion

AS noted earlier, both the ash and the scrub-
ber sludge produced by utility and industrial
boilers represent a very sizable disposal prob-
lem. With particulate collectors on most large
coal-fired boilers, 92 percent of all fly ash gen-
erated in the United States is now collected.
This collection efficiency should increase with
time because Federal standards now require
greater than 99-percent collection for moder-
ate and large boilers. Also, provisions for re-
quiring technological controls for SOx wil l
yield increasingly large amounts of scrubber
sludge requiring disposal. As noted in the pre-
vious section, the total solid waste— fly ash,
bottom ash, and slag–generated in 1985 is
projected to be approximately 80 million tons
per year, while scrubber sludge is expected to
be about 19 million tons assuming moderate
coal growth. ’04 Although this weight of sludge
is only about one-quarter of that projected for
ash wastes, the two materials may necessitate
comparable storage volumes because of the
high water content of the sludge. For example,
the sludge produced in 1 year by a “typical”
1,000-MW powerplant (3.5 percent sulfur, 90
percent SO2 removal, 12 percent ash, 6,400
hrs/yr, 20 percent excess lime, 50 percent oxi-
dation, 0.88 lb coal/kWh) requires 630 acre-feet
of pond volume if it is 40-percent solids and
270 acre-feet if the sludge is dewatered to 70-
percent solids. The ash produced in 1 year
would occupy about 140 acre-feet. Over a 30-
year lifetime, the plant would require about
600 acres for waste disposal (assuming the ash
and dewatered sludge are mixed and placed in
a 20 feet thick storage area). By the year 2000
or so, the cumulative storage area devoted to
these wastes could approach 100,000 acres, or
welI over 100 square miles (based on the same
assumptions).

Although the land use requirements for
sludge disposal are similar to those for ash
disposal, the actual land impact attributed to
the sludge could be considerably greater than
that of the ash if pending remains a predomi-
nant sludge storage mechanism; in that case,
the land utilized will be unavailable for devel-

‘(’’National Environmental Forecast No. 1.

opment for a considerable period. The choice
of disposal technique, if not dictated by RCRA,
should depend largely on the value of land, Of
the major sludge-producing regions, the more
densely populated ones–the Midwestern,
New York/New Jersey, and MiddIe Atlantic
regions — might be expected to lean heavily
toward landfill disposal. As the major prob-
lems associated with obtaining suitable land
disposal sites may fall on industrial coal users
rather than on utilities — because the industrial
plants may be expected to locate closer to ur-
ban centers– industrial users may also be ex-
pected to lean more heavily toward landfills.
However, other factors, such as the impor-
tance and vulnerability of ground water and
the State and local regulatory climate, should
play a major role in disposal decisions.

Regulations

The land impacts of coal production and use
are regulated primarily under SMCRA and
RCRA, which are directed at mining and waste
disposal practices that tend to cause land im-
pacts. In addition, a variety of provisions cover
the potential land impacts of transportation
and transmission. These laws are summarized
below and discussed in detail in chapter VI 1.

The primary purposes of SMCRA are:

●

●

●

to ensure that surface coal mining opera-
tions are conducted in a manner that pro-
tects the environment,
to ensure that adequate procedures are
undertaken to reclaim surface areas as
contemporaneously as possible with min-
ing operations, and
to strike a balance between protection of
the environment and agricultural produc-
tivity and the Nation’s need for coal as an
essential source of energy.

i o accomplish these ends, SMCRA man-
dates State permit systems in accordance with
Federal guidelines that include comprehensive
performance standards for surface mining
operations and for the control of surface ef-
fects of underground mining.
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For surface mining, the environmental per-
formance standards regulate the removal, stor-
age, and redistribution of topsoil; siting, ero-
sion control, drainage, and restoration of coal
haul roads; protection of water quality and the
hydrologic balance; waste disposal; backfill-
ing, grading, and revegetation, and postmining
land uses. This section discusses those provi-
sions of SMCRA that relate to areas of special
concern, such as alluvial valleys and prime
farmland. The overall legal framework of the
Act is discussed in chapter VI 1.

Minimum performance and reclamation
standards for alluvial valley floors in the arid
and semiarid areas in the Western United
States are intended to preserve existing or
potential agricultural uses and productivity.
An applicant for a mining permit in these areas
must demonstrate that the operations will pre-
serve the essential hydrologic functions of an
alIuvial valIey floor by maintaining the geo-
logic, hydrologic, and biologic characteristics
that support those functions. These require-
ments apply both to disturbed and adjacent
undisturbed areas. I n addition, surface mining
and reclamation operations may not interrupt,
discontinue, or preclude farming on alluvial
valley floors unless the premining land use is
undeveloped rangeland or the area affected is
small and production is negligible. The mine
operator must conduct environmental moni-
toring to ensure that these requirements are
met; where the monitoring shows they are be-
ing violated, mining must cease until approved
remedial measures are taken. However, mines
that were permitted or in production before
August 1977 are exempt from these SMCRA re-
quirements.

SMCRA also includes regulations designed
to minimize the effects of surface mining on
prime farmland so that the land wil l have
equal productivity after mining and is not lost
as a resource. Each soil horizon used in recon-
struction of the soil must be removed before
drilling, blasting, or mining in a manner that
prevents mixing or contaminating the soil hori-
zon with undesirable material. When replaced
and reconstructed, the soil material must be at
least 48 inches deep and must create a final
root zone of comparable depth and quality to

that which existed prior to mining. In addition,
the surface soil horizon must be replaced in a
manner that prevents excessive compaction
and reduction of permeability and that pro-
tects against wind and water erosion. Finally,
the operator must apply nutrients and soil
amendments as needed to establish quick
vegetative growth.

Protection of timber stands under SMCRA is
not as rigorous as that afforded to alluvial
valley floors and prime farmland. In general,
mine operators must establish a diverse, effec-
tive, and permanent vegetative cover of spe-
cies that are native to the area or that support
the approved postmining land use. Introduced
species may be substituted only if they are of
equal or superior uti l ity for the postmining
land use and if they meet the requirements of
State or Federal laws. Specific provisions for
forest land in the Eastern United States, as
measured 5 years after planting, require an
average of 600 trees of commercial species of
at least 3 years of age per acre. I n the Western
United States, where shelter belts, wildlife
habitat, or commercial or other forest land is
the approved postmining land use, the oper-
ator must conduct a premining and postmining
inventory of vegetation. The density and num-
ber per unit area of trees and shrubs on the
restored land must be equal to or greater than
90 percent of the premining density and num-
ber. The success of the reforestation, in terms
of species, diversity, distribution, seasonal
variety, vigor, and regenerative capacity of the
vegetation, is evaluated on the basis of the
results that reasonably could be expected from
the approved reclamation plan.

Finally, reguIations promulgated under
SMCRA provide special environmental per-
formance standards for operations on steep
slopes. Spoil and waste materials may not be
placed on the downslope; the highwall must be
completely covered with compacted soil and
graded to the original contour; land above the
highwall may not be disturbed; woody materi-
als may not be buried in the backfill area, and
unlined or unprotected drainage channels may
not be constructed on backfiiIs unless they are
stable and not subject to erosion.
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Photo credit: Union Pacific

COAL MINING.—This was a coal mine pit 3 years ago. Arch Mineral, operator of the Medicine Bow Coal Mine in Wyoming,
follows rigorous reclamation, regrading worked over areas into gentle contours and reseeding with native grasses
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105D Willard, et al “Land Use Changes Resulting from
Strip Mining in the Ohio River Basin Energy Study
Region” (Draft Report, unpublished) October 1978


