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TRACE ELEMENTS IN COAL.:
THE NEXT CHALLENGE

Cortland F. Eble and James C. Cobb

The occurrence of trace elements in coal is an impor-
tant topic currently being discussed by coal and elec-
tric-power-industry personnel, and by environmental
regulators and government officials. The high level of
interest in trace elements is demonstrated by the many
conferences currently being held on the subject, and
also by the increased activity in trace-element research.
The Environmental Protection Agency (EPA) is cur-
rently involved in a federally mandated investigation
to determine whether further regulation of trace-ele-
ment emissions is necessary for coal-fired utilities.

Trace elements are chemical elements such as lead
and mercury that generally occur in very small
amounts in coal. Coal is composed not only of the ele-
ments normally considered to be components of coal
(carbon, oxygen, hydrogen, sulfur, and nitrogen), but
also of other elements that combine with the organic
molecules that comprise the coal, and minerals that are
associated with the coal. The present concern is that the
combustion of coal in power plants causes the release
of these trace elements into the environment. While
coal contains only tiny amounts of these elements (usu-
ally measured in parts per million), the large volumes
of coal burned each year have the potential to emplace
large amounts of these elements into the environment.

The following hypothetical example might help ex-
plain the importance of trace elements in coal. If a trace
element exists in coal in the concentration of 50 parts
per million, then the combustion of 1 million tons of
coal would produce 50 tons of this trace element. Con-
sidering that some power plants burn 2 to 3 million tons
of coal per year, substantial amounts of this trace ele-
ment could be emitted. This is only a hypothetical ex-
ample, and many factors not considered here might
moderate the actual amount of trace elements emitted
into the environment. For instance, not all trace ele-
ments are volatilized upon combustion and escape into
the atmosphere with flue gases. In fact, many are
trapped in the bottom or fly ash byproduct of coal com-
bustion. Others become incorporated into flue-gas-de-
sulfurization (scrubber) residue.

Industries other than electric utilities that are
deemed to be “significant emitters” (i.e., those that emit
10 tons per year of any one trace element, or 25 tons or
more of any combination of elements) will automatical-

ly be required by the EPA to implement pollution-re-
duction technologies. These control strategies must use
the maximum achievable technology. If a public-health
risk remains after control strategies are adopted, then
further controls may be required. Presently, coal-burn-
ing electric utilities are not classified as significant emit-
ters, although EPA is in the process of determining the
status of coal and other fossil-fuel-burning power
plants.

Title III of the Clean Air Act Amendments of 1990
concerns Hazardous Air Pollutants (HAP’s). Of the near-
ly 200 substances listed in the act as hazardous air pol-
lutants, 11 are trace elements commonly found in coal.
These 11 are, in alphabetical order, antimony, arsenic,
beryllium, cadmium, cobalt, chromium, mercury, man-
ganese, nickel, lead, and selenium (Table 1). Electric uti-
lities will be required to monitor the levels of these ele-
ments in their emissions and perhaps in the feed stock.
Testing for trace elements in coal by coal companies
will become a much more common practice. This test-
ing requires very specialized and sophisticated equip-
ment, which translates into increased cost.

Trace elements in coal can be divided into two broad
groups: those that occur as part of the coal molecule (or-
ganic) such as beryllium and selenium, and those that
occur as part of the mineral fraction of coal (inorganic)
such as arsenic and lead (Swaine, 1990). This distinc-
tion is important because some trace elements linked to
the minerals in coal may be removed by coal cleaning
prior to combustion. Some of the 11 HAP's in coal, how-
ever, may occur in both the organic and inorganic frac-
tions of coal, thus making accurate washability predic-
tions difficult. When coal is burned, some trace
elements are concentrated in the incombustible portion
of coal that either is collected as bottom ash (slag) or fly
ash by particulate control systems (e.g., electrostatic
precipitators). some very volatile elements, notably
mercury and selenium, may escape with flue gas.

The subject of trace elements in Kentucky coals is not
new to coal scientists and geologists. Sampling of Ken-
tucky coal to characterize the trace-element content be-
gan almost 20 years ago. The Kentucky Geological Sur-
vey, aware of the potential concerns about trace
elements in coal, has worked closely with the U.S. Geo-
logical Survey to collect and analyze more than 1,000
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Table 1.—The Periodic Table of Elements. The 11 Trace Elements in Coal that the EPA has Listed as Hazardous Air Pollutants (HAP's) are

Highlighted.
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. Chromium (Cr)—Much chromium is appar-

ently organically bound, as indicated from
float-sink data, but information as to its
association is inconclusive. Chromite (FeCrQOy)
is an inorganic source. Potential removal by
standard coal preparation procedures is incon-
clusive. There is no information on the dis-
tribution of chromium in coals in the United
States.

. Cobalt (Co)—Cobalt probably is associated

with sulfide minerals in coal, mainly pyrite.
Some may occur with clays, and some may be
organically bound. Fifty to 75 percent of cobalt
should be removable by conventional coal-
cleaning techniques. There is no information
on the distribution of cobalt in United States
coals.

. Lead (Pb)—Lead is associated with sulfide

minerals. Galena (PbS), both fine-grained and
massive forms, may be the most common form
of lead in coal. Much of the lead in coal should
be removable by conventional coal-cleaning
techniques. Areas that have high concentra-
tions of cadmium and zinc may also have high
lead concentrations.

. Manganese (Mn)—Manganese in bituminous

coal occurs mainly in solid solution in the car-
bonate minerals siderite (FeCO3) and ankerite
(Ca(Fe, Mg, Mn)(CO3)2). In low-rank coals,
some manganese may be organically bound.
At least a 50 percent reduction of manganese
should be expected using conventional coal-
cleaning techniques.

. Mercury (Hg)—Mercury is extremely volatile,

and is present in very low concentrations (gen-
erally less than 0.5 ppm). Much of the mercury
in coal is in solid-solution pyrite, especially
epigenetic (late-stage) pyrite. Mercury and ar-
senic have similar occurrences in raw coal and
behave similarly in coal cleaning. Coals with
low levels of mercury will also tend to be low
in mercury. Twenty-five to 50 percent of mercu-
ry in coal should be removable by preparation
procedures, but the data are somewhat anoma-
lous.

Nickel (Ni)—Nickel may have both an inor-
ganic (primarily with sulfides) and organic
association in coal. Removal by coal-cleaning
techniques will depend on this association.
There is virtually no information on the dis-
tribution of nickel in United States coals.

11. Selenium (Se}—Selenium is mostly organically
bound. A small portion is associated with py-
rite and some other sulfide minerals (e.g., gale-
na). As most selenium appears to be organic,
coal-cleaning practices will not remove much.
The highest concentrations of selenium in
United States coals are in Gulf Coast lignites.

Most coal-fired power plants employ electrostatic
precipitators or fabric filters (e.g., baghouses) for the
collection of very fine particulate matter in flue gases.
As most of the trace elements are associated with these
particulates, some concern exists as to the fate of trace
elements, and their potential interaction with ground
waters, when fly ash is buried or introduced into a set-
tling pond.

While coal itself is a primary source of trace ele-
ments, some elements may actually come from sorb-
ents, additives, or fluxes. Clarke (1993) referred to two
studies in Europe where the crushed limestone used in
flue-gas-desulfurization systems provided a signifi-
cant source (more than 90 percent) of certain trace ele-
ments, especially arsenic, cadmium, lead, and zinc.
Furthermore, although flue-gas-desulfurization sys-
tems effectively prevent trace elements from gaining
access to the atmosphere, they do concentrate elements
in scrubber residue and waste water (Clarke, 1993).

In an experimental atmospheric fluidized bed com-
bustion unit, the addition of limestone to the bed to
control SO, emissions was found to increase the levels
of some trace-element emissions, notably lead, cad-
mium, and manganese, four to six times the levels
when tests were run without the sorbent (Clarke, 1993).

The concentration of certain trace elements in Ken-
tucky coal is a growing concern, and certainly warrants
further study. We need to better define the variability of
these trace elements in the coal we mine and use. We
also need to be concerned about the fate of these ele-
ments in coal-ash byproduct and desulfurization resi-
due so that we can continue to use coal as a primary
power source in an environmentally sound manner.
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