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TECHNICAL PAPER

ABSTRACT
The long-term stability of Hg in coal combustion by-
products (CCBs) was evaluated at ambient and near-
ambient temperatures. Six CCB samples with atypically
high levels of total Hg were selected for study assuming a
greater potential for release of measurable amounts of Hg
vapor. The samples selected included two fly ash samples
from U.S. eastern bituminous coal, two fly ash samples
from South African low-rank coal, one fly ash from Pow-
der River Basin (PRB) subbituminous coal blended with
petroleum coke, and one PRB subbituminous coal fly ash
incorporated with flue gas desulfurization material.

Air scrubbed of Hg was passed through compacted
100-g aliquots of each sample at 1 mL/min and vented
to a gold-coated quartz trap to collect released Hg vapor.
The samples were maintained at ambient and near-
ambient (37 °C) temperatures. All samples released low-
picogram levels of Hg after 90 days. No pattern was evi-
dent to link the total Hg content to the rate of release of
Hg vapor. An average of 0.030 pg Hg/g CCB/day was re-
leased from the samples, which equates to 2.2 × 10–8 lb
Hg/ton CCB/year. If this were applied to a coal-fired
power plant production of 200,000 tons of fly ash per
year, there would be a maximum potential release of
0.0044 lb, or 2.00 g, of Hg per year. Experiments are con-
tinuing to determine long-term vapor release of Hg from
CCBs. All samples have been set up in duplicate at ambi-
ent temperature with an improved apparatus to reevalu-
ate results reported in this article.

INTRODUCTION
Mercury is of great concern because of its potential to
bioaccumulate. The 1990 Clean Air Act Amendments re-
quired the U.S. Environmental Protection Agency (EPA)
to submit to Congress a study on atmospheric Hg emis-
sions. The resulting EPA “Mercury Study Report to Con-
gress,” addressing both human health and environmental
effects, identifies the coal-fired electric utility generation
industry as the largest anthropogenic source of Hg emis-
sions in the United States.1 On December 14, 2000, EPA
announced it would regulate Hg emissions from coal- and
oil-fired electric utility steam-generating power plants. EPA
will propose regulations by December 15, 2003, and issue
final regulations by December 15, 2004.

As technologies reduce the air emissions of Hg, the
amount of Hg in coal combustion byproducts (CCBs)
will likely increase. This poses a critical question: Will
the Hg removed from the flue gas really be removed
from the environment or will it be released later? Con-
cern that all of the Hg present on any coal ash might
be released to the air after a long-enough time period
was voiced at the EPA Coal Combustion Residues Work-
shop held January 10–11, 2001, in Research Triangle
Park, NC.

Long-term stability experiments were designed to
measure Hg vapor release from CCBs at ambient tem-
perature and at a temperature above ambient, as might
be encountered from summer conditions or in sunlight
warming an ash deposit. The elevated temperature re-
ferred to as near-ambient was set at 37 °C (99 °F). In an
earlier study, thermal desorption indicated no signifi-
cant Hg peaks at temperatures below 150 °C.2 It was de-
termined that the most likely species of Hg that would
be released from CCBs at the conditions chosen would
be Hg vapor in the reduced state. The CCBs used in this
project were chosen from ash from the United States,
South Africa, and South America having total Hg con-
tents ranging from <0.002 to 1.240 µg/g, with an aver-
age of 0.244 µg/g. Other reported mean values of Hg in
fly ash are 0.500 µg/g based on historical data from the
EPRI PISCES (Power Plant Integrated Systems: Chemical
Emissions Studies) database3 and 0.395 µg/g based on
1998 mass balance calculations.4
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IMPLICATIONS
Although the Hg content in U.S.-generated coal ash is
relatively low, the production of more than 100,000 tons
of coal ash annually in the United States raises questions
about the potential for Hg to be released from coal ash to
the environment. As Hg emission control technologies are
implemented, there is potential for coal ash Hg concen-
trations to increase. In developing an understanding of
the potential for Hg release from coal ash, it is important
to develop techniques to evaluate those potential releases.
This paper examines a technique in which the Hg vapor
released from coal ash is determined.
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EXPERIMENTAL
Six various coal ashes were chosen from ash in a collection
of CCBs analyzed in a previous study at the Energy & Envi-
ronmental Research Center (EERC). Table 1 shows that the
total Hg content in the ash samples chosen ranged from
0.112 to 0.736 µg/g, determined by cold-vapor generation
atomic absorption spectrophotometry. These values are not
typical of CCBs and were selected as having the greatest
potential for releasing measurable amounts of Hg vapor.
With samples containing these levels of bulk Hg, even
minute percentage releases would be measurable.

A 100-g aliquot of each ash sample was placed and
compacted into tall, wide-mouth 250-mL bottles with
bonded Teflon liner caps (see Figure 1). Two sets of samples
were set up to compare and contrast the release of Hg at
ambient and near-ambient temperatures. Breathing-qual-
ity air from a cylinder was introduced at the top of the
container through a gas inlet in the cap. This caused the
container to become slightly pressurized and forced air
through the ash. The air that passed through the ash was
collected by an outlet tube and vented to a trap to collect
any Hg released. The outlet of the container was a glass
tube in the center of the sample that terminated several
millimeters from the bottom of the container. Glass wool
and a 0.45-µm Teflon filter prevented ash from escaping
with the air. Mercury released from the ash was trapped
on the gold-coated quartz analytical trap. The coarse sec-
ond gold-coated quartz guard trap was present to prevent
any Hg in the surroundings from entering the system.
The collection system, consisting of the two gold-coated
quartz traps contained in one tube, was blanked by heat-
ing to 500 °C, driving off all Hg before being placed on
the ash containers.

A flow rate of 1 mL/min of air was the target gas flow.
The near-ambient sample set was placed in a 37 °C heated
sand bath. Both sample sets shared the same gas stream
from a common gas manifold. All gas was scrubbed
through a gold-coated sand trap for Hg removal. In addi-
tion to scrubbing of the common gas stream, each con-
tainer had an individual gold-coated sand trap connected

directly to the inlet tube. These precautions were found to
be necessary because of the extremely low levels of Hg be-
ing determined. After Hg vapor collection, the tubes were
desorbed by heating the analytical gold-coated quartz trap
to 500 °C, and the amount of released Hg was detected with
atomic fluorescence. The atomic fluorescence millivolt read-
ing was used to determine the mass in picograms of Hg ac-
cumulated during the time period of Hg vapor release.

The tubes were desorbed several times for varying
durations for the capture of Hg vapor. Several occurrences
warranted desorption of the tubes. The collection time
periods and reasons for desorption are given in the next
paragraph. Mercury vapor was captured for a total of 263
days from the ambient sample set and 216 days from
the near-ambient sample set. Containers with no ash
(blanks) were added to the sample sets in the middle of
the project to potentially determine the amount of Hg
in the airstream.

Table 1. Ash sample total Hg content.

Ash Sample Coal/Ash Description Total Hg
Content (µg/g)

99-188 PRB subbituminous fly ash + flue gas 0.112
desulfurization material

99-189 PRB subbituminous + petroleum coke fly ash 0.736
99-692 Eastern bituminous fly ash 0.140
99-693 Eastern bituminous fly ash 0.268
99-722 South African fly ash 0.638
99-724 South African fly ash 0.555

Figure 1. Mercury collection apparatus.
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Ambient sample set:
• 2 days: A check for the presence of Hg vapor

release
• 55 days: Gold-coated quartz pretraps added

before collection apparatuses
• 26 days: Air cylinder ran out during night
• 90 days: Desired sample collection time

Near-ambient sample set:
• 10 days: Gold-coated quartz pretraps added

before collection apparatuses
• 26 days: Air cylinder ran out during night
• 90 days: Desired sample collection time

RESULTS AND DISCUSSION
A flow rate of 1 mL/min was the target gas flow; however,
1–4 mL/min was actually achieved in the initial part of the
experiment. In the last 90-day period, average flow rates of
air through the ash were maintained at ~1 mL/min by ad-
justing the flow to each container inlet every few days us-
ing clamps. The results of all desorption tests are shown in
Tables 2a and 2b. The letter “A” indicates ambient samples,
and the letter “N” indicates near-ambient samples. The N99-
188 initial 90-day desorption value was over the instru-
ment range; however, a value was calculated. It is thought
that the higher values of emitted Hg for the last equilibra-
tion period were caused by saturation of the inlet Hg traps
with accumulation of a large blank from the gas stream.
The desorbed tubes from the blank containers yielded
higher concentrations of Hg than did any sample tubes.

The average release of Hg from the ambient samples
is 5.936 pg/g, or 0.023 pg/g/day. The average release of
Hg from the near-ambient samples is 7.703 pg/g, or 0.036
pg/g/day. The near-ambient average does not include the
value for N99-188 because the value has not been con-
firmed. Table 3 shows the amount of Hg released as a per-
centage of the total Hg content of the sample. The average
amount of Hg released from all samples excluding N99-
188 is 0.0038% of the total Hg.

Sample 99-188 has the lowest total Hg content of the
CCBs used in the project. Although the fly ash sample
included flue gas desulfurization material, unlike the other
samples, it was included in the experiment because of
thermal desorption results from a previous study.2 That
study showed that the bulk of the Hg thermally desorbed
from the sample occurred at a temperature of 250 °C and
had a different pattern than the other samples. Thermal
desorption of Hg from the other samples in that study
occurred above 300 °C. Therefore, sample 99-188 was hy-
pothesized to have a greater potential for release of Hg
vapor. The results obtained in this experiment appear to
confirm this hypothesis.

CONCLUSIONS
No pattern was evident to link the total amount of Hg
determined through bulk analysis to the release of Hg
vapor. This is evident because sample 99-188 had the low-
est total Hg content but released the highest amount of
Hg vapor over the course of the experiment. Perhaps the
most important conclusion that can be drawn at this time

is linked to the extremely low concentrations
of Hg being released from these ash samples.
There is an issue with blank values that will
likely reduce these numbers further. The
blanks were variable, however, and work is
ongoing to reduce blanks further and to sta-
bilize flow rates. An ambient temperature ex-
periment with duplicate samples is currently
in progress using an improved setup to aid in
gas flow rate control. A parallel project evalu-
ating two of the high-Hg ashes was conducted
to determine the effect of biota on Hg release
from an ash–water slurry. Initial results are
inconclusive, although Hg release appears to
have been increased.

An average of 0.030 pg Hg/g CCB/day was
released from the samples, including the higher
90-day values. This equates to 2.2 × 10–8 lb Hg/
ton CCB/year. If this were applied to an an-
nual coal-fired power plant production of
200,000 tons of fly ash per year, there would
be a potential release of 0.0044 lb of Hg per
year, which is equivalent to 2.00 g of Hg.

Table 2a. Mercury vapor desorption results of ambient sample set (pg/g).

Sample 2 Days 90 Days 55 Days 26 Days 90 Days Total (263 Days)

A99-188 0.059 1.439 0.142 0.011 4.245 5.896
A99-189 <0.001 0.489 0.133 <0.001 4.501 5.123
A99-692 <0.001 0.953 <0.001 <0.001 3.167 4.120
A99-693 <0.001 0.648 <0.001 <0.001 4.980 5.628
A99-722 <0.001 1.619 0.033 <0.001 6.878 8.530
A99-724 <0.001 0.240 0.007 <0.001 6.071 6.318

Table 2b. Mercury vapor desorption results of near-ambient sample set (pg/g).

Sample 90 Days 10 Days 26 Days 90 Days Total (216 Days)

N99-188 26.369a 0.840 <0.001 3.542 30.751a

N99-189 0.024 <0.001 <0.001 9.307 9.331
N99-692 0.142 <0.001 <0.001 11.191 11.333
N99-693 0.855 <0.001 <0.001 3.448 4.303
N99-722 0.003 <0.001 <0.001 5.636 5.639
N99-724 2.059 < 0.001 < 0.001 5.852 7.911

aOver instrument range.
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We currently believe that the most likely species of
Hg to be released in the absence of biological activity is
reduced Hg. Although other species are likely in CCBs at
room temperature, all but the organomercury compounds
have extremely low vapor pressures and are unlikely to
be released in significant amounts at ambient tempera-
tures. Currently, many CCBs contain relatively little Hg;
however, in the future, as Hg emissions are controlled,
CCBs incorporated with Hg-containing sorbents have the
potential to change this. The issue of Hg emissions from
disposed or utilized CCBs requires additional study.
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